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1.1. INTRODUCTION

Ginna Station is located in Wayne County, near Rochester, New York. The Ginna reactor is a
pressurized light water moderated and cooled system designed by Westinghouse. A renewed
operating license was issued to R.E. Ginna Nuclear Power Plant by NRC letter dated May 19,
2004. The renewed operating license is effective from the date of issuance through Septem-
ber 18, 2029.

Technical Specification Amendment 84 was issued on June 10, 2004 to incorporate transfer
of the operating license and ownership from RG&E to Ginna LLC. The Ginna Nuclear
Power Plant, LLC is owned by the Constellation Energy Group.

Rochester Gas and Electric filed the application for a construction permit and operating
license in October 1965. The construction permit was issued on April 25, 1966. The initial
submittal of the Final Facility Description and Safety Analysis Report was filed in March
1969, and the initial provisional operating license was issued on September 19, 1969.

Ginna Station began commercial operation in July 1970, at a licensed output of 1300 MWt
and at 420 MW net electrical power. On March 1, 1972, the licensed output was increased to
1520 MWt and the net electrical output was increased to 490 MW. In August 1972 RG&E
applied for a full-term operating license. The Safety Evaluation Report related to the full-
term operating license for the R. E. Ginna Nuclear Power Plant (NUREG 0944) was pub-
lished in October 1983; Supplement 1 was published in October 1984. The full-term operat-
ing license was issued on December 10, 1984. The license was to expire on April 25, 2006.
On August 8, 1991, the license was amended to change the expiration date to September 18,
2009, which is 40 years after the date of issuance of the provisional operating license.

During the October 2006 refueling outage, Ginna Station completed the Extended
Power Uprate (EPU) Project. The NRC approved the EPU under Technical Specifica-
tion Amendment No. 97 on July 11, 2006. This license change authorized an approxi-
mate 16.8% increase in the steady-state thermal power level from 1520 megawatts
thermal to 1775 megawatts thermal. The EPU changed the design electical rating from
470 MW to 585 MW. Changes to the plant as a result of EPU have been incorporated in
the UFSAR.

The R. E. Ginna Nuclear Power Plant was reviewed under Phase II of the Systematic Evalua-
tion Program (SEP). The review began in 1978 and the Integrated Plant Safety Assessment,
Final Report, NUREG 0821, was issued by the NRC in December 1982. Supplement 1 to
NUREG 0821 was issued in August 1983.

The Ginna Station primary coolant system configuration consists of two hot legs, two U-tube
steam generators, a pressurizer, and two cold legs with a reactor coolant pump in each cold
leg. The secondary system consists basically of the turbine generator, the condenser, and the
feedwater and condensate systems. Auxiliary equipment includes a radioactive waste dis-
posal system, fuel handling system, main transformer, circulating water system, engineered
safety features systems, and all auxiliaries, structures, and onsite facilities required to provide
for a complete and operable nuclear power plant. A more detailed list of structures, systems,
and components is provided in Section 3.2. The turbine and condenser system as well as the
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nuclear steam supply system were designed and supplied by Westinghouse. The remainder of
the plant was designed by either RG&E or Gilbert Associates, Incorporated. The replacement
steam generators were designed and supplied by Babcock and Wilcox International (BWI).

The reactor containment structure was designed by Gilbert Associates. It is a reinforced-con-
crete, vertical right cylinder with a flat base and a hemispherical dome. A welded steel liner
is attachedto the inside face of the concrete shell to provide for leaktightness. The contain-
ment cylinder is founded on rock by post-tensioned rock anchors. The cylinder wall is pre-
stressed vertically by tendons coupled to the rock anchors.

Ginna Station is located on the south shore of Lake Ontario, which is the source of circulating
water and the ultimate heat sink. The site initially contained 338 acres. In 1973 the site,
including the switchyard, was increased to 488 acres. As a result of the purchase of Ginna
Station by Constellation Energy in 2004, the site was reduced to approximately 426 acres.
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1.2 GENERAL PLANT DESCRIPTION

1.2.1 SITE AND ENVIRONMENT

The site is on the south shore of Lake Ontario 16 miles east of Rochester, New York, an urban
area of about 700,000. The area immediately around the site is sparsely populated and is uti-
lized primarily for farming. The site, in open, rolling terrain, is well ventilated and is not gen-
erally subject to severe flooding. Liquids released to the lake from the site will move
predominately eastward and diffuse slowly. Hurricanes have not seriously affected the site
region and tornadoes and severe ice storms are rare. Onsite measurements indicate that
ground water within the site will flow to the lake and will not affect offsite wells.

The site has sound bedrock on which major structures are founded and is in a seismologically
quiet region. It is within 150 miles of the St. Lawrence Valley area, where earthquakes of
Richter magnitude 7 have been experienced, and 35 miles from the area around Batavia-
Attica which has experienced moderate seismological activity of smaller magnitudes.

1.2.2 SUMMARY PLANT DESCRIPTION

The inherent design of the pressurized water reactor ensures that the probability of release of
significant quantities of fission products to the atmosphere is low. Four barriers exist between
the fission product accumulation and the environment. These are the uranium dioxide fuel
matrix, the fuel cladding, the reactor vessel and coolant loops, and the reactor containment.
The consequences of a breach of the fuel cladding are greatly reduced by the ability of the
uranium dioxide lattice to retain fission products. Escape of fission products through a fuel
cladding defect would be contained within the pressure vessel, loops, and auxiliary systems.
A breach of these systems or equipment would release the fission products to the reactor con-
tainment where they would be retained. The reactor containment is designed to adequately
retain .these fission products under the most severe accident conditions, the design-basis loss-
of-coolant accident. This accident and its consequences are analyzed in Section 15.6.

Several engineered safety features have been incorporated into the plant design to reduce the
consequences of a loss-of-coolant accident. These safety features include a safety injection
system (Emergency Core Cooling System (ECCS)). This system automatically delivers
borated water to the reactor vessel for cooling under high and low reactor coolant pressure
conditions. The safety injection system also serves to insert negative reactivity into the core
in the form of borated water during an uncontrolled plant cooldown following a steam line
break or an accidental steam release. Other safety features which have been included in the
reactor containment design are a containment air recirculation, cooling, and filtration system,
which would effect a depressurization of the containment following a loss of coolant and pro-
vide for iodine filtration if fission products are released from the core; and a containment
spray system which would depressurize the containment and remove elemental iodine from
the atmosphere by a washing action. The containment spray system and containment air
recirculation, cooling, and filtration system are redundant containment heat removal systems.
Additional engineered safety features are listed in Section 3.2.
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1.2.3 STRUCTURES

1.2.3.1 General

The major structures are a reactor containment, auxiliary building, intermediate building,
control building, turbine building, screen house, all volatile-treatment or condensate deminer-
alizer building, standby auxiliary feedwater (SAFW) building, diesel generator buildings, and
the service building containing offices, shops, and laboratories. A general plan of the build-
ing arrangement is shown in Figure 1.2-1. Several drawings in the 33013-2100 series show
the general internal layout of the buildings. Structures containing equipment that is associ-
ated with, or required for, operating the plant are part of the power block. Additionally, the
old steam generator storage facility is located northwest of the plant outside the security
fence.

The reactor containment is a vertical, cylindrical reinforced-concrete type with prestressed
tendons in the vertical wall, reinforced-concrete ring anchored to the bedrock and a reinforced
hemispherical dome. The containment is designed to withstand the internal pressure accom-
panying a loss-of-coolant accident or main steam line break and to provide adequate radiation
shielding for both MODES I and 2 and accident conditions.

1.2.3.2 Containment

The reactor containment structure is a reinforced-concrete vertical right cylinder with a flat
base and a hemispherical dome. A welded steel liner is attached to the inside face of the con-
crete shell to ensure a high degree of leaktightness. The thickness of the liner in the cylinder
and dome is 3/8-in. and in the base it is 1/4 in. The cylindrical reinforced-concrete walls are 3
ft 6 in. thick, and the concrete hemispherical dome is 2 ft 6 in. thick. These thicknesses are
nominal values. The true relevant engineering values are dependent on the specific location
in the structure and the loading condition that is present. The concrete base slab is 2 ft thick
with an additional thickness of concrete fill of 2 ft over the bottom liner plate. The contain-
ment structure is 99 ft high to the spring line of the dome and has an inside diameter of 105 ft.

j The containment vessel provides a minimum free volume of approximately 1,000,000 ft3 .
Access is provided during operation by means of two personnel airlocks designed with an
interlocked single-door-opening feature that is leak testable at containment design pressure
between doors. The open and closed status of each door is indicated in the control room.

The major components of the reactor coolant system are located within the containment struc-
ture. The containment structure provides a physical barrier to protect the equipment from nat-
ural disasters and shielding to protect personnel from radiation emitted from the reactor core
while at power.

The reactor vessel is located in the center of the containment structure below ground level.
Extending around the reactor vessel is a stainless-steel-lined refueling cavity. During MODE
6 (Refueling) operations, the refueling cavity is flooded with borated water to provide shield-
ing of the irradiated fuel being removed from the reactor vessel.

Thick reinforced-concrete walls are located around the major reactor coolant system compo-
nents to serve as shielding for plant personnel. These walls also serve as a missile barrier to
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prevent damage to the containment wall and to components of the safety injection system
should a failure occur to one of the reactor coolant system components located inside the
walls.

The containment houses the following major equipment (see Drawings 33013-2101, 33013-
2102, 33013-2105, 33013-2106, 33013-2107, 33013-2113, 33013-2114, 33013-2115, 33013-
2131, and 33013-2132):

1. Reactor coolant loop piping, reactor coolant pumps, and steam generators.

2. Pressurizer.

3. Pressurizer relief tank.

4. Reactor coolant drain tank and pumps.

5. Containment recirculation filtering and cooling units (four).

6. Safety injection system accumulators.

7. Refueling cavity and equipment.

1.2.3.3 Auxiliary Building

The auxiliary building is located just south of the containment. The auxiliary building houses
the major support and engineered safety features equipment for plant operation. The auxil-
iary building is a restricted area and normal exit is from the intermediate building (hot side),
as shown in Drawing 33013-2116.

The auxiliary building has three major levels and a subbasement level pit which contains the
residual heat removal pumps. The refueling water storage tank (RWST) extends through all
three levels. The following is a list of major equipment on each level of the auxiliary build-
ing.

Auxiliary Building Basement (See Drawing 33013-2103)

1. Chemical and volume control system holdup tanks.

2. Residual heat removal pumps (subbasement).

3. Residual heat removal heat exchangers.

4. Spent fuel pool pump.

5. Residual heat pump cooling.

6. Boric acid evaporator.

7. Gas stripper.

8. Waste holdup tank.

9. Various operations panels.

10. Waste evaporator (system physically removed in 1999).

11. Blender room.

12. Spent resin tanks.
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13. Safety injection filters.

14. Seal injection filters.

15. Containment spray pumps.

16. Nonregenerative heat exchanger.

17. Seal return filter and cooler.

18. Charging pump rooms and accumulator.

19. Sodium hydroxide tank and leakoff tank.

20. Safety injection pumps (three).

21. Safety injection accumulator makeup pump.

Auxiliary Building - Intermediate Level (See Drawing 33013-2108)

1. Spent fuel pool filter and heat exchanger.

2. Chemical and volume control system holdup tanks.

3. Residual heat removal heat exchangers.

4. Waste gas compressors and gas stripper.

5. Gas decay tanks (four).

6. Reactor coolant filter.

7. Volume control tank.

8. Concentrates holding tank and transfer pump.

9. Demineralizer vault.

10. High efficiency particulate air filters.

11. Nonregenerative heat exchanger.

12. 480-V bus 16 (vital bus).

13. Charcoal filter unit.

14. Motor control center I D.

15. Motor control center IM.

Auxiliary - Building Operating Floor (See Drawing 33013-2116)

1. Decontamination pit.

2. Spent fuel storage pool, crane, and transfer canal.

3. New fuel unloading area.

4. New fuel storage racks.

5. Auxiliary building maintenance shop.

6. Crane bay.

7. Refueling water storage tank (RWST) (all levels).
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8. Component cooling pumps.

9. Component cooling water heat exchangers and surge tank.

10. Boric acid demineralizers.

11. Monitor tanks and pumps.

12. Waste condensate tanks.

13. Reactor makeup water tank and pumps.

14. Drumming station and drum storage area.

15. 480-V bus 14 (vital bus).

16. Auxiliary building supply fan and filter.

17. Boric acid batching tank.

18. Boric acid storage tank and boric acid transfer pumps.

19. Waste condenser demineralizer.

20. Motor control center 1C.

21. Motor control center IL.

22. Motor control center lE.

23. Vendor supplied demineralization system.

1.2.3.4 Intermediate Building (See Drawings 33013-2101, 33013-2102, 33013-2105,
33013-2106, 33013-2107, 33013-2113, 33013-2114, 33013-2115, and 33013-2121)

The intermediate building surrounds the containment building to the west and north and joins
the service building and turbine building. It is divided into two sections called the hot side
(restricted area access) and the cold side.

Hot Side (Restricted Area Access)

The hot side is west of the containment building and joins the service building, intermediate
building cold side, and auxiliary building. Personnel enter and exit the intermediate building
hot side, at the access control area.

The intermediate building hot side extends from the access control area to the personnel door
to the auxiliary building, spent fuel pool (SFP) area. The intermediate building hot side has
four levels, plus a subbasement for access to the containment tendons. In addition, there is a
mezzanine level for access to the containment personnel hatch. The following equipment is
among that located in the intermediate building cold side:

1. Primary sample room.

2. Post-accident sample panel.

3. Hydrogen recombiner panel.

4. Auxiliary building exhaust fans A, B, and C.

5. Auxiliary building HEPA filter bank.
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6. Intermediate building exhaust fans A and B.

7. Access control area exhaust fans A and B.

8. Access control area HEPA and charcoal filter banks.

Cold Side

The intermediate building cold side is a radiologically unrestricted area. The intermediate
building cold side provides access to the cable tunnel area. The building is constructed to par-
tially surround the containment structure to the north and west and house its support equip-
ment.

Access to the intermediate building cold side is normally made from the turbine building.
Doors from the cold side to the hot side are available but not normally used. The following
equipment is among that located in the intermediate building cold side:

1. Turbine-driven auxiliary feedwater pump (TDAFW).

2. Motor-driven auxiliary feed pumps (MDAFW) (two).

3. Rod control power panels.

4. Rod control logic cabinets.

5. Rod drive motor-generator sets and power panels.

6. Reactor trip and bypass breakers.

7. Auxiliary building and containment ventilation units.

8. Safety and relief valves (main steam).

9. Purge exhaust fans.

10. Radiation monitors (e.g., R- 11, R-12).

11. Main steam and feedwater lines.

1.2.3.5 Turbine Building

The turbine building is located north of the intermediate building. The turbine building
houses the major secondary system equipment and systems, including the main turbine, gen-
erator, and condenser (see Drawing 33013-2140 and Drawing 33013-2141). The following
equipment is located on each level of the turbine building:

Basement level (See Drawing 33013-2104)

1. Main feedwater pumps (2).

2. Fire service water storage tank.

3. Turbine oil reservoir and purifier.

4. Turbine oil pumps (on top of reservoir).

5. Steam dump valves.

6. Circulating water inlet and outlet headers.
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7. Seal-oil unit.

8. Blowdown recovery system.

9. Bus duct cooling fans.

10. Condensate coolers.

11. Condensate pumps (three).

12. Condensate booster pumps (three).

13. Heater drain tank.

14. Heater drain tank pumps.

15. Motor control center IA.

Intermediate Level-Mezzanine (See Drawing 33013-2112)

1. Low-pressure heaters (inside of condenser).

2. Moisture separator reheater units (four).

3. Main feedwater regulating valves.

4. Hydrazine and NH4OH addition tanks.

5. Feedwater heaters lA, lB, 2A, 2B, 3A, 3B, 4A, 4B, 5A, and 5B.

6. Air ejector and condenser.

7. Gland exhaust condenser.

8. Generator bus ducts.

9. Main power panels and motor control centers: 4160-V buses 1 A, 1 IB, 12A, 12B; 480-V
bus 13, 15; and motor control center lB.

10. Secondary sampling station.

11. Electro-hydraulic oil system.

Operating Floor (See Drawing 33013-2120)

1. Main turbine and generator.

2. Intercept and low-pressure stop valves.

3. Entrance to main control room.

1.2.3.6 Control Building

The control building is adjacent to the turbine building and consists of three floors (see Draw-
ings 33013-2123, 33013-2124, 33013-2125 and 33013-2136). The main control room is on
the upper floor. The relay room is directly below the control room and houses relay racks and
the multiplexer (MUX) room. The battery rooms and the air handling room are on the lowest
level of the control building.
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1.2.3.7 All-Volatile-Treatment Building

The all-volatile-treatment building houses demineralizers and other equipment necessary for
the condensate polishing system to allow all-volatile-treatment of secondary water (see
Drawing 33013-2111).

The technical support center is located on the second floor of the all-volatile-treatment build-
ing and houses the computers and equipment, including emergency power supplies (diesel
generator and batteries), necessary to provide the staff technical support during an emergency
event (see Drawing 33013-2119).

1.2.3.8 Standby Auxiliary Feedwater Pump Building

The standby auxiliary feedwater pump (SAFW) building is located on the southeast corner of
the auxiliary building and houses the two standby auxiliary feedwater pumps (SAFW) and the
10,000-gal condensate test tank. The building is a Seismic Category I concrete structure sup-
ported by caissons (see Drawing D-024-017)

1.2.3.9 Screen House

The screen house is located north of the turbine building on Lake Ontario and houses the
main circulating water inlet lines and pumps; the service water (SW) pumps (four); 480-V
switchgear buses 17 and 18, the diesel fire pump, the motor-driven fire pump, and motor con-
trol center G (MCCG) (see Drawing 33013-2143).

1.2.3.10 Service Building

The service building is located at the west end of the auxiliary building. This building pro-
vides the office spaces for the administrative staff at Ginna Station (see Drawings 33013-
2109, 33013-2110, 33013-2117, and 33013-2118).

The service building has two levels. The basement level is comprised of storerooms, machine
shops, maintenance areas, etc. The ground floor level of the service building houses the fol-
lowing areas:

1. Radiation Protection.

2. Chemistry.

3. Operations office.

4. Performance Monitoring office.

5. Cafeteria.

6. Mechanical equipment.

7. Laboratories.

8. First Aid room.

9. Central records.

10. Conference rooms.

11. Copier room.
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12. Maintenance office.

13. Plant management offices.

14. Men's locker room.

15. Women's locker room.

16. Scheduling office

1.2.3.11 Diesel Generator Building

The diesel generator building adjoins the turbine building on the east end of the north wall
opposite the control building. The building is a one-story reinforced-concrete structure that
houses the emergency diesel generators.

1.2.3.12 Old Steam Generator Storage Facility

The old steam generator storage facility (OSGSF) is a reinforced concrete building which will
provide long-term storage of the two old steam generators and the attached insulation mate-
rial. Also stored in the OSGSF are the control rod drive mechanisms (CRDM) and related
equipment removed from the plant during the 2003 refueling outage.

The OSGSF is a stand-alone facility located outside the existing security perimeter fence and
will have no interface with permanent plant structures.

1.2.4 NUCLEAR STEAM SUPPLY SYSTEM

The nuclear steam supply system consists of a pressurized water reactor, reactor coolant sys-
tem, and associated auxiliary fluid systems. The reactor coolant system is arranged as two
closed reactor coolant loops connected in parallel to the reactor vessel, each containing a
reactor coolant pump and a steam generator. An electrically heated pressurizer is connected
to one of the loops (loop B).

The reactor core is composed of uranium dioxide pellets enclosed in zircaloy or ZIRLOTM
tubes with welded end plugs. The tubes are supported in assemblies by a grid structure. The
mechanical control rods consist of clusters of stainless steel clad absorber rods inserted into
guide tubes located within the fuel assembly. The core fuel is divided into several regions.

The replacement steam generators are vertical U-tube units containing Inconel tubes. Integral
separating equipment reduces the moisture content of the steam at the steam generator outlet
muzzle to 0.1% or less.

The reactor coolant pumps are vertical, single-stage, centrifugal pumps equipped with con-
trolled leakage shaft seals.

Auxiliary systems are provided to add makeup water to the reactor coolant system, purify
reactor coolant water, provide chemicals for corrosion inhibition and reactor control, cool
system components, remove residual heat when the reactor is shut down, cool the spent fuel
storage pool, sample reactor coolant water, provide for emergency safety injection, vent and
drain the reactor coolant system, and for other purposes.
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1.2.5 REACTOR AND PLANT CONTROL

The reactor is controlled by a coordinated combination of chemical shim and mechanical con-
trol rods. The control system allows the plant to accept step load increases of 10% and ramp
load increases of 5% per minute over the load range of 12.8% to 100%. Similar step and
ramp load reductions are possible over the range of 100% to 12.8%.

Complete supervision of both the nuclear and turbine generator plants is accomplished from
the central control room. This supervision includes the capability to test periodically the
operability of the Reactor Trip System (RTS).

1.2.6 WASTE DISPOSAL SYSTEM

The waste disposal system provides all equipment necessary to collect, process, and prepare
for disposal all potentially radioactive liquid, gaseous, and solid wastes produced as a result
of reactor operation.

Liquid wastes requiring cleanup before release are collected and processed by a vendor sup-
plied demineralization system. After appropriate cleaning and filtering, the liquid is collected
in the chemical and volume control system monitor tank A or B for ultimate release to the cir-
culating water discharge canal at a concentration below 10 CFR 20 limits. The spent dem-
ineralizer resin is packaged and shipped from the site for ultimate disposal in an authorized
location. Liquid wastes were also processed by the waste evaporator system until 1990 when
use of the evaporator was discontinued. The waste evaporator package was physically
removed in 1999.

Gaseous wastes are collected and stored until their radioactivity level is low enough so that
discharge to the environment does not create radioactivity concentrations above 10 CFR 20
limits.

Solid wastes including evaporator concentrates are packaged and shipped from the site for
ultimate disposal in an authorized location. Wet solid wastes are solidified. Dry solid wastes
are shipped in bulk form to a vendor for volume reduction and packaging for delivery to a dis-
posal site.

Operating procedures generally limit normal effluents to within 10 CFR 50, Appendix I, lim-
its. Sanitary waste from Ginna Station is piped into the Town of Ontario, New York, sewer
system.

1.2.7 FUEL HANDLING SYSTEM

The reactor is refueled with equipment designed to handle spent fuel under water from the
time it leaves the reactor vessel until it is placed in a cask for shipment from the site. Under-
water transfer of spent fuel provides an optically transparent radiation shield, as well as a reli-
able source of coolant for removal of decay heat.

1.2.8 TURBINE AND AUXILIARIES

The turbine is a tandem-compound, three-cylinder, 1800-rpm unit having 40-in. exhaust blad-
ing in the low-pressure elements. Four combination moisture separator reheater units are
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employed to dry and superheat the steam between the high- and low-pressure turbine cylin-
ders.

A single-pass deaerating, radial flow surface condenser, steam jet air ejectors, three half-
capacity condensate pumps, three half-capacity condensate booster pumps, two half-capacity
main feedwater pumps, and five stages of feedwater heaters are provided. One preferred aux-
iliary turbine-driven (TDAFW), two preferred auxiliary motor-driven (MDAFW), and two
standby auxiliary motor-driven feedwater pumps (SAFW) are available in case of a complete
loss of offsite power.

1.2.9 ELECTRICAL SYSTEM

The main generator is a 1800-rpm, three-phase, 60-cycle, hydrogen innercooled unit. The
main step-up transformer is a conventional two-winding forced oil air cooled unit.

The station service system consists of auxiliary transformers, 4160-V and 480-V switchgear,
480-V motor control centers, and 125-V dc equipment.

Emergency power supplied by one of two diesel-engine-driven generators is capable of oper-
ating postaccident safeguards equipment or safe shutdown equipment to ensure an acceptable
plant response.

1.2.10 ENGINEERED SAFETY FEATURES PROTECTION SYSTEMS

The engineered safety features protection systems provided for the station have sufficient
redundancy of component and power sources such that under the conditions of a design-basis
loss-of-coolant accident, the system can, even in the event of a single failure, maintain emer-
gency core cooling, maintain the integrity of the containment, and perform other safeguards
functions to ensure that postaccident exposures are maintained below the guidelines of 10
CFR 100.

The systems provided are:

A. The containment system, which provides an essentially leaktight barrier against the escape
of fission products. The containment penetrations and liner weld seams are provided with a
leak test system, which can be utilized to check the integrity of these two locations that are
the most likely sources of containment leakage. Very low leakage requirements are also
imposed on the containment isolation valves.

B. The safety injection system, which provides borated water to cool the core by injection into
the cold legs of the reactor coolant loops and by injection over the top of the core through
nozzles that penetrate the reactor vessel.

C. The containment recirculation fan cooler (CRFC) and filtration system, which provides a
dynamic heat sink to cool the containment atmosphere and filtration of the containment
atmosphere to remove airborne particulate and halogen fission products that form the
source for potential public exposure. The system utilizes the normal containment ventila-
tion and cooling equipment in addition to the charcoal filters.
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D. The containment spray system, which provides a spray of cool, chemically treated borated
water to the containment atmosphere to provide additional heat sink and iodine removal
capability together with the containment air recirculation cooling and filtration system.

E. The hydrogen recombiners, which limit the concentration of hydrogen in containment fol-
lowing a loss-of-coolant accident.

F. Auxiliary systems, which serve to ensure the operability of the above systems.

1.2.11 DESIGN HIGHLIGHTS

The design of Ginna Station was based upon proven concepts which have been developed and
successfully applied in the construction of pressurized water reactor systems. In subsequent
sections, a few of the design features of Ginna Station are listed that represent slight varia-
tions or extrapolations from units such as San Onofre and Connecticut-Yankee, which were
licensed to operate before Ginna Station.

1.2.11.1 Power Level

The power level is 1520 MWt. This is greater than the capability of the San Onofre plant, but
smaller than the capability of the Connecticut-Yankee plant (1825 MWt). Therefore, this
power level does not represent any significant variation from the power levels of other pres-
surized water reactors in operation at the time Ginna Station was licensed. In 2006 the
licensed core power level for Ginna Station was increased to 1775 MWt.

1.2.11.2 Reactor Coolant Loops

The reactor coolant system for Ginna Station consists of two loops, as compared with three
loops for San Onofre and four loops for Connecticut-Yankee, and required an attendant
increase in the size and capacity of the reactor coolant system components such as the reactor
coolant pumps, piping, and steam generators. These increases represented reasonable engi-
neering extrapolations of existing and proven designs at the time and, as such, the compo-
nents of the reactor coolant system were designed for conditions exceeding operation at 1520
MWt.

1.2.11.3 Peak Specific Power

Based on the design hot-channel factors, operation at 1520 MWt produces a peak specific
power of 13.5 kW/ft for a 12 month fuel cycle (with FQ of 2.32) and 14.2 kW/ft for an 18
month fuel cycle (with FQ of 2.45). For an 18 month cycle at 1775 MWt core power with a
design hot channel FQ=2.60, the resultng peak specific power is 18.25 kW/ft.

1.2.11.4 Fuel Clad

The initial fuel rod design for Ginna Station utilized zircaloy as a clad material, which has
proven successful in other operations. ZIRLOTM is also being used as a clad material, com-
mencing in 1999.
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1.2.11.5 Fuel Assembly Design

The fuel assembly is a canless type with the basic assembly consisting of the rod cluster con-
trol guide thimbles fastened to the grids and the top and bottom nozzles. The fuel rods are
held by the grids and grid springs, which provide lateral and axial support.

Ginna Station was initially fueled with Westinghouse fuel. Starting with cycle 8 (1978),
Exxon fuel was used. Starting with cycle 14 (1984), Westinghouse (optimized fuel assem-
blies) fuel is being used. Commencing with cycle 28 (1999), Westinghouse (VANTAGE +)
fuel is being used. Commencing with cycle 33 in 2006 as part of the plant uprate to 1775
MWt, Ginna started using Westinghouse 422V+ fuel assemblies.

1.2.11.6 Engineered Safety Features

The engineered safety features provided are of the same types provided for the Connecticut-
Yankee plant augmented by borated water injection accumulators. There is a safety injection
system of the Connecticut-Yankee type which can be operated in part (any two of three high-
head pumps and any one of two low-head pumps) from emergency onsite diesel power. The
system design is such that it can be tested while the plant is at power. There is containment
recirculation fan cooler (CRFC) and filtration for post-loss-of-coolant conditions inside the
containment that utilize the normal ventilation system flow path so that deterioration is not
expected. Provisions are made for periodic testing to determine the condition of the filter
material. A containment spray system provides cool, borated water sprayed into the contain-
ment atmosphere for additional cooling and iodine removal capacity.

1.2.11.7 Emergency Power

In addition to the multiple ties to outside sources for emergency power, two diesel-generator
units are provided as backup power supplies in case of a loss of all outside power. Each gen-
erator is capable of operating sufficient safeguards equipment to ensure an acceptable post-
loss-of-coolant containment pressure transient.

1.2.12 STATION WATER USE

The total nominal flow of circulating water through the turbine condenser and service water
(SW) systems is about 400,000 gpm. Approximately 340,000 gpm is used in the turbine con-
denser system and the rest is available for the service cooling supply and fire protection sys-
tems. In addition, domestic-quality water at a flow of about 100,000 gal/day is purchased
from the Ontario Water District, Town of Ontario, for drinking, sanitary purposes, auxiliary
boiler feed, and condensate makeup and polishing.

Lake Ontario is the source of the circulating water, which is taken through the eight 17.3-fl-
wide by 10-ft-high ports of the submerged octagonal intake structure that lies about 3100 ft
offshore in about 33 ft of water at mean lake level, 244.7 ft [International Great Lakes Datum,
1955 (IGLD 1955)]. Each port is screened for large debris with heated bars spaced 14-in.
apart; the screens can be heated electrically to minimize accumulation of frazil ice. Refer to
Section 10.6.2.1 for a current description of the configuration of the intake structure screens.
The water flows by gravity through a 10-ft diameter concrete-lined tunnel into the screen
house, where it passes through a fine-mesh traveling screen before being pumped through the
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turbine condenser or service water (SW) system. The water from these two systems is com-
bined and is released to the discharge canal, which opens into Lake Ontario at the shoreline.
The discharge canal is protected from large debris by a submarine net placed inside the canal
near the shoreline.

1.2.13 FACILITY SAFETY CONCLUSIONS

The safety of the public and station operating personnel and reliability of plant equipment and
systems were primary considerations in the plant design. The approach taken in fulfilling the
safety consideration was three-fold. First, careful attention was given to the design so as to
prevent the release of radioactivity to the environment under conditions which could be haz-
ardous to the health and safety of the public. Second, the plant was designed so as to provide
adequate protection for plant personnel wherever a potential radiation hazard exists. Third,
reactor systems and controls were designed with a great degree of redundancy and fail-safe
characteristics.

Based on the overall design of the plant and its engineered safety features and the analysis of
the possible incidents and of design-basis accidents, it was concluded that Ginna Station can
be operated with no undue hazard to the public health and safety.
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1.3 COMPARISON TABLES

The information presented in Section 1.3.1 provides a comparison of the R. E. Ginna Nuclear
Power Plant as originally licensed at 1300 MWt output and as originally uprated to 1520
MWt output to Point Beach Units 1 and 2 as originally licensed. It also compares Ginna as
originally licensed at 1300 MWt to San Onofre Unit 1 and Connecticut Yankee. The informa-
tion presented in Section 1.3.2 identifies the significant changes made in the Ginna Nuclear
Power Plant design between submittal of the PSAR and submittal of the original FSAR. In
general, neither of these Sections have been updated. The information contained in them may
or may not represent the current design of the Ginna Nuclear Power Plant.

1.3.1 COMPARISONS WITH SIMILAR FACILITY DESIGNS

The design parameters of the Ginna Nuclear Power Plant for 1520 MWt are presented in
Table 1.3-1 along with the comparisons of the major parameters from the initial design rating
of 1300 MWt for Ginna Nuclear Power Plant and the original Point Beach, Units 1 and 2
design rating. Table 1.3-2 presents a comparison of the Ginna Station steam and power con-
version design parameters to those of San Onofre Unit 1 and Connecticut Yankee as presented
in the original FSARs of the three plants.

In 2006, Ginna uprated the licensed power level from 1520 MWt to 1775 MWt. Section 1.3.3
compares the Ginna uprated parameter to comparable parameters for another Westinghouse 2
loop plant.

1.3.2 COMPARISON OF FINAL AND PRELIMINARY SAFETY ANALYSIS REPORT

INFORMATION (HISTORICAL)

1.3.2.1 Partial Length Rod Cluster Control Assemblies

Previously abandoned in place, partial length rod assemblies were removed and not replaced
by PCR 2001-0042, Reactor Vessel Closure Head Replacement.

1.3.2.2 Burnable Shim Rods

Burnable shim rods were added to ensure a zero or negative moderator temperature coeffi-
cient of reactivity at all times. (These are no longer used.)

1.3.2.3 Safety Injection System Trip Signal

The actuating signal for the safety injection system was revised to increase the initiation reli-
ability and to increase protection in the case of a steam line rupture.

1.3.2.4 Containment Spray System Signal

The actuating signal for the containment spray system was revised to operate from two sets of
two-out-of-three containment high-pressure signal channels.
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1.3.2.5 Safety Injection System Accumulators

Two accumulators were added to the safety injection system to provide short-term core cool-
ing before the injection pumps become effective for postulated large area primary system rup-
ture.

1.3.2.6 Spray Additive

The containment spray additive for increasing inorganic iodine removal rate in case of a pri-
mary system. rupture was changed to sodium hydroxide. (See Chapter 6).

1.3.2.7 Rod Stop and Reactor Trip on Startup

The automatic rod stop signal is actuated by an intermediate-range flux level setting, and the
reactor trip signal on startup is supplied by a high flux level setting.

1.3.2.8 Miniature Neutron Flux Detectors

Four miniature neutron flux detectors capable of traversing 36 thimbles replace the original
three detectors in 25 thimbles to provide more detailed flux mapping during core physics
tests.

1.3.2.9 Core Thermocouples

Fewer core thermocouples are provided (39 in place of 45).

1.3.2.10 Initial Leak Rate Test Method

The initial leak rate testing of the containment makes use of the absolute method instead of
the reference volume method to provide higher sensitivity at low leak rates.

1.3.2.11 Auxiliary Building Ventilation Filters

Absolute and charcoal filters are added to the auxiliary building ventilation system (ABVS)
to reduce air activity levels in case of recirculation system components leakage following a
loss-of-coolant accident.

1.3.2.12 Control Center Buses

The 480-V system buses are increased from four to six to provide greater operating flexibility
under single component failure or emergency power conditions.

1.3.2.13 Condenser Circulating Water Flow

The condenser circulating water flow was increased to 334,000 gpm.

1.3.2.14 Ramp Loading Range

The ramp loading range is increased from 15% to 95% up to 15% to 100% of full load.
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1.3.2.15 Condensate Storage Tanks Capacity

The two condensate storage tanks total capacity is 60,000 gal (decreased from 72,000 gal or
6.5 hr versus 8 hr capacity). A third tank with a 100,000-gal capacity has been added. It is
located outdoors next to the all-volatile-treatment building. See Section 9.2.4.

1.3.2.16 Fuel Transfer System Drive

An air-motor drive replaces the cable drive for the fuel transfer conveyor car. The air-motor
was removed by PCR 2005-0033. See Section 9.1.4.3.4.

1.3.2.17 Steam Line Flow Nozzles

Steam line flow nozzles were incorporated to limit the consequences of a steamline rupture.

1.3.3 COMPARISON OF UPRATE PARAMETERS

In 2006 Ginna implemented a power uprate to increase core licensed power from 1520 MWt
to 1775 MWt. Prior to the Ginna uprate, Kewaunee which is a Westinghouse 2 loop plant
similar to Ginna, had also implemented a power uprate. A comparison of the key NSSS
parameters at the uprated power level for both plants is presented in Table 1.3-3.
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Table 1.3-1
COMPARISON OF DESIGN PARAMETERS WITH POINT BEACH

[Represents original design parameters for plants listed and may not represent current design of the plants]

Point Beach Ginna Ginna
Units 1 and 2 1300 MWt 1520 MWt

1518 MWt

HYDRAULIC AND THERMAL DESIGN PARAMETERS

Total heat output, Mwt 1518.5 1300 1520

Total heat output, Btu/hr 5181 x 106 4437 x 106 5188 x 106

Heat generated in fuel,% 97.4 97.4 97.4

Peak specific power, kW/ft 16 16.5 16.0

System pressure, nominal, psia 2250 2250 2250

System pressure, minimum steady-state, psia 2220 2220 2220

Hot-channel factors

Heat flux, FQ 2.80 3.38 2.80

Enthalpy rise, FAH 1.60 1.77 1.66

DNBR at nominal conditions 2.11 2.15 2.06

Minimum DNBR for design transients 1.30 1.30 1.30

Coolant flow

Total flow rate, lb/hr 66.7 x 106 67.3 x 106 68.0 x 106

Effective flow rate for heat transfer, lb/hr 63.6 x 106 64.3 x 106 64.9 x 106

Effective flow area for heat transfer, ft2  27.0 27.0 27.0

Average velocity along fuel rods, ft/sec 15.0 14.7 14.8

Average mass velocity, lb/hr-ft2 2.37 x 106 2.38 x 1.06 2.41 x 106

Page 22 of 108 Revision 21 11/2008



GINNA/UFSAR
CHAPTER 1 INTRODUCTION AND GENERAL DESCRIPTION OF THE PLANT

Point Beach
Units 1 and 2

1518 MWt

Ginna
1300 MWt

Ginna
1520 MWt

Coolant temperature, 'F

Nominal inlet

Maximum inlet due to instrumentation, error, and deadband

Average rise in vessel

Average rise in core

Average in core

Average in vessel

Nominal outlet of hot channel

Average film coefficient, Btu/hr-ft 2-°F

Average film temperature difference, 'F

Heat transfer at 100% power

Active heat transfer surface area, ft2

Average heat flux, Btu/hr-ft2

Maximum heat flux, Btu/hr-ft2

Average thermal output, kW/ft

Maximum thermal output, kW/ft

Maximum clad surface temperature at nominal pressure, 'F

552.5

556.5

57.6

60.0

582.5

581.3

642.9

5600

31.0

28,715

175,800

491,000

551.9

555.9

49.5

52

578.0

577.0

634.0

5590

26.9

28,715

150,500

508,700

544.5

548.5

58.0

60.5

575.8

573.5

637.8

5690

30.9

28,715

176,700 (Region 4)a

176,000 (Region 3)a

494,800 (Region 4)

492,700 (Region 3)

5.7

16.0

657

5.7

16.0

657

4.88

16.5

657
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Point Beach
Units I and 2

1518 MWt

Ginna
1300 MWt

Ginna
1520 MWt

Fuel central temperature, 'F

Maximum at 100% power

Maximum at overpower

Thermal output, kW/ft at maximum overpower

CORE MECHANICAL DESIGN PARAMETERS

Fuel assemblies

Design

Rod pitch, in.

Overall dimensions, in.

Fuel weight (as U0 2), lb

Total weight, lb

Number of grids per assembly

Fuel rods

Number

Outside diameter, in.

Diametral gap, in.

z3750

z4000

17.9

3880

4100

18.5

3900 (Region 4)
3850 (Region 3)

4500 (Region 4)

4500 (Region 3)

21.1

RCC canless 14 x 14

0.556

7.763 x7.763

118,729

154,519

7

21,659

0.422

0.0065

RCC canless 14 x 14

0.556

7.763 x7.763

118,729

150,750

9

21,659

0.422

0.0065

0.0243

Zircaloy-4

RCC canless 14 x 14

0.556

7.763 x 7.763

118,246b

150,267b

9

21,659

0.422

0.0085 (Region 4)
0.0065 (Region 3)

0.0243

Zircaloy-4

Clad thickness, in.

Clad material

0.0243

Zircaloy
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Point Beach
Units I and 2"

1518 MWt

Ginna
1300 MWt

Ginna
1520 MWt

Fuel pellets

Material

Density (% of theoretical)

U0 2 Sintered

Unit 1 94-92-91
Unit 2 94-93-92

0.3699Diameter, in

Length, in.

Rod cluster control assemblies

Neutron absorber

Cladding material

Clad thickness, in

Number of clusters, full/part-length

Number of control rods per cluster

Core structure

Core barrel I.D./O.D., in.

Thermal shield I.D./O.D., in.

0.6000

5% Cd, 15% In, 80% Ag

Type 304 SS-Cold Worked

0.019

37

16

109.0/112.5

115.3/122.5

UO Sintered

92-90

0.3699

0.6000

5% Cd, 15% In, 80% Ag

Type 304 SS-Cold Worked

0.019

29/4

16

109.0/112.5

115.3/122.5

UO Sintered

92 (Region 4)
90 (Region 3)

0.3649 (Region 4)
0.3669 (Region 3)

0.6000

5% Cd, 15% In, 80% Ag

Type 304 SS-Cold Worked

0.019

29/4

16

109.0/112.5

115.3/112.5

Page 25 of 108 Revision 21 11/2008



GINNA/UFSAR
CHAPTER 1 INTRODUCTION AND GENERAL DESCRIPTION OF THE PLANT

Point Beach
Units 1 and 2

1518 MWt

Ginna
1300 MWt

Ginna
1520 MWt

NUCLEAR DESIGN DATA

Structural characteristics

Fuel weight (as U0 2), lb

Clad weight, lb

Core diameter, in. (equivalent)

Reflector thickness and composition

Top-water plus steel, in.

Bottom-water plus steel, in.

Side-water plus steel, in.

H20/U, unit cell (cold volume ratio)

Number of fuel assemblies

U0 2 rods per assembly

Performance characteristics

Loading technique

Fuel discharge burnup. MWd/MTU

Average first cycle

First core average

Feed enrichments, wt %

Region 1

Region 2 (first core with burnable poison)

Region 3

Equilibrium

118,729

24,260

96.5

144

118,727

22,440

96.5

144

10

10

15

3.35

121

179

3 region, nonuniform

15,100

33,000

2.27

3.03

3.04

3.40

Z10

-10

-15

3.35

121

179

118,727

22,440

96.5

143.4 (Region 4)
144 (Region 3)

Z10

z10

t15

3.35

121

179

3 region, nonuniform 3 region, nonuniform

-&14,126

24,400

2.44

2.78

3.48

3.00

Z8,000

24,400

2.44

2.78

3.48

3.00
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Point Beach
Units 1 and 2

1518 MWt

Ginna
1300 MWt

Ginna
1520 MWt

Control characteristics (beginning-of-life)

Effective multiplication (with burnable poison)

Cold, no power, clean

Hot, no power, clean (Tmod = 573 'F)

Hot, full power, xenon and Samarium equilibrium

Rod cluster control assemblies

Material

Number of rod cluster control assemblies

Number of absorber rods per rod cluster control assembly

Total rod worth

Boron concentrations (first cycle with burnable poison)

To shut reactor down with no rods inserted, clean,( keff = .99)
cold/hot

To control at power with no rods inserted, clean equilibrium
xenon and samarium

Boron worth, hot

Boron worth, cold

Kinetic characteristics

Moderator temperature coefficient

1.211

1.167

1.113

1.188

1.137

1.080

1.188

1.137

1.080

5% Cd, 15% In, 80% Ag

37

5% Cd, 15% In, 80% Ag

33

5% Cd, 15% In, 80% Ag

33

16 16

6.8%

16

6.8%7.1%

1598 ppm/1676 ppm

1465 ppm/1007 ppm

1% Ak/k/130 ppm

1% Ak/k/98 ppm

+0.3 x 10-4 to -2.5 x 104Ak/
k/0 F

1630 ppm/1580 ppm

1470 ppm/1100 ppm

1% Ak/k/120 ppm

1% Ak/k/90 ppm

+.3 to -3.5 x 10- 4Ak/k/°F

1630 ppm/1580 ppm

1470 ppm/l 100 ppm

1% Ak/k/120 ppm

1% Ak/k/90 ppm

+0.3 to -3.5 x 10 -4 Ak/k/OF

Moderator pressure coefficient

Moderator void (density coefficient)

Doppler coefficient

-0.3 x 10-6 to 3.5 x 10-6 Ak/k/ -0.3 x 10-6 to +3.5 x 10-6 Ak! -0.3 x 10-6 to +3.5 x 10-6 Ak/
psi k/psi k/psi

-0.10 to -0.30 Ak/k/g/cm 3

-1.0 x 10-5 to -1.6 x 10-5 Ak/
k/OF

-0.10 to +0.30 Ak/k/g/cm 3

-1.x0 X 105 to-l.6x -5 Ak/
k/OF

-0.10 to +0.30 Ak/k/g/cm 3

-0.93 x 10-6 to -2.9 x 10-5.
Ak/k/iF

Page 27 of 108 Revision 21 11/2008



GINNA/UFSAR
CHAPTER 1 INTRODUCTION AND GENERAL DESCRIPTION OF THE PLANT

Point Beach
Units 1 and 2

1518 MWt

Ginna
1300 MWt

Ginna
1520 MWt

REACTOR COOLANT SYSTEM - CODE REQUIREMENTS

Component

Reactor vessel

Steam generator

Tube side

Shell side

Pressurizer

Pressurizer relief tank

Pressurizer safety valves

Reactor coolant piping

ASME IlI, Class A

ASME 111, Class A

ASME IIl, Class Cc

ASME III, Class A

ASME 111, Class C

ASME III

USAS B31.1

ASME III, Class A

ASME III, Class A

ASME III, Class C

ASME III, Class A

ASME III, Class C

ASME III

USAS B31.1

ASME 1II, Class A

ASME III, Class A

ASME III, Class C

ASME Il1, Class A

ASME III, Class C

ASME III

USAS B31.1

PRINCIPAL DESIGN PARAMETERS OF THE REACTOR COOLANT SYSTEM

Nuclear steam supply system heat output, MWt 1518.5

Core heat output, Btu/hr 5181 x 106

Operating pressure, psig 2235

Reactor inlet temperature, 'F 552.5

Reactor outlet temnterature. 'F 610.1

Number of loops

Design pressure, psig

Design temperature, 'F

Hydrostatic test pressure (cold), psig

Total reactor coolant system volume, ft 3 (hot)

1300

4437 x 106

2235

551.9

601.4

2

2485

650

3110

6245

1520

5188 x 106

2235

551.9

602.4

2

2485

650

3110

6245

2

2485

650

3110

6450
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Point Beach
Units 1 and 2

1518 MWt

178,000

Ginna
1300 MWt

Ginna
1520 MWt

Total reactor flow, gpm 180,000 179,400

PRINCIPAL DESIGN PARAMETERS OF THE REACTOR VESSEL

Material SA 302 Grade B, low alloy
steel, internally clad with
Type 304 austenitic stainless
steel

Design pressure, psig 2485

Design temperature, OF 650

Operating pressure, psig 2235

Inside diameter of shell, in. 132

Outside diameter across nozzles, in. 224 1/16

Overall height of vessel and enclosure head, ft-in. 39-0

Minimum clad thickness, in 5/32

SA 302 Grade B, low alloy
steel, internally clad with
Type 304 austenitic stainless
steel

2485

650

2235

132

219 5/16

39-1

5/32

2

Vertical, U-tube with integral
moisture separator

Inconel

Carbon steel

2485

650

33.63 x 106

1085

SA 302 Grade B, low alloy
steel, internally clad with
Type 304 austenitic stainless
steel

2485

650

2235

132

219 5/16

39 1-5/16

5/32

2

Vertical, U-tube with integral
moisture separator

Inconel

Carbon steel

2485

650

33.63 x 106

1085

PRINCIPAL DESIGN PARAMETERS OF THE STEAM GENI

Number of units

Type

Tube material

Shell material

Tube side design pressure, psig

Tube side design temperature OF

Tube side design flow, lb/hr

Shell side design pressure, psig

ERATORS

2

Vertical, U-tube with integral
moisture separator

Inconel

Carbon steel

2485

650

33.35 x 106

1085
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Point Beach Ginna
Units 1 and 2 1300 MWt

1518 MWt

Shell side design temperature, 'F 556 556

Operating pressure, tube side, nominal, psig 2235 2235

Operating pressure, shell side, maximum, psig 1020 989

Maximum moisture at outlet at full load, % 1/4 1/4

Hydrostatic test pressure, tube side (cold), psig 3110 3110

Ginna
1520 MWt

556

2235

989

1/4

3110

PRINCIPAL DESIGN PARAMETERS OF THE REACTOR C(

Number of units

Type

Design pressure, psig

Design temperature, 'F

Operating pressure, nominal, psig

Suction temperature, 'F

Design capacity, gpm

Design head, ft

Hydrostatic test pressure (cold), psig

Motor type

Motor rating

Material

Hot leg - I.D., in.

Coldleg - I.D., in.

Between pump and steam generator - I.D., in.

3OLANT PUMPS

2

Vertical, single stage radial
flow with bottom suction and
horizontal discharge

2485

650

2235

551.5

89,000

259

3110

ac induction single speed air
cooled

6000 hp

Austenitic SS

29

27-1/2

31

2

Vertical, single stage radial
flow with bottom suction and
horizontal discharge

2485

650

2235

551.9

90,000

252

3110

ac induction single speed air
cooled

6000 hp

Austenitic SS

29

27-1/2

31

2

Vertical, single stage radial
flow with bottom suction and
horizontal discharge

2485

650

2235

551.9

90,000

252

3110

ac induction single speed air
cooled

6000 hp

Austenitic SS

29

27-1/2

31
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Point Beach Ginna Ginna
Units 1 and 2 1300 MWt 1520 MWt

1518 MWt

Design pressure 2485 2485 2485

a. Region 3 was of the nonpressurized rod design; Region 4 was of the pressurized rod design.

b. Assumes reload with pressurized rods.

c. The shell side of the steam generator conforms to the requirements for Class A vessels and is so stamped as permitted under the rules of Section lII.
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Table 1.3-2
COMPARISON OF DESIGN PARAMETERS WITH SAN ONOFRE AND CONNECTICUT YANKEEa

Steam and Power Conversion Design Parameters San Onofre Ginna Connecticut Yankee

Final Report 1520 MWt Final Report

Turbine generator

Turbine type Three element, tandem corn- Three element, tandem com- Three element, tandem com-
pound, four-flow exhaust pound, four-flow exhaust pound, four-flow exhaust

Turbine capacity, kW

Maximum guaranteed 450,000 496,322 616,200

Maximum calculated 450,000 516,739 646,135

Turbine speed, rpm 1800 1800 1800

Generator rating, kVa 500,000 608,400 667,000

Condensers

Type Single pass, horizontal divided Radial flow, semi-cylindrical Single pass, divided water box,
box, deaerating water boxes, deaerating deaerating

Number 2 2 2

Condensing capacity, lb of steam/hr 3,293,000 3,448,805 ---

Condensate pumps

Type Vertical, wet pit Multistage,vertical pit-type cen- Seven-stage vertical, pit-type
trifugal

Number 4 3 2

Design capacity each, (gpm) 2900 6600 6200

Motor type Vertical, induction Vertical Vertical, induction

Motor rating, hp 700 1500 1500

Feedwater pumps

Type Two-stage, horizontal split case, High-speed, barrel-type, single Two-stage, horizontal centrifugal
double volute, centrifugal stage, double flow, centrifugal
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Steam and Power Conversion Design Parameters San Onofre Ginna - Connecticut Yankee
Final Report 1520 MWt Final Report

Number 2 2 2

Design capacity (each), gpm 7000 (10,500 during safety injec- 7400 9600
tion)

Motor type Horizontal, induction Horizontal Horizontal, induction

Motor rating, hp 3500 5000 4500

Emergency feedwater

Source 240,000 gal condensate storage 30,000 gal in each of the two con- 100,000 gal demineralized stor-
tank densate storage tanks (CST); Ser- age tank

vice Water

Emergency feedwater pumps

Number 2 (1 steam-driven and 1 motor 3 (1 steam-driven and 2 motor 1
driven) driven)

Design capacity, gpm 300 (steam-driven), 235 (motor- 400 (steam-driven), 200 (motor- 450
driven) driven)

a. The data in this table are not current.
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Table 1.3-3
COMPARISON OF GINNA AND KEWAUNEE UPRATE NSSS DESIGN PARAMETERS

Parameter GINNA KEWAUNEE

Total Core Power 1775 MWt 1772 MWt

System Pressure 2250 psia 2250 psia

Minimum Reactor Flow 85,200 gpm/loop 89,000 gpm/loop

Coolant Volume with Pressur- 6084 ft3  6435 ft 3

izer

Pressurizer Volume 800 ft 3  1000 ft 3

Maximum Inlet Temperature 540.20F 539.2 0F

Maximum Average Tempera- 576.0°F 573.0°F
ture

Maximum Outlet Temperature 611.8 0 F 606.80 F
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1.4 IDENTIFICATION OF AGENTS AND CONTRACTORS

The Rochester Gas and Electric Corporation (RG&E), as owner, engaged or approved the
engagement of the contractors and consultants identified below in connection with the design
and construction of the R. E. Ginna Nuclear Power Plant. However, regardless of the expla-
nation of contractual arrangements offered below, Rochester Gas and Electric Corporation
was the sole applicant for the construction permit and operating license and as owner and
applicant was responsible for the design, construction, and operation of the plant.

The R. E. Ginna Nuclear Power Plant was designed and built by the Westinghouse Electric
Corporation as prime contractor for RG&E. The project was directed by Westinghouse from
the offices of its Atomic Power Division in Pittsburgh, Pennsylvania, and by Westinghouse
representatives at the plant site during construction and plant startup. Westinghouse engaged
the engineering firm of Gilbert Associates, Inc., of Reading, Pennsylvania, to provide the
design of the structures and non-nuclear portions of the plant and to prepare specifications for
the purchase and construction thereof. Rochester Gas and Electric Corporation reviewed the
designs and specifications prepared by Westinghouse and Gilbert Associates to ensure that
the general plant arrangements, equipment, and operating provisions were satisfactory to
them. Rochester Gas and Electric Corporation inspected the construction work to ensure that
the plant was built in accordance with the approved plans and specifications.

The plant was constructed under the general direction of Westinghouse through a general con-
tractor, Bechtel Corporation, who was responsible for the management of all site construction
activities and who either performed the work or subcontracted the work of construction and
equipment erection. Preoperational testing of equipment and systems and initial plant opera-
tion was performed by RG&E personnel under the technical direction of Westinghouse.

Rochester Gas and Electric Corporation engaged the firm of Dames and Moore of New York,
New York, as consultants on studies of plant site geology, hydrology, and seismology.

Rochester Gas and Electric Corporation engaged Dr. George Sutton of La Mont Geological
Observatory, Palisades, New York, as an additional consultant on seismology.

Rochester Gas and Electric Corporation engaged the firm of Pickard, Lowe, and Associates,
Washington, D.C., as consultants on reactor and plant engineering, site meteorology, and gen-
eral site studies. In addition, specialists in environmental sciences participated in developing
information concerning the site. These included: Dr. Ben Davidson, meteorologist and
Director, Geophysical Science Laboratory, New York University College of Engineering;
Drs. Donald Pritchard and James Carpenter, hydrologists, and Professor and assistant Profes-
sor, respectively, Department of Oceanography, Johns Hopkins University; Dr. G. Hoyt Whip-
ple, health physicist, Professor of Radiological Health, School of Public Health, University of
Michigan; and Dr. Robert Sutton, geologist, University of Rochester.

Westinghouse engaged the firm of Praeger-Kavanagh-Waterbury of New York, New York, as
consultants on the structural design of the containment and other important structures.

The firm of Hansen, Holby, and Biggs, Massachusetts Institute of Technology, was engaged
for structural engineering analyses. The Southwest Research Institute, San Antonio, Texas,
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was engaged as a consultant for quality control and for the establishment of an operating sur-
veillance program.

Contractual support available during operations is discussed in Section 13.1.1.3.5.
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1.5 REQUIREMENTS FOR FURTHER TECHNICAL
INFORMATION

This section is provided for historical purposes and has not been updated. It includes a dis-
cussion of research and development completed and the requirement for further research and
development perceived to be necessary at the time of submission of the original FSAR.

1.5.1 INTRODUCTION

Research and development to the level necessary to ensure safe operation of the R. E. Ginna
Nuclear Power Plant was conducted in the following areas:

1. Development of the final core design and final thermal, hydraulic, and physics parameters.

2. Core stability including adequacy of out-of-core instrumentation.

3. Development of long ion chambers.

4. Control rod ejection accident analyses.

5. Charcoal filters - for the removal of organic forms of iodine from the containment atmo--
sphere following an accident.

6. Reactor coolant pump controlled leakage seal testing.

7. Safety injection system both design and analytical methods.

8. Development of design, inspection, and acceptance criteria for prestressed reinforced-con-
crete pressure vessels.

9. Development of containment hydrogen recombiner.

The term "research and development" as used in this section is the same as that used by the
NRC in Section 50.2 of its regulations as follows:

(n) "Research and development" means (1) theoretical analysis, exploration or experimenta-
tion; or (2) the extension of investigative findings and theories of a scientific nature into prac-
tical application for experimental and demonstration purposes including the experimental
production and testing of models, devices, equipment, materials, and processes.

The research and development done for the R. E. Ginna Nuclear Power Plant confirms the
engineering and design values used to complete the equipment and systems designs. It did
not, in general, involve the creation of new concepts or ideas.

The technical information generated demonstrates the safety of the design and more sharply
defines margins of conservatism.

1.5.2 DEVELOPMENT OF THE FINAL CORE DESIGN AND FINAL THERMAL-
HYDRAULIC AND PHYSICS PARAMETERS

The detailed final coredesign and thermal-hydraulics and physics parameters have been com-
pleted. The nuclear design, including fuel configuration and enrichments, control rod pattern
and worths, reactivity coefficients, and boron requirements are described in the original
FSAR. The final thermal-hydraulics design parameters, as well as the final fuel, fuel rod, fuel
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assembly, and control rod mechanical design are also discussed in detail in the original
FSAR. The core design incorporates fixed burnable poison rods (Reference 1 and 2) in the
initial loading to ensure a negative moderator temperature coefficient of reactivity at operat-
ing temperature. This improves reactor stability and lessens the consequences of a rod ejec-
tion or a loss-of-coolant accident.

1.5.3 CORE STABILITY

1.5.3.1 Core Power Distribution

In the transition to 12-ft long, zircaloy-clad fuel cores, a potential for core power distribution
oscillations due to spatial oscillation in xenon concentration was created. Analytical methods
have been developed to examine this problem, and their use has resulted in the development
of suitable control hardware and a control strategy.

Nuclear calculation codes have been modified to simulate these power oscillations and the
operator actions necessary to damp out these oscillations. The effect of power redistribution
in the core on total power capability has been calculated and the control system is designed to
automatically cut back turbine power, and therefore core power, if limits on power distribu-
tion are exceeded. The protection system is designed to automatically reset thermal trip lev-
els if these limits on power distribution are exceeded.

The core of the R. E. Ginna Nuclear Power Plant contains burnable poison rods, which elimi-
nate the positive moderator coefficient that was expected at operating temperatures early in
the first fuel cycle in the original core design. The burnable poison rods will be borosilicate
glass. Critical experiments have been conducted at the Westinghouse Reactor Evaluation
Center using rods containing 12.8 wt % boron and zircaloy-clad uranium dioxide fuel rods,
2.27% enriched. These values are typical of this plant also. These experiments showed that
standard analytical methods can be used to calculate the reactivity orth of the burnable poison
rods. The design basis and critical experiments are described in References 1 and 2. (Note:
burnable poison rods are no longer included in the core.)

In-core testing completed in the Saxton reactor has shown satisfactory performance. The
tests are continuing and the research and development effort on these burnable poison rods is
described in more detail in the R&D topical report presented at the Salem Public Hearing,
August 15, 1968.

1.5.3.2 Out-of-Core Ion Chambers

The control system input from the nuclear instrumentation is the signals from four 10-ft long,
two-section ion chambers (described in Section 1.5.4), mounted outside the reactor vessel.
Calculations have shown that the response of these ion chambers should accurately indicate
gross power redistribution in the core, both axial and transverse, and this has been confirmed
by experimental measurements made on the SENA, San Onofre, and Haddam Neck reactors.
Tests performed to date include forcing various axial and transverse power shapes with full-
length control rods, and comparing the measured out-of-core readings with detailed in-core
measurements. Excellent correlation has been obtained. The calculations and results are
detailed and discussed in Reference 3.
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1.5.3.3 In-Core Control Equipment

Calculations performed for this plant demonstrate that power oscillations across the core will
be inherently highly damped and no control applied damping is either provided or necessary.
In any case, there is no mode of normal operation (MODES 1 and 2) which could cause a
transverse power tilt or, if one occurred, would make it worse.

There is, in a zircaloy core of this length, the possibility that xenon-induced axial power dis-
tribution oscillations may occur. Detailed calculations have shown that these oscillations can
be simply and effectively controlled, and suitable equipment has been developed for this
plant.

The in-core control equipment consists of four part-length rods, symmetrically placed about
the core axial center line, and moved in unison. Each rod has absorber in the bottom quarter
only, and is raised and lowered by a mechanism that holds the rod in a fixed position follow-
ing a reactor trip or loss of power to the mechanism. Since the xenon oscillation period is
about I day, the part-length rods are under operator control. The control strategy is based on
maintaining the difference in output between the top and bottom sections of the long ion
chambers within a specified range. If the operator allows axial power imbalance to exceed
operating limits, automatic protection occurs (Reference 3). The operating band is well inside
core thermal limits.

The part-length control rods permit axial power shaping as well as axial power oscillation
control. (Note: The part-length rods have been removed from the in-core control equip-
ment.)

The hardware, out-of-core instrumentation adequacy, control strategy, and rod insertion limits
are described in Reference 3. The performance of the system will be verified and the calcu-
lated performance checked during the thorough startup test program, which is described
below and in Chapter 14.

1.5.3.4 Startup Test Program

Experimental verification that spatial power redistribution transients can be monitored and
controlled is to be obtained in four consecutive stages of power testing in the overall plant
startup program. These states of power testing are described in the following.

A. Steady-state calibration of power range instrumentation in which the out-of-core power
range nuclear channels (using the long ion chambers), in-core core exit thermocouples, and
primary loop resistance temperature detectors are calibrated on the bases of measured sec-
ondary heat balances and detailed in-core power distributions measured with the movable
detector system. These instrumentation intercalibrations are repeated at several power lev-
els of interest between 30% and 100% of full power in typical operating control rod config-
urations. The results of these steady-state measurements are analyzed and correlations
developed between out-of-core detector response and in-core detector measurements of
power peaking. Design operational curves are verified or appropriate adjustments made to
ensure that design limits on power peaking are not exceeded. Instrumentation accuracies
are evaluated in these tests.
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B. Follow of spatial power redistribution transients in which spatial transients are initiated at a
reduced constant power level by prescribed control rod maneuvers and the resultant
changes in core power distribution are monitored in terms of axial and azimuthal power off-
sets (Reference 3) as indicated by the out-of-core power range nuclear detectors and of
assembly-wise power sharing factors and gross power tilts as indicated by the in-core ther-
mocouple system. Concurrent periodic measurements of the core power distribution made
with the in-core movable detectors allow verification of the inter-calibrations of the out-of-
core power range instrumentation under transient conditions and direct evaluation of
nuclear hot-channel factors. Transient reactivity changes are met by adjustment of the reac-
tor coolant boron concentration.

C. Controlled follow of spatial power redistribution transients - in which spatial transients are
initiated, as before, by control rod maneuvering at constant power and the resultant power
peaking transients are suppressed by subsequent maneuvering of the part-length control
rods by the operator. The maneuvering scheme for limiting local power peaking during the
induced transients is to be the normal procedure prescribed for plant operation where suc-
cessive control rod maneuvers are dictated by the current values of axial offset ratios
derived from the out-of-core power range nuclear detector responses (for example see Ref-
erence 3). Concurrent periodic power distribution measurements made with the in-core
movable detector system allow verification both of the values of limiting power distribution
parameters as deduced from the out-of-core instrumentation responses and of the adequacy
of the prescribed operating procedure for limiting power peaking during spatial power dis-
tribution transients.

D. Controlled follow of dynamic power redistribution transients - in which the operation of the
plant reproduces a typical load variation cycle, but at a reduced power level. Spatial power
redistribution transients resulting from the associated power level changes and the attendant
control rod maneuvers are monitored with the out-of-core nuclear detectors and core exit
thermocouples and power peaking is by part-length control rod manipulation according to
standard operating procedures. Concurrent detailed core power distribution measurements
with the movable detector system are made to evaluate nuclear hot-channel factors and ver-
ify correlations with out-of-core instrumentation.

The results of the several stages of measurement and verification are reviewed for adequacy,
before the next stage of testing is undertaken.

As bumup of the core progresses, test 1 will be repeated at regular intervals under typical
operating conditions in accord with normal operating practice. At less frequent intervals test
2 and test 4 during a normal load variation cycle, including in both cases comprehensive
detailed power distribution measurements made with the moveable detector system, will be
repeated to allow assessment of the effects of core depletion.

1.5.4 DEVELOPMENT OF LONG ION CHAMBERS

This plant uses four long ion chambers, mounted vertically outside the reactor pressure vessel
for power range nuclear instrumentation. The chambers are 90 degrees apart in plan; each
chamber has an active length of 10 ft with its center level with the core horizontal midplane.
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Each chamber is split into an upper and lower section to effectively form two uncompensated
ion chambers of equal size.

One purpose of these long ion chambers in this plant is to detect axial power redistributions
when they occur, and any transverse power tilts that could arise if control rods become mal-
positioned. The efficiency of these out-of-core long ion chambers in accurately reflecting in-
core power distribution is shown in Reference 3. Also, their long total active length mini-
mizes differences in indicated core average power for the same actual power but different
control rod positions.

This is the first U.S. plant to use uncompensated long ion chambers as standard instrumenta-
tion, but the design is similar in both size and configuration to chambers that have now been
successfully tested over extended periods in similar reactor service. Four two-section (one
section compensated, the other uncompensated) 8-ft long ion chambers have been used on the
SENA reactor as their standard instrumentation for about four months. An 8-ft long two-sec-
tion ion chamber, similar to the Ginna design, was tested on the Carolinas-Virginia Tube
Reactor for about 12 months. This chamber was then transferred to the San Onofre reactor
where it has had about 15 months operation. In addition, a long ion chamber, identical to
those to be fitted on Ginna, was installed for testing at San Onofre in September 1968.

From this design, manufacturing, and test experience of long ion chambers, it is expected that
the long ion chambers for this plant will perform satisfactorily.

1.5.5 CONTROL ROD EJECTIONAND DROPPED CONTROL ROD ACCIDENT
ANALYSES

The ejection of a control rod from the core would require the failure of its control rod mecha-
nism housing. Although such a failure is not considered credible, single control rod ejection
analyses using the final core design parameters, including abnormal conditions that could
occur during plant operation and tolerances for instrumentation error and reactivity coeffi-
cient, have been completed. The four cases analyzed are zero and full power; beginning and
end of core life. These show that no consequential damage to the reactor coolant system will
occur under these adverse conditions.

This plant core was initially designed to use only movable absorber rods and chemical shim
to control reactivity, but will now, in addition, have burnable poison rods installed. The con-
sequences of a rod ejection accidentare inherently limited in a core with chemical shim con-
trol since the amount of rod insertion is limited to that necessary to change load, while the
chemical shim concentration is adjusted to compensate for fuel burnup. The addition of the
burnable poison rods now also ensures that the moderator coefficient of reactivity is negative
throughout core life at operating temperature, further reducing the consequences of an ejec-
tion accident. The research and development program on the burnable poison rods is dis-
cussed in Section 1.5.3.

The consequences of dropping single fulllength control rods have been analyzed. Either the
actual rod drop or its resultant effects on local power and flux distribution will be detected,
and action to protect the core and coolant system against damage is automatic. This protec-
tion includes blocking control rod withdrawal.
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1.5.6 CHARCOAL FILTERS

At the time the plant was proposed, it appeared that further development work would be
required to prove the effectiveness of impregnated activated charcoal filters in removing
radioactive iodine in both organic (methyl iodine) and inorganic (elemental) forms.

Tests on the extraction of methyl iodide by full-size charcoal filters were made in cooperation
with the Connecticut Yankee Atomic Power Company for their Haddam Neck plant. These
demonstrated the suitability of using iodized activated charcoal filters to remove radioactive
methyl iodide from a containment environment under the most extreme conditions antici-
pated following a loss-of-coolant accident. The results of these tests (Reference 4) filed with
the AEC under Docket No. 50-213 are applicable to the charcoal filter system employed in
this plant.

Before any testing was started on the extraction of elemental iodine by the charcoal filters, a
literature survey was made. This showed that sufficient experimental data was already avail-
able from other sources (References 5 through 8) to confirm that activated charcoal filters
were even more efficient in extracting elemental iodine than methyl iodide under any typical
post-loss-of-coolant accident environmental conditions. It was therefore decided that tests for
elemental iodine extraction were no longer necessary, and no further experiments were con-
ducted. This conclusion that further research and development on elemental iodine extraction
by charcoal filters was unnecessary was also expressed by the AEC staff at the Public Hearing
in the matter of the Salem Nuclear Plant for the Public Service Electric and Gas Company,
August 15, 1968, Docket Numbers 50-272 and 50-311.

The effectiveness of the charcoal filter units during plant use will be demonstrated by periodic
tests at Haddam Neck and in this plant, as required by the Technical Specifications. These
tests will determine if there is any need for filter replacement because of deterioration with
time.

1.5.7 REACTOR COOLANT PUMP CONTROLLED LEAKAGE SEALS

The reactor coolant pump controlled leakage seal design for this plant has been fully devel-
oped. A full scale mock-up of this seal was operated for over 100 hr to confirm that seal
deflection under load and leak rate are acceptable. These tests also showed that erosion and
corrosion of the seal materials were not adversely affected by the slight increase in water
velocity through the seal due to the increased seal size necessary to fit the larger shafts used in
these pumps. A full-scale mock-up was used during the development of the controlled leak-
age seal to provide information on long-term performance and this life testing will continue.

One of the seals used in this plant was operated about 300 hr and the other about 100 hr, each
in its pump motor unit. During hot functional testing in the plant, before the core is loaded,
additional operation will bring the total operating time for each seal to well over 500 hours.

Successful operation of similar seals has been demonstrated with over 5000 hours total run-
ning time in San Onofre and over 3000 hours in Haddam Neck. More than 10 pumps have
already been built for later plants and tested successfully for at least 100 hours each. The
seals in these latter pumps are the same size as those used in this plant.
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1.5.8 SAFETY INJECTION SYSTEM

1.5.8.1 Development of Safety Injection System Design

The development effort on the Emergency Core Cooling System (ECCS) design has resulted
in the modification of the system to to include nitrogen pressurized accumulator tanks for
rapid core reflooding with borated water. The accumulators are passive devices, and the only
valves between them and their injection nozzles are swing check valves which open entirely
automatically once the reactor coolant system pressure falls. The increased flooding capabil-
ity limits the clad temperature after a loss-of-coolant accident to well below the melting tem-
perature of Zircaloy-4, minimizes metal-water reaction, and ensures that the core remains in
place and intact, thereby ensuring preservation of essential heat transfer geometry. The sys-
tem design incorporates redundancy of components such that the minimum required water
addition rates can be met assuming any active component to fail concurrent with the loss-of-
coolant accident or, over the long-term period of postaccident core decay heat removal, a pas-
sive or active component failure in either the safety injection or service water systems, or an
active failure in the component cooling water (CCW) system.

1.5.8.2 Development of Core Cooling Analysis

The loss-of-coolant analysis presented in the PSAR was based on a one-element code
(LOCO) for the blowdown and reflooding portions of the transients. For the FSAR a more
detailed blowdown code (FLASH) was used. The FLASH code divides the reactor coolant
system into three regions. This division provides for a more precise description of the blow-
down process, and in particular for the input to the reactor kinetics and core cooling analysis.

The FLASH code has been compared to many blowdown experiments primarily those per-
formed at LOFT. It has been demonstrated that the code is conservative in two principal
areas: rate of depressurization and mass of water left after blowdown. The FLASH code was
required to analyze the performance of the improved Emergency Core Cooling System
(ECCS) for large area ruptures.

The LOCTA-R2 transient digital computer program was developed during the final design of
the Ginna reactor for evaluating fuel pellet and cladding temperatures during a loss-of-cool-
ant accident.

The code is able to stack axial sections and thereby describe the behavior of a full-length
region as a function of time. A mass and energy balance is used in evaluating the temperature
rise in the steam as it flows through the core.

The present code is a more sophisticated version of LOCTA-R which was used in the loss-of-
coolant accident analyses reported in the PSAR. LOCTA-R was able to describe the behavior
of only one axial location on the rod while holding the environmental sink temperature con-
stant throughout the accident.

The SLAP code has replaced LOCO for predicting the entire blowdown and reflooding char-
acteristics of the smaller ruptures. The SLAP code is essentially an extension of the LOCO
code, but it provides a better description of the transient on the steam generator shell side and
the heat transferred between the reactor and steam generator during blowdown.
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For the smaller breaks it is important to determine if departure from nucleate boiling occurs
during blowdown. The SATAN-R and THINC codes were used for this purpose. Core
parameters obtained from SATAN-R, such as pressure, power, and flow, were used as input to
the THINC code. The THINC code is used to calculate coolant density, mass velocity,
enthalpy, vapor voids, and static pressure distribution along parallel flow channels in the core.

Extensive work on the development of these new models was completed during the final
design of the Ginna reactor.

1.5.9 DEVELOPMENT OF DESIGN, INSPECTION, AND ACCEPTANCE CRITERIA
FOR PRESTRESSED REINFORCED-CONCRETE PRESSURE VESSELS

At the time Ginna Station was proposed, the unusual feature of the steel-lined reinforced-con-
crete reactor containment vessel was the use of post-tensioned prestressing tendons, although
their use in construction is well proven. The developments and tests discussed below are
therefore confined to those elements directly applicable to the prestressing of the containment
vessel. These are:

" Rock anchor design criteria and test results.

* Rock anchor grout.

" Tendon inspection and acceptance criteria.

" Tendon corrosion protection system.

These topics are discussed in more detail below.

1.5.9.1 Rock Anchors

1.5.9.1.1 Design Criteria and Assumptions

The basic criterion in determining the length of rock anchors necessary to develop adequate
hold-down capacity, is that the pull of the anchor is resisted only by the submerged weight of
rock. The assumptions are made that (1) the rock has no tensile strength, (2) it breaks out at
an angle of 45 degrees to the vertical, with the depth taken to the midpoint of the bond devel-
opment length, and (3) the bond-stress between rock and grout is 170 psi.

1.5.9.1.2 Test Verification and Results

These assumptions and their historical justification are discussed in Section 3.8.1.4.2. In
order to determine the factors of safety represented by these assumptions for the conditions
pertaining to this plant site, a series of tests were carried out on three scaled-down test
anchors, to demonstrate rock hold-down capacity and bond strength between grout and rock.

These tests and results are described in Section 3.8.1.7.

1.5.9.2 Rock Anchor Grout

Grouting techniques used followed closely those developed by the Swiss parent company of
the BBRV system. The grout used is a mix of 5 gallons of water to one bag of cement, with I
lb of a special BBRV additive. The latter, designed to reduce the water requirements of the
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cement (and so retard the setting time), also provides a controlled expansion of the grout of
-about 8%, accomplished by the reaction of an aluminum powder with the alkalies of the
cement. The additive is free from chlorides, sulfides, and other salts whose presence could
possibly create a corrosion problem. The cement used is non-air entraining, Type II.

A test was carried out at the site to verify the grout application procedure and to ensure cohe-
sion and hardening of the grout, even when pumped under water.

1.5.9.3 Tendon Inspection and Acceptance Criteria

Buttonhead dimensional accuracy and symmetry are important to ensure maximum develop-
ment of both the rock anchor and wall tendon strength. Consistency of length of tendon wires
is necessary to ensure uniform load distribution on individual wire elements. Uniformity of
material properties is important in obtaining correct tendon characteristics compatible with
those assumed for analysis, i.e., ductility and ultimate and yield strengths.

The acceptance criteria and the program to ensure conformity with these were developed after
inspection of the fabricator's initial production runs and are outlined in Section 3.8.1.6.7.

1.5.9.4 Wall Tendons

1.5.9.4.1 Corrosion Protection

The use of unbonded tendons gives, in addition to other advantages, accessibility for inspec-
tion or replacement. However, because the tendons are not in intimate and integral contact
with surrounding concrete, the advantage of the high alkaline environment generally consid-
ered to promote adequate corrosion protection is lost. Therefore, these tendons must be pro-
vided with a corrosion preventive medium that gives protection equivalent to concrete, but
still enables withdrawal of a tendon for inspection or replacement.

Consequently, one of the more important programs in connection with the tendons has been
the selection of a complete corrosion protection system. The various elements involved are
(1) a cathodic protection system in which all tendons are connected to the liner and then to a
copper grounding system which is completed by the addition of reference cells and anodes,
from which a protective potential can be generated if the need for cathodic protection is indi-
cated by the reference cells, (2) a steel conduit surrounding each tendon providing shielding
against stray electrical currents, (3) temporary shipping and erection protection of all wires in
each tendon, by the application of a coating, followed by complete filling of each tendon con-
duit with a petroleum base wax, NO-OX-ID "CM," that provides a permanent, chemically
stable environment for protection from corrosion, while still giving flexibility of withdrawal
for inspection. The selection, testing, and application of the coating and wax was an impor-
tant program in the development of the overall corrosion protection system. Tests at the W. R.
Grace & Company Dearborn Division Research Center are outlined below.

Two tendon mock-up test rigs were set up for evaluation of individual wire coverage by the
wax and for determination of pumping characteristics. One test rig consisted of a transparent
pyrex glass tube test section containing a tendon section through which the wax could be cir-
culated. Tests showed that as the wax moved through the test section it completely immersed
all the wires, even though some were tightly bunched together. Subsequent inspection of
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individual wires showed complete coverage. In a second test, a quantity of Water was intro-
duced into the test section and pumping started. The water "plug" was driven ahead of the
wax, which preferentially wetted all the wires. There appeared to be no diffusion or mixing
of the water into the wax.

A second test rig consisted of a 20-ft-high conduit section containing a short-length tendon,
complete with all anchor heads and hardware. This was used to determine pump pressures for
circulation under ambient conditions, flow rates, and friction losses.

Specimens coated with both the initial coating and the wax were compared to uncoated con-
trol plates under extreme conditions of continuous exposure to salt water, steam, relative
humidity, and temperature in environmental testing cabinets. Results obtained after many
hundreds of hours showed no deterioration of the coated specimens.

1.5.9.4.2 Inspection and Acceptance

Preoperational testing on the complete containment is discussed in Section 3.8.1.7.1.

1.5.10 DEVELOPMENT OF CONTAINMENT HYDROGEN RECOMBINER

Following a major loss-of-coolant accident in the Ginna Station reactor, hydrogen may be
generated inside the containment by the mechanisms of radiolysis, zirconium-water reaction,
and the reaction of alkaline spray solution with aluminum. Because of the high level of radio-
activity in the containment which may also result from the accident, the containment must be
sealed for an extended period to prevent the spread of contamination to the environment.
Under these circumstances, if the containment isolation is sufficiently long, the possibility of
hydrogen reaching a flammable concentration of 4.1 volume percent in air must be consid-
ered. Equipment was therefore provided for the controlled recombination of hydrogen at a
concentration. The system selected is a flame combustor using containment atmosphere
(containing a low concentration of hydrogen) as primary oxidant and supplemental hydrogen
as a fuel. The product of combustion, water vapor, is cooled and condensed from the atmo-
sphere by the vital cooling systems of the containment. Operation of the system will control
buildup of hydrogen to less than 2 volume percent or one-half of the lower flammable limit.

Inside the containment are two complete combustor systems, one a spare. Each system con-
sists of a blower to circulate containment air to the combustor, a combustion chamber com-
plete with main burner, two igniters (one a spare), pilot burner, and a dilution chamber
downstream of the flame zone where products of combustion are mixed with a large excess of
containment air to reduce the temperature of gas leaving the system.

Testing of a recombiner system will be used to:

* Demonstrate that the design is sound (proof testing).

" Determine certain limits for the combustor in performance.

A description of the recombiner and the research, development, and test program is discussed
in more detail in Reference 9.
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REFERENCES FOR SECTION 1.5

1. P. M. Wood, E. A. Bassler, et al., Use of Burnable Poison Rods in Westinghouse Pressur-
ized Water Reactors, WCAP 7113, October 1967.

2. Westinghouse Electric Corporation, Nuclear Design of Westinghouse Pressurized Water
Reactor with Burnable Poison Rods, WCAP 9000 Series (Proprietary), 1968.

3. Westinghouse Electric Corporation, Power Distribution Control of Westinghouse Pres-
surized Water Reactors, WCAP 7208, (Proprietary), October 1968.

4. Connecticut Yankee Atomic Power Company, Connecticut Yankee Charcoal Filter Tests,
CYAP 101, December 1966.

5. R. E. Adams and W. E. Browning, Jr., Removal of Radioiodine from Air Streams by
Activated Charcoal, USAEC Report ORNL 2872, Oak Ridge National Laboratory, April
1, 1960.

6. R. E. Adams and W. E. Browning, Jr., Removal of Radioiodine from Air-Stream Mix-
tures, Report (ORNL Central Files No.) CF 60-11-39, Oak Ridge National Laboratory,
November 14, 1960.

7. G. H. Prigge, Application of Activated Carbon in Reactor Containment, USAEC Report
No. DP 778, E. 1. duPont deNemours & Co., Savannah River Laboratory, September
1962.

8. R. E. Adams and R. D. Ackley, Removal of Elemental Radioiodine from Flowing Humid
Air by Iodized Charcoals (Abstract), USAEC Report ORNL TM-2040, Oak Ridge
National Laboratory, November 2, 1967.

9. Westinghouse Electric Corporation, A Controlled Combustion System to Prevent Hydro-
gen Accumulation Following a Loss-of-Coolant Accident, WCAP 900 (Confidential),
December 1969.
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1.6 MATERIAL INCORPORATED BY REFERENCE

This section lists topical reports, which are referenced in the original and Updated FSAR and
which have been submitted to the AEC/NRC, in support of the Ginna or other licensing appli-
cations and/or significant reviews. It includes the UFSAR section that cites the report when
applicable.

Title UFSAR Sections

L. S. Tong, et al., HYDNA Digital Computer Program for Hydrodynamic
Transient, CVNA 77, 1961.

Gilbert Associates, Inc., Structural Integrity Test of Reactor Containment 1.8
Structure, GAI Report No. 1720, October 3, 1969.

Gilbert Associates, Inc., Effects of Postulated Pipe Breaks Outside the 3.11
Containment Building, GAI Report No. 1815 transmitted by letter from K.
W. Amish, RG&E, to A. Giambusso, NRC, November 1973.

R. C. Daniel, et al., Effects of High Burnup on Zircaloy Clad Bulk Ura-
nium Dioxide, Plate Fuel Element Samples, WAPD 263, September 1965.

H. Amster and R. Saarez, The Calculation of Thermal Constants Averaged 9.1
Over a Wingner-Wilkins Flux Spectrum: Description of the SOFOCATE
Code, WAPD TM-39, January 1957.

H. Bohl, E. Gelbard, and G. Ryan, MUFT-4--Fast Neutron Spectrum Code 9.1
for the IBM-707, WAPD TM-72, July 1957.

W. R. Cadwell, PDQ4, A Program for the Solution of the Neutron Diffu-
sion Equations in Two-Dimensions on the Phileo-2000, WAPD TM-230,
1961.

J. A. Redfield, CHICK-KIN - A Fortran Program for Intermediate and Fast
Transients in a Water Moderated Reactor, WAPD TM-479, January 1965.

J. A. Redfield, J. H. Murphy, V. C. Davis, FLASH-2: A Fortran Program 3.6
for Digital Simulation of a Multinode Reactor Plant During Loss of Cool-
ant, WAPD TM-666, April 1967.
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W. R. Cordwell, PDQ-7 Reference Manual, WAPD-TM-678, January 9.1
1967.

T. A. Porsching, J. H. Murphy, J. A. Redfield, and V. C. Davis, FLASH-4: 3.6, 15.6
A Fully Implicit FORTRAN-IV Program for the Digital Simulation of
Transients in a Reactor Plant, WAPD TM-840, March 1969.

Westinghouse Electric Corporation, A Controlled Combustion System to 1.5
Prevent Hydrogen Accumulation Following a Loss-of-Coolant Accident,
WCAP 900 (Confidential), 1969.

D. G. Sammarone, The Galvanic Behavior of Materials in Reactor Cool- 9.3
ants, WCAP 1844, August 1961.

R. F. Barry, The Revised LEOPARD Code-A Spectrum Dependent Non
Spatial Depletion Program, WCAP 2759, March 1965.

G. Hestroni, Studies of the Connecticut-Yankee Hydraulic Model, WCAP 4.4
2761, June 1965.

R. F. Barry, LEOPARD -A Spectrum Dependent Non Spatial Depletion 9.1
Code for the IBM-7094, WCAP 3269, September 1963.

G. Hestroni, Hydraulic Tests of the San Onofre Reactor Model, WCAP 4.4
3269-8, June 1964.

L. E. Strawbridge, Calculations of Lattice Parameters and Criticality for --

Uniform Water Moderated Lattices, WCAP 3269-25, 1964

W. T. Sha, An Experimental Evaluation of the Power Coefficient in
Slightly Enriched PWR Cores, WCAP 3269-40, April 1965.

W. T. Sha, An Analysis of Reactivity Worth of the Rod Cluster Control
Elements and Local Water Hole Power Density Peaking, WCAP 3269-47,
May 1965.
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Large Closed Cycle Water Reactor Research and Development Program 4.2
Quarterly Progress Reports, WCAP 3738, 3739, 3750, 3269-2, 3269-5,
3269-6, 3269-12, and 3269-13, January 1963 through June 1965

J. A. Christensen, R. J. Allio, and A. Biancheria, Melting Point of Irradi-
ated Uranium Dioxide, WCAP 6065, February 1965.

H. Chelemer, T. Weisman, and L. S. Tong, Subchannel Thermal Analysis --

of Rod Bundle Cores, WCAP 7015, January 1967.

H. Chelemer, J. Weisman, and L. S. Tong, Subchannel Thermal Analysis 4.4.
of Rod Bundle Cores, WCAP 7015, Revision 1, January 1969

P. M. Wood, E. A. Bassler, P. E. MacDonald, and D. F. Paddleford Use of 1.5
Burnable Poison Rods in Westinghouse Pressurized Water Reactors,
WCAP 7113, October 1967.

M. J. Bell, et al., Investigations of Chemical Additives for Reactor Con- 6.1, 6.2, 6.5
tainment Sprays, WCAP 7153 (Proprietary), March 1968.

L. F. Picone, Evaluation of Protective Coatings for Use in ReactorContain- 6.1
ment, WCAP 7198-L (Proprietary), April 1969.

Westinghouse Electric Corporation, Power Distribution Control of West- 1.5, 7.7
inghouse Pressurized Water Reactors, WCAP 7208 (Proprietary), October
1968.

Westinghouse Electric Corporation, Rochester Gas and Electric R. E. 5.3
Ginna Unit 1 Reactor Vessel Radiation Surveillance Program, WCAP
7254, May 1969.

T. W. T. Burnett, Reactor Protection System Diversity in Westinghouse 7.1
Pressurized Water Reactors, WCAP 7306, April 1969.
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Westinghouse Electric Corporation, Reactor Containment Fan Cooler-
Cooling Test Coil, WCAP 7336-L, July 1969.

Westinghouse Electric Corporation, Performance of Zircaloy-Clad Fuel
Rods During a Simulated Loss-of-Coolant Accident -Multirod Burst Tests,
WCAP 7379-L, Vol. I (Proprietary), September 5, 1969.

Westinghouse Electric Corporation, Sensitized Stainless Steel in Westing- 1.8
house PWR Nuclear Steam Supply Systems, WCAP 7477-L, WCAP
7477-L Addendum 1, WCAP 7735 (Non-Proprietary), accepted by the
AEC May 15, 1973

W. C. Gangloff, M. A. Mangan, An Evaluation of Anticipated Operational 1.8
Transients in Westinghouse Pressurized Water Reactors, WCAP 7486-L,
December 1970.

Westinghouse Electric Corporation, Performance of Zircaloy-Clad Fuel
Rods During a Simulated Loss-of-Coolant Accident -Multirod Burst Tests,
WCAP 7495-L, Vol. I and It (Proprietary), July 12, 1970.

Westinghouse Electric Corporation, Power Distribution Monitoring in the 14.6
R. E. Ginna PWR, WCAP 7542-L, September 1970.

P. F. Riehm, D. C. Gamer, M. A. Mangan, Analysis of Anticipated Reactor
Transients Without Trip, WCAP 7655, February 1971.

Westinghouse Electric Corporation, Robert E. Ginna Nuclear Generating 1.8
Station, March 1971 Refueling Shutdown Reactor Internals and Core
Components Evaluation, WCAP 7780, October 1971

Westinghouse Electric Corporation, Radiological Consequences of a Fuel 15.7
Handling Accident, WCAP 7828, December 1971.

J. Shefcheck, Application of the THINK Program to PWR Design, WCAP 4.4
7838, January 1972.
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T. W. T. Burnett, et al., LOFTRAN Code Description, WCAP 7907, Octo- 6.2, 15.0
ber 1972.

Westinghouse Electric Corporation, LOFTRAN Code Description. WCAP
7907 Supplement, May 1978.

H. G. Hargrove, FACTRAN -A Fortran IV Code for Thermal Transients in 15.4, 15.0
a Uranium Dioxide Fuel Rod, WCAP 7908, June 1972.

W. S. Hazelton, S. L. Anderson, and S. E. Yanichko, Basis for Heatup and
Cooldown Limit Curves, WCAP 7924, July 1972.

H. Chelemer, et al., THINC IV - An Improved Program for Thermal 4.2, 4.4, 15.0, 15.4
Hydraulic Analysis of Rod Bundle Cores, WCAP 7956-P-A(Proprietary),
February 1989

D. H. Risher Jr., and R. F. Barry, TWINKLE -A Multidimensional Neutron 15.0, 15.4
Kinetics Computer Code, WCAP 7979-P-A (Proprietary), WCAP 8028-A
(Non-Proprietary), January 1975.

L. E. Hochreiter, et al., Application of the THINC IV Program to PWR 4.2, 4.4, 15.0, 15.4
Design, WCAP 8054-P-A (Proprietary), February 1989, WCAP 8195
(Non-Proprietary), October 1973.

R. D. Kelly, et al., Calculational model for Core Reflooding after a Loss- 15.6
of-Coolant Accident (WREFLOOD Code), WCAP 8170 Proprietary,
WCAP 8171 (Non-Proprietary), June 1974

J. M. Hellman, Fuel Densification Experimental Results and Model for 4.4, 15.6
Reactor Applications, WCAP 8218 (Proprietary), WCAP 8219,(Non-Pro-
prietary), October 1973.

V. J. Esposito, D. Kesavan, and B. A. Maul, WFLASH-A FORTRAN I 15.6
Computer Program for Simulation of Transients in a Multi-Loop PWR,
WCAP 8261, Revision 1, July 1974.

Page 52 of 108 Revision 21 11/2008



GINNA/UFSAR
CHAPTER 1 INTRODUCTION AND GENERAL DESCRIPTION OF THE PLANT

Title UFSAR Sections

F. M. Bordelon, et al., LOCTA-IV Program: Loss-of-Coolant Transient 15.6
Analysis, WCAP 8301 (Proprietary), WCAP 8305 (Non-Proprietary), June
1974.

F. M. Bordelon, et al., SATAN VI Program: Comprehensive Space Time 15.6
Dependent Analysis of Loss-of-Coolant, WCAP 8302 (Proprietary),
WCAP 8306 (Non-Proprietary), June 1974.

F. M. Bordelon and E. T. Murphy, Containment Pressure Analysis Code 6.2, 15.6
(COCO), WCAP 8327 (Proprietary), WCAP 8326 (Non-Proprietary) July
1974

F. M. Bordelon, H. W. Massie, and T. A. Zordan, Westinghouse ECCS 15.6
Evaluation Model -Summary, WCAP 8339, July 1974

R. Salvatori, Westinghouse ECCS -Plant Sensitivity Studies WCAP 8340 15.6
(Proprietary), WCAP 8356 (Non-Proprietary), July 1974.

Westinghouse Electric Corporation, Westinghouse ECCS Evaluation 15.6
Model Sensitivity Studies, WCAP 8341 (Proprietary), WCAP 8342 (Non-
Proprietary), July 1974.

R. A. George, et al., Revised"Clad Flattening Model, WCAP 8377 (Propri- 4.2, 4.4
etary), WCAP 8381 (Non-Proprietary), July 1974.

Westinghouse Electric Corporation, Anticipated Transients Without Trip 15.8
Analysis for Westinghouse PWRs with 44 Series Steam Generators,
WCAP 8404, September 1974.

Westinghouse Electric Corporation, Analysis of Capsule R from the Roch- 5.3
ester Gas and Electric, R. E. Ginna Unit No. 1 Reactor Vessel Radiation
Surveillance Program, WCAP 8421, November 1974.

F. M. Bordelon, et al., The Westinghouse ECCS Evaluation Model Supple- 15.6
mentary Information, WCAP 8471 (Proprietary), WCAP 8472 (Non-Pro-
prietary), January 1975.
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H. Chelemer, et al., Improved Thermal Design Procedure, WCAP 8567-P- 4.2,4.4, 15.0, 15.1,
A (Proprietary), February 1989. 15.2, 15.3, 15.4

Westinghouse Electric Corporation, Fuel Rod Bow Evaluation, WCAP 4.2, 4.4
8691, Revision 1, July 1979.

J. V. Miller, Ed., Improved Analytical Models Used In Westinghouse Fuel 4.4
Rod Design Computations, WCAP 8720, October 1976.

Westinghouse Electric Corporation, Westinghouse Revised PAD Code 4.2, 4.4
Thermal Safety Model, WCAP 8720, Addendum 2 (Proprietary), transmit-
ted by letter from E. P. Rahe, Westinghouse, to C. 0. Thomas, NRC, dated
October 27, 1982.

J. A. Fici, et al., Design Bases for the Thermal Overpower Delta T and 4.4
Thermal Overtemperature Delta T Trip Functions, WCAP 8745 (Propri-
etary), March 1977.

F. E. Motley, et al., New Westinghouse Correlation WRB-1 for Predicting 4.2, 4.4
Critical Heat Flux in Rod Bundles with Mixing Vane Grids, WCAP 8762-
P-A (Proprietary), July 1984, WCAP 8763 (Non-Proprietary), July 1976.

Westinghouse Electric Corporation, Fuel Rod Design Computations, 4.2
WCAP 8785, October 1976.

T. Delsignore, et al., Westinghouse ECCS Two-Loop Sensitivity Studies 15.6
(14 x 14), WCAP 8854 (Non-Proprietary), September 1976.

D. H. Risher, et al., Safety Analysis for the Revised Fuel Rod Internal 4.4
Pressure Design Basis, WCAP 8964, June 1977.

R. J. Skwarek, W. J. Johnson, and P. E. Meyer, Westinghouse Emergency 15.6
Core Cooling System Small Break, October 1975 Model, WCAP 8970-P-
A (Proprietary), WCAP 8971-A (Non-Proprietary) January 1979.
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Westinghouse Electric Corporation, Nuclear Design of Westinghouse Pres- 1.5
surized Water Reactors with Burnable Poison Rods, WCAP 9000 Series
(Proprietary), December 1968.

Westinghouse Electric Corporation, A Controlled Combustion System to 6.2
Prevent Hydrogen Accumulation Following a Loss-of-Coolant Accident,
WCAP 9001 (Proprietary), February 1969.

R. D. Kelly, C. M. Thompson, et al., Westinghouse Emergency Core Cool- 15.6
ing System Evaluation Model for Analyzing Large LOCAs During Opera-
tion With One Loop Out of Service for Plants Without Loop Isolation
Valves, WCAP 9166, February 1978.

C. Eicheldinger, Westinghouse ECCS Evaluation Model, February 1978 15.6
Version, WCAP 9220 (Proprietary), WCAP 9221 (Non-Proprietary), Feb-
ruary 1978.

C. Eicheldinger, Westinghouse ECCS Evaluation Model 1981 Version, 4.2, 15.6
WCAP 9220-P-A, Revision 1 (Proprietary), WCAP 9221-A, Revision I
(Non-Proprietary), February 1982.

Westinghouse Electric Corporation, Westinghouse Reload Safety Evalua- 4.3
tion Methodology, WCAP 9273-A, July 1985.

S. L. Davidson and J. A. Lorii, eds., Verification Testing and Analysis of 4.4.
the 17 x 17 Optimized Fuel Assembly, WCAP 9401-P-A (Proprietary),
WCAP 9402 (Non-Proprietary), March 1979

Westinghouse Electric Corporation, Reference Core Report 17 x 17 Opti- 4.2
mized Fuel Assembly, WCAP 9500, May 1982.

Westinghouse Electric Corporation, Mechanistic Fracture Evaluation of 5.4
Reactor Coolant Pipe Containing a Postulated Circumferential Through-
wall Crack, WCAP 9558, Revision 2, (Proprietary), WCAP 9570 (Non-
Proprietary), May 1981.
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Westinghouse Electric Corporation, Metallurgical Investigation of the 5.4
Steam Generator Feedwater Piping Cracks at the R. E. Ginna Nuclear
Power Generating Station, WCAP 9563, August 1979.

Westinghouse Electric Corporation, Report for Small Break Accidents for 15.6
Westinghouse NSSS System, WCAP 9600, June 1979.

Westinghouse Electric Corporation, Metallurgical Investigation of Cracks
in the Pressurizer Nozzle-to-Safe-End Weld of the R. E. Ginna Nuclear
Power Generating Station, WCAP 9663, February 1980.

Westinghouse Electric Corporation, Westinghouse Owner's Group, Asym- 3.9, 4.2, 6.2
metric LOCA Load Evaluation -Phase C, WCAP 9748 (Proprietary),
WCAP 9749 (Non-Proprietary), June 1980.

Westinghouse Electric Corporation, Tensile and Toughness Properties of 5.4
Primary Piping Weld Metal for Use in Mechanistic Fracture Evaluation,
WCAP 9787, Revision 1, May 1981.

Westinghouse Electric Corporation, Probabilistic Analysis and Operational 15.6
Data in Response to NUREG 0737, Item III.K.3.2, for Westinghouse
NSSS Plants, WCAP 9804, February 1981.

T. Mayer, Summary Report on Reactor Vessel Integrity of Westinghouse 5.3
Operating Plants, WCAP 10019, December 1981.

Westinghouse Electric Corporation, Analysis of Capsule T from the Roch- 5.3
ester Gas and Electric Corporation of R. E. Ginna Nuclear Plant Reactor
Vessel Radiation Surveillance Program, WCAP 10086, April 1982.

R. A. Weiner, et al., Improved Fuel Performance Models for Westinghouse 4.4
Fuel Rod Design and Safety Evaluations, WCAP 10851-P-A (Proprietary),
August 1988.

Y. S. Liu, et al., ANC: A Westinghouse Advanced Nodal Code, WCAP 4.3
10966-NP-A (Non-Proprietary), September 1986.
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Westinghouse Electric Corporation, Westinghouse Small Break LOCA 15.6
ECCS Evaluation Model Generic Study with the NOTRUMP Code,
WCAP 11145 (Proprietary), May 1986.

R. L. Haessler, D. B. Lancaster, F. A. Monger, and S. Ray, Methodology 15.4
for the Analysis of the Dropped Rod Event, WCAP 11394-P-A, January
1990.

T. Q. Nguyen, et al., Qualification of the PHOENIX-P/ANC Nuclear 4.3
Design System for Pressurized Water Reactor Cores, WCAP 11597-A,
June 1988.

Westinghouse Electric Corporation, Loss of Residual Heat Removal Cool- 5.4
ing While the RCS is Partially Filled, WCAP 11916, Revision 0, July
1988.

Westinghouse Electric Corporation, Advanced Digital Feedwater Control 7.7
System, Median Signal Selector for Rochester Gas and Electric, Robert E.
Ginna, WCAP 12347, September 1990.

Westinghouse Electric Corporation, Structural Evaluation of the Robert E. 3.9
Ginna Pressurizer Surge Line, Considering the Effects of Thermal Stratifi-
cation, WCAP 12928 (Proprietary), WCAP 12929 (Non-Proprietary), May
1991.

Westinghouse Electric Corporation, Analysis of Capsule S from the Roch- 5.3
ester Gas and Electric Corporation R. E. Ginna Reactor Vessel Radiation
Surveillance Program, WCAP 13902, December 1993.

Westinghouse Electric Corporation, VANTAGE + Fuel Assembly Refer- 4.2
ence Core Report, WCAP-12610-P-A, April 1995.
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1.7 DRAWINGS AND OTHER DETAILED INFORMATION

1.7.1 ELECTRICAL, INSTRUMENTATION, AND CONTROL DRAWINGS

Updated electrical drawings, schematics, logic diagrams, and elementary wiring diagrams
were submitted to the NRC during the Systematic Evaluation Program (SEP) as necessary to
permit the staff to review the safety-related aspects of Ginna Station.

Drawings representing the electrical, instrumentation, and control systems are referenced
throughout the UFSAR.

A list of electrical, instrumentation, and control drawings, which previously were included as
figures in earlier revisions of the UFSAR, is given in Table 1.7-1.

1.7.2 PIPING AND INSTRUMENTATION DIAGRAMS (P&ID)>

Updated piping and instrumentation diagrams were submitted to the NRC during the SEP as
necessary to permit the staff to review the safety-related aspects of Ginna Station.

Drawings representing the piping and instrumentation diagrams are referenced throughout the
UFSAR. A list of piping and instrumentation diagrams, which previously were included as
figures in earlier revisions of the UFSAR, is given in Table 1.7-2. The legend for symbols
used in these diagrams is included in Drawing 33013-2242, Sheets 1-4.

1.7.3 OTHER DETAILED INFORMATION

References to detailed information submitted to the NRC are incorporated in the appropriate
sections throughout the UFSAR and are not duplicated in this section.
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Table 1.7-1
ELECTRICAL, INSTRUMENTATION, AND CONTROL DRAWINGS

Drawing Number Title

03201-0102

03202-0102

33013-623

Sheet I

Sheet 2

33013-652

33013-653

33013-1353

Sheet 1

Sheet 2

Sheet 3

Sheet 4

Sheet 5

Sheet 6

Sheet 7

Sheet 8

Sheet 9

Sheet 10

Sheet 11

Sheet 12

Sheet 13

Sheet 14

Sheet 15

120-Volt AC Instrument Bus One-Line Diagram

One-Line Diagram, 125-Volt DC System

Main One-Line Diagram

Main One-Line Diagram

480-Volt One-Line Diagram

4160-Volt One-Line Diagram

Logic Diagram, Index and Symbols

Logic Diagram, Reactor Trip Signals

Logic Diagram, Turbine Trip Signals

Logic Diagram, Electrical Protection Logic

Logic Diagram, Emergency Diesel Generator Startup
Logic

Logic Diagram, Safeguards Actuation Signals

Logic Diagram, Safeguards Actuation Signals

Logic Diagram, Safeguards Sequence

Logic Diagram, Feedwater Isolation and Auxiliary
Feedwater Pump Actuation Signals

Logic Diagram, Nuclear Instrumentation Trip Signals

Logic Diagram, Nuclear Instrumentation Permissives,
and Blocks

Logic Diagram, Pressurizer Trip Signals

Logic Diagram, Steam Generator Trip Signals

Logic Diagram, Reactor Coolant System Trip Signals

Logic Diagram, Rod Stops and Turbine Runbacks

Historical Link to
UFSAR Figure

Number

8.3-4

8.3-6

8.3-1, Sheet 1

8.3-1, Sheet 2

8.3-3

8.3-2

7.2-3

7.2-4

7.2-9

7.2-8

8.3-5

7.3-1, Sheet 1

7.3-1, Sheet 2

7.3-3

7.3-2

7.2-6

7.2-11

7.2-7

7.2-10

7.2-5

7.7-5
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Table 1.7-2
PIPING AND INSTRUMENTATION DIAGRAMS (P &ID)

Drawin_! Number Title

33013-1231

33013-1232

33013-1233

33013-1234

33013-1235

33013-1236

Sheet 1

Sheet 2

33013-1237

33013-1238

33013-1239

Sheet 1

Sheet 2

33013-1242

33013-1245

33013-1246

Sheet 1

Sheet 2

33013-1247

33013-1248

33013-1250

Sheet 1

Sheet 2

Sheet 3

Main Steam System (Safety Related) - P&ID

Main Steam System (Non Safety Related) - P&ID

Condensate Low Pressure Feedwater Heaters - P&ID

Condensate Storage System - P&ID

Condensate System (Condensate Booster Pumps to
Hydrogen Coolers and Blowdown Recovery System)
- P&ID

Feedwater System - P&ID

Feedwater System - P&ID

Auxiliary Feedwater System - P&ID

Standby Auxiliary Feedwater System - P&ID

Diesel Generator "A" Supporting Systems - P&ID

Diesel Generator "B" Supporting Systems - P&ID

FireProtection System - Relay and Computer (MUX)
Rooms - P&ID

Component Cooling Water System - P&ID

Component Cooling Water System - P&ID

Component Cooling Water System - P&ID

Residual Heat Removal System - P&ID

Spent Fuel Pool Cooling System - P&ID

Service Water System, Safety Related - P&ID

Service Water System, Safety Related - P&ID

Service Water System, Safety Related - P&ID

Historical Link to
UFSAR Figure
Number

10.3-1

10.3-2

10.4-3

10.7-5

10.4-2

10.4-4, Sheet 1

10.4-4, Sheet 2

10.5-1

10.5-2

9.5-5,

9.5-5,

9.5-3

Sheet I

Sheet 2

9.2-4, Sheet 1

9.2-4,

9.2-4,

5.4-7

9.1-6

9.2-1,

9.2-1,

9.2-1,

Sheet 2

Sheet 3

Sheet 1

Sheet 2

Sheet 3
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DrawinL Number Title

33013-1251

Sheet I

Sheet 2

33013-1252

33013-1256

33013-1258

33013-1259

33013-1260

33013-1261

33013-1262

Sheet I

Sheet 2

33013-1263

33013-1264

33013-1265

Sheet 1

Sheet 2

33013-1266

33013-1267

33013-1268

33013-1269

33013-1270

Sheet 1

Sheet 2

33013-1271

Service Water System, Non Safety Related - P&ID

Service Water System, Non Safety Related - P&ID

Condensate System - P&ID

Technical Support Center HVAC System - P&ID

Reactor Coolant Pressurizer - P&ID

Miscellaneous Liquid Waste Disposal - P&ID

Reactor Coolant - P&ID

Containment Spray - P&ID

Safety Injection and Accumulators - P&ID

Safety Injection and Accumulators - P&ID

Reactor Coolant System Overpressure Protection,
Nitrogen Accumulator System - P&ID

Chemical and Volume Control, Letdown - P&ID

Chemical and Volume Control, Charging - P&ID

Chemical and Volume Control, Charging - P&ID

Chemical and Volume Control, Boric Acid - P&ID

Chemical and Volume Control, Holdup Tanks to Gas
Strippers - P&ID

Chemical and Volume Control, Boric Acid Evaporator
to Monitor Tanks - P&ID

Chemical and Volume Control, Reactor Makeup
Water System - P&ID

Waste Disposal - Liquid, Waste Drains, Holdup Tank,
Spent Resin Tanks - P&ID

Waste Disposal - Liquid, Waste Drains, Holdup Tank,
Spent Resin Tanks - P&ID

Waste Disposal - Liquid, Waste Condensate Tanks -
P&ID

Historical Link to
UFSAR Figure
Number

9.2-2, Sheet I

9.2-2, Sheet 2

10.4-1

9.4-17

5.1-1, Sheet 2

11.2-1

5.1-1, Sheet 1

6.2-11

6.3-1, Sheet 1

6.3-1, Sheet 2

5.2-1

9.3-14

9.3-13, Sheet 1

9.3-13, Sheet 2

9.3-15

9.3-18

9.3-17

9.3-16

11.2-3, Sheet 1

11.2-3, Sheet 2

11.2-4
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Drawing Number Title Historical Link to
UFSAR Figure
Number

33013-1272

Sheet 1

Sheet 2

33013-1273

Sheet 1

Sheet 2

33013-1274

33013-1275

Sheet 1

Sheet 2

33013-1276

33013-1277

Sheet 1

Sheet 2

33013-1278

Sheet 1

Sheet 2

33013-1279

33013-1607

33013-1863

33013-1864

33013-1865

33013-1866

Waste Disposal - Liquid, Reactor Coolant Drain Tank
-P&ID -

Waste Disposal - Liquid, Reactor Coolant Drain Tank
- P&ID

Waste Disposal - Gas - P&ID

Waste Disposal - Gas - P&ID

Waste Disposal - Gas, H2 and N2 and Gas Analyzer -
P&ID

Waste Disposal - Gas, Hydrogen Recombiner - P&ID

Waste Disposal - Gas, Hydrogen Recombiner - P&ID

Waste Disposal - Liquid, Polishing Demineralizers -
P&ID

Steam Generator Blowdown - P&ID

Steam Generator Blowdown - P&ID

Nuclear Sampling System - P&ID

Nuclear Sampling System - P&ID

Postaccident Sampling System - P&ID

Fire Protection System Yard Loop - P&ID

Containment HVAC Systems, Containment Recircu-
lating and Cooling System, Postaccident Charcoal Fil-
ters - P&ID

Containment HVAC Systems, Containment Auxiliary
Charcoal Filters, Refueling Water Ventilation, Reactor
Compartment and Control Rod Drive Cooling - P&ID

Containment HVAC Systems, Purge Supply - P&ID

Containment HVAC Systems, Purge Exhaust and Pen-
etration Cooling - P&ID

11.2-2, Sheet I

11.2-2, Sheet 2

11.3-2, Sheet 1

11.3-2, Sheet 2

11.3-1

6.2-79, Sheet 1

6.2-79, Sheet 2

11.2-5

10.7-6, Sheet 1

10.7-6, Sheet 2

9.3-10, Sheet 1

9.3-10, Sheet 2

9.3-12

9.5-4

9.4-1

9.4-2

9.4-3

9.4-4
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Drawin! Number Title

33013-1867

33013-1868

33013-1869

33013-1870

33013-1871

33013-1872

33013-1873

33013-1874

33013-1875

33013-1876

33013-1877

33013-1878

33013-1879

33013-1881

Control Building HVAC System, Control Room
HVAC Control Room Postaccident Charcoal Filters,
Control Room Lavatory Exhaust - P&ID

Control Building HVAC System, Relay Room Cool-
ing, Battery Room Cooling and Ventilation - P&ID

Auxiliary/Intermediate Building HVAC Systems
Cooling for Charging, Safety Injection, Containment,
Spray, RHR, and Standby Auxiliary Feedwater
Pumps, Nitrogen and Hydrogen Storage Vents - P&ID

Auxiliary/Intermediate Building HVAC Systems,Vol-
ume Control Tank Exhaust, Auxiliary Building Char-
coal Filter, Auxiliary Building I G Filter - P&ID

Auxiliary/Intermediate Building HVAC Systems,
Intermediate Building Exhaust System, Spent Fuel
and Decon Pit Exhaust System, Main Auxiliary Build-
ing Exhaust System - P&ID

Auxiliary/Intermediate Building HVAC Systems,
Building Supply Air Systems - P&ID

Turbine/Miscellaneous Building HVAC Systems,
Ventilation for Diesel Generators, Feed Pumps, Oil
Storage, Turbine Building Gas Bottle Storage, Eleva-
tor, and Screen House - P&ID

Turbine/Miscellaneous Building HVAC Systems,
Condensate Demineralizer (AVT) Building Ventila-
tion - P&ID

Service Building HVAC Systems, Controlled Access
Exhaust System and Air Handling Unit 1 C - P&ID

Service Building HVAC Systems, Air Handling Units
lB and ID - P&ID

Service Building HVAC Systems, Air Handling Unit
1A and Return Air Fan IA - P&ID
Service Building HVAC Systems, Miscellaneous Ser-
vice Building HVAC Systems - P&ID

Service Building HVAC Systems, Air Handling Unit
IE - P&ID

Service Building HVAC Systems, Service Building
North End HVAC System - P&ID

Historical Link to
UFSAR Figure
Number

6.4-1

9.4-18

9.4-8

9.4-7

9.4-6

9.4-5

9.4-9

9.4-10

9.4-11

9.4-12

9.4-15

9.4-16

9.4-13

9.4-14
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Drawing Number Title Historical Link to
UFSAR Figure
Number

33013-1885

Sheet 1

Sheet 2

33013-1886

Sheet 1

Sheet 2

33013-1887

33013-1888

33013-1889

33013-1890

33013-1891

33013-1892

33013-1893

33013-1894

Sheet 1

Sheet 2

33013-1895

33013-1896

33013-1897

Sheet 1

Sheet 2

33013-1898

33013-1899

Sheet 1

Sheet 2

33013-1900

Sheet 1

Sheet 2

Circulating Water - P&ID

Circulating Water - P&ID

Service Air System - P&ID

Service Air System - P&ID

Instrument Air, Containment Building - P&ID

Instrument Air, Containment Building - P&ID

Instrument Air, Auxiliary Building - P&ID

Instrument Air, Auxiliary Building - P&ID

Instrument Air, Auxiliary Building - P&ID

Instrument Air, Auxiliary Building - P&ID

Instrument Air, Intermediate Building - P&ID

Instrument Air, Turbine Building - P&ID

Instrument Air, Turbine Building - P&ID

Instrument Air, Turbine Building - P&ID

Instrument Air, Turbine Building and Screen House -
P&ID

Instrument Air, Condensate Demineralizer (AVT)
Building - P&ID

Instrument Air, Condensate Demineralizer (AVT)
Building - P&ID

Instrument Air, Service Building - P&ID

Instrument Air, Service Building - P&ID

Instrument Air, Service Building - P&ID

Instrument Air Compressors - P&ID

Instrument Air Compressors - P&ID

10.6-1, Sheet 1

10.6-1, Sheet 2

9.3-1, Sheet 1

9.3-1, Sheet 2

9.3-3, Sheet I

9.3-3, Sheet 2

9.3-4, Sheet 1

9.3-4, Sheet 2

9.3-4, Sheet 3

9.3-4, Sheet 4

9.3-5

9.3-6, Sheet 1

9.3-6, Sheet 2

9.3-6, Sheet 3

9.3-7

9.3-8, Sheet 1

9.3-8, Sheet 2

9.3-9, Sheet 3

9.3-9, Sheet 1

9.3-9, Sheet 2

9.3-2, Sheet 1

9.3-2, Sheet 2
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Drawing Number Title

33013-1901

33013-1903

33013-1904

33013-1905

33013-1907

33013-1908

Sheet I

Sheet 2

Sheet 3

33013-1909

33013-1910

Sheet 1

Sheet 2

33013-1911

Sheet 1

Sheet 2

33013-1912

33013-1918

Sheet 1

Sheet 2

33013-1919

Sheet 1

Sheet 2

33013-1921

33013-1922

33013-1923

Turbine Lube-Oil System - P&ID

Extraction Steam - P&ID

Turbine Gland Steam and Drains - P&ID

Gland Sealing Water - P&ID

Primary Water Treatment Chemical Supply Tanks -
P&ID

Primary Water Treatment - P&ID

Primary Water Treatment - P&ID

Primary Water Treatment - P&ID

Ammonia Addition and Secondary Plant Water Treat-
ment - P&ID

Condensate Demineralizer Regeneration System -
P&ID

Condensate Demineralizer Regeneration System -
P&ID

Condensate Demineralizer Service Vessels - P&ID

Condensate Demineralizer Service Vessels - P&ID

Condensate Demineralizer Regeneration Waste Han-
dling - P&ID

Moisture Separator Reheater System - Steam - P&ID

Moisture Separator Reheater System - Steam - P&ID

Moisture Separator Reheater System - Drains - P&ID

Moisture Separator Reheater System - Drains - P&ID

Condenser Air Removal and Priming - P&ID

Feedwater Heater Vents, Relief and Miscellaneous
Drains - P&ID

Feedwater Heater Drain System - P&ID

Historical Link to
UFSAR Figure
Number

10.7-9

10.7-3

10.7-7

10.4-5

9.2-5

9.2-6, Sheet 1

9.2-6, Sheet 2

9.2-6, Sheet 3

10.7-10

10.7-12, Sheet 1

10.7-12, Sheet 2

10.7-11, Sheet 1

10.7-11, Sheet 2

10.7-13

10.3-3, Sheet 1

10.3-3, Sheet 2

10.3-4, Sheet 1

10.3-4, Sheet 2

10.7-8

10.7-2

10.7-1
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Drawing Number Title

33013-1924

33013-1925

33013-1989

33013-1990

Sheet I

Sheet 2

33013-1991

33013-1992

33013-1993

Sheet 1

Sheet 2

33013-2242

Sheet 1

Sheet 2

Sheet 3

Sheet 4

33013-2711

Sheet 1

Sheet 2

Sheet 3

Sheet 4

Extraction Steam - 1, 2, and 3 Heaters and Drains -
P&ID

Service Water for Instrument Air Compressors -
P&ID

Fire Protection Systems Fire Service Water, Plant Sys-
tems - P&ID

Fire Protection Systems - Fire Service Water, Turbine
Building and Technical Support Center - P&ID

Fire Protection Systems - Fire Service Water, Turbine
Building and Technical Support Center - P&ID

Fire Protection Systems - Fire Service Water Auxil-
iary Building, Intermediate Building, Containment
Building - P&ID

Fire Protection Systems - Fire Service Water Fire
Water Header "A", Auxiliary Building Header IG
Charcoal Filter - P&ID

Fire Protection Systems Fire Service Water, Header
"B" - P&ID

Fire Protection Systems Fire Service Water, Header
"B" - P&ID

Historical Link to
UFSAR Figure
Number

10.7-4

9.2-3

9.5-1

9.5-2, Sheet 1

9.5-2, Sheet 2

9.5-2a

9.5-2b

9.5-2c, Sheet 1

9.5-2c, Sheet 2

Symbol Legend - P&ID

Symbol Legend - P&ID

Symbol Legend - P&ID

Symbol Legend - P&ID

1.7-1, Sheet 1

1.7-1, Sheet 2

1.7-1, Sheet 3

1.7-1, Sheet 4

9.3-11, Sheet 1

9.3-11, Sheet 2

9.3-11, Sheet 3

9.3-11, Sheet 4

Secondary Sampling System - P&ID

Secondary Sampling System - P&ID

Secondary Sampling System - P&ID

Secondary Sampling System - P&ID
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1.8 CONFORMANCE TO NRC REGULATORY GUIDES

1.8.1 CONFORMANCE TO AEC SAFETY GUIDES

The information in this section represents the position of the R. E. Ginna Nuclear Power Plant
in August 1972 at the time when RG&E applied for a Full-Term Operating License with
respect to the AEC Safety Guides for Water Cooled Nuclear Power Plants, numbers 1 through
29. The information has not been generally updated. It has been revised to remove incorrect
or misleading information. References to sections and figures refer to this UFSAR unless the
references are to the original FSAR, in which case it is so stated and the referenced informa-
tion has not been incorporated into the UFSAR.

1.8.1.1 Safety Guide 1 -Net Positive Suction Head for Emergency Core Cooling and
Containment Heat Removal System Pumps

The net positive suction head (NPSH) of the residual heat removal pumps is evaluated for
normal plant shutdown operation and for both the injection and recirculation phase operations
of the design-basis accident. Recirculation operation gives the limiting NPSH requirements
and the NPSH available is determined from the containment water level, the temperature and
pressure of the sump water, and the pressure drop in the suction piping from the sump to the
pumps.

The NPSH for the safety injection pumps is evaluated for both the injection and recirculation
phase operations of the design-basis accident. The end of injection phase operation gives the
limiting NPSH requirement and the NPSH available is determined from the elevation head
and vapor pressure of the water in the refueling water storage tank (RWST) and the pressure
drop in the suction piping from the tank to the pumps.

The NPSH for the containment spray pump is evaluated for both the injection and recircula-
tion phase operations of the design-basis accident. The end of the injection phase operation
gives the limiting NPSH requirement and the NPSH available is determined from the eleva-
tion head and vapor pressure of the water in the refueling water storage tank (RWST) and the
pressure drop in the suction piping from the tank to the pumps.

1.8.1.2 Safety Guide 2 -Thermal Shock to Reactor Pressure Vessels

The effects of safety injection water on the integrity of the reactor vessel following a postu-
lated loss-of-coolant accident have been analyzed using data on fracture toughness of heavy
section steel both at beginning of plant life and after irradiation corresponding to approxi-
mately 40 years of equivalent plant life. The results show that under the postulated accident
conditions, the integrity of the reactor vessel is maintained.

Fracture toughness data are obtained from a Westinghouse experimental program which is
associated with the Heavy Section Steel Technology (HSST) Program at Oak Ridge National
Laboratory and Euratom programs. Since results of the analyses are dependent on the frac-
ture toughness of irradiated steel, efforts are continuing to obtain additional confirmatory
data. Data on 2-in.-thick specimens became available in 1970 from the HSST Program. This
data indicated a strong temperature dependence with a rapid increase in toughness at approxi-
mately nil ductility temperature. Presently, 4-in.-thick specimens are being irradiated and
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these will be tested in the spring of 1974. The HSST Program is scheduled for completion by
1974, at which time the reactor vessel thermal shock program will have been completed.

A detailed analysis considering the linear elastic fracture mechanism method, along with var-
ious sensitivity studies, was submitted to the AEC staff and members of the Advisory Com-
mittee on Reactor Safety.

Revised material for this report plus additional analysis and fracture toughness data were pre-
sented at a meeting with the Containment and Component Technology Branch on August 9,
1968, and forwarded by letter for AEC review and comment on October 29, 1968.

The analysis for the pressurized water reactor under the postulated conditions of Safety Guide
2 shows that no thermal shock problem exists. It is not anticipated that the continuing HSST
Program will lead to any new conclusions about reactor vessel integrity under loss-of-coolant
accident conditions.

1.8.1.3 Safety Guide 3 -Assumptions Used for Evaluating the Potential Radiological
Consequences of a Loss-of-Coolant Accident for Boiling Water Reactors

This safety guide is not applicable to the R. E. Ginna Nuclear Power Plant which is a pressur-
ized water reactor.

1.8.1.4 Safety Guide 4 -Assumptions Used for Evaluating the Potential Radiological
Consequences of a Loss-of-Coolant Accident for Pressurized Water Reactors

Safety Guide 4 gives the assumptions used by the AEC to evaluate the design basis loss-of-
coolant accident. This methodology was used by RG&E at that time to perform loss-of-cool-
ant accident analyses. Current information is provided in Chapter 15.

1.8.1.5 Safety Guide 5 - Assumptions Used for Evaluating the Potential Radiological
Consequences of a Steam Line Break Accident for Boiling Water Reactors

This safety guide is not applicable to the R. E. Ginna Nuclear Power Plant which is a pressur-
ized water reactor.

1.8.1.6 Safety-Guide 6 -Independence Between Redundant Standby (Onsite) Power
Sources and Between Their Distribution Systems

The electrically powered safety systems are divided into two groups so that loss of either one
will not prevent safety functions from being performed.

Each ac load group has a connection to the preferred (offsite) power source. In a situation
where offsite power is not available, two diesel generators supply standby power to separate
redundant load groups. There is no automatic connection between either the diesel generators
or the load groups.

The dc system consists of two separate batteries, each connected to two battery chargers,
which supply separate dc load groups. The Ginna design includes automatic transfers
between the load groups. However, necessary fusing and electrical interlocks are provided to
prevent paralleling of the two dc systems.
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Routing and separation standards applicable to existing cables are those that were invoked at
the time of cable installation. For more information, see Section 8.3.1.4.

1.8.1.7 Safety Guide 7 -Control of Combustible Gas Concentrations in Containment
Following a Loss-of-Coolant Accident

Two hydrogen recombiner units are installed in the Ginna containment. The purpose of these
units is to prevent the uncontrolled postaccident buildup of hydrogen concentrations in the
containment.

The recombiner system consists of two full-rated subsystems, each capable of maintaining the
ambient H2 concentration at 2% by volume. Each subsystem contains a combustor, fired by
an externally supplied fuel gas, employing containment air as the oxidant. Hydrogen in the
containment air is oxidized in passing through the combustion chamber. Hydrogen gas is also
used as the externally supplied fuel in order that noncondensible combustion products are
avoided which would cause a progressive rise in containment pressure. Oxygen gas is made
up through a separate containment feed to prevent depletion of 02 below the concentration
required for stable operation of the combustor.

Each recombiner is equipped with an air supply blower to deliver primary combustion air and
quench air to reduce the unit exhaust temperature, an ignition system, and associated monitor-
ing and control instrumentation. The system is qualified to perform its function in a postacci-
dent environment.

1.8.1.8 Safety Guide 8 -Personnel Selection and Training

Personnel selection and training for Ginna Station were completed before ANSI- 18.1, Pro-
posed Standards for Selection and Training of Personnel for Nuclear Power Plants, was pub-
lished. However, the existing personnel and positions conformed very closely with the
requirements of ANSI- 18.1. Since that time, selection of personnel, their qualifications,
training, and retraining have been done to conform to ANSI- 18.1-1971 and subsequent regu-
latory guides.

1.8.1.9 Safety Guide 9 -Selection of Diesel-Generator Set Capacity for Standby Power
Supplies

The diesel-generator capacities were based on a conservative evaluation of power require-
ments in the event of a loss-of-coolant accident simultaneous with a loss of station reserve
power supply.

Each of the generators has a nameplate continuous rating of 1950 kW with a 0.8 power factor
at 900 rpm with three-phase, 60-cycle, 480-V operation. The units also have extended ratings
of 2300 kW for 0.5 hr and 2250 kW for 2 succeeding hours. While paragraph 2 of the Safety
Guide regulatory position does not specifically apply to the load ratings of the Ginna diesels,
it does indicate the desired conservatism. During the initial injection phase, which lasts less
than 2.5 hr, the power requirement is less than 90% of the 2-hr limit of 2250 kW. Once this
initial phase is completed, the power requirements are less than 95% of the continuous duty
rating of the diesel.
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During preoperational testing, the diesel was operated at the power levels specified above.
The power required to run the safeguards loads under preoperational testing was less than that
estimated because of the difficulties in simulating accident loads. The containment air, for
instance, was less dense than that experienced in an accident and thus reduced the power
loading. Because of this the diesel was tested at rated rather than actual load.

Both diesels are capable of starting, accelerating, and attaining rated voltage within 10 sec-
onds of a loss of voltage on a safeguards bus. During testing, the loading sequence and tim-
ing has been checked and has performed satisfactorily. During this loading sequence, the
voltage has not dropped below 75% of rated output and has returned to within 10% of rated
voltage within 40% of the load sequence time interval. A load loss from 100% to zero power
will not cause an overspeed trip of either diesel. Frequency checks during tests have not been
addressed specifically, however, no unusual variations have been noticed.

The suitability of both diesels was confirmed through preoperational testing and in periodic
testing done since that time.

1.8.1.10 Safety Guide 10 -Mechanical (Cadweld) Splices in Reinforcing Bars of Concrete
Containments

Tension splices for bar sizes larger than #11 were made with Cadweld splice. To ensure the
integrity of the Cadweld splice, the quality control provided for a random sampling of splices
in the field. The selected splices were removed and tested to destruction. A sampling of
splices was initially tested to destruction to develop an average (X) and deviation (a). Suffi-
cient samples were tested to provide a 99% confidence level that 95% of the splices met the
specification requirements. The distribution established permitted the development of the
lower limit below which no test data should fall. If the result of any test fell below this limit,
the subsequent or previous splice was sampled. If the result was above the lower limit, the
process was considered to be in control. If this result was again below the lower limit, the
process average was recalculated and an engineering investigation was required to determine
the cause of the excess variation and to reestablish control the average of all tests was
required to remain above the minimum tensile strength. As additional data became available,
the average and standard deviation were updated. The actual frequency of testing carried out
was one specimen for each 25 splices made for each crew for the first 250 splices made by
that crew and one test for each 100 splices thereafter. In addition, where deformed bars were
attached to structural steel members, specimens were made and tested to ensure that the weld
of the splice to the member did not fail before the rebar or the splice. The frequency of testing
these specimens was the same as that for the normal splice.

In sampling the Cadweld splices a test was concurrently performed on the rebar. Where the
rebar failed prior to the splice, a check was provided on the ultimate strength of the rebar, thus
providing a check on conformance with the manufacturer's certifications and the ASTM stan-
dards. In addition, certified mill test reports were received from the rebar supplier and
checked for conformance with specification requirements.

Where the special large size bars (i.e., 14S and 18S) were spliced, the Cadweld process was
used so that the connection could develop the required minimum ultimate bar strength.
Where Cadweld splice was used, including in the cylinder and dome, the splices were stag-

Page 70 of 108 Revision 21 11/2008



GINNA/UFSAR
CHAPTER 1 INTRODUCTION AND GENERAL DESCRIPTION OF THE PLANT

gered a minimum of 3 ft. An exception to this practice is in the vicinity of the large openings.
Where reinforcing bars are anchored to plates or shapes, such as is the case for the dome bars
anchored into the cylinder and the interrupted hoop bars at penetrations, the Cadweld splices
all occur on one plane. Lapped splices are detailed in accordance with ACI-63.

Where Cadweld splices were used to anchor reinforcing bars to a structural steel member, a
procedure of testing coupons was used to demonstrate that the welding process was under
control. This procedure required each welder to initially make coupons as qualification pro-
cedure. The procedure was repeated at a frequency of one coupon for each 100 production
units. Each coupon required testing of two Cadweld connections.

In addition, the welding procedure complied with the specifications of the American Welding
Society and provided for 100% visual inspection of welds.

1.8.1.11 Safety Guide 11 -Instrument Lines Penetrating Primary Reactor Containment

The containment pressure transmitter instrument lines penetrate the containment. These must
be open following an accident, but have a manual isolation valve outside containment.
Therefore, Safety Guide 11 is met as well as General Design Criteria 56 on another defined
basis.

1.8.1.12 Safety Guide 12 -Instrumentation for Earthquakes

A strong motion accelerograph is installed at the Ginna plant and is located in the basement of
the intermediate building. This location was chosen rather than the basement of the contain-
ment since it more easily facilitates periodic surveillance of the instrument (this would be dif-
ficult should the instrument be located in the basement of the containment), and the retrieval
of the shock record can more readily be made.

The response of the accelerograph located in the basement of the intermediate building will
be virtually the same as one located in the basement of the containment.

1.8.1.13 Safety Guide 13 -Fuel Storage Facility Design Basis

The spent fuel pool (SFP) is a reinforced-concrete structure with a seam-welded stainless
steel plate liner. This structure is designed to withstand the anticipated earthquake loadings as
a Seismic Category I structure so that the liner prevents leakage even in the event the rein-
forced concrete develops cracks.

All structures have been designed for wind loads in accordance with the requirements of the
State of New York - State Building Construction Code. The wind loads tabulated in this code
are based on a design wind velocity of 75 mph at a height of 30 ft above grade level. In addi-
tion, the spent fuel pool (SFP) has been evaluated with regards to tornado winds and missiles
and found to be acceptable.

Interlocks have been provided on the auxiliary building crane to prevent the crane hook from
passing over stored fuel and thus prevent heavy loads from being dropped on the spent fuel.

The area around the spent fuel pool (SFP) is enclosed by the auxiliary building. In addition to
other ventilation systems in this building, a ventilation system is provided to provide a sweep
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of air specifically across the top of the spent fuel pool (SFP). Originally, air was only passed
through a high efficiency particulate air filter before being exhausted to the atmosphere.
Early in 1971, however, a charcoal filter, to be placed into operation during MODE 6 (Refuel-
ing), was added to this discharge system to filter out the iodine in the air and thus improve the
design to account for the assumption that all fuel rods in one fuel bundle might be breached if
a MODE 6 (Refueling) incident occurred.

The fuel pool has been evaluated on the basis of dropping a fuel cask into the spent fuel pool
(SFP). While some damage could possibly occur to the liner, the cask will not break through
the reinforced concrete to cause a major leak. In any case, the crane moving the cask would
be single-failure proof, thus precluding the need to postulate the cask drop occurrence.

There are no spent fuel pool (SFP) designs, permanently connected systems, and/or other fea-
tures that by maloperation or failure could cause loss of fuel storage coolant to the extent that
fuel would be uncovered. A maloperation or failure in the filtering or cooling systems will
not cause the fuel to be uncovered.

The spent fuel pool (SFP) is provided with level monitoring equipment which gives an alarm
in the control room if the level drops. The radiation level just above the spent fuel pool (SFP)
is also monitored. A reading of this level is indicated locally and at the control room. A radi-
ation level above the setpoint will cause an alarm on the control board. The filtering system
associated with the air just above the spent fuel pool (SFP) is always in operation. Before
being exhausted from the plant this air always passes through high efficiency particulate air
filters first. During MODE 6 (Refueling) operations this air is also filtered with impregnated
charcoal filters. The addition of the charcoal filters to the airstream is done manually.

A spent fuel pool (SFP) cooling system is installed to remove decay heat. Also, nonseismic
makeup systems including the fire protection system, are provided to add coolant to the pool.

1.8.1.14 Safety Guide 14 -Reactor Coolant Pump Flywheel Integrity

Precautionary measures, taken to preclude missile formation from primary coolant pump
components, ensure that the pumps will not produce missiles under any anticipated accident
condition.

The primary coolant pumps run at 1189 rpm, and may operate briefly at overspeeds up to
109% (1295 rpm) during loss of outside load. For conservatism, however, 125% of operating
speed was selected as the design speed for the primary coolant pumps. For the overspeed
condition, which would not persist for more than 30 seconds, pump operating temperatures
would remain at about the design value.

Each component of the primary pumps has been analyzed for missile generation. Any frag-
ments would be expected to be contained by the heavy stator.

The most adverse operating condition of the flywheels is visualized to be the loss-of-load sit-
uation. The following conservative design and operation conditions minimize missile pro-
duction by the pump flywheels. The flywheels are fabricated from rolled, vacuum-degassed,
ASME SA 533 Type B steel plates. Flywheel blanks are flame-cut from the plate, with
allowance for exclusion of flame affected metal. A minimum of three Charpy V-notch tests

Page 72 of 108 Revision 21 11/2008



GINNA/UFSAR
CHAPTER 1 INTRODUCTION AND GENERAL DESCRIPTION OF THE PLANT

are made from each plate parallel and normal to the rolling direction, to determine that each
blank satisfies design requirements. A nil ductility transition temperature less than +10°F is
specified. The finished flywheels are subjected to 100% volumetric ultrasonic inspection.
The finished machined bores are also subjected to magnetic particle or liquid penetrant exam-
ination.

These design-fabrication techniques yield flywheels with primary stress at operating speed to
less than 50% of the minimum specified material yield strength at room temperature (1 00°F
to 1 50F). Bursting speed of the flywheels has been calculated on the basis of Griffith-Irwin's
results (Reference 1) to be 3900 rpm, more than three times the operating speed.

A fracture mechanics evaluation was made on the reactor coolant pump flywheel. This eval-
uation considered the following assumptions:

A. Maximum tangential stress at an assumed overspeed of 125% compared to a maximum
expected overspeed of 109%.

B. A through crack through the thickness of the flywheel at the bore.

C. 400 cycles of startup operation in 40 years.

Using critical stress intensity factors and crack growth data attained on flywheel material, the
critical crack size for failure was greater than 17 in. radially and the crack growth data was
0.030 in. to 0.60 in. per 1000 cycles.

The original inservice inspection program included a complete ultrasonic volumetric inspec-
tion and surface examination of all exposed surfaces at approximately 10-year intervals, and
in-place ultrasonic volumetric examination of areas of higher stress concentration at the bore
and keyway at approximately 3-year intervals. This was consistent with Safety Guide 14.
The new inservice inspection program is described in Section 5.4.1.2.5.

1.8.1.15 Safety Guide 15 -Testing of Reinforcing Bars for Concrete Structures

The 1972 codes for testing of reinforcing bars for concrete structures were not available at the
time that Ginna Station was built. The codes and practices followed do generally conform to
these standards, however.

The concrete reinforcement used in the containment building and other Seismic Category I
structures is deformed bar intermediate grade billet-steel conforming to the requirements of
ASTM A15-64, Specifications for Billet-Steel Bars for Concrete Reinforcement, with defor-
mations conforming to ASTM A305-56T, Deformed Bars for Concrete Reinforcement. Spe-
cial large size concrete reinforcing bars are deformed bars of intermediate grade billet-steel
conforming to ASTM A408-64, Specifications for Large Size Deformed Billet Steel Bars for
Concrete Reinforcement. Reinforcing steel conforming to these specifications has a tensile
strength of 70,000 psi to 90,000 psi and a minimum yield point of 40,000 psi.

All splicing and anchoring of the concrete reinforcement is in accordance with ACI 318-63.
There was no splicing of bars by arc welding. The special large size bars were spliced by the
Cadweld process.
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It is to be noted that intermediate grade reinforcing steel is the highest ductility steel com-
monly used for construction. Certified mill reports of chemical and physical tests were sub-
mitted to the engineer, Gilbert Associates, Inc., for review and approval. Each bar was
branded in the deforming process to carry identification as to the manufacturer, size, type, and
yield strength, for example:

* B -Bethlehem.

* 18 -Size 18S.

0 N -New billet steel.

0 Blank -A-15 and A-408 steel.

0 6 -A-432 (60,000 psi yield).

* 7 -A-431 (75,000 psi yield).

Because of the identification system and because of the large quantity, the material was kept
separated in the fabricator's yard. In addition, when loaded for mill shipment, all bars were
properly separated and tagged with the manufacturer's identification number.

Visual inspection of the bars was made in the field for inclusions and representative randomly
selected samples of reinforcing bar stocked onsite were tested for user's tensile tests.

The specifications stipulate that "arc welding concrete reinforcement for any purpose includ-
ing the achievement of electrical continuity shall not be permitted unless noted otherwise on
the drawings."

Concrete cover of reinforcing bar was at least the minimum specified by ACI-318.

1.8.1.16 Safety Guide 16 -Reporting of Operating Information

During the initial operating period that Ginna Station was producing power, reporting fol-
lowed the intent of the regulations in effect at that time, specifically 10 CFR 20, 40, 50, 70,
and 73. Therefore, RG&E conformed to the guidance of Safety Guide 16 as well as comply-
ing with all reporting requirements set forth in the Technical Specifications.

New reporting requirements have been instituted since this initial period and other require-
ments have been altered. RG&E has continued to comply with current NRC requirements.
These include regulations such as 10 CFR 20, 21, 26, 50, 55, 70, 73, and 74, and selected
NRC bulletins and generic letters such as GL 97-02. Other reporting requirements are con-
tained in the Technical Specifications, Offsite Dose Calculation Manual (ODCM), and Tech-
nical Requirements Manual (TRM). Many of these various reporting requirements are
addressed in plant procedures.

1.8.1.17 Safety Guide 17 -Protection Against Industrial Sabotage

The Rochester Gas and Electric Corporation submitted a proprietary document, Security at
the Ginna Facility, to the AEC by cover letter dated October 8, 1971. This document
describes in detail the implementation by RG&E of those sections of the Safety Guide apply-
ing to control of access and selection of personnel. The Security Plan was updated by RG&E
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submittals of January 19, 1978, and April 12, 1983. The plan is maintained current in compli-
ance with 10 CFR 50.54(p).

1.8.1.18 Safety Guide 18 - Structural Acceptance Test for Concrete Primary Reactor
Containments

1.8.1.18.1 Structural Integrity Test

After completion of the construction of the entire containment vessel, a structural integrity
test was performed, where a pneumatic pressure of 69 psig (115% of the design pressure of 60
psig) was maintained for approximately 4 hours. The pressurization of the vessel was done so
as to permit readings and measurements which are more fully described hereafter. The read-
ings and measurements were made during the initial pressurization (with pressure maintained
a minimum of 3 hr at 0 psig, 14 psig, 35 psig, 60 psig, and at maximum test pressure of 69
psig, and thereafter during depressurization at 60 psig, 35 psig, and 0 psig. Except for the
maximum pressure level (69 psig), the vessel pressure was slightly increased above the level
at which the measurements were taken; and the pressure was then reduced to the specified
value and observations made after at least 10 minutes to permit an adjustment of strains
within the structure. Because the structure is so large, displacement measurements were
made with sufficient precision to serve as confirmation of previously calculated response.
The test program further included, in addition to displacement measurements, a continuous
visual examination of the vessel to observe concrete cracking. Observations of the entire ves-
sel surface were made from existing or temporary platforms with special attention given to
pertinent locations, including major discontinuities. A complete description of the instrumen-
tation used to measure response is described below.

Predicted displacements developed for an internal pressure of 69 psig, which is the maximum
pressure for the structural proof test, is included below. Although strain measurements were
made, no predicted measurements are provided consistent with agreements previously docu-
mented in Appendices A, B, and C of Gilbert Associates, Inc., Report GAI 1720 (Reference
2). Strain values obtained, however, are analyzed to determine magnitude and direction of
principal strains.

Maximum predicted crack widths for specifications are described below.

1.8.1.18.2 Instrumentation

The installation of all targets, linear variable differential transformers, whitewash for crack
observations, load cells, tapes, strain gauges, photoelastic disks,.cameras, junction boxes,
wires, readout instruments, support structures, and platforms were completed prior to initiat-
ing pressurization of the vessel. The location for all instrumentation is shown in Table I of
GAI 1720 (Reference 2). In addition, the covers on the enclosures over the tendon anchors
and the wax surrounding the anchor head were removed to permit inspection of the anchor-
age, including button heads, during the test. People were stationed at the three locations for
theodolite measurements, at the ledge for tendon anchorage inspection, and at each location
where crack measurements were made. These people were equipped with communication
means to maintain contact with a control located in the intermediate building at elevation 253
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ft 6 in. where read-out instruments were located. In addition, three people were available to
travel over accessible walkways to inspect the outer vessel surface.

The type of instruments used were as follows:

1. Jig transit with scales and targets.

2. Invar tapes.

3. Linear variable differential transformers.

4. Strain gauges.

5. Rosette strain gauges.

6. Photoelastic disks.

7. Load cells.

1.8.1.18.3 Displacement Measurements

Cylinder base rotation and displacement were measured utilizing linear variable differential
transformers at three azimuths, one of which was directly below the equipment access open-
ing. At each azimuth two linear variable differential transformers were located near the base
of the structure with 6-ft vertical separation. These radial displacements were used to deter-
mine the actual base rotation. Also, at each azimuth one linear variable differential trans-
former was used to determine the vertical displacement of the elastomer pad.

Radial displacement measurements were made at a total of 15 locations using a jig transit,
base targets, and mounted scales.

A base target was attached to the structure at each of three different azimuths around the base
of the cylinder. Five scales were attached (at each azimuth), three along the height of the cyl-
inder and one each just above and below the ledge (i.e., elevation 343 ft 2 in.). Relative radial
displacements were determined at each scale location by aligning the transit with the base tar-
get and by plunging the scope up from the base target to each scale. Variations in the scale
readings from the original reading indicated the amount of displacement.

The vertical displacement of the cylinder at the top (relative to the base ring at three azimuths
for side wall elongation and average tendon strain) was determined using three invar tapes.
The tapes were mounted at the ledge and extended down to the base ring, where weights ten-
sioned the tapes. A scale at the base was read using an engraved mark on the tape to indicate
relative elongations.

Linear variable differential transformers were utilized at 28 locations on concrete around the
equipment access opening to measure horizontal and vertical displacements. Along the hori-
zontal axis, on one side only, six horizontal and six vertical displacements were obtained to a
point 21 ft out from the edge of the hole. An identical set of displacements was obtained on
the vertical axis above the hole. Additionally, on the horizontal and vertical axis, of those dis-
placements previously mentioned, another point on each axis was selected to measure vertical
and horizontal displacements at a point 2 ft from the opposite edge of the hole.
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Displacement measurement accuracies are as follows: the jig transits, using an optical
micrometer, had a resolution of 0.001 in. and an accuracy of 0.005 in. to 0.010 in. The linear
variable differential transformers and associated instrumentation had a resolution of better
than 0.001 in. and an accuracy of 0.002 in. to 0.005 in..

1.8.1.18.4 Strain Measurements

A total of 46 reinforcing bars were instrumented for strain measurements, 28 were at loca-
tions similar to linear variable differential transformer displacement measurement locations
around the equipment access opening, and 18 were at locations above and below the ledge.

The liner was instrumented with rectangular rosettes at six locations, to indicate general strain
in regions unaffected by geometric discontinuities, and at 32 locations around four typical
penetrations. Eight rosettes were used at each penetration.

Strain gauges were attached to the tendon-anchorage bearing plates at tendons 13, 53, 93, and
133.

Load cells were installed under the button head of tendons 13, 53, 93, and 133. The strain
gauges on reinforcing bars and associated instrumentation had a resolution of 0.4 micro-inch
per inch strain and an accuracy of 2 to 3 micro-inches per inch. The strain gauges on the steel
liner had a resolution of 1 micro-inch per inch and an accuracy of approximately 5 micro-
inches.

The strain gauges on the bearing plates and the associated instrumentation had a resolution of
1 microinch per inch and an accuracy of approximately 5 micro-inches per inch. The instru-
mentation utilized for the tendon load cell had a measuring accuracy of 0.5% of full load
capacity.

Photoelastic disks, 1.5 in. to 2 in. in diameter, were placed on the liner, around the same four
penetrations where strain gauges were installed, to qualitatively augment the local values
indicated by the strain gauges. Approximately 15 disks were located in one quadrant for each
of four penetrations. (This resulted in approximately 25% surface coverage up to one diame-
ter away from the opening.)

1.8.1.18.5 Test Results

Reading and recording of all measurements were made just prior to pressurizing, after depres-
surizing, and at each pressure increment, except that only one quadrant of photoelastic disks
at each penetration were photographed while the structure was pressurized.

The identification and location of the instruments are shown on Figures 2 through 5 of GAI
Report No. 1720 (Reference 2). These instruments were located in such a way that the actual
response of the vessel during the test was determined and verified, with the criteria estab-
lished prior to the performance of the test. The location of scales and gauges are as described
in Table I of GAI Report No. 1720.

The results of the structural integrity test showed the stresses, strains, and displacements were
within the specified limits and the GAI predicted results. The whitewash areas revealed crack

Page 77 of 108 Revision 21 11/2008



GINNA/UFSAR
CHAPTER 1 INTRODUCTION AND GENERAL DESCRIPTION OF THE PLANT

patterns and spacings in good agreement with the GAI prediction; there was no horizontal
cracks in dome concrete except for construction joints. The base shear restraint was stiffer
than anticipated. The strains and displacements of the cylinder wall, the discontinuity of
dome and cylinder wall, and dome revealed that the structural stiffness of the containment
vessel is greater than anticipated.

The structural capacity of the containment met and exceeded its imposed criteria. A detailed
analysis 'and description of the Ginna containment structural integrity test is contained in GAI
Report No. 1720.

1.8.1.19 Safety Guide 19 -Nondestructive Examination of Primary Containment Liners

1.8.1.19.1 Test Provisions

The weld seams in the liner plate are covered with a test channel to permit testing for leaks.
Except for the equipment access hatch, all penetrations provide a double barrier against leak-
age and can be pressurized to permit testing of leaktightness.

All penetrations through the containment reinforced concrete pressure barrier for pipe, elec-
trical conductors, ducts, and access hatches are of the double barrier type.

In general, a penetration consists of a sleeve embedded in the reinforced concrete wall and
welded to the containment liner. The weld to the liner is shrouded by a test channel which is
used to demonstrate the integrity of the joint. The pipe, duct, or access hatch passes through
the embedded sleeve and the ends of the resulting annulus are closed off, generally by welded
end plates. Piping penetrations have a bellows type expansion joint mounted on the exterior
end of the embedded sleeve where required to compensate for differential motions. The only
exceptions to providing an annulus about piping occurs for the three drain lines from sump B.

Penetrations are designed with double seals so as to permit individual testing at the required
test pressure.

All penetrations are provided with test canopies over the liner to penetration sleeve welds.
Each canopy, except those noted below, is connected to and pressurized simultaneously with
the annulus between the pipe and sleeve penetration when under test. The exceptions are the
canopy for the fuel transfer penetration which must be pressurized independently of the annu-
lus because of the separation posed by the transfer canal liner and the three pipe penetrations
in sump B in which only the canopies are pressurized as there are no annuli.

1.8.1.19.2 Examination of Welds

All welded joints for the penetrations including the reinforcement about the openings (i.e.,
sleeve to reinforcing plate seam) were fully radiographed in accordance with the require-
ments of the ASME Nuclear Vessels Code for Class B Vessels, except that nonradiographable
joint details were examined by the liquid penetrant method. For fully radiographed welds,
acceptance standards for porosity are as shown in Appendix IV of the Nuclear Vessels Code.
(The ASME Unfired Pressure Vessels Code states that porosity is not a factor in the accept-
ability of welds not required to be fully radiographed.)
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Longitudinal and circumferential welded joints of the liner within the main shell, the welded
joint connecting the dome to the cylinder, and all joints within the dome were inspected by
the liquid penetrant method and spot radiography. All penetrations including the equipment
access door and the personnel locks were examined in accordance with the requirements of
the ASME Nuclear Vessels Code for Class B Vessels. All other shop fabricated components,
including the reinforcement about openings, were fully radiographed. All other joint details
were examined by the liquid penetrant method. Full radiography is performed in accordance
with the procedures and governed by the acceptability standards of Paragraph N-624 of the
ASME Nuclear Vessels Code. Spot radiography is performed in accordance with the proce-
dures and governed by the standards of Paragraph UW-52 of the ASME Unfired Pressure
Vessels Code. Methods for liquid penetrant examination were in accordance with Appendix
VIII of the ASME Unfired Pressure Vessels Code.

1.8.1.19.3 Pressure Tests

All piping penetrations and personnel locks were pressure tested in the fabricator's shop to
demonstrate leaktightness and structural integrity.

In order to ensure that the joints 'in the liner plate and penetrations as well as all weld connec-
tions of test channels were leaktight, it was required that all welds be examined by detecting
leaks at 69 psig test pressure using a soap bubble test or a mixture of air and Freon, and 100%
of detectable leaks be arrested. These tests were preliminary to the performance of the initial
integrated leak rate test which ensured that the containment leak rate was no greater than
0.1% of the contained volume in 24 hours at 60 psig.

The liner weld seams were also examined by pressurizing the test channels to design pressure
(60 psig) with a mixture of air and Freon, and checking all seams with a halogen leak detec-
tor. All detectable leaks were corrected by repairing the weld and retesting.

1.8.1.19.4 Ouality Control Provisions

The following quality control provisions were employed in the welding procedure for the
liner:

The qualification of welding procedures and welders was in accordance with Section IX,
Welding Qualifications, of the ASME Boiler and Pressure Vessel Code. Contractor shall sub-
mit welding procedures to the Engineer for review.

The qualification tests described in Section IX, Part A, include guided bend tests to demon-
strate weld ductility. All penetrations shall be examined in accordance with the requirements
of the ASME Nuclear Vessels Code for Class B Vessels. Other shop fabricated components
including the reinforcement about openings shall be fully radiographed. All non-radiograph-
able joint details shall be examined by the liquid penetrant method.

Conformance to this code was adhered to in all applicable cases.
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1.8.1.20 Safety Guide 20 -Vibration Measurements on Reactor Internals

A vibration analysis and test program was developed for Ginna Station by Westinghouse Cor-
poration. The preoperational test program and its results are discussed in Section 14.6. The
results show that the vibration of the reactor internals for the Ginna plant are well within the
existing criteria.

A program was conducted during the first MODE 6 (Refueling) shutdown of the Ginna reac-
tor (March 1971) to inspect and evaluate the performance of the reactor internals and core
components. This inspection program was based on an inspection of all components, with
emphasis on the thermal shield area since the thermal shield has previously been the most
vulnerable problem area.

The structures inside and outside of the lower internals, the upper internals, three control rod
drive shafts, and all rod cluster control assembly control rods were inspected using a closed-
circuit underwater television and/or boroscope. All of the inspections performed by televi-
sion were recorded on video tape; photographs were taken through the boroscope to record
that portion of the inspection. This inspection revealed no problem areas' in any of the items
inspected.

The inspection program is described in Westinghouse report WCAP 7780, October 1971,
Robert E. Ginna Nuclear Generating Station, March 1971 Refueling Shutdown Reactor Inter-
nals and Core Components Evaluation.

1.8.1.21 Safety Guide 21 -Measuring and Reporting Effluents From Nuclear Power
Plants

Starting on January 1, 1972, plant effluent monitoring and reporting was prepared in the for-
mat given in Appendix A of Safety Guide 21 and submitted to the State of New York on a
monthly basis. A report in the format of Appendix A was provided to the AEC for the year
1971. The Technical Specifications, as revised on March 1, 1972, followed the intent of
Safety Guide 21 for measuring and recording the plant effluents. Technical Specifications
provide the requirements for a Radiological Effluent Controls Program. Plant records will be
maintained to demonstrate that the sensitivity of analysis is within the limits given in the
safety guide.

An onsite meteorological tower was fully operational early in 1965 and was used extensively
in the collection of preoperational meteorological data. During early 1972, the recording
instrumentation was relocated inside the turbine building, and subsequently the data collec-
tion was moved to the Plant Process Computer System (PPCS). Data are currently being used
in upgrading calculations of dilution factors for radiological releases.

Preoperational onsite meteorological data were evaluated to provide a basis for controlled
radiological gas release limits, accident analysis, and storm prediction criteria in the FSAR.

Basic and critical meteorological parameters are recorded at the Ginna site. See Section 2.3.3
for additional details. This information provides RG&E with the capability of assessing the
potential dispersion characteristics of radioactive releases to the environment through the
atmosphere. Such assessments provide RG&E with the ability to demonstrate that operations
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are well within the limits of 10 CFR 20. Current practice is to maintain effluent releases
within 10 CFR 50, Appendix I limits, as specified in the Offsite Dose Calculation Manual
(ODCM).

1.8.1.22 Safety Guide 22 -Periodic Testing of Protection System Actuation Functions

The plant protection system has been designed to permit periodic testing to extend to and
include actuation devices and actuated equipment whenever practicable. While it is not pos-
sible to operate all actuation devices (such as trip of control rods) or significantly vary most
of the operating parameters (such as coolant pressure) during operation, it is possible to test
most equipment when the plant is in full power operation.

The bistable portions of the protective system (i.e., relays, bistables, etc.) provide trip signals
only after signals from analog portions of the system reach preset values. Capability is pro-
vided for calibrating and testing the performance of the bistable portion of protective chan-
nels and various combinations of the logic networks during reactor operation.

The analog portion of a protective channel (i.e., sensors and amplifiers) provides analog sig-
nals of reactor or plant parameters. The following means are provided to permit checking the
analog portion of a protective channel during reactor operation:

A. Varying the monitored variable.

B. Introducing and varying a substitute transmitter signal.

C. Cross checking between identical channels or between channels which bear a known rela-
tionship to each other and which have readouts available.

During operation it is also possible to test the pumps used in a safety injection. For instance,
each high-head safety injection pump can be and is tested in accordance with the inservice
pump and valve testing program.

Testing that cannot be done during operation is completed during MODE 6 (Refueling) shut-
downs. The safety injection system is tested to see that as a system it can perform according
to design. When completed, the test shows that separate and redundant actuation signals are
operative and that the valves and pumps that are required for safety injection are indeed oper-
able.

Where the ability of a system to respond to a bona fide accident signal is intentionally
bypassed for the purpose of performing a test during reactor operation, the expansion of the
bypass condition to redundant systems is prevented. In addition, the condition is automati-
cally indicated to the reactor operator in the main control room.

1.8.1.23 Safety Guide 23 -Onsite Meteorological Programs

The Ginna plant site meteorology is described in Section 2.3. The 2-year pre-operational
meteorological program data is summarized in Section 2.7 of the original FSAR.

These data were utilized by the NRC and RG&E for accident analysis and gaseous release
limit determination during the initial license application for a 1300 MWt rating and, more
recently, during the review of the application by RG&E to increase its licensed power level
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from 1300 MWt to 1520 MWt. More information on the meteorological tower is provided in
the discussion of Safety Guide 21.

1.8.1.24 Safety Guide 24 -Assumptions Used for Evaluating the Potential Radiological
Consequences of a Pressurized Water Reactor Radioactive Gas Storage Tank
Failure

The activity in a gas decay tank is taken to be the maximum amount that could accumulate
from operation with cladding defects in 1% of the fuel rods. The maximum activity is
obtained by assuming the noble gases xenon and krypton are accumulated with no release
over a full core cycle. This postulated amount of activity, one reactor coolant system equilib-

rium cycle inventory, is 4.6 x10 4 Ci equivalent Xenon-133. This value is particularly conser-
vative because some of this activity would normally remain in the coolant, some would have
been dispersed earlier through the stack, and the shorter-lived isotopes would have decayed
substantially. Current assumptions for postulated activity are provided in Section 15.7.1.1.4.

Samples taken from gas storage tanks in pressurized water reactor plants in operation show
no appreciable amount of iodine.

To define the maximum doses, the release is assumed to result from gross failure of a gas
decay tank giving an instantaneous release of its volatile and gaseous contents to the atmo-
sphere.

The maximum whole-body beta-gamma dose, based on meteorology previously described in
Safety Guide 4, is less than a few rem (less than three). This is well below the 25 rem guide-
line value in 10 CFR 100.

1.8.1.25 Safety Guide 25 - Assumptions Used for Evaluating the Potential Radiological
Consequences of a Fuel Handling Accident in the Fuel Handling and Storage
Facility for Boiling and Pressurized Water Reactors

The Ginna spent fuel pool (SFP) charcoal filter system was designed and constructed prior to
the issuance of Safety Guide 25. An analysis based on Regulatory Guide 1.25 was performed
and is described in Section 15.7.3. Radiological consequences were calculated to be less than
34 rem to the thyroid at the exclusion area boundary, which is well below the 10 CFR 100
exposure guidelines. Current calculated radiological consequences are provided in Section
15.7.3.

1.8.1.26 Safety Guide 26 -Quality Group Classification and Standards

Although Safety Guide 26 was not in effect when Ginna Station was constructed, RG&E sub-
sequently classified the systems in Ginna Station in accordance with this guide.

1.8.1.27 Safety Guide 27 -Ultimate Heat Sink

The circulating water intake system of Ginna Station is designed to provide a reliable supply
of Lake Ontario water, regardless of weather or lake conditions, to a suction of the condenser
circulating water pumps, house service water pumps, and the fire water pumps. With two
pumps operating, the nominal flow of the circulating water system is approximately 333,000
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gpm. Operation of a single circulating water pump reduces the nominal flow rate by about
50%.

In meeting the high reliability requirements of this safety guide, the intake system is com-
pletely submerged below the surface of the lake. A 10-ft diameter reinforced-concrete lined
tunnel, driven through bedrock, extends 3100 ft northerly from the shore line. The tunnel
rises vertically and connects to a reinforced-concrete inlet section. The minimum mean
monthly lake level of record (243.0 ft msl) will result in a depth of water of 26 ft above the
lowest entrance into the intake structure.

The probability of water stoppage due to plugging of the inlet has been reduced to an
extremely low value by incorporating certain design features in the system. Heavy screen
racks with bars spaced at 14-in. on center will prevent large objects from entering the system.
Redundant traveling water screens, located in the screen house will remove trash from the
cooling water. At conditions of full flow (approximately 355,000 gpm) the velocity at the
intake screen racks is 0.8 ft/sec. The plant cooling water requirements during an accident
would be approximately 10,000 gpm, which would result in a velocity of 0.02 ft/sec.

In addition, water enters on a full 360-degree circle thereby protecting against the possibility
of stoppage by a single large piece of material. The low velocity, plus the submergence, pro-
vides assurance that floating ice will not plug the intake. The only phenomenon that is credi-
ble to contribute to the plugging would be the accumulation of frazil ice on the screen racks.
To prevent such a formation, the bars have been separated 14-in. on center, making it very
unlikely that frazil ice could support itself over a span of this distance. Secondly, the bars
have electric heaters that will keep the metal surface above 32°F, which minimizes the adhe-
sive characteristics of frazil ice to metal objects (see Section 10.6.2.1). Warm water recircula-
tion is provided in the screen house to melt any ice that might reach this point. Additional
information is provided in Section 2.4 and Appendix 2A. Refer to Section 10.6.2.1 for an
update to this historical information.

1.8.1.28 Safety Guide 28 -Quality Assurance Program Requirements

The standards, specifications, and guidelines existing at the time Ginna Station was con-
structed, pertinent to quality assurance, were at least met or exceeded. Details of the quality
assurance program implemented are described in Chapter 1 of the original FSAR.

A quality assurance program was instituted for the operation, maintenance, and system rede-
sign of the Ginna plant that conformed to the guidelines ofN45.2-1971.

1.8.1.29 Safety Guide 29 -Seismic Design Classification

Although this Safety Guide had not been published at the time of the Ginna Station design
and construction, the seismic classifications generally conform to this Guide. The seismic
classification of equipment is provided in Section 3.2 and in the UFSAR system descriptions
and is noted on the Ginna piping and instrumentation diagrams (P&IDs).
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1.8.2 CONFORMANCE TO DIVISION I REGULATORY GUIDES

The information in this section represents the position of the R. E. Ginna Nuclear Power Plant
with respect to certain of the NRC Division I Regulatory Guides in December 1973. The
information was submitted to the NRC as Supplement I to the Technical Supplement Accom-
panying the Application for a Full-Term Operating License. Regulatory Guides 1.3, 1.5, and
1.5.6 are not applicable to the R. E. Ginna Nuclear Power Plant and are not discussed. Regu-
latory Guides 1.4, 1.10, 1.15, 1.17, 1.18, 1.19, and 1.29 are addressed because either the
guides or the R. E. Ginna positions were revised since the submission of the positions relative
to like-numbered Safety Guides presented in Section 1.8.1. Regulatory Guides 1.30 through
1.143 were not addressed as Safety Guides in Section 1.8.1 and are included in this section.

1.8.2.1 Regulatory Guide 1.4 -Assumptions Used for Evaluating the Potential
Radiological Consequences of a Loss-of-Coolant Accident for Pressurized Water
Reactors

This subject is discussed in Section 1.8.1.4.

1.8.2.2 Regulatory Guide 1.10 -Mechanical (Cadweld) Splices in Reinforcing Bars of
Category I Concrete Structures

This subject is discussed in detail in Section 1.8.1.10.

1.8.2.3 Regulatory Guide 1.15 -Testing of Reinforcing Bars for Category I Concrete
Structures

This subject is discussed in detail in Section 1.8.1.15.

1.8.2.4 Regulatory Guide 1.16 -Reporting of Operating Information

This subject is discussed in detail in Section 1.8.1.6.

1.8.2.5 Regulatory Guide 1.17 -Protection of Nuclear Plants Against Industrial Sabotage

This subject is discussed in detail in Section 1.8.1.17.

1.8.2.6 Regulatory Guide 1.18 -Structural Acceptance Test for Concrete Primary
Reactor Containments

This subject is discussed in detail in Section 1.8.1.18.

1.8.2.7 Regulatory Guide 1.19 -Nondestructive Examination of Primary Containment
Liner Welds

A description of the inspection methods employed during construction is presented in Section
1.8.1.19.
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1.8.2.8 Regulatory Guide 1.26, Revision 3 - Quality Group Classifications & Standards
for Water, Steam, and Radioactive -Waste Containing Components of Nuclear
Power Plants

A classification process is established within station procedures to identify components, sys-
tems, and structures that are safety related (SR), safety significant (SS), or Non-Nuclear
Safety (NS). Criteria are based on information contained in the Updated Final Safety Analy-
sis Report (UFSAR), licensing commitments, guidelines contained in NRC regulator guides,
and functional guidance derived from ANSI/ANS 51.1 -1983.

1.8.2.9 Regulatory Guide 1.29, Revision 3 -Seismic Design Classification

The Ginna plant components, systems, and structures were classified for seismic design as
tabulated in Section 3.2. Current seismic classifications are provided in Section 3.2, applica-
ble sections of the UFSAR, and on the Ginna P&IDs. Comparison of the Ginna plant seismic
classification system with that recommended by Regulatory Guide 1.29 shows close agree-
ment between the two classification systems.

Plant Operation

Seismic design requirements for existing structures, systems, and components performing
functions listed in positions C. I and C.3 of the Regulatory Guide are specified in the UFSAR.
New structures, systems, and components, and configuration changes meet the seismic design
requirements of this regulatory guide or the UFSAR. The pertinent quality assurance require-
ments of 1OCFR50, Appendix B are applied as required by positions C. 1 and C.4 of this Reg-
ulatory Guide, irrespective of an item's seismic design. Portions of existing structures,
systems, and components with failure consequences described in position C.2 of this guide
are designed and constructed to seismic requirements specified in the UFSAR. New struc-
tures, systems, and components, and configuration changes meet the design and construction
seismic requirements of the UFSAR or this Regulatory Guide. A quality assurance program
similar to lOCFR50, Appendix B is applied to the SSE failure prevention function of these
items. These items are not considered basic components pursuant to I OCFR2 1.

1.8.2.10 Regulatory Guide 1.30 - Quality Assurance Requirements for the Installation,
Inspection, and Testing of Instrumentation and Electrical Equipment

Regulatory Guide 1.30 and the related IEEE Standard 336-1971 were published after the con-
struction of the R. E. Ginna Nuclear Power Plant. The IEEE Standard 336-1971 is, however,
discussed in Section 1.8.3 as it applied to Ginna Station in August 1972.

Plant Operation

Operational commitments to this Regulatory Guide are discussed in detail in the Quality
Assurance Topical Report (QATR). The QATR is cited in Section 17.2 of the UFSAR and is
submitted to the NRC in accordance with the provisions of 10 CFR 50.54(a).

Requirements for checks, calibrations, and tests of instrument channels are given in the Tech-
nical Specifications.
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1.8.2.11 Regulatory Guide 1.31 -Control of Stainless Steel Welding

Regulatory Guide 1.31 was published after the fabrication cycle for the Ginna plant. How-
ever, the stainless steel welding for the Ginna plant meets the intent of Regulatory Guide
1.31.

All welding was conducted using those procedures that have been approved by the ASME
Code Rules of Section III and IX. The welding procedures were qualified by nondestructive
and destructive testing according to the ASME Code Rules of Section III and IX.

When these welding procedure tests were performed on test welds made from base metal and
weld metal materials which were from the same lots of materials used in the fabrication of
components, additional testing was frequently required to determine the metallurgical, chem-
ical, physical, corrosion, etc., characteristics of the weldment. The additional tests that were
conducted on a technical case basis are as follows: light and electron microscopy, elevated
temperature mechanical properties, chemical check analysis, fatigue tests, intergranular cor-
rosion tests, or static and dynamic corrosion tests within reactor water chemistry limitations.

The following welding methods were tested individually and in multiprocess combinations,
using the following energy input ranges for the respective method as calculated by the for-
mula:

- (E)(i)(60)

(Equation 1.8-1)

where:

H= J/in.

E = volts

I = amperes

S = travel speed, in./min

Welding Process Method Energy Input Range (kJ/in.)

Manual shielded tungsten arc 20 to 50

Manual shielded metallic arc 15 to 120

Semiautomatic gas shielded metal arc 40 to 60

Automatic gas shielded tungsten arc-hot 10 to 50
wire

Automatic submerged arc 60 to 140

Automatic electron beam-soft vacuum 10 to 50
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The interpass temperature of all welding methods was limited to 350'F maximum. All full
penetration welds were inspected in accordance with Article NB5000 of the 1965 ASME Sec-
tion III Code rules. Welding materials were required to conform and were controlled in
accordance with Subarticle NB2400 of the 1965 ASME Section III Code rules.

In addition, the austenitic stainless steel welding material used for joining austenitic stainless
steel base materials in the reactor coolant pressure boundary, systems required for reactor
shutdown and emergency core cooling, and the core structural load-bearing members con-
forms to ASME Material Specifications SA-298 and SA-371. These materials were tested
and qualified according to the requirements stipulated in the 1965 ASME Boiler and Pressure
Vessel Code Sections II, III, and IX, respectively. All of these welding materials conform to
ASME weld metal analysis A-7.

Plant Operation

Regulatory Guide 1.31 is the basis for stainless steel welding procedures. Each procedure is
designed to produce high quality welds using the variables and methods outlined in the proce-
dure. Qualification of these procedures is done in accordance with Section III and Section IX
of the ASME Boiler and Pressure Vessel Code.

In production welding, strict control is maintained to ensure that every step that may effect
the quality of the final weld is supervised and checked for compliance with the proper criteria
and that the welding procedure is being followed. The consumables used for stainless steel
welding jobs meet the requirements of Section II of the ASME Code and are purchased with
actual chemical composition and mechanical properties certified. All stainless steel welds are
nondestructively examined to verify their quality and code compliance.

1.8.2.12 Regulatory Guide 1.32 -Use of IEEE Standard 308-1971, Criteria for Class IEE
Electric Systems for Nuclear Power Generating Stations

Conformance to IEEE Standard 308-1971 is discussed in Section 1.8.3. Regulatory Guide
1.32 (formerly Safety Guide 32, August 1972) identifies two areas of possible conflict
between IEEE Standard 308 and Criterion 17: availability of offsite power and battery
charger supply.

The availability of offsite power is discussed fully in Chapter 8. The electrical power system
is designed with a single station auxiliary (startup) transformer, which gives immediate access
to two independent sources of offsite power. In the event that this access is not available,
either of the two backup diesel generators is capable of supplying safeguards loads. As an
independent additional source of offsite power, the unit auxiliary transformer can be supplied
from the normally outgoing power feeder by disconnecting the flexible generator bus discon-
nects. This can be accomplished in a short time, (less than 8 hr) after which all the vital loads
could be supplied from the unit auxiliary transformer. Because of the multiple immediate
access power sources, the one delayed access power source conforms to Regulatory Guide
1.32 and General Design Criteria 17.
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The battery chargers are discussed in Section 1.8.3. Operating experience has proven that the
battery charger capacity is more than sufficient to supply all long-term plant loads while
restoring the batteries from the minimum charge to the fully charged state.

1.8.2.13 Regulatory Guide 1.33 -Quality Assurance Program Requirements (Operation)

ANSI N18.7-1972, Administrative Controls for Nuclear Power Plants, and ANSI N45.2-
1971, Quality Assurance Program Requirements for Nuclear Power Plants, were used as a
basis for developing the initial Ginna Station Operational Quality Assurance Program that is
cited in Section 17.2. Appendix A to Regulatory Guide 1.33 was used as guidance in devel-
oping procedures for operating and maintenance activities.

Plant Operation

Operational commitments to this Regulatory Guide are discussed in detail in the Quality
Assurance Topical Report (QATR). The QATR is cited in Section 17.2 of the UFSAR and is
submitted to the NRC in accordance with the provisions of 10 CFR 50.54(a).

1.8.2.14 Regulatory Guide 1.34 -Control of Electroslag Weld Properties

Regulatory Guide 1.34 was published after the construction of the Ginna Nuclear Power
Plant; however, the electroslag welding performed for the Ginna plant meets all of the guide-
lines of Regulatory Guide 1.34. The specific applications of electroslag welding for the
Ginna plant were for the shop assembly welds of the primary coolant system, 90-degree pip-
ing elbows, and the reactor coolant pump casings, as discussed in detail in Section 5.2.3.1.2.

Assembly of the elbows was accomplished using a procedure specifying the following
parameters:

A. Slag - electrically conductive type ARCOS BV-1 Vertomax or equivalent; pool depth 1 to 2
in.

B. Current -60 cycle ac; 500 to 620 amp.

C. Voltage -44 to 50 V.

D. Feed rate -35 lb/hr; 1/8-in. single wire; 8 to 10 oscillations/min, nominal 2-in. oscillation.

Assembly of the pump casings was accomplished using a similar procedure, with identical
welding parameters, but using two and three wires.

No electroslag welding is now being done at the Ginna plant and it is not anticipated that any
will be done in the future.

1.8.2.15 Regulatory Guide 1.35 -Inservice Surveillance of Ungrouted Tendons in
Prestressed Concrete Containment Structures

The tendon surveillance program for Ginna Station as required by the Technical Specifica-
tions is in accordance with Regulatory Guide 1.35, Revision 2. A detailed discussion of this
inservice surveillance program is provided in Section 3.8.1.7.
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1.8.2.16 Regulatory Guide 1.36, Revision 0 -Nonmetallic Thermal Insulation for
Austenitic Stainless Steel

Although Regulatory Guide 1.36 had not been published before the completion of construc-
tion of the R. E. Ginna Nuclear Power Plant, the quality of the thermal insulation applied to
austenitic stainless steel components was carefully specified and checked.

The practice employed during construction of the Ginna plant meets the requirements of Reg-
ulatory Guide 1.36 and is more stringent in several respects. The tests for qualification speci-
fied by the guide (ASTM C692-71 or RDT M12- IT) allow use of the tested insulation
material if no more than one of the metallic test samples crack. Westinghouse procedure
rejected the tested insulation material if any of the test samples cracked. The procedure fol-
lowed for the R. E. Ginna Nuclear Power Plant was more specific than the procedures sug-
gested by the guide, in that the Westinghouse specification required determination of
leachable chloride and fluoride ions from a sample of the insulating material.

Experience has shown that of the three analysis methods allowed under ASTM D512 and
ASTM D 1179 for leachable chloride and fluoride, the referee method, which was used in the
analysis of the Ginna insulation, is the most accurate and most suitable for nuclear applica-
tions.

Plant Operation

Insulating materials are not considered basic components pursuant to 1 OCFR21 and thus the
supplier is not required to have a quality assurance program to cover the testing, lot control,
and contamination control provisions of this Regulatory Guide. A quality assurance program
similar to I OCFR50, Appendix B is applied to insulating materials on or near Ginna Station
safety related stainless steel piping and components.

1.8.2.17 Regulatory Guide 1.37, Revision 0 -Quality Assurance for Cleaning of Fluid
Systems and Associated Components of Water-Cooled Nuclear Power Plants

The Ginna plant obtained its construction permit in April 1966. Regulatory Guide 1.37 and
related ANSI Standard N45.2.1-1973 were published in 1973; therefore, these standards were
not available during the construction phase of the Ginna plant. However, a formal program
for the cleaning of the fluid components of the power plant was followed and documented.

The flushing water for the nuclear steam supply system met the following maximum water
chemistry specifications: chlorides, maximum ppm -0.15; undissolved solids, maximum ppm
-5.0; conductivity, maximum mhos/cm -5; pH -6.0 to 8.0; and visual clarity -no turbidity, oil,
or sediment.

Pipe and units large enough to permit entry by personnel were cleaned by locally applying
approved solvents (Stoddard solvent, acetone, and alcohol) and demineralized water. A line
or equipment was considered clean when flush cloths showed no grindings, filings, or insolu-
ble particulate matter larger than 40 microns (naked eye visibility lower limit) or oil stains
visible to the naked eye. The final cleaned equipment was free of visible dust, grit, rust, weld
splatter, scale, oil, grease, pickling solution residue, cleaning fluid film, or other foreign mat-
ter. Only iron-free aluminum, oxide grinders were used to remove trapped foreign particles.
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The cleaning of the component cooling system was accomplished first by flushing separate
lines to waste and, second, by flushing the complete system. Stainless steel strainers were
installed and utilized during the second phase. The system was considered clean when no sig-
nificant buildup was noted on the strainers. The demineralized water used met the same
water chemistry specifications as the nuclear steam supply system flushing water and was
treated with 100 ppm hydrazine for oxygen control.

For the secondary plant, the condensate and feedwater system was cleaned by manual clean-
ing of condenser surfaces and hotwells, cold water flush, and alkaline cleaning. The main
steam system cleaning procedures included manual cleaning, cold water flush, alkaline clean-
ing, and acid cleaning.

These examples indicate the concern for system cleanliness during construction of the R. E.
Ginna Nuclear Power Plant, even before the existence of the current guidelines.

Plant Operation

For new construction activities, the cleanliness requirements of ANSI N45.2.1 - 1973 as mod-
ified by the Regularity Guide are followed. Consistent with Position C.2 of the Regulatory
Guide, the cleanliness requirements of this standard are used when applicable to maintenance
on operating systems. The cleanliness requirements applied to operational systems are estab-
lished in station procedures.

1.8.2.18 Regulatory Guide 1.38, Revision 2 - Quality Assurance Requirements for
Packaging, Shipping, Receiving, Storage, and Handling of Items for Water-
Cooled Nuclear Power Plants

Regulatory Guide 1.38 and related ANSI Standard N45.2.2-1972, were published after the
construction of the R. E. Ginna Nuclear Power Plant.

However, each piece of equipment has detailed equipment specifications. The detailed
requirements for preparation of equipment for shipment were included in the equipment spec-
ifications. These included sealing of all openings, protection of nozzle preparations, the use
of dessicants if required, etc. Where required, the suppliers submitted detailed plans for
review and approval.

For example, the reactor vessel supplier provided a cover and seal system to protect all inter-
nal surfaces and external stainless steel and machined surfaces from exposure to ambient
environments during shipment, storage at the site, and installation. The protective means
included pressurized inert gas with covers.

For the reactor internals, the lower assembly was shipped on an up-ending skid, shock-
mounted to limit loads transmitted to the assembly during shipment. Prior to installation onto
the skid, the lower internals were wrapped in a plastic film and sealed. Internal bracing was
used inside the assembly. The upper internal assembly was shipped in a shock-mounted,
dual-purpose shipping assembly stand in the vertical position. This package was also
wrapped and sealed in a plastic film. Both the skid and the stand had a protective metal cov-
ering to provide weather protection and long-term storage protection at the site. All other
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components had similar protection, as required, against mechanical or environmental damage
during shipment and/or site storage.

These detailed examples indicate the concern for components during transportation and han-
dling.

Plant Operation

Ginna currently maintains conformance with this Regulatory Guide.

1.8.2.19 Regulatory Guide 1.39 -Housekeeping Requirements for Water-Cooled Nuclear
Power Plants

The housekeeping awareness was generally followed for quality assurance jobs at Ginna Sta-
tion. This was generally handled through precautions listed in maintenance, repair, and mod-
ifications procedures and also through quality control inspection and surveillance. Additional
quality assurance information is provided in Chapter 17.

Plant Operation

Operational commitments to this Regulatory Guide are discussed in detail in the Quality
Assurance Topical Report (QATR). The QATR is cited in Section 17.2 of the UFSAR and is
submitted to the NRC in accordance with the provisions of 10 CFR 50.54(a).

1.8.2.20 Regulatory Guide 1.40 -Qualification Tests of Continuous-Duty Motors Installed
Inside the Containment of Water-Cooled Nuclear Power Plants

Conformance to IEEE Standard 334-1971 is fully discussed in Section 1.8.3.

The containment recirculation fan cooler (CRFC) and filtration system fan motors are the
only continuous-duty Class 1E motors within the containment. Environmental qualification
is discussed in Section 3.11.

1.8.2.21 Regulatory Guide 1.41 - Preoperational Testing of Redundant Onsite Electric
Power Systems to Verify Proper Load Group Assignments

This Regulatory Guide describes an acceptable method for verifying power load group
assignments for onsite emergency power systems described in Regulatory Guides 1.6 and
1.32. Regulatory Guide 1.6 is discussed in Section 1.8.1.6. Regulatory Guide 1.32 is dis-
cussed in Section 1.8.2.10. The underlying standard, IEEE Standard 308-1971, is discussed
in Section 1.8.3. Initial startup tests are discussed in Chapter 14.

The capability of adequately supplying the demand of the safeguards bus load groupings was
preoperationally demonstrated. Buses 14 and 18 comprise one redundant safeguards train
and buses 16 and 17 comprise the other. The two trains were isolated from each other and
from offsite power sources. One diesel was started and the timing sequence for starting of all
associated equipment was checked against design. The test was repeated for the other diesel.
It was particularly important to test the diesels separately since one of the high-head safety
injection pumps is designed to operate from either diesel generator, switching to an operating
generator if one is not operating. Tests were continued for a sufficient time to guarantee
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proper starting sequence. The plant auxiliary startup transformer was also used as a power
source. All equipment was monitored during the tests.

1.8.2.22 Regulatory Guide 1.42 -Interim Licensing Policy on As Low As Practicable for
Gaseous Radioiodine Releases from Light-Water-Cooled Nuclear Power
Reactors

Ginna Station is meeting as-low-as-practicable releases for gaseous iodine by the use of char-
coal filters on all exhaust air from restricted areas. As a check on the efficiency of the char-
coal filter system, all plant vent exhaust air is continually monitored for iodine. A further
check is made by monthly analysis of samples of milk taken from nearby dairy herds. These
three systems of control are referred to in the Offsite Dose Calculation Manual (ODCM).

In the initial design and construction of Ginna Station, all air purged from the containment
vessel passed through high efficiency particulate air and charcoal filters. There was the fur-
ther option of using a recirculating high efficiency particulate air and charcoal filter system
within the containment. Air from high activity areas of the auxiliary building passed through
charcoal and all air from restricted areas passed through high efficiency particulate air filters.

Prior to the first spent fuel handling in 1971, a bank of charcoal beds was installed to filter the
air from the spent fuel pool (SFP) area. A charcoal filter was also added to the laboratory
exhaust air system in 1971. In June 1972, another charcoal and high efficiency particulate air
unit was added to filter iodine from the remaining auxiliary building air.

These filter systems are periodically tested for efficiency of operation. A leak test using
Freon is done in the plant according to the Ventilation Filter Testing Program schedule and
the efficiency of the activated charcoal adsorber is determined by an independent laboratory.

Both the plant vent and the containment vent have an iodine sampler with continuous moni-
toring. The monitor is read out and recorded in the control room and is programmed to alarm
at a fraction of the release limit value calculated by methods described in the Offsite Dose
Calculation Manual (ODCM). Action can then be taken, using the appropriate procedure, to
meet the 24-hour limit allowed by the ODCM.

Thus the Ginna plant can be shown to meet the guidelines of Regulatory Guide 1.42 on an
analytical basis and, in fact, several years of operations confirm this conclusion. Subse-
quently, 10 CFR 50, Appendix I, was published. Ginna LLC conforms to 10 CFR 50, Appen-
dix 1, as described in the Technical Specifications.

1.8.2.23 Regulatory Guide 1.43 -Control of Stainless Steel Weld Cladding of Low-Alloy
Steel Components

The R. E. Ginna Nuclear Power Plant reactor vessel and pressurizer carbon steel surfaces in
contact with primary coolant were clad with stainless steel type 304 equivalent weld deposit.
For the replacement steam generators all ferritic steel .surfaces in contact with the primary
coolant are clad with weld deposited austenitic stainless steel (Types 308L and 309L) or
Alloy 600. These ferritic base steels are either SA-508 CI 3 or SA-533 Type B Cl I procured
to fine grain practice and are not considered susceptible to underclad cracking. The Ginna
Nuclear Power Plant reactor vessel shell and nozzle forgings were fabricated from SA-508
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Class 2 material. However, these surfaces were stainless steel weld clad only by single-wire
low energy input weld processes, which are not restricted by Regulatory Guide 1.43. The
Ginna pressurizer SA-302 grade B plate and SA-216 WCC casting surfaces in contact with
primary coolant were clad with weld deposited stainless steel. These base materials are not
restricted by the requirements of Regulatory Guide 1.43.

Underclad cracking is not expected for the Ginna plant stainless steel weld clad components.
Of those components clad only the reactor vessel shell and nozzle forgings are SA-508 Class
2 base material. All of the welding processes used to clad components in contact with pri-
mary coolant are single-wire low energy input processes.

No stainless steel weld cladding of low-alloy steel components is now being done at the
Ginna plant, and it is not anticipated that any will be done in the future.

1.8.2.24 Regulatory Guide 1.44 - Control of the Use of Sensitized Stainless Steel

Regulatory Guide 1.44 was published after the construction of the R. E. Ginna Nuclear Power
Plant. However, the R. E. Ginna Nuclear Power Plant meets the intent of Regulatory Guide
1.44.

All austenitic stainless steel materials used in the fabrication, installation, and testing of
nuclear steam supply components and systems were handled, protected, stored, and cleaned
according to recognized and accepted contemporary methods and techniques. To ensure that
these methods and techniques were followed, surveillance of operations was conducted by
Quality Assurance personnel of the applicant and the nuclear steam supply system supplier.
Stainless steel material from which components were fabricated were procured in the solution
heat-treated condition as required by the ASME Section II materials specifications.

Methods and materials used in manufacturing stainless steel components of the Ginna reactor
coolant pressure boundary are described in detail in a letter dated October 6, 1970, from
Edward J. Nelson, RG&E, to Peter A. Morris, AEC (Docket No. 50-244).

For internals where austenitic stainless steel was given a stress relieving treatment above
8007F, a high-temperature solution heat treatment procedure was used. This was performed
in the temperature range of 16007F to 1900'F with sufficient holding times.

For core support structural load bearing members and stainless steel reactor coolant pressure
boundary welds, all welding on stainless steel was conducted by procedures that limit the
interpass temperature to 350'F maximum. All of the reactor vessel and pressurizer nozzles,

as well as the reactor vessel control rod drive mechanism adaptersa and reactor vessel head
gasket monitor tubes, were postweld stress relief heat-treated for the minimum practical time.
(3 hours to 11 hours depending on size) at 11 25°F ± 25°F. However, the reactor vessel pri-
mary coolant nozzles' weld deposits are calculated to contain at least 5% ferrite according to
the Schaeffler Diagram. Thus, a duplex (austenite plus ferrite) structure can be expected in
the safe ends of these nozzles. The guide recognizes that weld metal with duplex structures
have demonstrated adequate resistance to intergranular attack. Although the remainder of the
items listed above underwent a process which could result in sensitization, Westinghouse
technical background and service experience, as detailed in Westinghouse topical reports,
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(Reference 3) support the conclusion that serious intergranular attack of sensitized stainless
steel is unlikely in Westinghouse PWR nuclear steam supply systems, since water chemistry
and contamination are kept under control. Water chemistry control is discussed in Sections
5.2.3.2 and 9.3.4.

NOTE: The primary nozzles on the replacement steam generators are integrally forged with
the head. Nozzle safe ends are stainless steel forgings welded to Inconel buttering on
the ends of the primary nozzles. Thus, the nozzles are not exposed to post weld heat
treat temperatures.

In addition, as part of the procedures of the nuclear steam supply system supplier and RG&E,
all safe ends were dye penetrant inspected after shop fabrication prior to shipping to the site
and were subsequently reinspected upon completion of installation welds at the site. Also, all
of the reactor coolant pressure boundary installation welds, including safe ends, were rein-
spected by dye penetrant upon completion of hydro and hot functional testing. No evidence
of discontinuities associated with corrosion were found. Ginna LLC has and will continue to
check stainless steel welds according to the inservice inspection program.

Plant Operation

Regulatory Guide 1.44 is now being used as a guide for handling, storing, and the fabrication
of all stainless steel material. All welding and related activities are controlled to ensure that
the chemical composition of the stainless steel is not affected. When welding is being done,
the interpass temperature is maintained below 350'F to ensure the stainless steel will not
become sensitized. This temperature is checked using temperature level devices during the
welding fabrication process.

1.8.2.25 Regulatory Guide 1.45 -Reactor Coolant Pressure Boundary Leakage Detection
System

Methods for detecting leakage from the reactor coolant system boundary are discussed in
Section 5.2.5. Two radiation sensitive instruments provide the capability for detection of
leakage: the containment air particulate monitor (R- 11) and the less sensitive containment
radiogas monitor (R-12). Additional monitors include the coolant inventory indication, con-
tainment sump A level indication (LT-2039 and LT-2044), sump A pump actuation indication,
humidity detector, the condensate measuring system, and others.

Leakage from the reactor coolant system to the component cooling system would be reflected
in an increase in the makeup water flow rate but not by the leakage monitors described previ-

a. The control rod drive mechanism (CRDM) adapters on the replacement reactor vessel closure head
(RVCH) were fabricated from SA-182 Type F304LN stainless steel forgings also supplied in the solu-
tion heat-treated condition (annealed at 1950'F ± 25°F and water quenched). In addition, one sample
from each heat of material used for the adapters, was given a simulated postweld heat-teatment (i.e.,
exposed to a temperature on the sensitizing range (1250'F ± 25°F) for 20 hours) and tested in accor-
dance with ASTM A262, Practice E to verify the absence of sensitization. Therefore, postweld stress
relief heat-treatment was not required on the adapters after welding, and consequently no potential for
sensitization exists. The metallurgical condition of the adapters in the replacement RVCH is therefore
superior to that of the adapters in the original head.

Page 94 of 108 Revision 21 11/2008



GINNA/UFSAR
CHAPTER 1 INTRODUCTION AND GENERAL DESCRIPTION OF THE PLANT

ously. The radiation monitor in the component cooling system would annunciate in the con-
trol room and would initiate closure of the vent line from the surge tank in the component
cooling system in the event of leakage to this system.

Sensitivities of some of the systems are discussed in detail in Section 5.2.5.

Airborne radioactivity monitors alarm in the control room. Each actuation of the containment
sump pump causes an alarm in the control room. Each time makeup water is added to the pri-
mary system, an alarm is sounded in the control room. The time and amount of makeup is
logged by the operators.

Calibration is performed on systems at specified frequencies.

The Technical Specifications present in detail leakage limits, instrument sensitivities and lim-
itations on instruments out of service.

1.8.2.26 Regulatory Guide 1.46 -Protection Against Pipe Whip Inside Containment

The reactor vessel, steam generators, reactor coolant pumps, and pressurizer are supported to
ensure that a postulated rupture of the main reactor coolant piping does not propagate into
failures of connected safety-related systems, such as the Emergency Core Cooling System
(ECCS) and secondary systems. Barriers are also provided to minimize the potential for pipe
whip and jet impingement.

Additional information concerning protection against dynamic effects due to postulated pipe
failures in Ginna Station is provided in Section 3.6.

1.8.2.27 Regulatory Guide 1.47 -Bypassed and Inoperable Status Indication for Nuclear
Power Plant Safety Systems

Regulatory Guide 1.47 and the related IEEE Standard 279-1971 were published after the con-
struction of the Ginna plant. The IEEE Standard is, however, discussed in Section 1.8.3.

Bypassing or defeating any portion of a protective channel results in an alarm in the control
room indicating the channel affected.

1.8.2.28 Regulatory Guide 1.48 -Design Limits and Loading Combinations for Seismic
Category I Fluid System Components

The Ginna Nuclear Power Plant equipment was designed and analyzed to ensure structural
integrity and operability. However, Regulatory Guide 1.48 had not been published at the time
of the Ginna Station design and construction. The codes and procedures employed in the
Ginna design have been widely used and proven adequate by the nuclear industry for the
design of components in operating plants.

The valves were designed to function at normal operating conditions, maximum design con-
ditions, and earthquake conditions per the detailed equipment specifications. The require-
ments of the ANSI B3 1.1, ANSI B 16.5, and MSS-SP-66 codes were adhered to in the design.
The allowable stresses in the above codes are considerably less than the limits presently pro-
posed by the ASME Task Group on Design Criteria for Class 2 and 3 Components, e.g., the
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allowable stress in ANSI B16.5 is 7000 psi as opposed to the maximum limit accepted by the
ASME task group of 2.4 times the ASME Section VIII allowable stress.

Prior to shipment, the valves were subjected to hydrostatic leak tests in accordance with
MSS-SP-61 and functional tests to show that the valves will open and close within the speci-
fied time limits when subjected to the design differential pressure. In addition, representative
valves were checked for wall thickness to ANSI B16.5 and MSS-SP-66 requirements and
subjected to nondestructive tests in accordance with ASME and ASTM codes. After installa-
tion of the valves they were subject to cold hydrostatic tests and hot functional tests to verify
operation. Also, periodic inservice inspections and operation tests are performed as required.

Active pumps were designed to the requirements of the Standards of the Hydraulic Institute
and/or the ASME Code for Pumps and Valves for Nuclear Power, depending on the pumps
purchase order date. In addition, the pumps and their supports were designed to withstand
horizontal and vertical earthquake forces.

The pumps were hydrostatically tested to 1.5 times the design pressure and were subjected to
ASME Section VIII nondestructive tests. Performance tests were conducted to check the
capacity, total dynamic head or pressure, and net positive suction head. After the pumps were
installed in the plant, they were subjected to cold hydrostatic tests and hot functional tests to
verify operation. Also, periodic inservice inspections and operation tests are performed as
required.

Additional information is provided in Section 3.9 and in the specific sections of the UFSAR
applicable to the fluid system components.

1.8.2.29 Regulatory Guide 1.49 -Power Levels of Water-Cooled Nuclear Power Plants

The R. E. Ginna Nuclear Power Plant is licensed to operate at 1775 MWt, the maximum cal-
culated turbine thermal power. This is less than the guideline of 3800 MWt.

1.8.2.30 Regulatory Guide 1.50 -Control of Preheat Temperature for Welding of Low-
Alloy Steel

Regulatory Guide 1.50 was published after the construction of the Ginna Nuclear Power
Plant. However, the Westinghouse practice for the Ginna plant was in agreement with the
requirements of Regulatory Guide 1.50, except for Regulatory Position 1 (b) and 2.

in the case of Regulatory Position 1 (b), the welding procedures were qualified within the pre-
heat temperature ranges required by Section IX of the ASME Code. High quality qualifica-
tion welds were obtained using the ASME qualification procedures.

In the case of Regulatory Position 2, the Ginna pressurizer and steam generators were fabri-
cated without maintaining the preheat temperature until the postweld heat treatment had been
performed. However, for the replacement steam generators, either the maximum interpass
temperature is maintained four hours or the minimum preheat temperature is maintained eight
hours after welding. Additionally, as required by Regulatory Position 2, the soundness of the
welds is verified by an acceptable examination procedure appropriate to the weld under con-
sideration.
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In the case of the Ginna reactor vessel main structural welds, the practice of maintaining pre-
heat until the intermediate or final postweld heat treatment was followed by the fabricator.
For each of the above components, the qualification welds have shown high integrity, using
the ASME Boiler and Pressure Vessel Code criteria. In all cases the welding parameters spec-
ified in the procedure were closely monitored during production welding.

Regulatory Position 4 of the guide was met for the Ginna plant in that, for ASME Section III
Class 1 components, the examination procedures required by Section III and the inservice
inspection requirements of Section XI were met.

Plant Operation

The recommended practice of Regulatory Guide 1.50 is followed in the format of the welding
procedures used at Ginna Station. Welding procedures are designed according to the criteria
outlined in Section III and Section IX of the ASME Boiler and Pressure Vessel Code. All
welding procedures are qualified following the preheat, interpass temperature, and heat treat-
ment outlined in the procedure. Production welds are controlled to ensure that the welding
procedures, variables, and requirements are carried out properly.

1.8.2.31 Regulatory Guide 1.51 -Inservice Inspection of ASME Code Class 2 and 3
Nuclear Power Plant Components

The original 5-year inservice inspection program, as defined in the Technical Specifications
at that time, was developed before ASME Section XI was issued. This program addressed
Class 1 components only and completed its first 5-year cycle at the Spring 1974 MODE 6
(Refueling) outage. As a result of pipe whip considerations, some of the Class 2 requirements
for main steam and main feedwater were fulfilled during the 1974 MODE 6 (Refueling) out-
age.

Following the 1974 outage, the inservice inspection program was revised to meet the new
Section XI of the ASME Code and Regulatory Guide 1.51 requirements for Class 1, Class 2,
and Class 3 Nuclear Plant Components.

1.8.2.32 Regulatory Guide 1.52 - Design, Testing, and Maintenance Criteria for
Atmospheric Cleanup System Air Filtration and Adsorption Units of Light-
Water-Cooled Nuclear Power Plants

Ginna Station was designed in conformance with the General Design Criteria in effect in
1968. The atmosphere cleanup systems were designed under the applicable criteria (i.e., 41,
52, 58, 59, 61, 62, 63, 64, 65, 70). This is discussed in Sections 9.4.1, 6.2.2, and 6.5.1. The
cleanup system was designed to operate under the environmental conditions resulting from a
postulated design-basis accident. All components of the cleanup system are compatible with
other engineered safety features and have been designed to be consistent with radiation fields
and isotopes expected during the design-basis accident. There are no components of systems
in unheated compartments. Charcoal filter units are provided with spray systems to limit
adsorber fires.

All cleanup systems are designed for ease of maintenance and ready removal of elements.
Lighting is provided in the housings and test probe holes for in-place testing are available.
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Filter units were tested prior to startup of Ginna Station and are retested according to the
schedules of the Ventilation Filter Testing Program. These tests are subcontracted to a reli-
able vendor who prepares the report of test results. Samples from the charcoal filter trays are
sent for organic iodides and elemental iodine efficiency tests according to Table 2 of Guide
1.52.

1.8.2.33 Regulatory Guide 1.53 -Application of the Single-Failure Criterion To Nuclear
Power Plant Protection Systems

This guide endorses the use of IEEE Standard 379-1972, Trial-Use Guide for the Application
of the Single-Failure Criterion to Nuclear Power Generating Station Protection Systems.
Subjects which are covered in the standard include identification of undetectable failures,
analysis of channel interconnections for failures which could compromise independence, test-
ing to determine independence between redundant parts of the protection system, and analysis
to show that no single failure can cause a loss of function due to improper connection of actu-
ators to a power source.

Routing and separation standards applicable to existing cables are those that were invoked at
the time of cable installation. For more information, see Section 8.3.1.4.

Protection system failure analyses and reliability studies applicable to the Ginna plant were
performed as described in the topical rep6rt WCAP 7486-L, December 1970, An Evaluation
of Anticipated Operational Transients in Westinghouse Pressurized Water Reactors. This
report was submitted to the AEC by Westinghouse in March 1971. Subsequent evaluations
have demonstrated the conformance of the Ginna Station design to this guide.

1.8.2.34 Regulatory Guide 1.54, Revision 0 -Quality Assurance Requirements for
Protective Coatings Applied to Water-Cooled Nuclear Power Plants

Contemporary standards were specified to ensure that protective coatings applied would per-
form their functions under environmental conditions experienced during MODES 1 and 2 and
the design-basis accident and to do so without hazard of interfering with other nuclear com-
ponents.

One standard specified was SP-5485 dated January 18, 1968, entitled Technical Specification,
Painting of Structures and Equipment, Robert Emmett Ginna Nuclear Power Plant Unit No. 1,
which includes techniques for preparation of surfaces to be painted, sampling, thickness mea-
surement and control, and a detailed paint schedule including components and paint materials
for plant structures and equipment. Also, SP-5339 dated March 31, 1967, entitled Technical
Specification for Painting the Interior Surface of the Containment Vessel Dome for the Robert
Emmett Ginna Nuclear Power Plant Unit No. 1, gives the specifications for the preparation,
application, material, and paint sampling for the interior of the containment dome.

The painting of the containment structure and components inside the containment was gov-
erned by Westinghouse process specification PWR 597755, dated February 20, 1968. This
specification covered the application of paint systems to equipment and structures in contain-
ments which use additive spray systems for fission product removal and/or containment cool-
ing.
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Regulatory Guide 1.54 and related ANSI Standard N 101.4 were published after construction
of the Ginna plant and thus were not available to be applied. However, the previously refer-
enced process specifications demonstrate that care was taken in the selection and application
of protective coatings for the Ginna plant.

Plant Operation

For new coatings and configuration changes to existing coatings, which have the potential to
adversely affect a safety related function, the quality assurance requirements of 1 OCFR50,
Appendix B, in conjunction with engineering specifications, are used instead of the detailed
requirements included in this Regulatory Guide and its referenced standard, ANSI N 101.4 -
1972.

1.8.2.35 Regulatory Guide 1.55 -Concrete Placement in Seismic Category I Structures

All concrete placement for the Ginna plant was accomplished in accordance with the pro-
posed specification for structural concrete for buildings ACI-301 and the detailed construc-
tion specification.

In accordance with the specification, the contractor submitted placing drawings, reinforcing
bar details, and bar lists, etc., for engineer approval to ensure that the details were in general
compliance with the engineering drawings. Construction joints not shown on the drawings
were located in accordance with the requirement of the specification and only after their
influence on the structural integrity was reviewed and approved in writing by the engineer.
Field generated revisions were reviewed and approved by the engineer.

The services of Pittsburgh Testing Laboratory were obtained to ensure the quality control on
the job. Well before the concrete work started, representative samples of ingredients for the
concrete work were tested and concrete mix design was established to conform to the design
requirements. During concrete operation, the Testing Laboratory had an inspector at the
batch plant who certified the mix proportions of each batch delivered to the site, took samples
of the concrete ingredients, and tested them periodically. Another inspector was stationed at
the construction site who inspected rebar, form placements, took slump tests, made test cylin-
ders, checked air content, and recorded weather conditions. Cylinder tests were made in
accordance with the provision of the ACI Code.

1.8.2.36 Regulatory Guide 1.57 -Design Limits and Loading Combinations for Metal
Primary Reactor Containment System Components

The Ginna containment is a composite structure as opposed to a metal primary reactor con-
tainment; thus this guide is not applicable.

1.8.2.37 Regulatory Guide 1.59 -Design-Basis Floods for Nuclear Power Plants

The R. E. Ginna Nuclear Power Plant site has been evaluated for the probable maximum
flood coincident with wind and wave activity as outlined in Section 2.4.

The analysis for flood, storm, waves, and hardened protection is generally consistent with
Regulatory Guide 1.59. Site Contingency Procedures are available to be implemented in the
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event of potential flooding conditions. A recent review of Ginna flood protection measures
described the conformance of Ginna Station to this guide.

1.8.2.38 Regulatory Guide 1.94, Revision 1 - Quality Assurance Installation, Inspections,
and Testing of Structural Concrete and Structural Steel During the Construction
Phase of Nuclear Power Plants

This Regulatory Guide applies to plants in the construction phase and was issued after Ginna
was built. The specific details of the Ginna controls during construction are discussed in Sec-
tion 17.1.

1.8.2.39 Regularity Guide 1.143, Revision 1 - Design Guidance for Radioactive Waste
Management Systems, Structures, and Components Installed in Light-Water-
Cooled Nuclear Power Plants

The specific UFSAR sections discuss the design and quality assurance provisions applied to
existing radioactive waste management systems, structures, and components. New systems,
structures, and components and configuration changes to existing items meet the design and
quality assurance provisions described in the UFSAR sections or those specified by this Reg-
ulator Guide.

1.8.3 CONFORMANCE TO IEEE CRITERIA

The information in this section is generally that submitted in the August 1972 Technical Sup-
plement Accompanying the Application for a Full-Term Operating License as to the adequacy
of the R. E. Ginna Nuclear Power Plant design with respect to IEEE Standards 279-1971,
308-1971, 317-1971, 323-1971, 334-1971, 336-1971, 338-1971, and 344-1971.

1.8.3.1 Criteria for Protection Systems for Nuclear Power Generating Stations (IEEE
279-1971)

Conformance with IEEE 279-1971 is discussed in Section 7.1.2.

1.8.3.2 Class IE Electric Systems for Nuclear Power Generating Stations (IEEE 308-
1971)

1.8.3.2.1 Principal Design Criteria

The criteria states that Class lE electric systems shall be designed to ensure that any design-
basis event as listed in Table 1 of the standard will not cause a loss of electric power to a num-
ber of engineered safety features, surveillance devices, or protection system devices sufficient
to jeopardize the safety of the station. The design-basis events include earthquakes, winds,
tornadoes, other natural phenomena, and various postulated accidents.

All electrical systems and components vital to plant safety,'including the emergency diesel
generators, are designed as Class lE and are designed so that their integrity is not impaired by
the design-basis earthquake, wind storms, floods, or disturbances on the external electrical
system. Power, control and instrument cabling, motors, and other electrical equipment
required for operation of the engineered safety features are suitably protected against the
effects of either a nuclear system accident or of severe external environmental phenomena in
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order to ensure a high degree of confidence in the operability of such components in the event
that their use is required.

The preferred power supply (offsite power) has a voltage variation of not more than plus or
minus 10% and a frequency variation of not more than plus or minus 0.5%. Variations of
voltage and frequency of the standby power supply (diesel generators) will not degrade the
performance of any load to the extent of causing significant damage to the fuel or to the reac-
tor coolant system.

Controls and indicators are provided in the control room and locally for the standby power
supply and for the circuit breakers required to switch the Class IE buses between the pre-
ferred and standby power supply. Transfer is automatic on loss of the preferred supply.

All components of the Class lE electric systems are identified with permanently installed
equipment piece-number tags. Design, operating, and maintenance documents for each major
component were identified as they were received from the equipment suppliers, and the iden-
tification associates each component with its particular system.

Class 1E electrical equipment is physically separated to the extent practical from its redun-
dant counterpart either by distance, barrier walls, or by location on different floors.

Each type of Class 1 E electric equipment was designed, manufactured, and tested in accor-
dance with the latest standards in existence at the time of manufacture. This equipment was
analyzed to ensure that it would successfully perform its function under normal and design-
basis events. In addition to this, preoperational testing was performed to verify equipment
operation.

Failure mode analyses have been done for all Class lE electrical systems. These analyses
show that a single component failure does not prevent satisfactory performance of the Class
1 E systems required for safe shutdown and maintenance of postshutdown or postaccident sta-
tion security.

The Class 1E electric systems are described in detail in Chapter 8. The systems consist of an
ac power system, a dc power system, and an instrumentation and a control system to supply
acceptable power to the station for any design-basis event.

1.8.3.2.2 Alternatin2 Current Power Systems

1.8.3.2.2.1 General

The ac power systems include power supplies, distribution systems, and load groups arranged
to provide ac electric power to the Class IE loads. Sufficient physical separation, electrical
isolation, and redundancy are provided to minimize the occurrence of a common failure mode
in the Class IE systems.

The Class 1E electric system is divided into two redundant load groups. Safety actions by
each group of loads is iedundant and independent of the safety actions provided by its redun-
dant counterpart. Each load group has access to both the offsite and standby power supply.
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Two independent 34.5-kV transmission lines make up the preferred offsite power supply and
two independent diesel generators make up the standby power supply.

1.8.3.2.2.2 Distribution Systems

By design, each distribution circuit is capable of transmitting sufficient energy to start and
operate all required loads in that circuit. Distribution circuits to redundant equipment are
physically and electrically independent of each other, to the extent practical.

Auxiliary devices required to operate dependent equipment are supplied from related bus sec-
tions such that loss of electric power in one load group does not cause the loss of function of
equipment in another load group. By means of circuit breakers located in the auxiliary build-
ing and the screen house (both Seismic Category I structures), it is possible to disconnect por-
tions of the Class lE system that are located in other than Seismic Category I structures. The
distribution system is monitored to the extent that it is shown to be ready to perform its
intended function. The surveillance program is included in the Technical Specifications.

1.8.3.2.2.3 Preferred Power Supply

The preferred power supply consists of two 34.5-kV circuits that are independent. This sys-
tem is designed to furnish the starting and operating power requirements for the shutdown of
the station and for the operation of emergency systems and engineered safety features. It also
functions as startup power and reserve power for all unit auxiliaries.
A minimum of one circuit is available from the transmission network during MODES 1 and

2.

1.8.3.2.2.4 Standby Power Supply

The standby power supply provides power for the operation of emergency systems and engi-
neered safety features during and following the shutdown of the reactor when the preferred
power supply is not available.

The standby sources become available automatically following the loss of the preferred
power supply within a time consistent with the requirements of the engineered safety features
and the shutdown systems under normal and accident conditions. A failure of any unit of
standby power source does not jeopardize the capability of the remaining standby power
sources to start and run the required shutdown systems, emergency systems, and engineered
safety features loads.

Two 6000-gallon underground storage tanks serve only the two emergency diesel generators.
These tanks have the minimum required capacity of 10,000 gallons for 48 hours operation of
both diesel generators at load, simultaneously, or one diesel generator at load for 80 hours.
See Section 9.5.4 for an update of this historical information. The actual load on a diesel gen-
erator needed to place the station in a safe shutdown condition is less than the full-load rating
of the diesel generator. This supply allows adequate time for makeup supplies of oil if
required. The standby power supplies are started and operated at specified loads on a
monthly basis. This program is included in the Technical Specifications.
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1.8.3.2.3 Direct Current Power Systems

1.8.3.2.3.1 General

The dc power systems include power supplies, a distribution system, and load groups
arranged to provide dc electric power to the Class lE dc loads and for control and switching
of the Class 1 E systems. Sufficient physical separation, electrical isolation, and redundancy
are provided to minimize the occurrence of common failure modes in the station Class 1 E
systems and include the following-

a. The electric loads are separated into two redundant load groups.

b. Safety actions by each group of loads are redundant and independent to the safety actions
provided by its redundant counterpart.

c. Each redundant load group has access to a battery and twobattery chargers.

These items are discussed in Chapter 8.

1.8.3.2.3.2 Distribution System

Each distribution circuit is capable of transmitting sufficient energy to start and operate all
required loads connected to it. Distribution circuits to redundant equipment are independent
of each other to the extent practical. Auxiliary devices required to operate dependent equip-
ment are.supplied from a related bus section to comply with this criterion. It is possible to
disconnect portions of Class 1 E systems located in Seismic Category 1 structures from those
portions located in other than Seismic Category I structures. The disconnecting means are
located in distribution panels in the Seismic Category I battery rooms. The system is moni-
tored with indicators and alarms in the control room to the extent that it is shown to be ready
to perform its intended function.

1.8.3.2.3.3 Battery Supply

Each battery supply consists of storage cells, connectors, and connections to the dc distribu-
tion system supply breaker. Each battery supply is independent of the other supply and is
capable of starting and carrying all required loads. Each battery supply is immediately avail-
able during MODES I and 2 and following the loss of power from the ac system.

Each battery is kept fully charged and floating across its battery charger. Stored energy is suf-
ficient to operate all necessary breakers to provide an adequate source of power for all con-
nected loads. Battery instrumentation located in the control room indicates the status of the
battery supplies.

1.8.3.2.3.4 Battery Charger Supply

The battery chargers provide all the dc power required for normal station operation as long as
ac power is available. Each battery can be supplied by a full capacity charger or a full capac-
ity backup charger. Each full capacity charger has sufficient capacity to restore the battery
from the design minimum charge to its fully charged state while supplying normal steady-
state loads. The two supplies are independent of each other. The capability for isolating each
charger is provided by means of circuit breakers in the ac feeder and the dc output circuit.
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1.8.3.2.3.5 Protective Devices

Protective devices are provided to isolate failed equipment automatically. Indication is also
provided to identify the equipment that is made unavailable.

1.8.3.2.3.6 Performance Discharge Test Provisions

To be sure that all cells, connections, jumpers, etc., satisfactorily handle full-rated current if
necessary, each battery has been tested under full load and each component individually
examined.

1.8.3.2.4 Vital Instrumentation and Control Power Systems

Dependable power supplies are provided for the vital instrumentation and control systems of
the unit including the following.

A. The nuclear plant protection instrumentation and control systems.

B. The engineered safety features instrumentation and control systems.

Power is supplied to these systems in such a manner as to preserve their reliability, indepen-
dence, and redundancy.

1.8.3.2.5 Surveillance Requirements

Preoperational Equipment Tests and Inspection

The initial equipment tests and inspections were performed with all components installed.
They demonstrated the following:

A. All components were correct and properly mounted.

B. All connections were correct and circuits were continuous.

C. All components were operational.

D. All metering and protective devices were properly calibrated and adjusted.

Initial System Test

The initial system test was performed with all components installed. The test demonstrated
the following:

A. The Class 1E loads can operate properly on the preferred power supply.

B. The loss of the preferred power supply can be detected.

C. The standby power supply can be started automatically and can accept design load within
the design-basis time.

D. The standby power supply is independent of the preferred power supply.

Periodic Tests

The periodic test programs are included in the Technical Specifications. Tests are performed
at scheduled intervals to
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A. Detect possible deterioration of the system toward an unacceptable condition.

B. Demonstrate that standby power equipment and other components that are not exercised
during MODES 1 and 2 of the station are operable. If surveillance tests indicate that any
Class IE systems are degraded, the Technical Specifications impose operating limitations.

1.8.3.3 Electrical Penetration Assemblies in Containment Structures for Nuclear Fueled
Power Generating Stations (IEEE 317 - April 1971)

Electrical penetrations are designed and demonstrated by test to withstand, without loss of
leaktightness, the containment postaccident environment and meet the following guide that
was available during construction: IEEE Proposed Guide for Electrical Penetration Assem-
blies in Containment Structures for Stationary Nuclear Power Reactors (Eighth Revision).
The electrical penetration sleeves, being part of the containment vessel, were designed in
accordance with the ASME Boiler and Pressure Vessel Code, Section III, Subsection B, for
Class B vessels.

The penetration assemblies are qualified to prevent leakage from the containment under the
worst-case environmental conditions associated with a loss-of-coolant accident or main steam
line break.

All welded joints for the penetrations including the reinforcement about the openings are
fully radiographed in accordance with the requirements of the ASME Nuclear Vessel Code
for Class B Vessels except that nonradiographable joint details are examined by the liquid
penetrant method. Verification of leaktightness is by means of pressurizing test channels.

There are generally four types of electrical cable penetrations required depending on the type
of cable involved:

* Type 1 - High voltage power 4160 V.

" Type 2 - Power, control and instrumentation; 600 V and lower.

" Type 3 - Thermocouple leads.

" Type 4 - Coaxial and triaxial circuits.

All four types of penetration designs are a cartridge type. The cartridge length and the sup-
porting of cables immediately outside containment are designed to eliminate any cantilever
stresses on the cartridge flange.

The specification for penetrations cover all aspects of equipment design, manufacture,
inspection, qualification, and testing.

1.8.3.4 Qualifying Class I Electric Equipment for Nuclear Power Generating Stations
(IEEE 323-April 1971)

The components of the protection system are designed and qualified so that the mechanical
and thermal environment accompanying any emergency situation in which the components
are required to function does not interfere with that function.

Page 105 of 108 Revision 21 11/2008



GINNA/UFSAR
CHAPTER 1 INTRODUCTION AND GENERAL DESCRIPTION OF THE PLANT

The equipment that must withstand the most severe environment is that which is in the con-
tainment. The instrumentation, motors, cables, and penetrations located inside containment
are either protected from containment accident conditions or are designed to withstand, with-
out failure, exposure to the worst combination of temperature, pressure, and humidity
expected during the required operational period.

Quality standards of material selection, design, fabrication, and inspection governing the
above features conformed to the applicable provisions of recognized codes and good nuclear
practice.

1.8.3.5 Type Tests of Continuous Duty Class I Motors Installed Inside the Containment
of Nuclear Power Generating Stations (IEEE 334-1971)

Of those motors installed within the containment of Ginna Station only the motors on valve
operators and the fan motors of the containment air recirculation, cooling, and filtration sys-
tem are required to be Class I. The valve motors, however, are not subjected to continuous
duty. Therefore, IEEE 334-1971 does not apply to them.

The containment recirculation fan cooler (CRFC) and filtration system fan motors are contin-
uous duty. The fans, motors, electrical connections, and all other equipment in the contain-
ment necessary for operation of the system are capable of operating under the environmental
conditions following a loss-of-coolant accident. These environmental conditions are defined
in Section 3.11.

All components are capable of withstanding or are protected from differential pressure which
may occur during the rapid pressure rise to 60 psig in 10 seconds.

Any single active component failure in the system will not degrade the overall required heat
removal capability.

Overload protection for the fan motors is provided at the switchgear by overcurrent trip
devices in the motor feeder breakers. The fan motor feeder breakers can be operated from the
control room and can be reclosed from the control room following a motor overload trip.

1.8.3.6 Installation, Inspection, and Testing Requirements for Instrumentation and
Electric Equipment During the Construction of Nuclear Power Generating
Stations (IEEE 336-1971)

An evaluation of prospective suppliers was conducted prior to awarding of a contract for
important components. This evaluation established that the supplier has acceptable design,
manufacturing, and quality control capability. The supplier was provided with individual
equipment specifications covering all aspects of equipment design, manufacture, inspection,
and testing. For Class 1 E components, such as those in the reactor coolant system, a specifi-
cation which defined the quality control requirements was made a part of each purchase order.

The instrumentation and electrical equipment for engineered safety features and reactor pro-
tection were subjected to receiving inspection, preinstallation operability and calibration
checks, and preoperational functional and calibration tests. The quality assurance require-
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ments during construction are described in Chapter 17; initial tests are described in Chapter
14.

1.8.3.7 Trial Use Criteria for the Periodic Testing of Nuclear Power Generating Station
Protection Systems (IEEE 338-1971)

The station has the capability for sensor checks, channel tests, and channel calibration. The
testing program is based on the calculations that were presented on the basis of the Technical
Specifications.

All protective instrumentation has the capability of being tested and calibrated. Instrumenta-
tion that requires testing between reactor shutdowns also has the capability for being tested
during MODES 1 and 2. The satisfactory operation of each redundant channel may be veri-
fied and credible failures can be detected. A scheduled test program is presented in the Tech-
nical Specifications.

All sensor checks and tests are either done by perturbing the monitored variable, introducing
a substitute input, or comparing sensors which measure like variables. The test signal ampli-
tude is varied to determine that the protective action will occur when the setpoint is reached.
These setpoints include the effects of instrumentation errors.

Written procedures are maintained for all tests. The results are documented and records are
kept.

1.8.3.8 Seismic Qualification of Class I Electrical Equipment for Nuclear Power
Generating Stations (IEEE 344-1971)

All systems and components designated Class I are designed so that there is no loss of func-
tion in the event of the design-basis earthquake ground acceleration acting in the horizontal
and vertical directions simultaneously. Subsequent reviews of the qualification of this equip-
ment is described in Section 3.10.
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2.1 GEOGRAPHY AND DEMOGRAPHY

2.1.1 SITE LOCATION AND DESCRIPTION

The site is in the township of Ontario, in the northwest comer of Wayne County, New York,
on the south shore of Lake Ontario about 16 miles east of the center of the city of Rochester
and 40 miles west-southwest of Oswego, at longitude 77018.7'W and latitude 430 16.7'N.
The general location is shown in Figure 2.1-1.

The site comprises approximately 426 acres owned by Ginna LLC. Figure 2.1-2 shows the
site and its relationships to topographic features.

The surface of the land on the southern shore of Lake Ontario, at the site and east and west of
it, is either flat or gently rolling. It slopes upward to the south from an elevation of about 255
ft above mean sea level (msl) near the edge of the lake; to 440 ft at Ridge Road (New York
State Highway 104), 3.5 miles south of the lake; and then to about 1600 ft at the northern
edge of the Appalachian Plateau, 30 to 40 miles to the south. Southward from Ridge Road
the terrain progressively roughens, with a series of small abrupt hills, commencing about 10
miles south of the site.

Wayne County, in which the site is located, is primarily of an agrarian nature and sparsely
populated. The location is shown in Figure 2.1-1. There are no substantial population cen-
ters, industrial complexes, transportation arteries, parks or other recreational facilities within
a 3-mile radius of the Ginna site (Reference 1). Roughly 70% of the county's 600 square
miles are utilized for approximately 2500 farms, which primarily produce apples, grapes,
cherries, dairy products, field crops, and vegetables. About 34% of Wayne County's workers
are employed in manufacturing operations, 18% in service industries, 16% in retail trade,
14% in agriculture, and 18% in other occupations. Typical industries are listed in Table 2.2-1.

Monroe County, located adjacent to and west of Wayne County, has many manufacturing
activities centered in and around Rochester. Approximately 22% of the county's 673 square
miles is in urban development, about 28% is vacant, wooded, or water surface, and 50% is
farm land upon which dairy products, field crops, poultry, livestock, fruits, and horticultural
specialties are produced. Of Monroe County's workers, about 45% are employed in manufac-
turing, 20% in service industries, 16% in retail trade, 1.4% in agriculture, and the rest in other
activities. Typical industries are listed in Table 2.2-2.

The land within a radius of 5 miles of the site is used for agricultural purposes, principally for
growing apples, cherries, grapes, and field crops. There are only a few dairy farms in a 5-
mile radius of the plant. They average between 50 to 75 milk cows per farm. Part of the site
is under lease for fruit farming.

2.1.2 EXCLUSION AREA A UTHORITY AND CONTROL

The site boundary is the line beyond which the land is neither owned, nor leased, nor other-
wise controlled by Ginna Station (see Figure 2.1-2). The exclusion area is completely within
the site boundary (see Figure 2.1-2). The distance from the containment to the nearest exclu-
sion area boundary (EAB) (excluding the boundary on the lakefront) is 1550 ft but the mini-
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mum exclusion distance is assumed to be 450 meters or 1476 ft. No public highways or
railroads traverse the exclusion area.

The Constellation Energy Group owns and controls all of the land, including mineral rights,
within the exclusion area. Regarding the lakeshore frontage within the exclusion area, Con-
stellation Energy, by New York State procedures (Reference 2), owns the land above 243.8 ft
msl. This is well below the average lake stage of 246 ft msl, but is above the extreme low
water level of 242.23 ft msl and the lowest regulated level of 243 ft msl (see Section 2.4);
however, since the low period is generally in the winter and the high period in the summer, it
is not expected that there would be any beach use of this area. The exclusion area is not
defined over the waters of Lake Ontario adjacent to the Ginna site. While Constellation
Energy has not specifically defined an exclusion area over the water, arrangements have been
made with the U.S. Coast Guard, as documented in the Ginna Nuclear Emergency Response
Plan, for emergency response in the event of a plant emergency.

Constellation Energy has established a security zone on the waters of Lake Ontario for the
purpose of excluding watercraft in the vicinity of the waters that surround the plant. The
boundaries of the security zone have been established by the U.S. Coast Guard and the
boundaries are marked by a system of buoys. The buoys are removed during winter months
to prevent them from becoming a boating hazard if they were to break free as a result of ice or
winter snow. The establishment of this security zone complies with the requirements of an
NRC Order (Reference 7), and 33 CFR 165.911 (a)(2).

2.1.3 POPULATION DISTRIBUTION

2.1.3.1 Population Within Five Miles

The population distribution by 1-mile increments within 5 miles of the plant, projected for the
years 1970, 1980, 1990, and 2010, is shown in Figure 2.1-4. The 1970 estimates were based
on a 1967 count of houses and electric meters and includes summer residents. The estimates
for 1980, 1990, and 2010 were made by the Rochester Gas and Electric Rate and Economic
Research Department and were derived from a study of past trends and probable future indus-
trial, commercial, residential, and recreational development.

Updated population data based on preliminary estimates from the 1980 Census (Reference 3)
are shown on Figure 2.1-5. Rochester Gas and Electric Corporation estimated that 10,864
persons resided within 5 miles of the plant in 1980, a density of 138 persons per square mile
averaged over the entire area. It should be noted that this figure compares favorably with the
1980 population projection of 10,934 persons shown in Figure 2.1-4.

Updated 1992 population estimates based on data obtained from the Center for Government
Research and 1990 Census data are shown in Figure 2.1-5a. Rochester Gas and Electric Cor-
poration estimated that 11,277 persons resided within 5 miles of the plant in 1992. It should
be noted that this figure is significantly lower than the 1990 population projection of 14,491
persons shown in Figure 2.1-4.

Based on the original FSAR for Ginna Station published in 1968, four schools were located
approximately 3.5 miles south of the plant, and had a total enrollment of 2272 pupils and a
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teaching staff of 180. The nearest offsite residence is about 2000 ft southwest of the plant, and
there are two occupied farmhouses on the site. The farms are owned by RG&E and the occu-
pants have leases renewable annually at the option of RG&E. One farmhouse is about 2200 ft
southeast of the plant and the other is about 1500 ft south. Both farmhouses are outside the
exclusion area. Other buildings (horse barns) are located about 800 ft east and 1400 ft south
of the plant.

2.1.3.2 Population Within Forty Miles

The population distribution projections by 10-mile increments within 40 miles of the plant,
for the years 1970, 1980, 1990, and 2010, are shown in Figure 2.1-6. The 1970 estimates
were based on extrapolations of the 1960 Census and a special census of Monroe County
(Rochester area) dated April 1, 1964. The estimates for 1980, 1990, and 2010 were made by
the RG&E Rate and Economic Research Department and were derived from a study of past
trends and probable future industrial, commercial, residential, and recreational development.

2.1.3.3 Transient Population

Based on the original FSAR, there is a summertime increase of about 500 people in the lake-
side population within a 5-mile radius of the plant, and a summer-time increase of 4000 to
5000 people in the lakeside population within a 20-mile radius of the plant. The nearest
group of houses are summer cottages, 0.8 miles west. Other groups are located at Bear Creek,
1.5 miles east, and at Ontario-on-the-Lake, 2 miles west.

Other than the summertime residents of the area, there are no large groups of transients within
5 miles of the site. The only parks near the site are Webster Beach Park in Monroe County,
approximately 6 miles west of the plant site, and B. Forman Park in Wayne County, approxi-
mately 8 miles east of the plant site. There are no federal recreational facilities in the area.
There are no state parks, public campsites, or special use areas within 10 miles of the plant
(Reftrence 3). Wayne County does have a migrant labor population during the June-October
season, primarily for apple picking. Approximately 115 farm-worker camps of five or more
persons are scattered throughout Wayne County, with a total population of about 4400
migrants. Information from Rural New York Farmworker Opportunities shows that there are
only 12 camps, with about 130 migrants, located in the vicinity of the Ginna site (Reference
4).

2.1.3.4 Low-Population Zone

The low-population zone specified for the Ginna site is the area within a 3-mile (4827 m)
radius of the plant (Reference 5). A review in 1981 of population estimates and projected
growth estimates indicates that the population growth in the area since the plant received an
operating license in 1969 has been modest, and this trend is expected to continue. No popula-
tion center of 25,000 residents has developed, or appears likely to develop, closer than the
eastern boundary of the Rochester urbanized area.

2.1.3.5 Population Center

Figure 2.1-7 shows the locations of population centers (over 25,000 people) within a radius of
100 miles of the plant site. Figure 2.1-8 shows the locations and sizes of population centers of
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over 2000 people within a radius of 50 miles. These figures are based on the 1960 census,
except the Rochester urbanized area, which is based on the 1980 census. There has been no
significant change in population since that time.

The nearest population center to the Ginna site containing more than 25,000 residents is the
Rochester urbanized area, whose eastern boundary is about 10 miles from the site (Reference
1). The only other population center of more than 25,000 persons is the city of Auburn (pop-
ulation 32,442) (Reference 3), located more than 40 miles southeast of the site.

2.1.3.6 1989 Updated Population Data

RG&E reviewed Ginna Station projected population changes through the year 2009 in sup-
port of the October 5, 1989, application for an extension of expiration of the Ginna Operating
License from April 25, 2006, to September 18, 2009 (Reference 6). RG&E obtained 1984
population data for the thirteen county area included within a 50-mile radius of the plant. The
population in this area had increased by only 3% overall since 1970, which was substantially
below the RG&E 1970 estimates for 1984. The 1980 population within 2 miles of the plant
was 1078 people. This population was estimated to increase to 1390 by the year 2015 based
on the 1980-1985 population growth rate for Wayne County. The population centers with
populations greater than 25,000 people, within the 50-mile radius of the plant, continued to be
Monroe County, which includes the city of Rochester (Rochester 1984 population equaled
243,000), and the city of Auburn, New York. Population projections for the year 2015, based
on the 1970-1980 growth rates, were as follows:

Population

Population Center Location 1984 2015

Monroe County 20 miles WSW 711,200 742,100

Auburn, New York 45 miles ESE 32,000 35,000
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Figure 2.1-1 Location of the R. E. Ginna Nuclear Power Plant

ROCHESTER GAS AND ELECTRIC CORPORATION

R.E. GINNA NUCLEAR POWER PLANT
UPDATED FINAL SAFETY ANALYSIS REPORT

Figure 2.1-1

Location of the R. E. Ginna Nuclear
Power Plant
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Figure 2.1-2 R. E. Ginna Site
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Figure 2.1-3 Figure Deleted

Figure Deleted
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Figure 2.1-5 1980 Population Estimates 0-5 Miles
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Figure 2.1-5a 1992 Population Estimates 0-10 Miles
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Figure 2.1- 7 Location of Ginna Site
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UPDATED FINAL SAFETY ANALYSIS REPORT
IFigure 2.1-7
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2.2 NEARBY INDUSTRIAL. TRANSPORTATION, AND
MILITARY FACILITIES

2.2.1 LOCATIONS AND ROUTES

There is little industrial activity in the vicinity of the R. E. Ginna Nuclear Power Plant.
Wayne County, where Ginna Station is located, is primarily a rural area. Typical industries in
Wayne County and Monroe County are listed in Tables 2.2-1 and 2.2-2, respectively. Indus-
trial activity is most heavily concentrated in the town of Webster, about 6 miles from the site,
and consists primarily of light manufacturing (Xerox copiers). No industrial development is
expected to occur in the vicinity of the Ginna site.

The nearest transportation routes to the plant are Lake Road and U.S. Route 104, which pass
about 1700 ft and 3.5 miles, respectively, from the plant at their closest points of approach.
The highwayseparation distances at Ginna Station exceed the minimum distance criteria
given in Regulatory Guide 1.91, Revision 1, and, therefore, provide reasonable assurance that
transportation accidents resulting in explosions of truck-size shipments of hazardous materi-
als will not have an adverse effect on the safe operation of the plant. Any large quantities of
hazardous material would be shipped via U.S. Route 104 which is sufficiently distant (3.5
miles from the plant site) not to be of concern.

2.2.2 DESCRIPTION

The effects of nearby railroads, pipelines, waterways, and airports, and the effects of stored
chemicals onsite and offsite are discussed in the following sections.

2.2.2.1 Railroads

The railroad nearest to the plant is the Ontario Midland Railroad about 3.5 miles to the south.
Comparing this distance with the guidance provided in Regulatory Guide 1.91, potential rail-
road accidents involving hazardous materials are not considered to be a credible risk to the
safe operation of the plant.

2.2.2.2 Pipelines

The nearest large pipelines to the plant are a 12-in. gas line located about 6 miles southwest of
the plant and a 16-in. gas line located about 10 miles south of the plant. These pipelines are
far enough away to ensure that pipeline accidents will not affect the safety of the plant. The
gas line service to the Ginna house heating boiler and the boiler controls were reviewed and
compared with National Fire Protection Association (NFPA) 85 and were found acceptable
(Reference 1). On the basis of the resolution of all gas line items during the fire protection
review, the gas line on the plant site does not present a safety hazard. Fire protection is dis-
cussed in Section 9.5.1.

2.2.2.3 Waterways

There are no large commercial harbors along the southern shore of Lake Ontario near the
plant. Some freight is shipped through Rochester harbor about 20 miles to the west. Major
shipping lanes in the lake are located well offshore, at least 23 miles or more from the plant.

Page 16 of 263 Revision 21 11/2008



GINNA/UFSAR
CHAPTER 2 SITE CHARACTERISTICS

As discussed in the NRC Safety Evaluation Report for SEP Topic I-1 .C, shipping on Lake
Ontario is not considered to be a hazard to the plant.

The possibility of shipping damage to the service water intake structure has also been consid-
ered (Reference 2). The intake system (Section 10.6.2) is completely submerged below the
surface of the lake. A 10-ft reinforced-concrete-lined tunnel, driven through bedrock, extends
3100 ft north from the shoreline. The tunnel rises vertically and connects to a reinforced-con-
crete inlet section. The occurrence of historical low water level will result in a depth of water
of 30 ft at the inlet and with 15 ft of cover over the intake structure., This is sufficient to pre-
vent damage from any boating which might pass in the vicinity of the structure. Furthermore,
plugging of inlet water flow by a single large piece of material is prevented by the design of
the intake structure, in that water enters on a full 360-degree circle (Reference 2). Another
design feature at Ginna Station which ensures continued availability of essential service water
is that service water intake can be directly drawn from the discharge canal, which is located
on the plant site, protected from any potential lake boating. Thus, lake navigation is not con-
sidered to be a hazard to the plant.

2.2.2.4 Airports

The closest airport to the plant is the Williamson Flying Club Airport, a small, privately
owned, general aviation facility located approximately 10 miles east-southeast of the plant.
In 1981, the airport had one paved runway, designated 10-28 and oriented in an almost east-
west direction, which was 3377 ft long and 40 ft wide. The runway is equipped with low-
intensity runway lights. The airport has instrument approach capability to runway 10-28 from
the Rochester VORTAC. There is no control tower at this airport. The airport is used for gen-
eral aviation activities such as business and pleasure flying, and for agricultural spraying
operations. As of 1981, there were 5000 operations per year at the facility and about 30 based
aircraft, including part-time based crop dusters. The great majority of the aircraft are single-
engine propeller airplanes, which typically weigh on the order of 1500 to 3600 lb. The small
number of operations at this airport is substantially less than the criteria in Section 111.3 of
Section 3.5.1.5 of the Standard Review Plan (SRP) and is sufficiently small that in the SER
for SEP Topic II-I .C the NRC staff determined that their operations are not a potential hazard.

Monroe County Airport, in Rochester, New York, about 25 miles southwest of the plant, is the
nearest airport with scheduled commercial air service. The NRC has reviewed the probabili-
ties for an airline crash from the low-altitude Federal airways in the vicinity of Ginna Station.

The calculated probabilities are 5.1 x 10-8 for airway V2 and 1.4 x 10-8 for airway V2N. (The
current FAA designation is airway V483, vice V2N.) Because both probabilities are less than

the 1 x 10-7 acceptance criteria, the NRC concluded in the Safety Evaluation Report for SEP
Topic HI- .C, dated September 29, 1981, that the probability of a commercial air traffic crash
at Ginna is acceptable.

2.2.2.5 Military Facilities

Air Force Restricted Area R-5203 is located about 8 miles north of the plant site. Whenever
flight activity is conducted by the Air Force within R-5203, radar surveillance is maintained
by the 174th Fighter Wing, the 108th Tactical Control Group, or possibly the Cleveland Air
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Route Traffic Control Center. Pilots rely upon onboard navigational equipment to maintain
their presence within the specified limits of the restricted area. Pilots can also be advised if
their aircraft stray beyond their limits by the radar surveillance unit covering the area at the
time. The restricted area is used for military flight training which includes high-speed inter-
ceptor training maneuvers, operational flight checks, and air-to-air refueling. The current
altitude ranges in 1981 were from 2000 to 50,000 ft above the surface.

There is also an inactive slow-speed low altitude military training route (SR-826) which
passes about 6 miles west of the plant. Route SR-826 is not currently a military controlled air
space.Acceptance criterion 11.2 of Standard Review Plan 3.5.1.6 states that, for military air
space, a minimum distance of 5 miles is adequate for low-level training routes, except those
associated with unusual activities such as practice bombing. Air Force Restricted Area R-
5203 is about 8 milesaway at its closest boundary, and no unusual activities, such as bombing
practice, take place. The inactive slow-speed low altitude military training route SR-826 is
about 6 miles from the plant. Therefore, this criterion is met.

2.2.2.6 Toxic Chemicals

An onsite and offsite toxic chemical evaluation was performed by RG&E in response to the
requirements of NUREG 0737, Item III.D.3.4 (Reference 3). Sources of chemicals identified
during and following the chemical survey and the associated chemical hazards evaluation are
discussed below and in Reference 5.

2.2.2.6.1 Onsite Toxic Chemicals

A. A 500-gal anhydrous ammonia tank was located next to the all-volatile-treatment building
about 40 m from the control room intake. The tank would have posed a problem with
respect to control room concentrations following a postulated tank or line rupture. This
tank has been removed.

B. Two 6000-gal tanks (one containing 98% H2 SO 4 , the other containing 50% NaOH) are

located in the all-volatile-treatment building, about 40 m from the control room. Two simi-
lar tanks which have been removed from service, are in the primary water treatment facility
about 100 m from the control room intake.

The all-volatile-treatment tanks are contained in separate areas of large enough volume to
contain the entire contents of both tanks. Each area is drained to a common sump through
separate lines. Valves in the lines are maintained in the closed position so that no mixing of
the H2SO 4 and the NaOH is likely to occur. H2SO 4 is not considered a hazard to the control

room operator unless heated as a result of dilution or mixture with the caustic. Neither is
likely to occur. Spills from the tank in the primary water treatment facility would be
drained to the building floor drains leading to an underground retention tank. These tanks
are not considered a hazard to the control room personnel.

C. Several 55-gal drums of 30% NH4OH, 50-gal drums of 15% NH 4OH and 5% N2H4, and a

35-gal drum of 35% N2 H4 are located in the turbine building about 75 m from the control

room intake. Also, a variety of gas bottles are maintained throughout the plant.
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The drums of NH 4OH and N2H4 are dilute and stored in small quantities and thus are not

considered a hazard. The individual bottles do not pose a threat to the control room opera-
tors and there is no potential identified for damage to a large number of bottles as the result
of a single event.

D. There are two Halon 1301 systems for fire protection. The fire control agent is Bromotrif-
luoromethane which is stored in tanks outside the relay room. This agent is not considered
a toxic hazard except as an asphyxiant. The gas is much heavier than air and unless it is
stirred up, it will settle to the floor. The control room is above the relay room. The system
should not be activated unless a fire has been detected isolating the control room from the
relay room. However, if it is assumed that half the gas (640 lb) is injected into an uniso-

lated relay room and that the gas is well mixed, concentrations as high as 2 x 105 mg/m 3

may be attained. This is less than the generally accepted limit for protective action (requir-

ing use of self-contained breathing apparatus) of 5.9 x 105 mg/m 3. The Halon 1301 system
does not pose a threat to control room habitability.

E. A plastic tank containing a maximum of 2500 gal of sodium hypochlorite (NaOC1) at a con-
centration of up to 17% by weight is located east of the screen house. The tank is situated
on a foundation slab approximately 3 ft below grade and is surrounded by a reinforced con-
crete containment dike. Postulated rupture of the tank yields a negligible concentration out-
side of the control room, primarily because of the low volatility of the chemical. Sodium
hypochlorite is not considered a threat to control room habitability (Reference 3 and 5).

The original underground sodium hypochlorite tank (Reference 3) has been abandoned and
closed in place, in compliance with the requirements of 6 NYCRR Part 598.10(c) (Refer-
ence 4).

F. Two 350-gal ethanolamine (ETA) tanks are located in the turbine building basement outside
of the turbine pump room. The ETA is stored and injected at a concentration not to exceed
80% solution strength. The storage and processing system is contained such that any spill
will not come into contact with any plant materials that are not compatible with 80% ETA
and any spill will not come within 50 feet of a control room air intake.

2.2.2.6.2 Offsite Toxic Chemicals

A. The town of Ontario water plant, about 1.1 miles from the site, stores chlorine in two 2000-
lb tanks. One tank is refilled each month from a truck containing 2750 lb of chlorine
housed in a 2000 lb cylinder and five 150-lb cylinders.

The chlorine tanks may pose a hazard to control room habitability following a postulated
catastrophic rupture with stable meteorology. This hazard is discussed in Section 6.4.3.2.1
and in Reference 5. The truck which refills the chlorine tanks transports the chlorine via
Route 104 and poses no hazard more severe than that discussed in Section 6.4.3.2.1 and in
Reference 5.

B. Chemicals used by local fruit growers are transported to local distribution firns about 50
times per year. These chemicals are generally solids stored in small containers. They are
not stored in large quantities anywhere in the Ginna Station area.
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trol Room Toxic Hazards Analysis, dated December 14, 2004.
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Table 2.2-1
TYPICAL INDUSTRIES IN WAYNE COUNTY (CIRCA 1969)

Company and Product Distance Direction
From Site From Site

(miles~)
National Distillers & Chemical Corporation (Kordite Divi- 14.5 South
sion)

Macedon

Polyethelene products

Duffy-Mott Company, Incorporated 8.5 Southeast

Williamson

Baby foods

Garlock, Incorporated 15.0 Southeast

Palmyra

Mechanical packings

Bloomer Bros. Company 19.0 Southeast

Newark

Folding paper boxes

Jackson Perkins Company 19.0 Southeast

Newark

Nurserymen

Sarah Coventry, Incorporated 19.0 Southeast

Newark

Direct-mail sales of costume jewelry

National Biscuit Company (Dromedary Company Division) 19.0 Southeast

Lyons

Cake mixes, dates, and peels
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Company and Product Distance Direction
From Site From Site

(miles)

General Electric Company 27.5 Southeast

Clyde

Electronic equipment

Comstock Foods, Incorporated 31.0 East

Red Creek

Canned foods

Kenmore Machine Products, Incorporated 22.0 Southeast

Lyons

Refrigerant products

Olney & Carpenter, Incorporated 27.5 East

Wolcott

Canned foods

C. W. Stuart & Company 19.0 Southeast

Newark

Nurserymen

Francis Leggett Company 12.5 East

Sodus

Canned foods

The Waterman Food Products Company 3-4 South

Food processing

Ontario Kraut Corporation 3-4 South-south-
west
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Company and Product Distance Direction
From Site From Site

(miles)

Food processing

Victor Preserving Company 3-4 South

Food processing

Ontario Cold Storage 3-4 South-south-
west

Food processing

Waterman Fruit Products Company 3-4 South-south-
west

Food processing

Ontario Food Products 3-4 South-south-
west

Food processing

Lyndan Products Company 3-4 South-south-

west

Food processing
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Table 2.2-2
TYPICAL INDUSTRIES IN THE ROCHESTER AREA OF MONROE COUNTY

(CIRCA 1969) (LOCATED 18 MILES WEST OF THE SITE)

Associated Dry Goods Corporation (Sibley, Lindsay department store

& Curr Company subsidiary)

Bausch & Lomb, Incorporated optical instruments and lenses

Bond Stores, Incorporated men's and boys' apparel

Burroughs Corporation (Todd Company Division) business forms

Eastman Kodak Company photographic equipment

Fashion Park Incorporated men's and boys' apparel

Friden, Incorporated (Commercial Controls Corpora- special business machines
tion subsidiary)

Gannett Company, Incorporated newspaper publishing

General Dynamics Corporation (General Dynamics- communication equipment
Electronics Division)

General Motors Corporation (Delco Appliance Divi- electric motors
sion)

General Motors Corporation (Rochester Products motor vehicle parts
Division)

General Railway Signal Company signaling equipment

Gleason Works machine tools

Hart's Food Stores Incorporated

Lehigh Valley Railroad Company

Lincoln Rochester Trust Company

McCurdy & Company department store

Michaels, Stern & Company, Incorporated men's and boys' apparel

New York Central System

Pfaudler Permutit, Incorporated (Pfaudler Company food products and machinery
Division)

Rochester Gas and Electric Corporation

Rochester Telephone Corporation

Taylor Instrument Companies thermometers and instruments

Xerox Corporation photographic copying equipment
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2.3 METEOROLOGY

2.3.1 REGIONAL CLIMATOLOGY

Atmospheric characteristics of the site region have been evaluated to provide a basis for regu-
lated radioactive gas release limits (Section 2.3.4.1), accident analysis (Section 2.3.4.2), and
storm protection (Section 2.3.2).

General climatic conditions at the site are influenced by its location in open rolling terrain on
the lakeshore and by strong winter weather systems which move across the Great Lakes, usu-
ally from the northwest. Winters are rigorous with abundant snowfall (averaging about 75
inches of snow per year) and with a high percentage of cloud cover. Summers are moderately
warm with an average of 2.5 to 3 inches of rainfall per month.

The site is well-ventilated. Calms (wind speeds less than approximately 1 mile/hr at about 50
ft above grade) occur about 1% of the time. Prevailing winds are from west-southwest (away
from Rochester).

2.3.2 LOCAL METEOROLOGY

2.3.2.1 Meteorological Parameters

The climate in the site region, as typified by more than 30 years of records at Rochester air-
port, 20 miles west-southwest of the site, is shown in Figure 2.3-1. Average wind direction
distribution measured at the site, at the Rochester airport, and at the Rochester Coast Guard
station, 15 miles west of the site, is shown in Figure 2.3-2. Direction distribution during pre-
cipitation is also shown for the site and the airport in Figure 2.3-2. Average wind velocity
distribution for these places is shown in Tables 2.3-1 through 2.3-6.

The normal wind speed to be used in the design and structural upgrade of Ginna Station

safety-related structures, in conjunction with a normal ground snow load of 40 lb/ft2, is 75
mph at 30 ft.

2.3.2.2 Severe Weather

The NRC evaluated severe weather phenomena for the Ginna site as part of the Systematic
Evaluation Program (SEP) Topic II-2.A and concluded in Reference 1 that the following phe-
nomena applied to the Ginna site.

Through 1981, normal daily temperatures have ranged from a minimum of 18'F in January to
a maximum of 82°F in July (References 2 & 4). Measured extreme temperatures for the site
region are 100°F, which occurred in June 1953, and -16'F, which occurred in February 1961
(Reference 5). The extreme minimum and maximum temperatures appropriate to the Ginna
site are 2°F (equalled or exceeded 99% of the time) and 91 'F (equalled or exceeded 1% of the
time) (Reference 6).

Mean annual snowfall in the site region is approximately 86 inches. In the site area, a maxi-
mum monthly snowfall occurred in February 1958 and totaled 72.6 inches (Reference 7). The
maximum measured snow depth on the ground for the site region is 48 inches (Reference 8).
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Highly localized effects operate to produce snowfalls in the Lake Ontario "snow belt" along
the southern and eastern shores of the lake. A study of the area (Reference 9) has shown that

snow loads for these sections of the lakeshore are about 40 to 50 lb/ft2. If the 48-hr probable

maximum winter precipitation (Reference 8) is added to the load, a total load of 100 lb/ft2

results (Reference 10).

Thunderstorms occur an average of 29 days per year in the site area. Based on the annual
number of thunderstorm days, the calculated annual flash density of ground lightning strikes

is four flashes per km2 (Reference 11). A structure with the approximate dimensions of the
Ginna reactor building can expect, on the average, one strike every 10 years.

As a result of the SEP program (Topic III-7.B) (Reference 12), RG&E initiated the Ginna
Structural Upgrade Program (Section 3.3.2) with acceptance criteria corresponding to event

with a probability of 10-5 per reactor year. These criteria included the design tornado for the
Ginna site with a wind velocity of 132 mph (Reference 13). The design criteria for steel
structures are as follows:

A. No significant yielding at wind speeds up to 132 mph

B. No instability or collapse that might affect components or systems needed for safe shut-
down at wind speeds up to about 200 mph.

2.3.3 ONSITE METEOROLOGICAL MEASUREMENTS PROGRAM

A 250-ft primary meteorological tower is located on the Ginna site. A backup tower is
located at substation 13A, approximately 0.5 miles south of the Ginna site. Lightning protec-
tion is provided on the primary tower to protect the weather instrumentation.

The primary tower measures wind speed, wind direction, and temperatures (Dewpoint was
removed in 1998 because it is not currently used in monitoring post accident releases, see
Note 1) as shown on Figure 2.3-3. The backup tower measures wind speed and wind direc-
tion as shown on Figure 2.3-4. Precipitation is measured on a separate pad near the primary
tower.

The operational meteorological measurements program for Ginna consists of the primary
250-ft guyed tower located near the Lake Ontario shoreline approximately 850 ft northwest of
the containment building. Listed below are the instrumentation and the heights of measure-
ment on the tower.

Measured Parameter Elevation Above Ground (ft)

Wind direction and speed 33, 150, 250

Dry bulb temperature 33, 150, 250

Vertical temperature gradient 33 to 150, 33 to 250

Dewpoint 33
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Examination of the measurements system indicates that it conforms to the position stated in
Regulatory Guide 1.23 (Note 1) for system accuracies, except for one of the wind direction
and speed sensors at the 150 ft level and those at the 250 ft level. These wind sensors are not
low-threshold instruments (i.e., starting speed of less than 1 mph) due to the short lifetime
expected from the more sensitive sensors at a relatively windy site near a large lake, such as
Ginna. The use of less sensitive, more sturdy wind instrumentation at the upper levels of the
meteorological tower at Ginna is acceptable.

Strip-chart recorders for wind speed, wind direction, and temperature, measurements from the
primary tower are located in an environmentally controlled equipment shelter located approx-
imately 70 ft southwest of the tower. Precipitation, measured by means of a rainfall bucket
mounted at about the 3-ft level on a separate concrete pad located approximately 30 ft north-
west of the equipment shelter is also recorded on a strip chart in the shelter. A strip-chart
recorder for wind speed and wind direction measurements from the backup tower is located in
an enclosure shed adjacent to the tower.

NOTE: The meteorological dewpoint monitor was originally installed to gather information
used for making a determination if the property location had acceptable meteorologi-
cal characteristics for siting a power reactor. The unit was part of a collection of
instrumentation whose purpose was to provide data used to estimate the atmospheric
diffusion of potential radionuclide releases (Regulatory Guide 1.23). Rochester Gas
and Electric gathered and submitted the required meteorological data as part of the
application for a full term operating license. NRC review of the onsite meteorological
measurement program was planned as part of the Systematic Evaluation Program
(SEP) topic 11-2.B. This topic review was subsequently deleted based on the require-
ment to comply with the TMI action plan task 11-F.3, "Instrumentation for Monitoring
Accident Conditions" (NUREG-0660). (Regulatory Guide 1.97 contains the required
meteorological instrumentation to quantify offsite exposures.) The information gath-
ered by the dewpoint system is not required to satisfy our Regulatory Guide 1.97 com-
mitments nor is it used as an input to other dose calculations.

A wind speed and direction recorder (33 ft) and three temperature displays (33, 150, and 250
ft) are located in the control room. Additional recording and display of meteorological data is
provided by the plant process computer system (PPCS). Data from the backup tower can be
reviewed in the technical support center (TSC) or the emergency operations facility (EOF) by
means of modem connection. A minicomputer at the main tower can be accessed by tele-
phone to get average and instantaneous values of wind speed, wind direction, temperature,
and rainfall as well as the meander range for wind direction.

In 1981, RG&E committed to performing semi-annual primary and backup tower instrumen-
tation calibrations (Reference 20). In 1992, the meteorological tower system was replaced
with state of the art measurement equipment. In 1995, a review of 1994 instrumentation cali-
bration data resulted in a determination that the as-found values were within tolerances and
that no instrumentation adjustments were required. Based on the demonstrated reliability of
the upgraded instrumentation, the calibration frequency was modified in 1996 to include
annual instrumentation calibrations.
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2.3.4 DIFFUSION ESTIMATES

2.3.4.1 Long-Term Diffusion Characteristics

The long-term diffusion characteristics for the Ginna site were reevaluated in June 1976 pur-
suant to the requirements of Appendix I to 10 CFR 50 (References 14 and 15). The atmo-
spheric diffusion models used are those described in Regulatory Guide 1.111. The
meteorological data used for the calculations were data from 1975. Wind roses for 4 years
(1966, 1967, 1973-74, and 1975) were used to demonstrate that the 1975 data used in the
analysis were consistent with longer term conditions at the site. The diffusion factors are
given in Section 2.3.4.1.8.

2.3.4.1.1 Meteorological Data

Table 2.3-7 summarizes data bases available from the site monitoring program. The data peri-
ods used for the Regulatory Guide 1.111 calculations are indicated in the right hand column
of the table. Data used for the analyses are presented as joint frequency tables. These tables
were compiled for the 33 ft level for the 1975 period of record. Table 2.3-8 is a joint fre-
quency table of wind speed, wind direction, and stability group for the 33-ft level using
deltaT between 150 ft and 33 ft. These data are used for evaluation of all plant vent locations.
Joint frequency tables similar to Table 2.3-8 for the years 1966, 1967, and 1973-74 are shown
in Table 2.3-9. Figures 2.3-5 through 2.3-8 represent wind roses for each year of data col-
lected up to 1975 from the lower level of the meteorological tower. The lower sensor array
was moved from 50 ft to 33 ft in 1974.

Hourly data on meteorological conditions occurring during intermittent release periods have
not been included since data for 1973-1975 show that release times were well distributed over
the 24-hours period. Because of the intermittent release distribution with regard to time of
day, annual average meteorology is considered applicable to such releases.

Inspection of the available records showed that the 1975 data were similar to longer term
records previously collected at the site and therefore were appropriate for analyses at the site.
For example, diffusion calculations using the wake-split model were made for the plant vent
using 3-year composite joint frequency data for comparison with the calculation using 1975
joint frequency data. Results were not significantly different. Thus, from a diffusion stand-
point the 1975 data are considered representative of longer term conditions. Another check of
long-term representativeness was made by comparing wind roses from the four 1-year site
data periods. Figures 2.3-5 through 2.3-8 were compared. They showed close similarity for
most years, which further supports the conclusion that the 1975 data were representative of
longer term conditions.

2.3.4.1.2 Airflow Trajectory and Terrain Influences

The general flow pattern in the Ginna site region, as indicated by the four wind roses, is from
,the northwest to the south. During the fall and winter, the eastern two-thirds of the U.S. and
the northeastern U.S. in particular is dominated by high-pressure centers generally passing to
the south of the Ginna region. With their clockwise flow of air, these high-pressure centers
produce west or southwest winds when to the west of Ginna and south or southeast winds
when to the east of Ginna. In the spring and summer there is a general west to east flow
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across the U.S., which produces northwest to southwest winds in the Ginna site region
depending on the position of the high-pressure center. Also, mostly in the summer and scat-
tered through the year, there are some Canadian high-pressure centers that pass to the north of
Ginna, producing clockwise circulation that accounts for most of the northerly and easterly
winds in the area. Low-pressure centers are rather frequent in the Ginna area particularly
because of its close proximity to the St. Lawrence Valley cyclone storm track. However,
these low-pressure centers generally move rapidly and affect the area usually with east or
northeast winds for only short periods of time.

During periods of light winds, local terrain features and the presence of the lake have some
effect on flow patterns in the area. Balloon soundings were made at Ginna and at Oswego
about 60 miles east of Ginna in support of a fossil plant application to the state of New York
(Reference 16). Over 100 soundings were made at various times during a 1 year period. A
lake effect circulation pattern was only identified in one of the soundings. Since winds are
generally strong in the site region, it is expected that lake effect circulations will occur infre-
quently. Land breezes during periods when the lake is warmer than the land may also occur;
however, these are not apparent from the sounding program results or from the meteorologi-
cal tower records.

Since the terrain is gently rolling in the site region, it should not have a strong influence on
wind patterns or cause flow channeling in any particular direction at the site. This is also con-
firmed by measurements at the meteorological tower. Since it is not considered practical at
the present time to compute estimates using particle-in-cell or puff trajectory diffusion mod-
els, correction factors suggested in Regulatory Guide 1.111 for open terrain were used in this
analysis. This is considered to result in estimates at distances near the plant which are very
unlikely to be exceeded.

2.3.4.1.3 Atmospheric Diffusion Model

Average atmospheric dispersion evaluations were made using the straight line airflow model
shown below:

:Xf) 2.3 n;,,,Xx u-c Z7 ,, 2o
= 203 m [N u X,.(x)] exp[-h. / 2cy (x)]

(Equation 2.3-1 )

where: he = the effective release height.

nij = the length of time (hours of valid data) weather conditions are
observed to be at a given wind direction, windspeed class, i, and
atmospheric stability class, j.

N = the total hours of valid data.

ui = the geometrical mean of all speeds in the windspeed class, i, at a
height representative of release, calms are one-half the threshold
anemometer speed or less; extrapolation to higher levels, if
necessary, is done by raising the ratio of the two heights to the n
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power where n = 0.25, 0.33, and 0.5 for unstable, neutral, and stable
conditions, respectively.

CY j (x) = the vertical plume spread without volumetric correction at distance,
x, for stability class, j (see Figure 1 of Regulatory Guide 1. 111) based
on vertical temperature difference (delta T) and Regulatory Guide
1.23 categorization of Pasquill Groups by delta T.

1,j (x) = the vertical plume spread with a volumetric correction for a release
within the building wake cavity, at a distance, x, for stability class, j;
otherwise zj (x) = Cj (x).

(X/Q )1 = the average effluent concentration, X, normalized by source strength,
Q', at distance, x, in a given downwind direction, D.

2.032 = (2/nt)1/ 2 divided by the width in radians of a 22.50 sector.

In some cases hourly data were used and the summation over i and j in the above equation
was deleted and the summation was accomplished for all hours at all distances for each direc-
tion. Dilution was decreased according to terrain correction factors in Figure 2 of Regulatory
Guide 1.111. These factors were multiplied by the results from Equation 2.3-1 and varied in
accordance with the direction and distance being evaluated.

2.3.4.1.4 Source Configuration Considerations

2.3.4.1.4.1 Unobstructed Release Point

If a release point is elevated and there are no buildings which would obstruct the plume in its
normal trajectory, Equation 2.3-1 is used with the height of release defined as follows:

he = hs + hpr- ht- c

where: c = correction for low relative exit velocity.

he = effective release height.

hpr = rise of the plume above the release point based on Briggs (see below).

hs = physical height of the release point (the elevation of the stack base
should be assumed to be zero).

ht= maximum terrain height between the release point and the point for
which the calculation is made.

Values of hpr are computed follows for a "jet" since nuclear plant vents have an insignificant
amount of buoyancy due to heated discharges

hPr= 1.44D -- 2

(Equation 2.3-2)

up to the point where hpr is the minimum of the following two equations:
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prMh ,

(Equation 2.3-3)

or

F 1,/3 1 6

(Equation 2.3-4)

where symbols are as before, and

D = stack or vent effective inside diameter (m)

Wo = stack or vent exit velocity (m/sec)

Fm1
S =

wind speed at discharge level (m/sec)

momentum flux (m4/sec 2)

stability parameter (sec- 2)

2.3.4.1.4.2 Obstructed Release Point

If the plume trajectory from a release point (vent) does not remain outside of building wake
influences near large structures, all or portions of the plume are considered to be entrapped
and brought to ground level in the turbulent wake of the building. The criteria for determin-
ing the portion of the plume treated as an elevated or ground release follow from Equations 6,
7, and 8 of Regulatory Guide 1.111 and are repeated here for completeness.

If Wo/u > 5.0 use he as calculated above

If Wo/u•< 1.0 use he = 0

If 1 < 0 <_ 1.5
U

= 2.58 - 15 W

(Equation 2.3-5)

W
if 1.5 < -0 < 5.0

U
E t = 0 .

D

(Equation 2.3-6)
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The appropriate diffusion estimate is then computed by assuming an elevated release 100 (1 -
Et) percent of the time and by assuming ground release 100 Et percent of the time. Calcula-
tions utilizing this mixed model are referred to as wake-split calculations.

A building wake correction is computed for all ground releases near structures in accordance
with the following general equation:

2 +cH2 / 173 7

(Equation 2.3-7)

where: 21= effective dispersion coefficient for use in Equation 2.3-1 (mrp)

c = building wake coefficient (c = 0.5).

H = height of the tallest structure in the nuclear plant power block (m)

2.3.4.1.5 Removal Mechanisms

As radioactive effluent in a plume travels downwind, it is subject to several removal mecha-
nisms including radioactive decay, dry deposition, and wet deposition (during rain). Correc-
tions for radioactive decay are not made in the estimates reported in this section.

Dry deposition which results in depletion of halogen and particulate isotopes from the plume
is considered only to the extent suggested in Regulatory Guide 1.111. Depletion factors in
these curves are a function of height and distance; therefore, for sites where elevated releases
occur the terrain must be subtracted from the plume height before entering the curves at the
appropriate distance. Each elevated or ground level X/Q is multiplied by the depletion and
the terrain correction factors before combining to give the final depleted X/Q value.

To determine relative deposition rate as a function of distance and stability the curves given in
Figures 7 through 10 of Regulatory Guide 1.111 are used. Again, terrain heights are sub-
tracted before the table look-up is made. Terrain correction factors, if any, multiply each D/Q
value. Values from the curves are divided by the sector cross width (arc) at the point of calcu-
lation.

Dry deposition is believed to adequately represent overall deposition rates, since seasonal
rainfall is fairly uniform; therefore, wet deposition has not been considered.

2.3.4.1.6 Summary of Plant Discharges

A summary of plant vent information for each discharge point is given in Tables 2.3-10 and
2.3-11. Only vents used during routine operation are considered in this evaluation.

2.3.4.1.7 Input Assumptions

Table 2.3-12 tabulates all pertinent input information utilized in making the model calcula-
tions. Table 2.3-13 gives terrain elevations for all distances out to 10 miles. Terrain height is
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conservatively not allowed to decrease with increasing distance or to decrease below plant
grade in accordance with Regulatory Guide 1.111.

2.3.4.1.8 Results

Resulting X/Q, depleted X/Q, and D/Q values are listed in Reference 14, (pages 89-94) for
each direction sector for ten distances. These results are used as input for the dose calcula-
tions described in Section 11.3.

Tables 2.3-14 through 2.3-19 are reproduced from Reference 14 (pages 96-102). These tables
summarize the resulting diffusion factors for each of the receptor locations. Each table repre-
sents model results for one vent location for each season being evaluated. One set of calcula-
tions was made for the plant vents located on the intermediate building roof through which
most effluents are discharged and a second set of calculations was made for vents which are
assumed to release into the building wake in all wind conditions.

2.3.4.2 Accident Analysis Diffusion Characteristics

The atmospheric transport and diffusion characteristics for accident analysis at the Ginna site
were reevaluated during the review of Systematic Evaluation Program (SEP) Topic 1I-2.C.
Specifically, the NRC calculated the X/Q values for the Ginna site, with the results appearing
in Reference 17. The results of the RG&E evaluation appear in ReJerence 18. The two eval-
uations are discussed below, but have been superseded and are included here for historical
purposes.

As part of the Control Room Emergency Air Treatment System (CREATS) Modification, new
accident dose analyses were required for the control room because of the characteristics of the
new system. For consistency, it was decided to calculate new dose values for the Exclusion
Area Boundary (EAB) and Low Population Zone (LPZ), and to update the analysis using the
alternate source term per Reference 21. New atmospheric dispersion coefficients (X/Q) were
calculated as part of this effort and are detailed in Reference 22. The NRC approved these
new X/Q values and dose analyses in Reference 23, as supplemented by Reference 24.

2.3.4.2.1 Nuclear Regulatory Commission Evaluation (Historical)

The atmospheric dispersion factors were calculated using the direction dependent method
described in Regulatory Guide 1.145. The model considers the directionally dependent atmo-
spheric dispersion conditions. Specifically, the model considers the following effects:

A. Lateral plume meander, as a function of atmospheric stability, wind speed, and distance
from the source, during periods of low wind speeds (less than 6 m/sec) and neutral and sta-
ble atmospheric conditions.

B. Exclusion area boundary distance as a function of direction from the plant.

C. Atmospheric dispersion conditions when the wind is blowing in a specific direction.

D. The fraction of time that the wind can be expected to blow into each of the 16compass
directions.
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For the purpose of this evaluation available onsite meteorological data for the periods 1966-
1967 and 1973-1974 were used (see Table 2.3-9). For the composite data set, wind speed and
wind direction were measured at the 50-ft level with the wind speeds reduced by means of a
power law to represent conditions at the 33-ft level. Atmospheric stability was defined by the
vertical temperature gradient measured between the 33-ft and 150-ft levels. The maximum
X/Q value was calculated for the southeast direction, 503 m from the plant.

Using the composite of onsite meteorological data, the following X/Q values for an assumed
ground-level release with a building wake factor, cA, of 440 m2 were determined at distances
corresponding to the exclusion area boundary (EAB) and the outer boundary of the low-pop-
ulation zone (LPZ) in an onshore direction.

Time Period Distance X/Q (sec/m 3)

0 to 2 hours EAB (503 m SE) 4.8 x 10-4

0 to 8 hours LPZ (4827 m) 3.0 x 10-5

8 to 24 hours LPZ (4827 m) 2.1 x 10-5

1 to 4 days LPZ (4827 m) 8.6 x 10-6

4 to 30 days LPZ (4827 m) 2.5 x 10-6
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2.3.4.2.2 Rochester Gas and Electric Corporation Evaluation (Historical)

The atmospheric dispersion factors were calculated using the direction dependent method
described in Regulatory Guide 1.145 (0.5& probability). Considerations used in the analysis
include the following:

A. Lateral plume meander, as a function of atmospheric stability, wind speed and distance
from the source, during periods of low wind speeds (less than 6 m/sec) and neutral and sta-
ble atmospheric conditions.

B. Atmospheric dispersion conditions when the wind is blowing in each specific onshore
direction using hourly meteorological data in the WINDOW program (Reference 19).

C. The release was assumed to be at ground level.

D. A building wake factor has been applied (cA = 440 mi2 ).

E. Three years of meteorological data (1966, 1967, and 1973-1974) were used (see Table 2.3-
9).

F. The exclusion area boundary in each of 16 directions is as shown in Table 2.3-20. The dis-
tance to the low-population zone is 4827 m.

Time Period Location X/Q (sec/m 3)

0 to 2 hours EAB 2.2 x 10-4

0 to 8 hours LPZ (4827 m) 2.3 x 10-5

8 to 24 hours LPZ (4827 m) 7.0 x 10-6

I to 4 days LPZ (4827 m) 2.7 x 10-6

4 to 30 days LPZ (4827 m) 1.1 x 10-6

2.3.4.2.3 Current Approved Evaluation

The current approved evaluation was performed using the KRPavan computer code, and is
detailed in Reference 22. Assumptions and results are below:

" Meteorlogical data for the years 1999 through 2003 was used in this analysis. Unlike
ARCON96 (used in the control room x/Q determinations), KRPavan does not consider
missing or invalid data. As such, missing and invalid hours are deleted from the SQRT
files.

" There are a total of 43,824 available hours. Of these, 556 are missing (not recorded) and
835 hours are determined to be invalid. The net hours of available data is 42,433. A sam-
ple KRPavan output file shows that only 42,430 hours of data were read, i.e., 3 hours were
omitted from the joint frequency distribution. No effort was made to recover the 3 hours of
missing data. The data recovery fraction is:
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42,430/43,824 = 0.968, or about 97 percent.

This exceeds the 90% minimum data recovery suggested in Regulatory Guide 1.23.

* Activity releases are assumed to be at ground level

" The height of the lower and upper level wind speed measurement instruments are 10 meters
(33 ft) and 45.7 meters (150 ft), respectively. The upper level height is provided for infor-
mation.

* Calm hours are distributed in the first wind speed category of the joint frequency distribu-
tion.

* The assumed building wake area is normal to a line drawn from the source to the receptor.
Incident air flow, striking a simple block building, may move upward or sideways, depend-
ing on the position of the edges of the roof or sides. Clusters of buildings, like the Ginna
site, that have a greater vertical area (and more roofs and edges) than a single structure, e.g.
the facade, are effective wake producers.

" The vertical cross-section area, conservatively assumed for the building-wake correction, is

1850m 2. This is the area of the Containment Building Facade assumed for containment
leakage. Other values are also used (1071m 2 and 1800m 2) to investigate sensitivity to
changing wake area.

" The direction dependant Exclusion Area Boundary (EAB) x/Q values for licensing basis
case are shown on Table 2.3-21. The direction dependant Low Population Zone (LPZ) x/Q
values for the licensing basis case are shown on Table 2.3-22.

" Figure 2.3-9 shows the plant layout, including activity release points and elevations of the
major structural high-points. All activity releases are not assumed into the containment
wake, rather, all releases are assumed into the wake produced by the overall facility. A con-
servatively small wake area is assumed.

" Fourteen wind speed categories are assumed.

" Wind speed is input in meters/sec.

The off-site x/Q values are summarized below:

Boundary 0-2 hours 0-8 hours 8-24 hours 24-96 hours 96-720 hours

EAB 2.17E-4 -

LPZ 4.97E-5 2.51E-5 1.78E-5 8.5E-6 2.93E-5

2.3.4.2.4 Conclusions

The atmospheric dispersion values described in Section 2.3.4.2.3 are the values that Ginna
LLC will use in the future in estimating offsite radiological exposures from hypothetical
accidents.

Page 36 of 263 Revision 21 11/2008



GINNA/UFSAR
CHAPTER 2 SITE CHARACTERISTICS

REFERENCES FOR SECTION 2.3

1. Letter from D. M. Crutchfield, NRC, to J. E. Maier, RG&E, Subject: SEP Topic 1I-2.A
Severe Weather Phenomena, dated November 3, 1981.

2. U.S. Department of Commerce, National Oceanographic and Atmospheric Administra-
tion, Climates of the States, Vol. 1, 1974.

3. U.S. Department of Commerce, Climatic Atlas of the United States, June,1968.

4. U.S. Department of Commerce, National Oceanographic and Atmospheric Administra-
tion, Climates of the United States, 1973.

5. U.S. Department of Commerce, National Oceanographic and Atmospheric Administra-
tion, Local Climatological Data, Rochester, Syracuse, and Buffalo, New York, 1976.

6. American Society of Heating, Refrigeration and Air Conditioning Engineers, Inc.,
ASHRAE Handbook of Fundamentals, New York, 1976.

7. Sterling Power Project -Nuclear Unit I (SNUPPS), Preliminary Safety Analysis Report,
Docket No. 50-485.

8. Seasonal Variation of the Probable Maximum Precipitation East of the 105th Meridian
for Areas From 10 to 1,000 Square Miles and Durations of 6, 12, 24, and 48 Hours,
Hydrometeorological Report No. 33, Washington, D.C., April 1956.

9. L. T. Steyaert, et al., Estimating Water Equivalent Snow Depth from Related Meteoro-
logical Variables, NUREG/CR-1389, U.S. Nuclear Regulatory Commission, Washing-
ton, D.C., May 1980.

10. Memorandum from Harold R. Denton, NRC, (Assistant Director for Site Safety, Division
of Technical Review, Office of Nuclear Reactor Regulation) to R. R. Maccary, (Assistant
Director for Engineering, Division offTechnical Review, Office of Nuclear Reactor Reg-
ulation), Subject: Site Analysis Branch Position -Winter Precipitation Loads, dated
March 24, 1975.

11. J. L. Marshall, Lightning Protection, John Wiley and Sons, New York, 1973.

12. Letter from J. C. Ebersole, ACRS, to N. J. Palladino, NRC, Subject: ACRS Report on
Full-Term Operating License for the R. E. Ginna Nuclear Power Plant, dated April 9,
1984.

13. U. S. Nuclear Regulatory Commission, Integrated Plant Safety Assessment, Systematic
Evaluation Program, R. E. Ginna Nuclear Power Plant, NUREG 0821, Supplement No.
1, dated August 1983.

14. Letter from L. D. White, Jr., RG&E, to R. A. Purple, NRC, Subject: Dose Calculations
to Conform with Appendix I Requirements, dated June 3, 1976.

Page 37 of 263 Revision 21 11/2008



GINNA/UFSAR
CHAPTER 2 SITE CHARACTERISTICS

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

16. Application for Two 600 MWe Fossil Units at Sterling Site, Case 80001, Public Service
Commission, State of New York.

17. Letter from D. M. Crutchfield, NRC, to J. E. Maier, RG&E, Subject: SEP Topic II-2.C,
Atmospheric Transport and Diffusion Characteristics for Accident Analysis, dated Sep-
tember 24, 1981.

18. Letter from J. E. Maier, RG&E, to D. M. Crutchfield, NRC, Subject: SEP Topic II-2.C,
Atmospheric Transport and Diffusion Characteristics for Accident Analysis, dated June
30, 1981.

19. K. Woodard, "Accounting for Wind Meander and Site Shape in Probabilistic Atmo-
spheric Dispersion Models," Transactions of the American Nuclear Society 1975 Winter
Meeting, ANS 22 and 365, 1975.

20. Letter from J. E. Maier, RG&E, to D. M. Crutchfield, NRC, Subject: Meteorological
Assessment Capability in Response to NUREG-0737 and NUREG-0654 Requirements,
dated April 28, 1981.

21. Regulatory Guide 1.183, Alternative Radiological Source Terms for Evaluating Design
Basis Accidents at Nuclear Power Reactors, July 2000.

22. DA-NS-2003-004, Atmospheric Dispersion Factors for the Exclusion Boundary and
Low Population Zone, Revision 1.

23. Letter from Donna Skay, NRC, to Mary G. Korsnick, Ginna NPP, Subject: R. E. Ginna
Nuclear Power Plant - Amendment RE: Modification of the Control Room Emergency
Air Treatment System (CREATS)(and Change to Dose Calculating Methodology to
ALternate Source Term (TAC No. MB9123).

24. Letter from Donna Skay, NRC, to Mary G. Korsnick, Ginna NPP, Subject: R. E. Ginna
Nuclear Power Plant - Correction to Amendment No. 87 RE: Modification of the Control
Room Emergency Air Treatment System (CREATS) (TAC No. MB9123).

Page 38 of 263 Revision 21 11/2008



GINNA/UFSAR
CHAPTER 2 SITE CHARACTERISTICS

Table 2.3-1
WIND VELOCITY SUMMARY GINNA SITE TOWER, 50 FT. TOWER (FEBRUARY 1965 - JANUARY 1967, INCLUSIVE)

wind speed calm N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Tot ".g L

0 157 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 157 0 0.97

1-3 0 82 86 52 83 119 74 75 74 89 124 156 115 74 55 85 123 1466 2 9.18

4-7 0 128 100 81 154 266 191 186 229 386 611 787 537 265 244 278 161 4610 5 28.8

8-12 0 134 83 102 154 259 140 123 276 482 421 602 672 565 559 299 192 5063 9 31.6

13-18 0 68 63 97 105 91 57 40 159 287 75 129 355 598 469 283 145 3021 14 18.8

19-25 0 8 23 44 46 34 6 5 41 70 4 5 100 311 251 212 58 1218 21 7.6

26-32 0 0 13 12 10 5 0 0 5 10 0 1 23 76 94 118 21 388 28 2.5

33-40 0 0 3 2 0 0 0 0 0 0 0 0 I 18 19 36 0 79 34 0.5

40+ 0 0 0 0 0 0 0 0 0 0 0 0 0 1 3 3 0 7 48 0.05

TOT 157 420 371 396 552 774 468 429 784 1324 1235 1680 1803 1908 1694 1314 700 16009 10

AVG 0 8 9 I1 9 8 7 7 9 9 7 7 9 13 13 14 10 10 ---

0.97 2.65 2.35 2.50 3.50 4.86 2.94 2.69 i4.92 8.32 7.74 10.3 11.2 11.8 10.6 8.22 4.39 ---
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Table 2.3-2
WIND VELOCITY SUMMARY GINNA SITE TOWER, 150 FT. TOWER (FEBRUARY 1965 - JANUARY 1967, INCLUSIVE)

wind speed calm N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Tot Av.g %

0 242 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 242 0 1.48

1-3 0 83 57 66 66 90 47 57 52 39 45 61 47 42 57 87 89 985 2 6.0

4-7 0 120 92 118 191 228 147 187 149 156 200 248 225 219 246 187 138 2851 5 17.5

8-12 0 88 67 106 183 234 242 231 335 465 391 651 741 611 516 267 122 5250 10 32.2

13-18 0 126 72 96 98 124 58 80 322 408 329 415 526 613 569 273 181 4290 15 26.3

19-25 0 65 31 57 45 35 6 18 143 169 31 68 206 342 334 214 158 1922 21 11.8

26-32 0 3 10 12 16 4 0 1 29 22 0 4 58 122 116 126 60 583 28 3.5

33-40 0 0 4 9 2 0 0 0 1 0 0 1 8 37 29 65 17 173 35 1.0

40+ 0 0 I 0 0 0 1 1 0 0 I 0 I 7 6 27 7 52 50 0.3

TOT 242 485 334 464 601 715 501 575 1031 1259 997 1448 1812 1993 1873 1246 772 16348 12

AVG 0 10 10 11 9 9 8 8 12 12 10 10 12 14 14 16 14 12 ---

% 1.48 2.96 2.04 2.84 3.65 4.35 3.0 3.5 6.3 7.7 6.1 8.8 11.3 12.2 11.4 7.65 4.7 ..---
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Table 2.3-3
WIND VELOCITY SUMMARY GINNA SITE TOWER, 250 FT. TOWER (FEBRUARY 1965 - JANUARY 1967, INCLUSIVE)

wind speed calm N NNE NE ENE E ESE SE SSE S SSW Sw WSW W WNW NW NNW Tot A"Ay

0 129 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 129 0 0.78

1-3 0 56 54 55 51 70 34 26 35 25 22 50 44 36 54 70 64 746 2 4.52

4-7 0 98 94 125 155 152 100 88 85 87 101 131 115 117 163 150 113 1874 5 11.3

8-12 0 86 74 127 182 208 171 152 175 220 202 311 391 380 415 283 120 3497 10 21.1

13-18 0 100 87 110 120 156 142 178 290 404 314 542 759 817 615 316 174 5124 15 31.1

19-25 0 96 59 67 65 70 31 49 249 346 237 338 401 610 482 342 161 3603 21 21.7

26-32 0 22 12 18 13 20 2 3 73 102 14 30 89 213 230 211 69 1121 28 6.7

33-40 0 1 11 8 1 5 3 1 14 19 0 0 14 81 90 107 31 386 35 2.3

40+ 0 0 0 0 0 0 0 0 1 0 0 0 3 36 16 39 3 98 45 0.6

TOT 129 459 391 510 587 681 483 497 922 1203 890 1402 1816 2290 2065 1518 735 16578 15

AVG 0 12 12 11 10 I1 10 11 16 16 14 14 15 17 17 18 15 15 ......

% 0.78 2.75 2.32 3.05 3.5 4.1 2.9 3.0 5.55 7.30 5.35 8.5 11.0 13.8 12.5 9.2 4.4 1..
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Table 2.3-4
WIND VELOCITY SUMMARY (HOURS) ROCHESTER AIRPORT FIVE YEARS

wind sueed Calm N NNE N.E ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Total %
MPH

calm 652 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 652 1.50

1-3 0 70 56 74 136 194 262 346 264 403 297 357 165 102 97 66 66 2955 6.7

4-7 0 216 156 185 503 624 653 716 606 1006 1248 1158 783 342 347 327 245 9115 20.8

8-14 0 548 627 662 793 862 632 456 771 1732 2879 2108 2813 1188 1363 938 777 19149 43.8

15-39 0 221 303 342 104 101 108 78 249 485 922 1081 4392 1233 1516 517 268 11920 27.2

40-49 0 0 2 0 0 0 0 0 0 0 0 0 2 22 0 0 0 0 26 nil

50+ 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 5 nil

TOT 652 1055 1144 1263 1536 1781 1655 1596 1890 3626 5346 4706 8180 2865 3323 1848 1356 43822 ---

1.5 2.4 2.6 21 9 3.5 4.1 3.8 3.6 4.3 8.3 12.2 10.8 18.7 6.5 7.6 4.2 3.1 ---
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Table 2.3-5
WIND VELOCITY SUMMARY (HOURS) DURING PRECIPITATION ROCHESTER AIRPORT

wind sveed Calm N NNE N.E ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Total %MPH

calm 60 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 60 0.71

1-3 --- 6 4 17 23 26 29 35 21 27 30 32 17 17 16 8 13 321 3.80

4-7 --- 28 20 37 101 84 108 102 70 91 84 113 112 63 64 59 30 1166 13.8

8-14 --- 126 126 151 261 219 166 97 148 169 268 228 552 235 299 230 192 3467 41.1

15-39 --- 116 140 164 64 41 49 29 50 74 121 193 111 393 537 178 150 3410 40.4

40-49 --- 0 2 0 0 0 0 0 0 0 0 0 5 0 0 0 0 7 ---

50+ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

TOT --- 276 292 369 449 370 352 263 289 361 503 566 1797 708 916 475 385 8431

% 60 3.28 3.48 4.38 5.33 4.4 4.18 3.1 3.44 4.28 6.0 6.7 21.2 8.41 10.8 5.64 4.57 ---
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Table 2.3-6
WIND VELOCITY SUMMARY (HOURS) ROCHESTER COAST GUARD STATION (1951 - 1955)

Wind N NE E S.E S SW W NW CALM TOTAL %
S•eed
MPH

calm 0 0 0 0 0 0 0 0 53 53 0.9

1-3 79 92 135 122 125 299 157 75 --- 1084 18.3

4-7 111 123 149 176 171 572 382 136 --- 1820 30.6

8-14 93 161 183 135 104 515 470 244 --- 1905 32.0

15-39 64 123 101 43 33 223 319 179 --- 1085 18.2

40-49 1 3 0 0 0 0 0 0 --- 4 ---

50+ 0 0 0 0 0 0 0 0 --- 0 0

TOTAL 348 502 568 476 433 1609 1328 634 5951

% 5.9 8.4 9.5 8.0 7.3 27.0 22.3 10.7 0.9 ---
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Table 2.3-7
SUMMARY OF METEOROLOGICAL DATA GINNA SITE

Speed and Temperature Combined Comment
Direction Difference Percent
Level (ft.) Between (ft.) Recovery

Period of
Record

12/65 - 12/66

1/67 - 12/67

1/68 - 4/73

5/13/73 - 5/13/74

1/75- 12/75

Composite of
1/66 - 12/66
1/67- 12/67
5/13/73 - 5/13/74

50

50

50

50

33

50

150-10

150-10

150-10

150- 10

150-33

150-33

91.0

95.0

Not deter-
mined

83.3

84.1

92.3

Used for 3-year compos-
ite for comparison

Used for 3-year compos-
ite for comparison

Not used for analysis

Used for 3-year compos-
ite for comparison

Used for diffusion calcu-
lations

Used for comparison
with 1975 data
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Table 2.3-8a
JOINT FREQUENCY TABLES OF WIND SPEED AND DIRECTION FROM 33-FT LEVEL FOR 1975 (TEMPERATURE

DIFFERENCE BETWEEN 150 FT AND 33 FT)

Temperature Difference _< -1.0 (°F/100 FT)

WIND DIRECTION

SPEED MPH N NNE NE ENE E ESE SE SSE Total % GEO
MEAN

SPD
(MPH)

CALM 0 0 0 0 0 0 0 0 0 0.0 0.00

CALM+ - 2.0 0 1 2 0 0 0 0 0 10 0.7 1.79

2.1-3.5 5 4 7 2 1 0 0 1 45 3.1 2.87

3.6-7.5 19 14 32 6 12 5 9 16 269 18.7 5.62

7.6-12.5 17 23 46 22 13 11 22 20 405 28.1 9.79

12.6-18.5 26 14 18 10 4 2 12 6 350 24.3 15.07

18.6-24.5 3 9 34 10 6 1 1 10 249 17.3 21.18

24.6+ 0 0 1 9 7 0 0 3 113 7.8 30.06

TOTAL 70 65 140 59 43 19 44 56 1441 100.0 9.65

PERCENT 4.9 4.5 9.7 4.1 3.0 1.3 3.1 3.9 100.0 ......

AVG SPEED 10.8 11.2 12.2 14.8 13.9 9.3 10.5 12.3 ---......

AVERAGE SPEED FOR THIS TABLE EQUALS 13.8

HOURS IN ABOVE TABLE WITH VARIABLE DIRECTION =5
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Table 2.3-8b
JOINT FREQUENCY TABLES OF WIND SPEED AND DIRECTION FROM 33-FT LEVEL FOR 1975 (TEMPERATURE

DIFFERENCE BETWEEN 150 FT AND 33 FT)

Temperature Difference _< -1.0 (°F/100 FT)

WIND DIRECTION

SPEED MPH S SSW SW WSW W WNW NW NNW Total % GEO
MEAN

SPD
(MPH)

CALM 0 0 0 0 0 0 0 0 0 0.0 0.00

CALM+ - 2.0 0 0 0 1 1 2 2 1 10 0.7 1.79

2.1-3.5 2 1 0 2 1 4 8 7 45 3.1 2.87

3.6-7.5 14 12 10 7 22 46 25 20 269 18.7 5.62

7.6-12.5 18 23 14 23 65 23 34 31 405 28.1 9.79

12.6- 18.5 13 18 18 27 54 37 36 55 350 24.3 15.07

18.6-24.5 4 3 10 18 22 38 70 10 249 17.3 21.18

24.6+ 2 0 0 3 9 25 52 2 113 7.8 30.06

TOTAL 53 57 52 81 174 175 227 126 1441 100.0 9.65

PERCENT 3.7 4.0 3.6 5.6 12.1 12.1 15.8 8.7 100.0

AVG SPEED 11.3 11.0 13.1 14.4 13.6 15.5 18.7 12.1 .........

AVERAGE SPEED FOR THIS TABLE EQUALS 13.8

HOURS IN ABOVE TABLE WITH VARIABLE DIRECTION =5
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Table 2.3-8c
JOINT FREQUENCY TABLES OF WIND SPEED AND DIRECTION FROM 33-FT LEVEL FOR 1975 (TEMPERATURE

DIFFERENCE BETWEEN 150 FT AND 33 FT)

Temperature Difference > -1.0 BUT _ -0.9 ('F/100 FT)

WIND DIRECTION

SPEED MPH N NNE N E ENE E ESE SE SSE Total % GEO
MEAN

SPD
(MPH)

CALM 0 0 0 0 0 0 0 0 0 0.0 0.00

CALM+-2.0 0 0 0 0 1 0 0 0 1 0.2 1.70

2.1-3.5 2 0 3 0 1 0 1 2 19 4.5 2.86

3.6 -7.5 3 5 8 2 2 4 5 3 81 19.3 5.79

7.6-12.5 5 5 12 6 4 5 18 17 143 34.0 9.70

12.6-18.5 7 5 5 3 4 2 4 5 102 24.3 14.44
18.6 -24.5 1 2 1 3 2 0 0 0 5 49 11.7 21.84

24.6+ 0 0 0 1 1 0 0 0 25 6.0 30.59

TOTAL 18 17 31 14 13 11 28 32 420 100.0 9.10

PERCENT 4.3 4.0 7.4 3.3 3.1 2.6 6.7 7.6 100.0 ......

AVG SPEED 11.3 11.1 9.8 13.6 11.5 9.1 9.3 11.2 ---......

AVERAGE SPEED FOR THIS TABLE EQUALS 12.6

HOURS IN ABOVE TABLE WITH VARIABLE DIRECTION =2
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Table 2.3-8e JOINT FREQUENCY TABLES OF WIND SPEED AND DIRECTION FROM 33-FT LEVEL FOR 1975 (TEMPERATURE DIFFERENCE BETWEEN 150

Table 2.3-8d
JOINT FREQUENCY TABLES OF WIND SPEED AND DIRECTION FROM 33-FT LEVEL FOR 1975 (TEMPERATURE

DIFFERENCE BETWEEN 150 FT AND 33 FT)

Temperature Difference > -1.0 BUT _ -0.9 (°F/100 FT)

WIND DIRECTION

SPEED MPH S SSW SW WSW W WNW NW NNW Total % GEO
MEAN

SPD
(MPH)

CALM 0 0 0 0 0 0 0 0 0 0.0 0.00

CALM+ - 2.0 0 0 0 0 0 0 0 0 1 0.2 1.70

2.1-3.5 0 0 0 0 1 2 4 2 19 4.5 2.86

3.6-7.5 12 12 9 3 3 4 4 2 81 19.3 5.79

7.6- 12.5 11 13 10 12 16 3 5 1 143 34.0 9.70

12.6-18.5 10 4 6 24 12 6 2 3 102 24.3 14.44

18.6-24.5 0 2 4 4 5 11 10 0 49 11.7 21.84

24.6+ 1 0 1 3 4 8 6 0 25 6.0 30.59

TOTAL 35 31 30 46 41 34 31 8 420 100.0 9.10

PERCENT 8.3 7.4 7.1 11.0 9.8 8.1 7.4 1.9 100.0 ......

AVG SPEED 9.9 9.6 11.8 14.5 14.3 19.1 17.7 9.3 ---......

AVERAGE SPEED FOR THIS TABLE EQUALS 12.6

HOURS IN ABOVE TABLE WITH VARIABLE DIRECTION =2
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Table 2.3-8f JOINT FREQUENCY TABLES OF WIND SPEED AND DIRECTION FROM 33-FT LEVEL FOR 1975 (TEMPERATURE DIFFERENCE BETWEEN 150

Table 2.3-8e
JOINT FREQUENCY TABLES OF WIND SPEED AND DIRECTION FROM 33-FT LEVEL FOR 1975 (TEMPERATURE

DIFFERENCE BETWEEN 150 FT AND 33 FT)

Temperature Difference > -0.9 but <-0.8 (°F/100 FT)

WIND DIRECTION

SPEED MPH N NNE NE ENE E ESE SE SSE Total % GEO
MEAN

SPD
(MPH)

CALM 0 0 0 0 0 0 0 0 0 0.0 0.00

CALM+ - 2.0 0 0 0 0 0 0 1 0 4 0.7 1.46

2.1-3.5 0 5 4 3 1 1 2 0 35 5.8 2.89

3.6-7.5 6 7 8 6 16 3 6 13 139 23.2 5.61

7.6- 12.5 3 5 4 10 9 8 25 34 206 34.3 9.71

12.6-18.5 5 2 4 4 4 1 9 16 148 24.7 15.01

18.6-24.5 0 1 2 3 0 0 1 2 47 7.8 20.57

24.6+ 0 0 0 0 2 0 0 2 21 3.5 28.69

TOTAL 14 20 22 26 32 13 44 67 600 100.0 8.14

PERCENT 2.3 3.3 3.7 4.3 5.3 2.2 7.3 11.2 100.0 ......

AVG SPEED 10.1 8.2 9.0 10.1 9.5 8.5 10.1 11.3 ---....

AVERAGE SPEED FOR THIS TABLE EQUALS 11.3

HOURS IN ABOVE TABLE WITH VARIABLE DIRECTION =0
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Table 2.3-8g JOINT FREQUENCY TABLES OF WIND SPEED AND DIRECTION FROM 33-FT LEVEL FOR 1975 (TEMPERATURE DIFFERENCE BETWEEN 150

Table 2.3-8f
JOINT FREQUENCY TABLES OF WIND SPEED AND DIRECTION FROM 33-FT LEVEL FOR 1975 (TEMPERATURE

DIFFERENCE BETWEEN 150 FT AND 33 FT)

Temperature Difference > -0.9 but • -0.8 (0 F/100 FT)

WIND DIRECTION

SPEED MPH S SSW SW WSW W WNW NW NNW Total GEO
MEAN

SPD
(MPH)

CALM 0 0 0 0 0 0 0 0 0 0.0 0.00

CALM+ - 2.0 0 1 0 1 1 0 0 0 4 0.7 1.46

2.1-3.5 2 4 0 1 2 3 3 4 35 5.8 2.89

3.6-7.5 17 14 10 7 10 9 4 3 139 23.2 5.61

7.6-12.5 15 15 17 32 19 7 0 3 206 34.3 9.71

12.6-18.5 8 .2 11 33 33 8 6 2 148 24.7 15.01

18.6-24.5 1 1 1 9 13 6 7 0 47 7.8 20.57

24.6+ 1 0 0 5 4 4 3 0 21 3.5 28.69

TOTAL 44 37 39 88 82 37 23 12 600 100.0 8.14

PERCENT 7.3 6.2 6.5 14.7 13.7 6.2 3.8 2.0 100.0 ---...

AVG SPEED 9.5 7.4 11.1 13.6 13.7 13.5 16.8 7.0 --- ---..

AVERAGE SPEED FOR THIS TABLE EQUALS 11.3

HOURS IN ABOVE TABLE WITH VARIABLE DIRECTION =0
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Table 2.3-8h JOINT FREQUENCY TABLES OF WIND SPEED AND DIRECTION FROM 33-FT LEVEL FOR 1975 (TEMPERATURE DIFFERENCE BETWEEN 150

Table 2.3-8g
JOINT FREQUENCY TABLES OF WIND SPEED AND DIRECTION FROM 33-FT LEVEL FOR 1975 (TEMPERATURE

DIFFERENCE BETWEEN 150 FT AND 33 FT)

Temperature Difference > -0.8 but _< -0.3 (OF /100 FT)

WIND DIRECTION

SPEED MPH N NNE NE ENE E ESE SE SSE Total % GEO
MEAN

SPD
(MPH)I

CALM 0 0 1 0 1 0 0 1 6 0.2 0.30

CALM+ - 2.0 8 2 4 3 1 3 3 3 45 1.5 1.15

2.1-3.5 14 10 15 6 7 6 11 10 155 5.2 2.83

3.6-7.5 27 17 24 33 54 34 46 53 714 24.2 5.58

7.6- 12.5 28 12 22 28 60 43 68 120 1011 34.2 9.71

12.6- 18.5 20 7 9 34 19 6 22 69 669 22.6 14.94

18.6-24.5 17 3 10 12 4 0 3 24 235 7.9 21.00

24.6+ 2 2 1 4 5 0 0 16 121 4.1 28.30

TOTAL 116 53 86 120 152 92 153 304 2956 100.0 7.28

PERCENT 3.9 1.8 2.9 4.1 5.1 3.1 5.2 10.3 100.0 ......

AVG SPEED 10.2 8.8 8.9 11.3 9.8 8.0 9.1 12.0 ---......

AVERAGE SPEED FOR THIS TABLE EQUALS 11.3

HOURS IN ABOVE TABLE WITH VARIABLE DIRECTION 16

Page 52 of 263 Revision 21 11/2008



GINNA/UFSAR
Table 2.3-8i JOINT FREQUENCY TABLES OF WIND SPEED AND DIRECTION FROM 33-FT LEVEL FOR 1975 (TEMPERATURE DIFFERENCE BETWEEN 150

Table 2.3-8h
JOINT FREQUENCY TABLES OF WIND SPEED AND DIRECTION FROM 33-FT LEVEL FOR 1975 (TEMPERATURE

DIFFERENCE BETWEEN 150 FT AND 33 FT)

Temperature Difference > -0.8 but < -0.3 (OF /100 FT)

WIND DIRECTION

SPEED MPH S SSW SW WSW W WNW NW NNW Total % GEO
MEAN

SPD
(MPH)

CALM 1 1 0 0 0 0 1 0 6 0.2 0.30

CALM+- 2.0 2 3 2 4 4 0 2 1 45 1.5 1.15

2.1-3.5 19 17 8 8 7 6 3 8 155 5.2 2.83

3.6-7.5 113 117 68 36 28 21 24 19 714 24.2 5.58

7.6-12.5 115 102 109 132 72 22 42 28 1011 34.2 9.71

12.6-18.5 40 25 44 134 99 62 54 25 669 22.6 14.94

18.6-24.5 13 4 5 29 59 27 23 2 235 7.9 21.00

24.6+ 6 0 5 27 21 18 13 0 121 4.1 28.30

TOTAL 309 269 241 370 290 156 162 83 2956 100.0 7.28

PERCENT 10.5 9.1 8.2 12.5 9.8 5.3 5.5 2.8 100.0 ------

AVG SPEED 9.3 8.0 9.9 13.4 14.9 15.3 14.1 10.1 --- ---

AVERAGE SPEED FOR THIS TABLE EQUALS 11.3

HOURS IN ABOVE TABLE WITH VARIABLE DIRECTION =16

Page 53 of 263 Revision 21 11/2008



GINNA/UFSAR
Table 2.3-8j JOINT FREQUENCY TABLES OF WIND SPEED AND DIRECTION FROM 33-FT LEVEL FOR 1975 (TEMPERATURE DIFFERENCE BETWEEN 150

Table 2.3-8i
JOINT FREQUENCY TABLES OF WIND SPEED AND DIRECTION FROM.33-FT LEVEL FOR 1975 (TEMPERATURE

DIFFERENCE BETWEEN 150 FT AND 33 FT)

Temperature Difference > -0.3 but _ -0.8 (°F/100 FT)

WIND DIRECTION

SPEED MPH N NNE NE ENE E ESE SE SSE Total 0/ GEO
MEAN

SPD
(MPH)

CALM 0 0 3 0 0 0 0 0 3 0.2 0.30

CALM+ - 2.0 0 2 3 2 2 2 7 5 37 2.7 1.25

2.1-3.5 6 7 10 8 2 3 6 11 126 9.0 2.13

3.6- 7.5 3 3 12 12 28 20 25 51 541 38.8 5.36

7.6- 12.5 2 3 2 10 14 22 26 90 429 30.8 9.55

12.6- 18.5 1 2 0 4 2 3 4 38 210 15.1 14.72

18.6-24.5 0 0 0 0 1 0 3 10 32 2.3 21.53

24.6+ 0 0 0 0 0 0 0 1 15 1.1 27.61

TOTAL 12 17 30 36 49 50 71 206 1393 100.0 5.66

PERCENT 0.9 1.2 2.2 2.6 3.5 3.6 5.1 14.8 100.0 ---

AVG SPEED 5.2 5.7 3.9 7.1 6.9 7.6 7.4 9.8 ---

AVERAGE SPEED FOR THIS TABLE EQUALS 8.5

HOURS IN ABOVE TABLE WITH VARIABLE DIRECTION =5
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Table 2.3-8k JOINT FREQUENCY TABLES OF WIND SPEED AND DIRECTION FROM 33-FT LEVEL FOR 1975 (TEMPERATURE DIFFERENCE BETWEEN 150

Table 2.3-8j
JOINT FREQUENCY TABLES OF WIND SPEED AND DIRECTION FROM 33-FT LEVEL FOR 1975 (TEMPERATURE

DIFFERENCE BETWEEN 150 FT AND 33 FT)

Temperature Difference > -0.3 but _ -0.8 (°F/100 FT)

WIND DIRECTION

SPEED MPH S SSW SW WSW W WNW NW NNW Total % GEO
MEAN

SPD
(MPH)

CALM 0 0 0 0 0 0 0 0 3 0.2 0.30

CALM+ - 2.0 3 1 5 1 1 0 2 1 37 2.7 1.25

2.1-3.5 18 31 9 1 4 4 4 2 126 9.0 2.13

3.6-7.5 140 153 57 15 5 8 5 4 541 38.8 5.36

7.6-12.5 67 41 56 36 25 18 12 5 429 30.8 9.55

12.6-18.5 36 19 36 31 16 9 5 4 210 15.1 14.72

18.6-24.5 4 2 1 2 4 3 2 0 32 2.3 21.53

24.6+ 2 0 1 5 4 1 1 0 15 1.1 27.61

TOTAL 270 247 165 91 59 43 31 16 1393 100.0 5.66

PERCENT 19.4 17.7 11.8 6.5 4.2 3.1 2.2 1.1 100.0 ---

AVG SPEED 8.0 6.6 9.0 12.5 12.2 10.8 10.2 8:7 ---......

AVERAGE SPEED FOR THIS TABLE EQUALS 8.5

HOURS IN ABOVE TABLE WITH VARIABLE DIRECTION =5
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Table 2.3-81 JOINT FREQUENCY TABLES OF WIND SPEED AND DIRECTION FROM 33-FT LEVEL FOR 1975 (TEMPERATURE DIFFERENCE BETWEEN 150

Table 2.3-8k
JOINT FREQUENCY TABLES OF WIND SPEED AND DIRECTION FROM 33-FT LEVEL FOR 1975 (TEMPERATURE

DIFFERENCE BETWEEN 150 FT AND 33 FT)

Temperature Difference > -0.8 but __ 2.2 (°F/100 FT)

WIND DIRECTION

SPEED MPH N NNE NE ENE E ESE SE SSE Total GEO
MEAN

SPD
(MPH)

CALM 0 0 0 0 0 0 0 0 0 0.0 0.00

CALM+ - 2.0 0 1 0 1 1 1 1 1 9 2.8 1.52

2.1-3.5 1 5 2 1 4 1 3 7 39 12.1 2.94

3.6-7.5 2 1 5 7 3 8 5 20 215 66.8 5.27

7.6-12.5 1 0 1 5 2 1 0 2 52 16.1 9.84

12.6-18.5 0 0 2 1 2 2 0 0 7 2.2 14.54

18.6-24.5 0 0 0 0 0 0 0 0 0 0.0 0.00

24.6+ 0 0 0 0 0 0 0 0 0 0.0 0.00

TOTAL 4 7 10 15 12 13 9 30 322 0.0 4.86

PERCENT 1.2 2.2 3.1 4.7 3.7 4.0 2.8 9.3 100.0 ......

AVG SPEED 5.1 2.8 6.9 7.1 6.7 6.3 4.3 5.0 ---......

AVERAGE SPEED FOR THIS TABLE EQUALS 5.9

HOURS IN ABOVE TABLE WITH VARIABLE DIRECTION =2
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Table 2.3-8m JOINT FREQUENCY TABLES OF WIND SPEED AND DIRECTION FROM 33-FT LEVEL FOR 1975 (TEMPERATURE DIFFERENCE BETWEEN 150

Table 2.3-81
JOINT FREQUENCY TABLES OF WIND SPEED AND DIRECTION FROM 33-FT LEVEL FOR 1975 (TEMPERATURE

DIFFERENCE BETWEEN 150 FT AND 33 FT)

Temperature Difference > -0.8 but _ 2.2 (°F/100 FT)

WIND DIRECTION

SPEED MPH S SSW SW WSW W WNW NW NNW Total % GEO
MEAN

SP.D
(MPH)i

CALM 0 0 0 0 0 0 0 0 0 0.0 0.00

CALM+ - 2.0 1 0 0 0 0 1 0 1 9 2.8 1.52

2.1-3.5 9 3 0 0 0 0 1 2 39 12.1 2.94

3.6-7.5 81 55 11 9 0 2 2 4 215 66.8 5.27

7.6-12.5 9 4 4 8 6 0 6 3 52 16.1 9.84

12.6-18.5 0 0 0 0 0 0 0 0 7 2.2 14.54

18.6-24.5 0 0 0 0 0 0 0 0 0 0.0 0.00

24.6+ 0 0 0 0 0 0 0 0 0 0.0 0.00

TOTAL 100 62 15 17 6 3 9 10 322 0.0 4.86

PERCENT 31.1 19.3 4.7 5.3 1.9 0.9 2.8 3.1 100.0 ......

AVG SPEED 5.4 5.4 6.9 7.5 8.7 4.4 8.6 6.5 ---......

AVERAGE SPEED FOR THIS TABLE EQUALS 5.9

HOURS IN ABOVE TABLE WITH VARIABLE DIRECTION =2
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Table 2.3-8n JOINT FREQUENCY TABLES OF WIND SPEED AND DIRECTION FROM 33-FT LEVEL FOR 1975 (TEMPERATURE DIFFERENCE BETWEEN 150

Table 2.3-8m
JOINT FREQUENCY TABLES OF WIND SPEED AND DIRECTION FROM 33-FT LEVEL FOR 1975 (TEMPERATURE

DIFFERENCE BETWEEN 150 FT AND 33 FT)

Temperature Difference > 2.2 (°F/100 FT)

WIND DIRECTION

SPEED MPH N NNE NE ENE E ESE S.E SSE Total GEO
MEAN

SPD
(MPH)

CALM 0 0 0 0 0 0 0 0 0 0.0 0.00

CALM+-2.0 0 1 0 0 0 0 0 0 3 2.6 1.89

2.1-3.5 1 1 1 1 4 0 0 0 14 12.1 2.84

3.6-7.5 3 3 0 3 6 8 4 1 69 59.5 5.46

7.6-12.5 0 0 0 1 3 3 2 0 29 25.0 8.85

12.6-18.5 0 0 0 1 0 0 0 0 1 0.9 13.50

18.6-24.5 0 0 0 0 0 0 0 0 0 0.0 0.00

24.6+ 0 0 0 0 0 0 0 0 0 0.0 0.00

TOTAL 4 5 1 6 13 11 6 1 116 0.0 5.16

PERCENT 7.4 4.-3 0.9 5.2 11.2 9.5 5.2 0.9 100.0 ......

AVG SPEED 4.9 3.9 2.2 6.9 5.6 7.0 6.9 6.8 ---......

AVERAGE SPEED FOR THIS TABLE EQUALS 6.2

HOURS IN ABOVE TABLE WITH VARIABLE DIRECTION =0
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CHAPTER 2 SITE CHARACTERISTICS

Table 2.3-8n
JOINT FREQUENCY TABLES OF WIND SPEED AND DIRECTION FROM 33-FT LEVEL FOR 1975 (TEMPERATURE

DIFFERENCE BETWEEN 150 FT AND 33 FT)

Temperature Difference > 2.2 (°F/100 FT)

WIND DIRECTION

SPEED MPH S SSW SW WSW W WNW NW NNW Total % GEO
MEAN

SPD)
(MPH)I

CALM 0 0 0 0 0 0 0 0 0 0.0 0.00

CALM+ - 2.0 '0 2 0 0 0 0 0 0 3 2.6 1.89

2.1-3.5 1 0 3 0 1 1 0 0 14 12.1 2.84

3.6-7.5 8 3 11 6 4 3 0 6 69 59.5 5.46

7.6-12.5 0 7 6 4 0 0 1 2 29 25.0 8.85

12.6-18.5 0 0 0 0 0 0 0 0 1 0.9 13.50

18.6-24.5 0 0 0 0 0 0 0 0 0 0.0 0.00

24.6+ 0 0 0 0 0 0 0 0 0- 0.0 0.00

TOTAL 9 12 20 10 5 4 1 8 116 0.0 5.16

PERCENT 7.8 10.3 - 17.2 8.6 4.3 3.4 0.9 6.9 100.0

AVG SPEED 4.7 7.0 6.4 7.0 4.6 4.6 12.2 6.9 ---......

AVERAGE SPEED FOR THIS TABLE EQUALS 6.2

HOURS IN ABOVE TABLE WITH VARIABLE DIRECTION =0
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CHAPTER 2 SITE CHARACTERISTICS

Table 2.3-9a
JOINT FREQUENCY TABLES OF WIND SPEED AND DIRECTION FROM 50-FT LEVEL FOR 1966, 1967, AND 1973-74
(TEMPERATURE DIFFERENCE BETWEEN 150 FT AND 10 FT; ADJUSTED TO 150 FT TO 33 FT. SPEED ADJUSTED

TO 33 FT.)

Temperature Difference < -1.0 (°F/100 FT)

WIND DIRECTION

SPEED MPH NNE NE ENE E ESE SE SSE Total Y GEO
MEAN

SPD
(MPH)

CALM 2 1 1 2 0 0 0 0 11 0.4 1.00

CALM+ - 2.0 0 0 0 0 0 0 0 0 0 0.0 0.00

2.1 -3.5 44 36 23 35 18 4 1 2 263 9.1 2.73

3.6-7.5 68 89 86 112 67 7 21 29 1012 35.1 5.20

7.6-12.5 13 16 57 106 60 6 11 41 887 30.8 9.46

12.6-18.5 2 13 40 55 26 0 1 5 501 17.4 14.82

18.6-24.5 0 3 38 44 9 0 0 1 192 6.7 20.31

24.6+ 1 0 4 2 0 0 0 0 17 0.6 25.54

TOTAL 130 158 249 356 180 17 34 78 2883 100.0 6.56

PERCENT 4.5 5.5 8.6 12.3 6.2 0.6 1.2 2.7 100.0 ---...

AVG SPEED 4.8 6.1 10.2 9.9 8.6 5.8 7.1 8.5 --- ---

AVERAGE SPEED FOR THIS TABLE EQUALS 9.3

HOURS IN ABOVE TABLE WITH VARIABLE DIRECTION 2

Page 60 of 263 Revision 21 11/2008



GINNA/UFSAR
Table 2.3-9b JOINT FREQUENCY TABLES OF WIND SPEED AND DIRECTION FROM 50FT LEVEL FOR 1966, 1967, AND 1973-74 (TEMPERATURE

Table 2.3-9b
JOINT FREQUENCY TABLES OF WIND SPEED AND DIRECTION FROM 50-FT LEVEL FOR 1966, 1967, AND 1973-74
(TEMPERATURE DIFFERENCE BETWEEN 150 FT AND 10 FT; ADJUSTED TO 150 FT TO 33 FT. SPEED ADJUSTED

TO 33 FT.)

Temperature Difference < -1.0 (°F/100 FT)

WIND DIRECTION

SPEED MPH S SSW SW WSW W WNW NW NNW Total % GEO
MEAN

SPD
(MPH)

CALM 1 0 1 0 0 0 1 2 11 0.4 1.00

CALM+ - 2.0 0 0 0 0 0 0 0 0 0 0.0 0.00

2.1-3.5 13 6 12 2 4 5 22 36 263 9.1 2.73

3.6-7.5 32 53 58 25 18 80 178 89 1012 35.1 5.20

7.6-12.5 42 24 45 49 35 199 155 28 887 30.8 9.46

12.6- 18.5 35 1 5 18 28 108 153 11 501 17.4 14.82

18.6-24.5 8 1 0 4 2 31 43 8 192 6.7 20.31

24.6+ 0 0 0 0 1 7 1 1 17 0.6 25.54

TOTAL 131 85 121 98 88 430 553 175 2883 100.0 6.56

PERCENT 4.5 2.9 4.2 3.4 3.1 14.9 19.2 6.1 100.0

AVG SPEED 9.9 6.7 6.9 9.9 10.6 11.4 10.5 6.7 ---

AVERAGE SPEED FOR THIS TABLE EQUALS 9.3

HOURS IN ABOVE TABLE WITH VARIABLE DIRECTION =2
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Table 2.3-9d JOINT FREQUENCY TABLES OF WIND SPEED AND DIRECTION FROM 5OFT LEVEL FOR 1966,1967, AND 1973-74 (TEMPERATURE

Table 2.3-9c
JOINT FREQUENCY TABLES OF WIND SPEED AND DIRECTION FROM 50-FT LEVEL FOR 1966, 1967, AND 1973-74
(TEMPERATURE DIFFERENCE BETWEEN 150 FT AND 10 FT; ADJUSTED TO 150 FT TO 33 FT. SPEED ADJUSTED

TO 33 FT.)

Temperature Difference > -1.0 but • -0.9 ('F/100 FT)

WIND DIRECTION

SPEED MPH N NNE NE ENE E ESE SE SSE Total % GEO
MEAN

SPD
(MPH)I

CALM 1 1 1 0 0 1 0 0 7 1.2 1.00

CALM+ - 2.0 0 0 0 0 0 0 0 0 0 0.0 0.00

2.1-3.5 6 9 5 3 3 2 2 2 53 8.9 2.57

3.6-7.5 11 9 6 17 15 3 8 10 175 29.4 5.11

7.6-12.5 5 2 13 15 18 4 1 5 186 31.2 9.66

12.6- 18.5 0 6 18 18 6 0 0 2 117 19.6 14.68

18.6-24.5 0 4 18 6 4 0 0 1 53 8.9 20.65

24.6+ 0 0 0 4 0 0 0 0 5 0.8 27.22

TOTAL 23 31 61 63 46 10 11 20 596 100.0 6.49

PERCENT 3.9 5.2 10.2 10.6 7.7 1.7 1.8 3.4 100.0 --- .

AVG SPEED 5.4 8.1 13.4 11.9 9.6 5.9 4.8 8.0 ...

AVERAGE SPEED FOR THIS TABLE EQUALS 9.9

HOURS IN ABOVE TABLE WITH VARIABLE DIRECTION =0
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Table 2.3-9e JOINT FREQUENCY TABLES OF WIND SPEED AND DIRECTION FROM 50FT LEVEL FOR 1966, 1967, AND 1973-74 (TEMPERATURE

Table 2.3-9d
JOINT FREQUENCY TABLES OF WIND SPEED AND DIRECTION FROM 50-FT LEVEL FOR 1966, 1967, AND 1973-74
(TEMPERATURE DIFFERENCE BETWEEN 150 FT AND 10 FT; ADJUSTED TO 150 FT TO 33 FT. SPEED ADJUSTED

TO 33 FT.)

Temperature Difference > -1.0 but < -0.9 (°F/100 FT)

WIND DIRECTION

SPEED MPH S SSW SW WSW W WNW NW NNW Total % GEO
MEAN

SPD
(MPH)

CALM 1 0 0 0 0 0 1 1 7 1.2 1.00

CALM+ - 2.0 0 0 0 0 0 0 0 0 0 0.0 0.00

2.1-3.5 3 2 1 1 0 1 6 7 53 8.9 2.57

3.6-7.5 7 11 14 13 8 16 14 13 175 29.4 5.11

7.6-12.5 8 4 13 12 19 45 13 9 186 31.2 9.66

12.6- 18.5 3 0 3 3 15 19 21 3 117 19.6 14.68

18.6-24.5 0 0 0 1 5 3 11 0 53 8.9 20.65

24.6+ 0 0 0 0 1 0 0 0 5 0.8 27.22

TOTAL 22 17 31 30 48 84 66 33 596 100.0 6.49

PERCENT 3.7 2.9 5.2 5.0 8.1 14.1 11.1 5.5 100.0 ......

AVG SPEED 7.7 6.5 7.9 8.7 12.2 10.6 11.6 6.6 ---....

AVERAGE SPEED FOR THIS TABLE EQUALS 9.9

HOURS IN ABOVE TABLE WITH VARIABLE DIRECTION =0
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Table 2.3-9f JOINT FREQUENCY TABLES OF WIND SPEED AND DIRECTION FROM 50FT LEVEL FOR 1966, 1967, AND 1973-74 (TEMPERATURE

Table 2.3-9e
JOINT FREQUENCY TABLES OF WIND SPEED AND DIRECTION FROM 50-FT LEVEL FOR 1966, 1967, AND 1973-74
(TEMPERATURE DIFFERENCE BETWEEN 150 FT AND 10 FT; ADJUSTED TO 150 FT TO 33 FT. SPEED ADJUSTED

TO 33 FT.)

Temperature Difference > -0.9 but _ -0.8 (°F/100 FT)

WIND DIRECTION

SPEED MPH N NNE NE ENE E ESE SE SSE Total % GEO
MEAN

SPD
(MPH)

CALM 0 0 0 0 0 1 0 0 3 0.4 1.00

CALM+ - 2.0 0 0 0 - 0 0 0 0 0 0 0.0 0.00

2.1-3.5 5 7 3 4 7 2 1 4 50 7.0 2.62

3.6-7.5 6 5 10 32 33 3 9 8 216 30.1 5.34

7.6-12.5 11 15 26 18 23 6 1 9 223 31.1 9.63

12.6-18.5 2 14 31 16 9 2 0 1 149 20.8 14.69

18.6-24.5 1 4 13 10 7 0 1 1 62 8.6 20.90

24.6+ 0 0 1 5 0 0 0 0 14 2.0 28.01

TOTAL 25 45 84 87 79 14 12 23 717 100.0 7.22

PERCENT 3.5 6.3 11.7 12.1 11.0 2.0 1.7 3.2 100.0

AVG SPEED 8.0 10.6 13.1 11.3 8.9 7.8 7.4 8.1 ---......

AVERAGE SPEED FOR THIS TABLE EQUALS 10.4

HOURS IN ABOVE TABLE WITH VARIABLE DIRECTION = 1

Page 64 of 263 Revision 21 11/2008



GINNA/UFSAR
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Table 2.3-9f
JOINT FREQUENCY TABLES OF WIND SPEED AND DIRECTION FROM 50-FT LEVEL FOR 1966,1967, AND 1973-74
(TEMPERATURE DIFFERENCE BETWEEN 150 FT AND 10 FT; ADJUSTED TO 150 FT TO 33 FT. SPEED ADJUSTED

TO 33 FT.)

Temperature Difference > -0.9 but _ -0.8 (°F/100 FT)

WIND DIRECTION

SPEED MPH S SSW SW WSW W WNW NW NNW Total GEO
MEAN

SPD
(MPH)

CALM 0 0 1 0 1 0 0 0 3 0.4 1.00

CALM+ - 2.0 0 0 0 0 0 0 0 0 0 0.0 0.00

2.1-3.5 3 1 2 1 0 4 2 4 50 7.0 2.62

3.6-7.5 8 15 18 8 9 18 23 11 216 30.1 5.34

7.6-12.5 7 6 19 19 10 27 13 13 223 31.1 9.63

12.6-18.5 6 0 5 4 15 25 15 2 149 20.8 14.69

18.6-24.5 0 0 0 1 4 10 8 2 62 8.6 20.90

24.6+ 0 0 0 0 3 0 2 3 14 2.0 28.01

TOTAL 24 22 45 33 42 84 63 35 717 100.0 7.22

PERCENT 3.3 3.1 6.3 4.6 .5.9 11.7 8.8 4.9 100.0 - ---

AVG SPEED 8.2 6.4 8.2 9.5 13.0 11.4 11.6 10.3 ---......

AVERAGE SPEED FOR THIS TABLE EQUALS 10.4

HOURS IN ABOVE TABLE WITH VARIABLE DIRECTION = 1
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Table 2.3-9g
JOINT FREQUENCY TABLES OF WIND SPEED AND DIRECTION FROM 50-FT LEVEL FOR 1966, 1967, AND 1973-74
(TEMPERATURE DIFFERENCE BETWEEN 150 FT AND 10 FT; ADJUSTED TO 150 FT TO 33 FT. SPEED ADJUSTED

TO 33 FT.)

Temoerature Difference > -0.8 but < -0.3 ('F/100 FT)

WIND DIRECTION

SPEED MPH N NNE NE ENE E ESE SE SSE Total GEO
MEAN

SPD
(MPH)

CALM 7 4 1 1 7 5 1 3 57 0.8 1.00

CALM+ - 2.0 2 0 0 0 1 0 0 1 8 0.1 1.75

2.1-3.5 36 47 28 42 62 49 42 50 704 10.1 2.77

3.6-7.5 101 66 50 79 132 167 128 105 1706 24.6 5.56,

7.6- 12.5 161 115 77 91 126 110 53 121 2349 33.8 9.65

12.6-18.5 29 74 74 92 42 31 9 53 1554 22.4 14.95

18.6-24.5 5 13 12 20 16 1 2 6 462 6.7 20.88

24.6+ 2 2 3 6 0 0 0 0 103 1.5 27.85

TOTAL 343 321 245 331 386 363 235 339 6943 100.0 6.97

PERCENT 4.9 4.6 3.5 4.8 5.6 5.2 3.4 4.9 100.0 ......

AVG SPEED 8.4 9.7 10.7 10.4 8.0 7.2 6.4 8.2 ---......

AVERAGE SPEED FOR THIS TABLE EQUALS 10.3

HOURS IN ABOVE TABLE WITH VARIABLE DIRECTION =3
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Table 2.3-9h
JOINT FREQUENCY TABLES OF WIND SPEED AND DIRECTION FROM 50-FT LEVEL FOR 1966, 1967, AND 1973-74
(TEMPERATURE DIFFERENCE BETWEEN 150 FT AND 10 FT; ADJUSTED TO 150 FT TO 33 FT. SPEED ADJUSTED

TO 33 FT.)

Temperature Difference > -0.8 but _< -0.3 (°F/100 FT)

WIND DIRECTION

SPEED MPH S SSW SW WSW W WNW NW NNW Total % GEO
MEAN

SPD
LMPH

CALM 1 4 3 3 4 3 4 6 57 0.8 1.00

CALM+ - 2.0 1 0 1 0 1 1 0 0 8 0.1 1.75

2.1-3.5 33 44 62 .42 40 42 45 40 704 10.1 2.77

3.6-7.5 96 109 166 130 115 134 60 68 1706 24.6 5.56

7.6- 12.5 168 89 147 216 343 253 116 163 2349 33.8 9.65

12.6-18.5 80 21 24 86 331 267 212 129 1554 22.4 14.95

18.6-24.5 10 0 1 7 81 132 120 36 462 6.7 20.88

24.6+ 0 0 0 2 12 17 49 10 103 1.5 27.85

TOTAL 389 267 404 486 927 849 606 452 6943 100.0 6.97

PERCENT 5.6 3.8 5.8 7.0 13.4 12.2 8.7 6.5 100.0 ......

AVG SPEED 9.5 7.0 7.2 9.2 12.3 12.7 14.7 11.2 --- ---..

AVERAGE SPEED FOR THIS TABLE EQUALS 10.3

HOURS IN ABOVE TABLE WITH VARIABLE DIRECTION 3
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Table 2.3-9i
JOINT FREQUENCY TABLES OF WIND SPEED AND DIRECTION FROM 50-FT LEVEL FOR 1966, 1967, AND 1973-74
(TEMPERATURE DIFFERENCE BETWEEN 150 FT AND 10 FT; ADJUSTED TO 150 FT TO 33 FT. SPEED ADJUSTED

TO 33 FT.)

Temperature Difference > -0.3 but < 0.8 ('F/100 FT)

WIND DIRECTION

SPEED MPH N NNE NE ENE E ESE SE SSE Total Y GEO
MEAN

SPD
(MPH)

CALM 5 6 7 9 12 12 8 5 113 1.3 1.00

CALM+ - 2.0 7 9 6 15 18 17 12 14 181 2.0 1.93

2.1 -3.5 28 23 27 27 54 56 79 65 963 10.9 2.72

3.6-7.5 42 36 23 33 106 213 171 208 3439 38.8 5.48

7.6- 12.5 41 17 26 22 59 51 26 158 2672 30.1 9.55

12.6-18.5 17 4 6 6 11 7 1 47 905 10.2 14.66

18.6-24.5 5 1 4 2 0 0 0 6 441 5.0 21.06

24.6+ 0 0 0 0 0 0 0 0 151 1.7 27.77

TOTAL 145 96 99 114 260 356 297 503 8865 100.0 5.70

PERCENT 1.6 1.1 1.1 1.3 2.9 4.0 3.4 5.7 100.0 ......

AVG SPEED 7.5 5.5 6.7 5.5 5.8 5.4 4.8 7.5 ---......

AVERAGE SPEED FOR THIS TABLE EQUALS 8.6

HOURS IN ABOVE TABLE WITH VARIABLE DIRECTION =8
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Table 2.3-9j
JOINT FREQUENCY TABLES OF WIND SPEED AND DIRECTION FROM 50-FT LEVEL FOR 1966, 1967, AND 1973-74
(TEMPERATURE DIFFERENCE BETWEEN 150 FT AND 10 FT; ADJUSTED TO 150 FT TO 33 FT. SPEED ADJUSTED

TO 33 FT.)

Temoerature Difference > -0.3 but < 0.8 (CF/100 FT)

WIND DIRECTION

SPEED MPH S SSW SW WSW W WNW NW NNW Total GEO
MEAN

SPD
(MPH)

CALM 9 14 12 3 2 2 4 3 113 1.3 1.00

CALM+ - 2.0 16 22 9 13 9 6 4 4 181 2.0 1.93

2.1-3.5 72 127 166 82 52 30 36 39 963 10.9 2.72

3.6-7.5 426 473 672 439 281 169 90 57 3439 38.8 5.48

7.6-12.5 418 190. 305 424 523 294 71 47 2672 30.1 9.55

12.6-18.5 149 20 25 110 270 114 74 44 905 10.2 14.66

18.6-24.5 25 1 2 28 76 78 157 56 441 5.0 21.06

24.6+ 0 0 0 5 20 31 76 19 151 1.7 27.77

TOTAL 1115 847 1191 1104 1233 724 512 269 8865 100.0 5.70

PERCENT 12.6 9.6 13.4 12.5 13.9 8.2 5.8 3.0 100.0 ---...

AVG SPEED 8.6 6.1 6.4 8.4 10.7 11.5 15.6 12.2 --- ---..

AVERAGE SPEED FOR THIS TABLE EQUALS 8.6

HOURS IN ABOVE TABLE WITH VARIABLE DIRECTION =8
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Table 2.3-9k
JOINT FREQUENCY TABLES OF WIND SPEED AND DIRECTION FROM 50-FT LEVEL FOR 1966, 1967, AND 1973-74
(TEMPERATURE DIFFERENCE BETWEEN 150 FT AND 10 FT; ADJUSTED TO 150 FT TO 33 FT. SPEED ADJUSTED

TO 33 FT.)

Temperature Difference > 0.8 but < 2.2 ( 'F/100 FT)

WIND DIRECTION

SPEED MPH N NNE NE ENE E ESE SE SSE Total GEO
MEAN

SPD
(MPH)

CALM 2 2 3 2 8 7 3 7 56 2.9 1.00

CALM+ - 2.0 6 3 1 2 1 6 4 7 77 4.0 1.92

2.1-3.5 7 8 6 10 38 16 27 28 428 22.1 2.74

3.6-7.5 0 4 5 8 32 45 27 74 1155 59.7 5.19

7.6-12.5 0 0 6 3 9 3 1 11 203 10.5 8.78

12.6-18.5 0 1 1 2 2 2 2 0 16 0.8 13.95

18.6-24.5 0 0 0 0 0 0 0 0 0 0.0 0.00

24.6+ 0 0 0 0 0 0 0 0 0 0.0 0.00

TOTAL 15 18 22 27 90 79 64 127 1935 0.0 3.88

PERCENT 0.8 0.9 1.1 1.4 4.7 4.1 3.3 6.6 100.0

AVG SPEED 2.2 3.6 5.7 5.0 4.4 4.5 4.0 4.6 ---

AVERAGE SPEED FOR THIS TABLE EQUALS 5.0

HOURS IN ABOVE TABLE WITH VARIABLE DIRECTION =7
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Table 2.3-91
JOINT FREQUENCY TABLES OF WIND SPEED AND DIRECTION FROM 50-FT LEVEL FOR 1966,1967, AND 1973-74
(TEMPERATURE DIFFERENCE BETWEEN 150 FT AND 10 FT; ADJUSTED TO 150 FT TO 33 FT. SPEED ADJUSTED

TO 33 FT.)

Temperature Difference > 0.8 but _ 2.2 ( 'F/100 FT)

WIND DIRECTION

SPEED MPH S SSW SW WSW W WNW NW NNW Total % GEO
MEAN

SPD
(MPH)

CALM 4 6 1 5 1 2 2 1 56 2.9 1.00

CALM+ - 2.0 10 6 8 7 5 5 2 4 77 4.0 1.92

2.1-3.5 43 74 89 33 16 15 12 6 428 22.1 2.74

3.6-7.5 131 226 294 180 74 26 22 7 1155 59.7 5.19

7.6- 12.5 30 39 33 27 20 14 6 1 203 10.5 8.78

12.6-18.5 0 0 0 2 0 2 2 0 16 0.8 13.95

18.6-24.5 0 0 0 0 0 0 0 0 0 0.0 0.00

24.6+ 0 0 0 0 0 0 0 0 0 0.0 0.00

TOTAL 218 351 425 254 116 64 46 19 1935 0.0 3.88

PERCENT 11.3 18.1 22.0 13.1 6.0 3.3 2.4 1.0 100.0 ---

AVG SPEED 5.2 5.2 4.8 5.4 5.6 5.4 5.4 3.6 ---

AVERAGE SPEED FOR THIS TABLE EQUALS 5.0

HOURS IN ABOVE TABLE WITH VARIABLE DIRECTION =7
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Table 2.3-9m
JOINT FREQUENCY TABLES OF WIND SPEED AND DIRECTION FROM 50-FT LEVEL FOR 1966, 1967, AND 1973-74
(TEMPERATURE DIFFERENCE BETWEEN 150 FT AND 10 FT; ADJUSTED TO 150 FT TO 33 FT. SPEED ADJUSTED

TO 33 FT.)

Temnerature Difference > 2.2 ('F/100 FT)

WIND DIRECTION

SPEED MPH N NNE NE ENE E ESE SE SSE Total % GEO
MEAN

SPD
(MPH)

CALM 3 6 0 2 3 6 9 5 75 5.3 1.00

CALM+ - 2.0 4 4 1 6 4 3 3 13 81 5.8 1.93

2.1-3.5 3 5 8 15 28 21 21 38 406 28.9 2.74

3.6-7.5 2 1 6 8 28 32 27 38 798 56.9 4.96

7.6-12.5 0 1 0 0 6 3 1 3 42 3.0 8.58

12.6-18.5 0 0 0 0 1 0 0 0 1 0.1 13.16

18.6-24.5 0 0 0 0 0 0 0 0 0 0.0 0.00

24.6+ 0 0 0 0 0 0 0 0 0 0.0 0.00

TOTAL 12 17 15 31 70 .65 61 97 1403 0.0 3.26

PERCENT 0.9 1.2 1.1 2.2 5.0 4.6 4.3 6.9 100.0 ...

AVG SPEED 2.3 2.4 3.7 3.0 4.2 4.2 3.4 3.7 ---......

AVERAGE SPEED FOR THIS TABLE EQUALS 4.2

HOURS IN ABOVE TABLE WITH VARIABLE DIRECTION 6
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Table 2.3-9n
JOINT FREQUENCY TABLES OF WIND SPEED AND DIRECTION FROM 50-FT LEVEL FOR 1966, 1967, AND 1973-74
(TEMPERATURE DIFFERENCE BETWEEN 150 FT AND 10 FT; ADJUSTED TO 150 FT TO 33 FT. SPEED ADJUSTED

TO 33 FT.)

Temnerature Difference > 2.2 (°F[I00 FT)

WIND DIRECTION

SPEED MPH S SSW SW WSW W WNW NW NNW Total % GEO
MEAN

SPD
(MPH

CALM 5 7 5 4 10 8 1 1 75 5.3 1.00

CALM+ - 2.0 9 4 10 7 4 2 2 5 81 5.8 1.93

2.1 - 3.5 50 71 66 27 27 17 8 1 406 28.9 2.74

3.6-7.5 94 191 197 119 42 6 4 3 798 56.9 4.96

7.6-12.5 5 4 8 4 1 2 2 2 42 3.0 8.58

12.6-18.5 0 0 0 0 0 0 0 0 1 0.1 13.16

18.6-24.5 0 0 0 0 0 0 0 0 0 0.0 0.00

24.6+ 0 0 0 0 0 0 0 0 0 0.0 0.00

TOTAL 163 277 286 161 84 35 17 12 1403 0.0 3.26

PERCENT 11.6 19.7 20.4 11.5 6.0 2.5 1.2 0.9 100.0 . ...

AVG SPEED 4.2 4.4 4.5 4.8 3.6 3.1 4.0 3.7 ---

AVERAGE SPEED FOR THIS TABLE EQUALS 4.2

HOURS IN ABOVE TABLE WITH VARIABLE DIRECTION =6
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Table 2.3-10
GASEOUS DISCHARGE POINTS AT THE GINNA SITE

System

Turbine building ventilation

Auxiliary building ventilation system(ABVS)

Radwaste building ventilation

Containment purge vent

Waste gas processing vent

Condenser air ejector exhaust

Steam generator blowdown exhaust

Steam leakage from secondary system

Vent Number

1

2
2

3

2

5

4

I
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CHAPTER 2 SITE CHARACTERISTICS

Table 2.3-11
VENT DESIGN INFORMATION FOR GINNA

Vent Location Discharne Height of Discharge Above Maximum Effectivea Velocity! at
Number Elevation Building Elevation (m) Vent Point of

Above Diameter Discharge
Grade Wm) W (m/sec)

1 Turbine building roof (with hoods) NA Assumed ground release in building wake NA NA

2 Plant vent (intermediate building roof) 42.0 1.0 1.8 8.8

3 Containment purge vent (intermediate building vent) 42.0 1.0 0.91 14.4

4 Blowdown tank vent (intermediate building roof, hooded) NA Assumed ground release in building wake NA NA

5 Air ejector vent (turbine building roof) NA Assumed ground release in building wake NA NA

NOTE:- NA = Not applicable

a. Assumed diameter of 0.91 m and velocity of 8.8 m/sec for wake-split runs.
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Table 2.3-12
TABULATION OF INPUT ASSUMPTIONS FOR CALCULATIONS

Parameter Assumed Value or Characteristic

Height of meteorological instru-
ments for stack runs

Height of meteorological instru-
ments for ground level releases

Height of meteorological instru-
ments for hourly wake split runs

Height of meteorological instru-
ments for wake split runs using
joint frequency tables

Method for determining stability
and diffusion coefficients

Calms treatment

Upper limit for cyz (m)
Height of tallest structure for

computation of Y (m)

Vent exit conditions

Delta-temperature correction fac-
tor

Not applicable to Ginna

33-ft speed and direction, delta T 150-33

33 ft and 150 ft

33 ft

Temperature difference using Regulatory Guide 1.23 and
Pasquill curves

Assumed 0.3 mph and assumed to have same direction as
measured

1000

41.0

From Table 2.3-11

0.56 for data prior to July 1975 only

Terrain height

Terrain correction factors

See Table 2.3-13

Figure 2 of Regulatory Guide 1.111
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Table 2.3-13
TOPOGRAPHIC ELEVATIONS FEET (MSL) FOR GINNA SITE PLANT GRADE IS 270 FEET

Distance in Miles

0.5 1 1.5 2 2.5 3 3.55 4 4.5 5 5.5 6 6.5 7 7.5 8 8.5 9 9.5 10

Section -

N ----- - --- ----------------------------------------------- lake ------------------------------------------------

NNE ---- ------------------------------------------------- lake ------------------------------------------------ *

NE ------ --- --------------------------------------------- lake ---------------------------------------------------------------------------

ENE - ----------------------- lake . -----------------------------------------------

E 270 265 265 265 270 270 280 280 290 280 290 280 275 300 300 300 300 300 300 280

ESE 270 330 290 300 335 350 330 360 370 375 370 370 405 405 430 420 455 500 500 430

SE 300 310 330 340 350 375 385 395 415 425 440 450 445 450 500 530 550 460 450 530

SSE 330 320 335 370 385 395 410 470 440 450 450 470 510 500 520 540 520 500 520 470

S 310 350 340 370 380 415 430 450 460 460 480 485 490 500 540 535 530 590 550 490

SSW 270 300 350 375 380 390 405 430 450 470 495 490 500 500 500 540 540 545 525 545

SW 270 315 330 360 360 380 400 405 410 430 450 470 475 450 475 480 475 480 515 490

WSW 275 305 300 330 320 330 325 330 340 340 335 340 350 345 360 365 375 365 370 360

W 2 8 0 2 8 5 2 7 0 2 7 0 2 7 0 2 7 0 2 5 0 . . . . . . la k e . .. . .. .. . . .. . . . .. . . . . .. . . ..----

XXTMTJI -.-- . 1 - --- . .. . . ..... .¥¥ l• ¥¥

NW

NNW

--- -- -- la k e --- -- --- --- --- --- .. ...
---. -.- .-. lake ---. ---. . -. -.-. --. ---. .-. --.. ...
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CHAPTER 2 SITE CHARACTERISTICS

Table 2.3-14
ANNUAL DIFFUSION AND DEPOSITION ESTIMATES FOR ALL RECEPTOR LOCATIONS, RELEASE POINT:

PLANT VENTS, WAKE-SPLIT

SOURCE: Computer Run ID: GX-3 604-65, 1976

Direction Distance X/O Depleted D/O Distance to X/O Depleted D/O Nearest X/O Depleted D/O
to Nearest Lsec/m3l X/O Lm---, Nearest (sec/m3b X/O Iln21 Site (sec/mlj X/O _-_1
Residence (sec/m3b Ve2etable (sec /m3 Boundary (sec /m3fŽ

(M) Garden (m) (M£n

N lake NA NA NA NA lake

NNE lake lake

NE lake lake

ENE lake lake

E 1200 1.3E-06 1.2E-06 4.4E-08 700 2.5E-06 2.2E-06 9.8E-08

ESE 950 1.1E-06 9.6E-07, 4.4E-08 700 1.5E-06 1.4E-06 7.OE-08

SE 500 2.5E-06 2.3E-06 1.4E-07 650 1.8E-06 1.7E-06 9.2E-08

SSE 600 1.4E-06 1.3E-06 5.5E-08 600 1.4E-06 1.3E-06 5.5E-08

S 450 1.6E-06 1.4E-06 6.3E-08 900 1.2E-06 1.1E-06 2.5E-08

SSW 600 7.6E-07 7.OE-07 3.OE-08 500 9.4E-07 8.6E-07 3.9E-08

SW 750 9.9E-07 9.1E-07 3.9E-08 500 1.6E-06 1.5E-06 7.3E-08

WSW 1100 8.2E-07 7.4E-07 1.8E-08 1500 7.1E-07 6.4E-07 1.2E-08

W 1600 7.8E-07 7.1E-07 1.1E-08 1400 8.7E-07 7.9E-07 1.3E-08

WNW 2900 2.OE-07 1.7E-07 1.5E-09 600 8.8E-07 8.OE-07 2.1E-08

NW lake lake

NNW lake lake

NOTE:- NA indicates that diffusion information for this run was not used in dose calculations for receptors in this column.
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Table 2.3-15
GRAZING SEASON DIFFUSION AND DEPOSITION ESTIMATES FOR LIVESTOCK RECEPTOR LOCATIONS,

RELEASE POINT: PLANT VENTS, WAKE-SPLIT

SOURCE: Computer Run ID: GX-I 604-64, 1976

Direction Distance X/O Denleted D/O Distance to X/O Depleted D/O Distance X/O Depleted D/O
to Nearest (sec/m3. X/O j.-21 Nearest (sec/m3• X/O -11 to Nearest (sec/m- X/O Lm.-21
Milk Cow (sec/m_ _ Meat _sec/m3_ Milk Goat (sesec/m_

(M) Animal (m) "Mi

N lake NA lake NA lake NA

NNE lake lake lake

NE lake lake lake

ENE lake lake lake

E --- 5.7E-08 6.6E-10 --- 5.7E-08 6.6E-10 --- 5.7E-08 6.6E-10

ESE 8000 4.4E-08 4.5E-10 1000 1.1E-06 3.8E-08 --- 4.4E-08 4.5E-10

SE --- 4.7E-08 2.8E-10 2200 5.2E-07 4.7E-09 --- 4.7E-08 2.8E-10

SSE 5500 8.1E-08 3.5E-10 4800 9.7E-08 4.3E-10 --- 4.2E-08 1.8E-10

S ... 5.9E-08 2.8E-10 --- 5.9E-08 2.8E-10 --- 5.9E-08 2.8E-10

SSW 7000 8.4E-08 2.7E-10 2200 5.4E-07 3.1E-09 --- 6.5E-08 2.1E-10

SW --- L.OE-07 5.OE-10 2500 8.OE-07 6.4E-09 --- L.OE-07 5.OE-10

WSW 4700 4.9E-07 7.2E-10 6.OE-08 2.4E-10 --- 6.OE-08 2.4E-10

W --- 4.OE-08 1.7E-10 --- 4.OE-08 1.7E-10 --- 4.OE-08 1.7E-10

WNW --- 2.8E-08 1.2E-10 --- 2.9E-08 1.2E-10 2.9E-08 1.2E-10

NW lake lake lake lake

NNW lake lake lake lake

NOTE:- NA indicates that diffusion information for this runwas not used in dose calculations for receptors in this column.
NOTE:- (-) Indicates receptor distance is greater than 8000 m, diffusion values given are for 8000 m.
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Table 2.3-16
GRAZING SEASON DIFFUSION AND DEPOSITION ESTIMATES FOR ALL RECEPTOR LOCATIONS, RELEASE

POINT: PLANT VENTS, WAKE-SPLIT

SOURCE: Computer Run ID: GX-1 604-64, 1976

Direction Distance X/O Depleted D/O Distance to X/O Depleted DPO Nearest X/O Depleted D/O
to Nearest fsec/m31 X/O flm-21 Nearest (sec/mll X/O jm_1 Site (sec/m3 X/O Lmn]
Residence Lsec/mk_] Vegetable sec/m3_ Boundary (sec /m3

-L .1 G a rd e n (m ) L _ _ - _M_ _ _ _

N lake NA lake NA lake NA

NNE lake lake lake

NE lake lake lake

ENE lake lake lake

E 1200 1.5E-06 5.1E-08 6600 8.OE-08 9.6E-10 700 2.6E-06 L.OE-07

ESE 950 1.2E-06 4.OE-08 950 1.2E-06 4.OE-08 700 1.6E-06 6.4E-08

SE 500 1.8E-06 5.3E-08 2800-3800 3.3E-07 2.6E-09 650 1.4E-06 3.8E-08

SSE 600 1.2E-06 2.6E-08 3600 1.7E-07 7.9E-10 600 1.2E-06 2.6E-08

S 450 1.7E-06 5.4E-08 2100-4200 8.OE-07 5.7E-09 900 1.7E-06 2.5E-08

SSW 600 8.4E-07 2.3E-08 2300-3600 5.3E-07 2.8E-09 500 9.5E-07 2.9E-08

SW 750 1.4E-06 5.5E-08 5300 2.1E-07 1.1E-09 500 2.3E-06 1.OE-07

WSW 1100 L.OE-06 1.6E-08 1400 9.8E-07 1.2E-08 1500 9.6E-07 1.1E-08

W 1600 6.7E-07 7.OE-09 5600 6.9E-08 3.6E-10 1400 7.4E-07 8.5E-09

WNW 2900 1.7E-07 1.3E-09 4400 7.7E-08 4.5E-10 600 7.6E-07 1.9E-08

NW lake lake lake

NNW lake lake lake

NOTE:- NA indicates that diffusion information for this run was not used in dose calculations for receptors in this column.
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Table 2.3-17
ANNUAL DIFFUSION AND DEPOSITION ESTIMATES FOR ALL RECEPTOR LOCATIONS, RELEASE POINT:

GROUND RELEASE IN BUILDING WAKE

SOURCE: Computer Run ID: GX-5 604-63, 1976

Direction Distance X/O Depleted Q/O Distance to X/O Denleted D/O Nearest X/O Depleted D/Oto Nearest (sec/mai X/O Lm-Z, Nearest (sec/m- X/O m-2 Site semO
Residence (sec/m3Ž Ve2etable sec/mit Boundary ssee/m3XO

(M) Garden (m) Lmk ndsc
N lake NA NA NA NA lake

NNE lake lake

NE lake lake

ENE lake lake

E 1200 2.5E-06 2.1E-06 5.7E-08 700 6.1E-06 5.2E-06 1.4E-07

ESE 950 2.3E-06 1.9E-06 5.5E-08 700 3.8E-06 3.3E-06 9.3E-08

SE 500 7.3E-06 6.4E-06 1.8E-07 650 4.8E-06 4.1E-06 1.2E-07

SSE 600 4.2E-06 3.6E-06 7.2E-08 600 4.2E-06 3.6E-06 7.2E-08

S 450 7.8E-06 6.9E-06 L.OE-08 900 2.6E-06 2.2E-06 3.2E-08

SSW 600 4.4E-06 3.8E-06 5.1E-08 500 5.9E-06 5.2E-06 7.OE-08

SW 750 5.7E-06 4.9E-06 5.9E-08 500 1.1E-05 9.4E-06 1.2E-07

WSW 1100 2.3E-06 1.9E-06. 2.7E-08 1500 1.4E-06 1.1E-06 1.7E-08

W 1600 1.8E-06 1.4E-06 1.7E-08 1400 2.2E-06 1.7E-06 2.1E-08

WNW 2900 3.7E-07 2.7E-07 2.5E-09 600 5.8E-06 5.OE-06 5.8E-08

NW lake lake

NNW lake lake

NOTE:- NA indicates that diffusion information for this run was not used in dose calculations for receptors in this column.
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Table 2.3-18
GRAZING SEASON DIFFUSION AND DEPOSITION ESTIMATES FOR LIVESTOCK RECEPTOR LOCATIONS,

RELEASE POINT: ASSUMED GROUND RELEASE IN BUILDING WAKE

SOURCE: Computer Run ID: GX-4 604-62, 1976

Direction Distance X/O Depleted D/O Distance to X/O Degleted D/O Distance X/O Depleted D/O
to Nearest (sec/mkli X/O Lm-L Nearest (sec/m31 X/O (m-21 to Nearest (sec/mkl X/O jm-21
Milk Cow 3sec/m3 Meat sec/m3l Milk Goat _sec/m__

"M) Animal (m) L____ (Mi Gm_

N lake NA lake NA lake NA

NNE lake lake lake

NE• lake lake lake

ENE lake lake lake

E --- 6.7E-08 7.9E-10 --- 6.7E-08 7.9E-10 --- 6.7E-08 7.9E-10

ESE 8000 4.5E-08 5.OE-10 1000 2.6E-06 5.OE-08 --- 4.5E-08 5.OE-10

SE --- 4.6E-08 2.9E-10 2200 7.2E-07 6.4E-09 --- 4.6E-08 2.9E-10

SSE 5500 7.7E-08 4.2E-10 4800 9.6E-08 5.3E-10 --- 3.9E-08 1.8E-10

S --- 5.7E-08 2.8E-10 --- 5.7E-08 2.8E-10 --- 5.7E-08 2.8E-10

SSW 7000 7.9E-08 2.7E-10 2200 8.9E-07 4.7E-09 --- 6.1E-08 2.1E-10

SW --- 1.OE-07 5.E-10 2500 1.2E-06 8.2E-09 --- 6.7E-08 3.2E-10

WSW 4700 1.8E-07 1.1E-09 --- 6.7E-08 3.2E-10 --- 6.7E-08 3.2E- 10

W --- 5.8E-08 2.4E-10 --- 5.8E-08 2.4E-10 --- 5.8E-08 2.4E-10

WNW --- 4.4E-08 1.9E-10 --- 4.4E-08 1.9E.10 --- 4.4E-08 1.9E-10

NW lake lake lake lake

NNW lake lake lake lake

NOTE:- NA indicates that diffusion information for this run was not used in dose calculations for receptors in this column.
NOTE:- (-) Indicates receptor distance is greater than 8000 m, diffusion values given are for 8000 m.
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Table 2.3-19
GRAZING SEASON DIFFUSION AND DEPOSITION ESTIMATES FOR ALL RECEPTOR LOCATIONS, RELEASE

POINT: ASSUMED GROUND RELEASE IN BUILDING WAKE

SOURCE: Computer Run ID: GX-4 604-62, 1976

Direction Distance X/O Depleted D/O Distance to X/O Depleted D/O Nearest X/O Depleted D/O
to Nearest (sec/mal X/O Nearest (sec/mbl X/O Im-22 Site (sec/m~l X/O jm-2
Residence (sec/ml Veaetable (sec/ml Boundary (sec/m31

(M) Garden (m) LM)

N lake NA lake NA lake NA

NNE lake lake lake

NE lake lake lake

ENE lake lake lake

E 1200 3.2E-06 6.1E-08 6600 9.7E-07 1.2E-09 700 7.7E-06 l.4E-07

ESE 950 2.9E-06 5.5E-08 950 2.9E-06 5.5E-08 700 4.8E-06 9.2E-08

SE 500 8.7E-06 9.8E-08 2800-3800 4.OE-07 3.4E-09 650 5.7E-06 6.1E-08

SSE 600 4.9E-06 4.4E-08 3600 1.8E-07 L.1E-09 600 4.9E-06 4.4E-08

S 450 1.2E-05 1.1E-07 2100-4200 9.6E-07 7.OE-09 900 4.2E-06 3.4E-08

SSW 600 7.4E-06 5.2E-08 2300-3600 8.1E-07 4.2E-09 500 9.9E-06 7.1E-08

SW 750 9.5E-06 8.4E-08 5300 2.1E-07 1.2E-09 500 1.8E-05 1.7E-07

WSW 1100 3.3E-06 2.8E-08 1400 2.3E-06 1.9E-08 1500 2.1E-06 1.7E-08

W 1600 1.6E-06 1.1E-08 5600 1.OE-07 5.1E-10 1400 2.OE-06 1.4E-08

WNW 2900 3.3E-07 2.OE-09 4400 1.3E-07 7.OE-10 600 5.4E-06 4.6E-08

NW lake lake lake

NNW lake lake lake

NOTE:- NA indicates that diffusion information for this run was not used in dose calculations for receptors in this column.
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Table 2.3-20
EXCLUSION AREA BOUNDARY DISTANCES

Directiona Distance (m)

N

NNE

NE

ENE

E

ESE

SE

SSE

S

SSW

SW

WSW

W

WNW

NW

NNW

8000b

8000

8000
8000

747

640

503

450

450

450

503

915

945

701

8000

8000

a. From plant toward exclusion area boundary.

b. For calculational purposes, exclusion area boundary distances offshore were assumed to be 8000 m.
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Table 2.3-21
KRPavan DIRECTION-DEPENDENT EAB X/O SUMMARY

RELATIVE CONCENTRATION (X/O) VALUES (SEC/CUBIC METER) VERSUS AVERAGING TIME

DOWNWIN DISTANCE 0-2 HOURS
D SECTOR (METERS)

0-8 HOURS 0-24 HOURS

S

SSW

SW

WSW

W

WNW

NW

NNW

N

NNE

NE

ENE

E

ESE

SE

SSE

450.

450.

503.

915.

945.

701.

8000.

8000.

8000.

8000.

8000.

8000.

747.

640.

503.

450.

1.70E-04 <l.10E-04 8.86E-05

2.08E-04

2.11E-04

1.53E-04

<1.73E-04

1.29E-04

6.16E-06

1.44E-05

2.25E-05

4.01E-05

2.24E-05

1.96E-05

1.24E-04<

1.56E-04

2.17E-04

1.66E-04

1.30E-04

1.27E-04

8.91 E-05

1.07E-04

7.86E-05

2.79E-05

6.24E-06

1.02E-05

1.81E-05

1.03E-05

8.71E-06

8.15E-05

1.01E-04

1.36E-04

9.90E-05

1.02E-04

9.84E-05

6.80E-05

8.41 E-05

6.13E-05

1.88E-06

4.11 E-06

6.89E-06

1.21E-05

7.03E-06

5.80E-06

6.61 E-05

8.18E-05

1.08E-04

7.65E-05

1-4 DAYS 4-30 DAYS ANNUAL HOURS
AVERAGE PER YR

MAX 0-2 HR
X/O IS

EXCEEDED
IN

SECTORDO
WNWIND
SECTOR

5.53E-05 2.81E-05 1.23E-05 29.3

6.13E-05 2.94E-05 1.19E-05 40.9

5.67E-05 2.56E-05 9.72E-06 42.7

3.78E-05< 1.63E-05 5.82E-06 12.8

4.99E-05 2.73E-05 9.48E-06 14.8

3.57E-05< 1.64E-05 6.34E-06 17.2

7.98E-07 2.33E-07 5.16E-08 0.5

1.65E-06 4.49E-07 9.10E-08 0.6

2.93E-06 8.56E-07 1.90E-07 <1.1

5.12E-06 1.48E-06 3.24E-07 4.5

3.04E-06 9.10E-07 2.08E-07 0.3

2.40E-06 6.76E-07 1.44E-07 0.1

4.20E-05 2.19E-05 9.87E-06 2.5

5.13E-05> 2.62E-05 1.15E-05 23.9

6.48E-05 3.12E-05 1.28E-05 43.7

4.36E-05 .95E-05 7.28E-06 25.0

S

SSW

SW

WSW

W

WNW

NW

NNW

N

NNE

NE

ENE

E

ESE

SE

SSE
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DOWNWIN
D SECTOR

RELATIVE CONCENTRATION (X/O) VALUES (SEC/CUBIC METER) VERSUS AVERAGING TIME

DISTANCE 0-2 HOURS 0-8 HOURS 0-24 HOURS 1-4 DAYS 4-30 DAYS ANNUAL HOl
(METERS) AVERAGE PE1R

URS
YR

MAX 0-2 HR
X/O IS

EXCEEDED
IN

SECTORDO
WNWIND
SECTOR

269.8MAX X/O 2.17E-04 TOTAL HOURS AROUND
SITE:

SRP 2.3.4 450. 8.OOE-04 4.04E-04 2.87E-04 1.37E-04 4.7 1E-05 1.28E-05

SITE LIMIT 0.OOE+ 0.OOE+ 0.OOE+ 0.OOE+ 0.OOE+ 1.28E-05

00.5 PERCENT X/O TO AN INDIVIDUAL IS LIMITING

NOTE: THE MAXIMUM X/O IS UNDERLINED ALONG WITH THE ASSOCIATED SECTOR (SE) VALUES
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Table 2.3-22
KRPavan DIRECTION-DEPENDENT LPZ X/O SUMMARY

RELATIVE CONCENTRATION (X/O) VALUES (SEC/CUBIC METER) VERSUS AVERAGING TIME

DOWNWIN
D SECTOR

S

SSW

SW

WSW

W

WNW

NW

NNW

N

NNE

NE

ENE

E

ESE

SE

SSE

DISTANCE 0-2 HOURS
(METERS)

0-8 HOURS 0-24 HOURS

4827.

4827.

4827.

4827.

4827.

4827.

4827.

4827.

4827.

4827.

4827.

4827.

4827.

4827.

4827.

<4827.

7.39E-06

9.76E-06

1.44E-05

3.OOE-05

3.48E-05

1.30E-05>

1.12E-05

2.48E-05

3.63E-05

4.97E-05

3.52E-05

3.3 1E-05

1.33E-05

1.53E-05

1.44E-05

6.68E-06

3.72E-06

4.65E-06

6.43E-06

1.29E-05

1.60E-05

6.07E-06

5.35E-06

1.14E-05

1.77E-05

2.51E-05

1.76E-05

1.57E-05

6.68E-06

7.39E-06

6.74E-06

3.12E-06

2.64E-06

3.2 1E-06

4.30E-06

8.47E-06

1.09E-05

4.15E-06

3.71 E-06

7.77E-06

1.24E-05

1.78E-05

1.24E-05

1.08E-05

4.74E-06

5.14E-06

4.60E-06

2.14E-06

1-4 DAYS

1.26E-06

1.44E-06

1.80E-06

3.39E-06

4.69E-06

1.82E-06

1.67E-06

3.36E-06

5.70E-06

8.50E-06

5.82E-06

4.84E-05

2.25E-06

2.34E-06

2.01E-06

9.36E-07

4-30 DAYS ANNUAL
AVERAGE<

4.32E-07

4.54E-07

5.14E-07

9.1 OE-07>

1.40E-06

5.57E-07

5.3 1E-07

1.01E-06

1.87E-06

2.93E-06

1.97E-06

1.52E-06

7.74E-07

7.57E-07

6.14E-07

2.86E-07

1. 17E-07

1.11 E-07

1.11E-07

1.82E-07

3.19E-07

1.31E-07

1.31E-07

2.3 1E-07

4.77E-07

7.97E-07

5.21E-07

3.68E-07

2.09E-07

1.90E-07

1.44E-07

6.72E-08

HOURS
PER YR

MAX 0-2 HR
X/O IS

EXCEEDED

SECTORDO
WNWIND
SECTOR

6.6

179.0

5.0

14.9>

15.4

7.1

8.3

10.5

23.3

43.7

20.9

9.8

5.9

4.6

4.1

2.4

S

SSW

SW

WSW

W

WNW

NW

NNW

N

NNE

NE

ENE

E

ESE

SE

SSE
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RELATIVE CONCENTRATION (X/O) VALUES (SEC/CUBIC METER) VERSUS AVERAGING TIME

DOWNWIN DISTANCE 0-2 HOURS 0-8 HOURS 0-24 HOURS 1-4 DAYS 4-30 DAYS ANNUAL HOURS
D SECTOR (METERS) AVERAGE< PER YR

MAX 0-2 HR
X/O IS

EXCEEDED
IN

SECTORDO
WNWIND
SECTOR

MAX X/O 4.97E-05 TOTAL HOURS AROUND 361.7

SITE:

SRP 2.3.4 4827. <5.31E-05 2.65E-05 1.87E-05 8.82E-06 2.99E-06 <7.97E-07

SITE LIMIT 3.56E-05 1.90E-05 1.39E-05 7.02E-06 2.64E-06 7.97E-07

00.5 PERCENT X/O TO AN INDIVIDUAL IS LIMITING

NOTE: THE MAXIMUM X/O IS UNDERLINED ALONG WITH THE ASSOCIATED SECTOR (NNE) VALUES
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Figure 2.3-1 Climate of the Ginna Site Region

Degrees F
100 f

Inche
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SKY COVER % (DAYTIME)

1I 18 72 67 67 59 55 56 56 61 80 81

FASTEST WIND - Direction and mph

W w W W SW SW W NE SW SW E W

73 66 65 59 63 61 56 59 59 55 59' 51

Prom more than 30 years of record at Rochester Airport.

)

ROCHESTER GAS AND ELECTRIC CORPORATION

R.E. GINNA NUCLEAR 1 R PLANT

UPDATED FINAL SAFETY ANALYSIS REPORT

Figure 2.3-1

Climate of the Ginna
Site Region
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Figure 2.3-2 Wind Direction Patterns Long Period Averages
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N

0% 20%0 10%
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ROCHESTER GAS AND ELECTRIC CORPORATION

NLE. GINNA NUCLEAR POWER PLANT

UPDATED FINAL SAFETY ANALYSIS REPORT

Figure 2.3-2

Wind Direction Patterns
Long Period Averages
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Figure 2.3-3 Sensor Placements, Primary Meteorological Tower

2 TEMPERATURE
1 WIND SPEED -
1 WIND DIRECTION

2 TEMPERATURE
2 WIND SPEED
2 WIND DIRECTION

2 TEMPERATURE
2 WIND SPEED
2 WIND DIRECTION

-- 250 FT.

-150 FT.

- 33 FT.

- TO CONTROL ROOM

- TO EQUIPMENT SHELTER1 PRECIPITATION -3 FT.

PRIMARY TOWERSEPARATE PAD

ROCHESTER GAS AND ELECTRIC CORPORATION

R.E. GINNA NUCLEAR POWER PLANT

UPDATED FINAL SAFETY ANALYSIS REPORT

Figure 2.3-3

Sensor Placements, Primary

Meteorological Tower

REV. 15 10/99
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Figure 2.3-4

1 WIND SPEED
1 WIND DIRECTIO

Sensor Placements, Backup (Substation 13A) Meteorological Tower

IN - 33ft
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BACKUP TOWER

ROCHESTER GAS AND ELECTRIC CORPORATION

R. E. GINNA NUCLEAR POWER PLANT

UPDATED FINAL SAFETY ANALYSIS REPORT

Figure 2.3-4

Sensor Placements, Backup

(Substation 13A) Meteorological Tower

REV 10 12/93
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Figure 2.3-5 Ginna 1966, 50-Ft Wind Rose

WIND SPEED LESS THAN 3.5

* WIND SPEED LESS THAN 7.5

x WIND SPEED LESS THAN 12.5

o WIND SPEED LESS THAN 999.0

ROCHESTER GAS AND ELECTRIC CORPORATION

R.E. GINNA NUCLEAR POWER PLANT

UPDATED FINAL SAFETY ANALYSIS REPORT

Figure 2.3-5

Ginna 1966, 50-Ft Wind Rose
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Figure 2.3-6 Ginna 1967, 50-Ft Wind Rose

A WIND SPEED LESS THAN 3.5 2.8 PERCENT CALMS

* WIND SPEED LESS THAN 7.5

x WIND SPEED LESS THAN 12.5

* WIND SPEED LESS THAN 999.0

ROCHESTER GAS AND ELECTRIC CORPORATION

R.E. GINNA NUCLEAR POWER PLANT

UPDATED FINAL SAFETY ANALYSIS REPORT

Figure 2.3-6

Ginna 1967, 50-Ft Wind Rose
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Figure 2.3-7 Ginna 1973-1974, 50-Ft Wind Rose

,I?

WIND SPEED LESS THAN 3.5

* WIND SPEED LESS THAN 7.5

x WIND SPEED LESS THAN 12.5

* WIND SPEED LESS THAN 999.0

ROCHESTER GAS AND ELECTRIC CORPORATION

R.E. GINNA NUCLEAR POWER PLANT

UPDATED FINAL SAFETY ANALYSIS REPORT

Figure 2.3-7

Ginna 1973-1974, 50-Ft Wind Rose
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Figure 2.3-8 Ginna 1975, 33-Ft Wind Rose

WIND SPEED LESS THAN 3.5

* WIND SPEED LESS THAN 7.5

x WIND SPEED LESS THAN 12.5

* WIND SPEED LESS THAN 999.0

ROCHESTER GAS AND ELECTRIC CORPORATION

R.E. GINNA NUCLEAR POWER PLANT

UPDATED FINAL SAFETY ANALYSIS REPORT

Figure 2.3-8

Ginna 1975, 33-Ft Wind Rose
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Figure 2.3-9 Site Plan - Activity Release Points and Elevation

DtIMENSKMN AME
APPROXOMTE
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NOTES:

1) DIMENSIONS ARE APPROXIMATE.

2) CENTER OF SITE IS APPROXIMATE.

R.E. GINNA NUCLEAR POWER PLANT
UPDATED FINAL SAFETY ANALYSIS REPORT

Figure 2.3-9

Site Plan - Activity Release Points and Elevations
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2.4 HYDROLOGIC ENGINEERING

2.4.1 HYDROLOGIC DESCRIPTION

The hydrology of the site region has been examined to provide a basis for assessing and limit-
ing regulated radioactive liquid releases to the lake, for assessing and mitigating possible
effects of accidental radioactive liquid releases on the ground or into the lake, and for estab-
lishing high- and low-flow water protection criteria.

Lake Ontario, on which the site is located, is about 190 miles long, 50 miles wide, a maxi-
mum of 780 ft deep, and covers an area of about 7500 square miles. The average lake level,
based on over 100 years of record, is 246 ft mean sea level (msl). The highest instantaneous
stillwater level was 250.2 ft msl.

The surface of the land on the southern shore of Lake Ontario, at the site and east and west of
it, is either flat or gently rolling. It slopes upward to the south from an elevation of about 255
ft msl near the edge of the lake to 440 ft msl at Ridge Road (New York State Highway 104),
3.5 miles south of the lake.

Water flows into Lake Ontario from other Great Lakes to the west of it through the Niagara
River at the west end, from numerous small streams, and from four rivers along the south
shore (the Genesee, Oswego, Salmon, and Black). It flows out through the St. Lawrence
River at the east end of the lake. There is an annual cycle of water level variation with high
water in the late spring or summer and low water in the winter as is indicated in Figure 2.4-1.

There are no perennial streams on the site except Deer Creek, an intermittent stream with a
drainage area of about 13.3 square miles (Figure 2.1-2) which enters the site from the west,
passes south of the plant, and empties into the lake near the northeastern corner of the site.

The predominant surface currents in Lake Ontario are from west to east and they tend to
swing toward the south shore. This has been substantiated by bottle tests which were made
from 1892 to 1894 and in the summer of 1957 in the vicinity of Rochester. This water move-
ment would be expected due to the effect of prevailing winds and rotation of the earth.

2.4.2 FLOODS

2.4.2.1 FloodDesign Considerations

The probable maximum Lake Ontario water level at the plant site is 250.78 ft msl based on a
study conducted in 1968 for RG&E. The report of the study is included as Appendix 2A.
The level was revised to 253.28 ft in 1973 based on U.S. Army Corps of Engineers projection
(Reference 1). This would result from a design tropical storm and associated phenomena.
The design-basis flood for the plant site is that resulting from the flooding of Deer Creek.
There is no information available regarding major historical flood events in the site region.
The probable maximum flood and flooding elevations at the plant site were developed as dis-
cussed in Section 2.4.3. The plant is protected from lake flooding by a breakwater with a top
elevation of 261 ft. The plant is protected from Deer Creek flooding to an elevation of 273.8
ft to an elevation equivalent to a 26,000 cfs Deer Creek flood.
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2.4.2.2 Effects of Local Intense Precipitation

In an evaluation made by the NRC staff of the flood levels which would occur at safety-
related buildings assuming an occurrence of the local maximum precipitation on the immedi-
ate site area, it was concluded that flood water will pond to an elevation of about 254.5 ft msl
at the north area of the site in the vicinity of the screen house. The limiting elevation for
safety-related equipment is elevation 254.8 ft (screen house floor elevation of 253.5 plus 1.3
ft to diesel-generator buses 17 and 18). Therefore, safety-related equipment would be unaf-
fected by local floods, and the plant would be able to withstand immediate plant area flooding
with no detrimental effects.

2.4.3 PROBABLE MAXIMUM FLOOD ON STREAMS AND RIVERS

2.4.3.1 Flood Evaluation Summary

The RG&E flooding evaluation (ReJerence 2) estimated Deer Creek flood flow discharges
using the HEC-1 surface runoff modeling routine (Re/erence 3). This computer program uses
the Soil Conservation Services Runoff Curve Number concept and a developed unit response
hydrograph in combination with a selected total storm depth and a rain storm distribution
(obtained from the U.S. Corps of Engineers) to estimate the watershed flood hydrograph. The
24-hour rainfall depths having return periods of 5 to 100 years were obtained from a rainfall
frequency atlas and return periods of 500 years and greater were estimated from a straight-
line projection on Gumbel extreme probability paper. Rochester Gas and Electric then used
these rainfalls in HEC-1 to predict peak discharge rates for various rainfall depths (including
the probable maximum precipitation event). The estimated probable maximum flood (PMF)
discharge rate is 32,500 cfs. Flooding elevations about the plant were then predicted using
the HEC-2 flood routing routine (Rejerence 4).

An independent flooding evaluation was prepared by Franklin Research Center for the NRC
staff (Reference 5). The NRC study used runoff records from eight small New York State
watersheds varying in size from 1.5 to 44.4 square miles, tabulated the maximum discharge of
record, and calculated the discharge per unit area and individual watershed return periods by

Log Pearson III procedures. The largest discharge per unit area of 284 cfs/mile 2 was for a
13.6 square mile watershed 140 miles from the plant near the Catskill Mountains. The NRC
study also predicted the probable maximum flood for Deer Creek using the same HEC- I
computer program model used by RG&E, but with variations in antecedent moisture and rain-
fall distribution which resulted in a maximum discharge of 38,700 cfs. Flooding depths at the
plant were estimated using the same HEC-2 model-with some changes in roughness coeffi-
cients.

The NRC staff concluded that further analysis should be performed (Rejerence 6). Therefore,
RG&E submitted a further analysis to determine water levels across the site from Deer Creek
to the screen house, for flood flows up to 38,700 cfs, the largest calculated probable maxi-
mum flood (Reference 7) (Table 2.4-1). The results of this analysis were a maximum eleva-
tion of Deer Creek directly south of the guardhouse of 275.7 ft for the NRC estimated
probable maximum flood of 38,700 cfs, 274.8 ft for the RG&E estimated probable maximum
flood of 32,500 cfs and 273.8 ft for a flow of 26,000 cfs. A maximum elevation of 262.3 ft
msl at the screen house for the 38,700 cfs probable maximum flood was also calculated. Fig-
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ure 2.4-2 is a north-south cross section of the site showing grade elevations sloping from Deer
Creek to Lake Ontario.

The NRC staff recognized that there were inherent conservatisms in its estimate of the proba-
ble maximum flood. These conservatisms result in a flood with virtually no chance of being
exceeded. The NRC staff reviewed the various conservatisms in the elements of the estima-
tion of the probable maximum flood and made additional estimates of the probability of
flooding at Ginna Station, as described in the following sections.

2.4.3.2 Derivation of Probable Maximum Flood

The construction of the probable maximum flood for an ungauged area consists of two ele-
ments: selection of the probable maximum precipitation, and development of the runoff
hydrograph from this precipitation. From Reference 8, ANSI NI 70-1976, a probable maxi-
mum precipitation is defined as the estimated (precipitation) depth for a given duration, drain-
age area, and time of year for which there is virtually no risk of its being exceeded. The
probable maximum precipitation for a given duration and drainage area approaches and
approximates the maximum which is physically possible within the limits of contemporary
hydrometeorological knowledge and techniques.

The selected probable maximum precipitation rainfall is then transformed into a flood
hydrograph by methods that result in a probable maximum flood that is a hypothetical flood
(peak discharge, volume, and hydrograph shape) considered to be the most severe reasonably
possible based on comprehensive hydrometeoro-logical application of probable maximum
precipitation and other hydrologic factors favorable for maximum flood runoff such as
sequential storms and snow melt.

2.4.3.3 Flood Probability

An evaluation (Reference 9) has been performed to estimate the probability of flooding to
273.8 ft msl, which is the Ginna Station level of flood protection (Section 2.4.7). The esti-
mate is based on the following assumptions:
A. The flood flow in Deer Creek corresponding to elevation 273.8 ft is 25,000 cfs as deter-

mined by the NRC staff. (The RG&E-determined value is 26,000 cfs.)

B. The occurrence probability of the probable maximum flood is no greater than 10-5 per year.

C. A conservative estimate of the probable maximum flood is 38,700 cfs.

D. The 100-year flood is about 3000 cfs.

E. The probability of any flow between the 100-year flood flow and the probable maximum
flood can be approximately estimated by a straight-line interpolation on log-normal proba-
bility paper (Figure 2.4-3).

From this plot of the 100-year flood and the probable maximum flood on log-normal proba-
bility paper, the probability of a flood flow reaching 25,000 cfs on Deer Creek was deter-

mined to be about 5 x 10-5 per year. Therefore, the NRC has accepted RG&E's proposal to
provide plant protection to levels calculated to occur for a 26,000 cfs Deer Creek flood.
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2.4.4 LAKE ONTARIO SURGE FLOODING

As a condition of the Full-Term Operating License, the NRC required the placement of addi-
tional shoreline erosion protection. This protection was added to ensure minimum wave
overtopping of the concrete wall fronting the plant and lower water levels in the vicinity of
the screen house. The NRC performed an analysis using procedures from the Shore Protec-
tion Manual, U.S. Army Coastal Engineering Research Center, 1977, of the stability and con-
dition of the revetment fronting the plant site and concluded in April 1981 (Reference 10) that
if the revetment fronting the plant exists as designed it would be capable of resisting surge
flooding from Lake Ontario and therefore it would meet current regulatory criteria. Subse-
quent inspections of the revetment in November and December 1981 showed that the revet-
ment appears to be structurally sound and stable with no evidence of major structure stability
problems. Further, the inspections verified that the revetment had not degraded from the orig-
inal design. Therefore, it was concluded that adequate protection from surge flooding exists
at Ginna Station.

2.4.5 ICE EFFECTS

Lake Ontario seldom freezes over but ice does occur in winter, usually along the southern and
northern shores and at the northeastern end of the lake.

The possibility of ice blockage of the Deer Creek discharge is considered remote. In the
event of such an occurrence combined with maximum surface runoff into Deer Creek, it can
be seen from Figure 2.4-4 that the site topography is such as to prevent flooding the plant.
There is a large area immediately east of the plant, where the grade levels are 225 to 260 ft,
over which the discharge of Deer Creek could spill and reach the lake before the water level
would rise to the 270-ft grade level of the plant. The 270-ft grade level of the plant is also
interposed between the channel of Deer Creek and the screen house and the surrounding area
between the plant and the lake.

2.4.6 COOLING WATER CANALS AND RESERVOIRS

The ultimate source of cooling water (ultimate heat sink) for Ginna Station is Lake Ontario.
The intake structure for the plant is on the lake floor about 3000 ft offshore. Water is con-
veyed from the intake structure to the screen house through a buried concrete-lined tunnel.
The circulating water pumps and the service water pumps are located in the screen house.
The intake structure and screen house are described in Section 10.6.2.

2.4.7 FLOODING PROTECTION REQUIREMENTS

The main plant area and buildings are at grade elevation 270.0 ft msl; the north side of the tur-
bine building and the screen house are at elevation 253.5 ft msl. The plant grade entrances to
the auxiliary building are at elevation 271 ft msl. The lowest limiting elevation of safety-
related equipment in the subbasement within the auxiliary building is 221.5 ft msl.

The plant is protected from lake surges and wind-driven waves by a shoreline revetment with
a top elevation of 261.0 ft msl.
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The equipment required for safe plant shutdown is located in the auxiliary building and the
turbine building. Protection in this area (Reference 11) is provided to 273.8 ft msl, which is
equivalent to an Ginna LLP estimated discharge flow of 26,000 cfs from Deer Creek.
Because the probability of flooding beyond 273.8 ft msl is low, it is the NRC staffs judgment
that the probable maximum flood accident sequence will not dominate events potentially
leading to core damage. Also, Ginna LLP emergency procedures require installation of flood
protection devices well before rising flood waters can jeopardize safe shutdown capability as
discussed in Sections 3.4.1.1.3 and 13.5.2.2.3 (Reference 9).

2.4.8 LOW WA TER CONSIDERATIONS

The lowest monthly average water level for Lake Ontario (at the Oswego gauge) for a 107-
year period of record ending in 1967 was 242.68 ft (U.S. Coast and Geodetic Survey Datum).
For a 65-year period of record, the lowest instantaneous still water level was 242.17 ft on
December 23, 1934. For each year during this period, the instantaneous annual low at the
Oswego gauge was not more than 1.02 ft below the corresponding annual monthly low.

For an 8-year period of record at the Rochester gauge, the lowest instantaneous level was
241.38 and the annual instantaneous low wasnot more than 0.59 ft below the corresponding
monthly average low.

The minimum mean monthly lake level of record for Lake Ontario at the Rochester, New
York, gauge is elevation 243.0 ft msi. The lowest entrance level into the intake structure is
elevation 217.0 ft msl. Having 26 ft of water above the intake structure at minimum lake
level is more than adequate to accommodate the maximum setdown (negative surge) for this
part of the lake, which is less than 5 ft. Low water conditions for Lake Ontario are discussed
in Appendix 2A.

2.4.9 DISPERSION, DILUTION, AND TRAVEL TIMES OF RELEASES OF LIQUID
EFFL UENTS IN SURFA CE WA TERS

2.4.9.1 Near-Shore Lake Currents

The character of near-shore lake currents during the spring is illustrated by measurements of a
polluted mass of water which entered the lake from the Niagara River, March 15, 1933. It
moved eastward along the south shore at a rate of about 5 miles per day and was measured in
succession by a number of water treatment plants. It was detected at Oswego, about 130
miles east of the Niagara River on April 11, 26 days after entering the lake.

The surface currents in Lake Ontario are generated primarily by wind stress on the water sur-
face. The lake surface wind-driven currents have speeds which average about 1.6% to 2% of
the wind speeds (measured at an elevation of about 70 ft above the lake surface), as was dem-
onstrated by experiments described in Appendix 2B; thus, an average wind speed of 15 mph
over the lake would generate an average surface current of about 0.2 to 0.3 mph, or about 5 to
7 miles/day. The flow-in from rivers and flow-out through the St. Lawrence River has a neg-
ligible effect by comparison.

Current speeds near shore may be somewhat greater or less than offshore speeds--if less, due
to friction close to shore and, if greater, due to long shore currents caused by the piling up of
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water near the shore which is created by winds with a shoreward velocity component. Mea-
surements near the site made in 1965 (Appendix 2B) indicate that a typical near-shore current
is about 0.4 ft/sec (0.27 mph) or 6.5 miles/day toward the east.

Experiments were conducted in 1965 to measure the dispersion of liquids released to the lake
under several typical conditions. These are described in Appendix 2B. The experiments
involved the release of rhodamine-B dye at a constant rate of about 10 lb/day from a point
about 1000 ft offshore for three 3-week periods: one in the spring, one in the summer, and
one in the fall. Measurements of dye concentration were made with continuously reading
instruments in an accurately navigated boat during and after each release period. The results
of these experiments were used to develop estimates of dispersion discussed in Sections
2.4.9.2 and 2.4.9.3 below.

2.4.9.2 Dispersion of Regulated Radioactive Liquid Releases

2.4.9.2.1 Regulated Radioactive Liquid Releases

Regulated releases of radioactive liquids are made intermittently by metered dilution of mon-
itored waste tank effluent into condenser and service water outflow to the lake. During power
operation, condenser flow will be about 334,000 gpm and service water outflow about 15,000
gpm.

The annual average concentration of radioactive material attributable to the plant at the point
where such outflow enters the lake will be limited so that it will be below the drinking water
maximum permissible concentration for unrestricted areas as specified in 10 CFR 20, Appen-
dix B, Table II.

The dose or dose commitment to an individual as calculated in the Offsite Dose Calculation
Manual for radioactive materials in liquid effluents released to unrestricted areas is limited
during the following items A & B.

A. Any calendar quarter to •1.5 mrem to the total body and to •5 mrem to any organ.
B. Any calendar year to •3 mrem to the total body and • 10 mrem to any organ.

If the discharge were to be limited to 1/10 maximum permissible concentration, the estimated
allowable long-term release rate would be about 5 mCi/sec (primarily tritium) assuming dilu-
tion in condenser flow of 334,000 gpm and isotopic composition of releases as shown in
Table 11.2-5. The maximum expected long-term average release rate is about 0.05 mCi/sec
or about 1/100 of the allowable rate. These estimates are illustrative. Release rate limits are
contained in the Offsite Dose Calculation Manual (ODCM). Consideration of reconcentra-
tion effects in aquatic biota consumed by humans would not limit allowable release rates.

Liquid waste treatment systems are used to reduce the radioactive materials in liquid wastes
prior to their discharge, if necessary, to ensure that cumulative doses due to liquid effluent
releases, when averaged over 31 days, does not exceed 0.06 mrem to the total body or 0.2
mrem to any organ.

Page 103 of 263 Revision 21 11/2008



GINNA/UFSAR
CHAPTER 2 SITE CHARACTERISTICS

2.4.9.2.2 Liquid Dispersion

Dispersion of liquids after release into the lake from the site can be estimated by making
assumptions concerning the direction and rate of drift of the receiving waters and of the rate
of diffusion during injection and drift, including the effects of thermal stratification and shear
currents.

For relatively long-term releases (i.e., for a number of hours) at a constant discharge rate, the
peak concentration as a function of distance along the direction of mean flow can be predicted
by several different theories with equations which differ only by a constant factor. In all of
them the concentration is proportional to the reciprocal of distance. The simplest equation for
peak concentration as a function of distance is the following one in which the boundary effect
of the shore is approximated by doubling concentrations for the unconfined case. The deriva-
tion of this equation is described in Appendix 2B.

1.77Dwx1 _m)3

(Equation 2.4-1)

where: Sp = peak concentration (gCi/m 3)

q = discharge rate (jiCi/sec)

D = depth of mixing (m)

w diffusion velocity (m/sec)

x = distance from release point (m)

The program of direct dispersion measurements described in Appendix 2B showed that the
near-shore region of Lake Ontario near the site is characterized by an average diffusion veloc-

ity (w) of 3.3 x 10-3 m/sec. Observations in reservoirs, estuaries, and the ocean range from 2

x 10-3 to 2 x 10-2 m/sec.

Taking-w = 3.3 x 10-3 and assuming that the discharged material is confined to the upper 3 m
of the lake water, the resulting equation is as follows:

Sp = 57 (sec
q x I; m ,

(Equation 2.4-2)

However, near the discharge point this equation is not realistic for the high-volume high-
momentum discharge at the site for two reasons: first, because materials will be mixed with
the discharge before it is released, and second, because further dilution will occur after release
due to momentum mixing of the 2 ft/sec discharge jet with slower moving lake water. If
material is mixed in the full discharge flow of 334,000 gpm, then Sp/q at entry to the lake is 5

x 10-2 sec/m 3 or 5 x 10-8 PiCi/cm 3 per pCi/sec is released. Momentum mixing will cause fur-
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ther dilution by a factor of about 7, 1 mile from the discharge point as is discussed in Appen-
dix 2B. Between about 1 and 8 miles, additional significant dilution of the peak
concentration zone (near shore) would not be expected. At distances greater than about 8
miles along the shore, the dilutions can be predicted by the equation. Estimates made on this
basis can be summarized as follows:

Distance From Site Along SU/U (JCi/cm3 perliCi/sec) Dilution Relative to
Shore Concentration at Exit from

Discharge Canal
In cooling water canal exit to 5 x 10-' 1
lake

One mile 7 x 10-9  7

Five miles <7 x 10-9  7

Fifteen miles 2.4 x 10-9  15

The predicted maximum concentrations are for steady-state conditions and would occur only
with persistent wind direction; therefore, at distances greater than about 20 miles, the diffu-
sion velocity used above is not descriptive since variation in wind direction during the 50- to
70-hour travel time to these positions will produce more dispersion than predicted above.

2.4.9.2.3 Effect of Local Recirculation

Local recirculation from the discharge to the intake, which would produce significantly
higher concentrations in the site region than those estimated above, is not expected. The
intake for the condenser cooling water is located on the bottom at a depth of 30 ft, about 3000
ft offshore. The density difference produced by heating the condenser cooling water will usu-
ally restrict its movement to a surface layer 6- to 10-ft thick until it has mixed with ambient
lake water by tenfold or so. As noted above, momentum mixing will dominate in the site
region and dilution by 4 to I along the direct path from the discharge canal to the surface
layer over the intake would be expected if the discharge plume were to be centered over the
intake. If the water were then drawn into the intake along with the deeper layer, an additional
dilution of approximately threefold would occur to provide a total minimum dilution of
approximately twelve-fold, or a recirculation of about 8% for this case. Recirculation would
be less than 8% for average conditions where the discharge plume center is not over the
intake.

Lake flow reversal in front of the site results in very rapid dilution as indicated in Appendix
2B. It would be expected to cause recirculation of less than 1%.

2.4.9.2.4 Concentration of Nearest Public Water Supply Intake

If discharges average 1/10 maximum permissible concentration at entry to the lake, concen-
trations on the average at the intake of the nearest public water supply at Ontario 6000 ft east
and 1050 ft offshore will be less than 1/10 of this (see Figure 9, Appendix 2B), or less than 1/
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100 of maximum permissible concentration even if thermal stratification effects are
neglected.

2.4.9.2.5 Environmental Monitoriniz Program

As indicated in the Offsite Dose Calculation Manual (ODCM), an environmental monitoring
program is conducted including radioactivity measurements of aquatic biota and lake surface
water. This program provides a check of release limits and a basis for adjusting them if nec-
essary.

2.4.9.3 Dispersion of Accidental Radioactive Liquid Releases

2.4.9.3.1 Accidental Releases to the Lake

If accidental releases to the lake occur over relatively long times '(hours), resulting concentra-
tions can be predicted using methods similar to those in Section 2.4.9.2; however, accidental
releases, if they occur, might be of relatively short duration (i.e., batch releases).

Estimates of concentration of material released in batches can be made by several theories
which predict a time dependence inversely proportional to either the second or third power of
time. Available data are inadequate to resolve the differences in these theories, but the use of
empirical coefficients permits nearly equal statistical fitting with either of several functions;
therefore, the following equation of Okudo and Pritchard is used with experimental coeffi-
cients, accommodating the boundary effect of the shoreline by doubling the concentrations
for the unconfined case:

2

o 3.14w2t 2 D

(Equation 2.4-3)

where: Sp = peak concentration (jiCi/m 3)

q '= activity discharged (ýtCi)

w = diffusion velocity (m/sec)

t = time (sec)

D = depth of water column (meters)

It is assumed that the equation above applies, that w = 3.3 x 10-3 m/sec and D = 3 m, so that

Sp/q' = 20000/t 2

and that the mean velocity of the water layer is 0.4 ft/sec. Then peak concentrations at various

distances from the site in terms of pCi/cm3 per pCi released will be as follows
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Distance (time) From the Site

I mile (3.66 hours)

5 miles (18.3 hours)

15 miles (2.3 days)

itCi/cm- per 1Ci Released

1.1 x 10-10

4.6 x 1012

5.1 x 10-13
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2.4.9.3.2 Accidental Sills on the Ground

Accidental spills of radioactive liquids on the ground in the plant area, if they occur, and to
the extent they do not enter the ground, will either run off on the surface into the Deer Creek
channel and to the lake, or directly to the lake depending on the location of the spill. That part
of a spill which enters the ground would be retained in the ground or would move slowly with
the ground water northward into the lake. Ground water, bedrock, and ground surface con-
tours are shown in Plate IIB-3 of the PSAR. As indicated in Plate IIB-3, the ground water
level in the plant area generally ranges from about elevation 245 to 250 ft and slopes down-
ward toward the lake. Ground water occurs in the overburden soils in most areas but lies
beneath the rock surface in part of the southeastern sector where bedrock surface rises more
steeply.

Measurements in one test indicate that the rock is almost impermeable to water flow. Soil
permeability was observed in six test pits and a test well (described in Plate 1B-4 of the

PSAR) and ranged from 10-3 to 10-6 cm/sec. Most of the ground-water movement within the
site will take place in the more permeable soils overlying the rock.

Wells are a source of drinking water in the site vicinity. The wells near the site not owned by
Ginna LLC are located mostly along Lake Road east and west of the part of the road which
passes through the site. A few are on Ontario Center Road which funs south from Lake Road.
The nearest well is approximately 0.5 miles southwest from the center line of the reactor
building.

As a result of the stratified nature of the rock, no measurable vertical permeability is indi-
cated. Horizontal bedding limits vertical flow of water through the rock itself, and the cross-
bedded nature of the rock precludes any horizontal flow over any appreciable distance. The
small grain size, an argillaceous matrix, and the lack of sorting of the grains is not conducive
to extensive horizontal permeability. Any movement of water through the rock would have to
occur in joints and fractures. The limited extent ofjoints and fractures in the rock at the site
would minimize circulation along these paths. The only opportunity for appreciable move-
ment of water exists near the surface of the rock, where weathering or possible rebound may
have opened small joints or fractures. The rock appears to be practically impermeable at the
depths sufficient to prevent relief of stresses and consequent open joints. Inspection of the
reactor excavation and the relatively dry condition of the tunnels below Lake Ontario confirm
this assessment. No flow toward inland wells is expected.

2.4.10 GROUND WATER

2.4.10.1 Design-Basis Ground-Water Level

The original ground-water studies were conducted by Dames & Moore in 1964-1965 (Refer-
ence 12). The design-basis ground-water elevation for the screen house and emergency ser-
vice water structure was 253.5 ft msl, and the design basis for all other safety-related
structures was elevation 250 ft msl (Reference 13).
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A ground-water monitoring program was established in response to SEP Topic II-3.A to ver-
ify the original design-basis ground-water elevation of 250 ft msl (Reference 6). It consisted
of three fully encased wells drilled into the ground-water table on the plant site. A liquid
level detection and indication unit was installed in one well to continuously monitor and
record the ground-water level. The other two wells were available if more data were needed
to establish the design basis ground-water level. As a result of monitoring of groundwater
levels over a 4-year period from 1983 through 1987 the new design-basis ground-water level
was determined to be at elevation 265.0 ft msl. This value was based on a peak ground-water
level of 264.69 ft and using a 2% maximum expected error in the recording system. An engi-
neering evaluation was performed of the effects of the new design-basis ground-water level
on safety related structures below grade. As a conservative approach, the engineering evalua-
tion considered a design-basis ground-water level at grade elevation 270.0 ft msl or 5 ft
higher than the new design-basis level. The evaluation was based on finite element analysis
of elastic plates utilizing the MacNeil Schwindler Corporation (MSC) PAL2 computer pro-
gram and conventional structural engineering techniques. Pressure loads considered in the
analysis consisted of hydrostatic, soil, and soil-induced earthquake forces. Four walls repre-
sentative of the worst-case load conditions of all below-grade safety-related areas of the aux-
iliary, intermediate, and control buildings were selected for the engineering evaluation. The
evaluation demonstrated that the below-grade safety-related structures were adequately
designed to resist the design loads associated with ground-water levels at grade (270.0 ft msl)
without requiring strengthening modifications.

2.4.10.2 Water Use

Lake Ontario water is used for industrial and domestic water supplies, recreation, domestic
and international shipping, and a limited amount of commercial fishing. A description of
principal water intakes on the southern shore of the lake is given in Table 2.4-2.

The town of Ontario has a domestic water intake 1.1 miles east of the site extending 1050 ft
from shore. The demand on this system is approximately 1,800,000 gallons per 24-hour
period. The water district is experiencing an average growth of 10% per year. A typical 8-
hour daytime demand is approximately 675,000 gallons.

The capacity of the Ontario water treatment system is 3.0 million gallons per day. The
Ontario water system supplies water to thetowns of Walworth and Macedonto the south of
Ontario, and to the town of Marion to the southeast of Ontario. Marion also purchases water
from Williamson to its north. Macedon is partly supplied by a metered connection with the
Monroe County Water Authority. The town of Walworth has emergency connections with the
Monroe County Water Authority. The town of Ontario has emergency connections with the
towns of Williamson and Webster to its east and west, respectively. The Ontario water system
also has three storage tanks with a total capacity of 3,250,000 gallons, which are normally
kept full.

The average daily water use from the Ontario system is Ontario, 820,000 gallons; Walworth,
300,000 gallons; Marion, 400,000 gallons; and Macedon, 280,000 gallons.

The town of Ontario water system can withstand a shutoff of the intake for a period of
approximately 43 hours.
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Table 2.4-1
DEER CREEK OVERFLOW SUMMARY TABLE

Total Flood Flow

(Cfs)

14,600b

15,000c

16,000
17,300'

18,000

20,000

'20,600

22,000

24,000

26,000

28,000

30,000

35,000

38,700e

Elevation at Screen House

(ft)

253.5

253.55

253.7

254.0

254.2

254.8

255.0

255.4

256.0

256.0

257.8

259.0

261.6

262.3

Elevation at Deer Creek
Section 2380a

(ft)

270.0

270.1

270.6

271.1

271.4

272.1

272.3

272.8

273.3

273.8

274.2

274.5

275.1

275.7

a.

b.

C.

d.

e.

About 100 ft. west of bridge over Deer Creek leading to plant

Channel capacity

Standard project flood

Standard project flood plus 1 ft.

Probable maximum flood
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Table 2.4-2
INDUSTRIAL AND MUNICIPAL WATER SUPPLIES

Name and Location TyVe of Quantity Treatment Before Location With Comments
Water Use Used Use- Respect to

Ginna Site
(miles)i

Ontario Water District, Domestic 1,800,000 gpd Filtration chlorina- 1.1 east Intake 1050 ft from shore; Serves 3 adjacent towns
Ontario tion

Williamson Water District, Domestic 149,000 gpd Filtration chlorina- 5.25 east Serves 4 adjacent water districts
Williamson tion

Sodus Point Water District, Domestic 84,000 gpd Filtration chlorina- 15 east Serves South Shore water district
Sodus tion

Wolcott Domestic 240,000 gpd Filtration chlorina- 24 east Auxiliary source
tion

Comstock Foods, Incorpo- Industrail 100 gpm Chlorination 25 east Operates during months of October and November
rated, Red Creek cooling

Marathon Corporation, Industrial pro- 3 to 4 mgd Rapid sand filtra- 41 east Water treatment plant has 5 mgd capacity. Intake
Oswego cess tion, chlorination point about 250 ft from shore

Niagara Mohawk Power Cor- Cooling 500 mgd None 41 east ---
poration, Oswego

Oswego City Domestic 5.0 mgd Chlorination 41 east New intake under construction; Serves 4 adjacent
water districts

Queensboro Farm Products, Boiler and Not known None 46 east
Incorporated, Lycoming cooling water

RG&E Russell Station, Condenser 166 mgd None 16 west Intake extends 3660 ft from shore
Greece cooling

Eastman Kodak Company Industrial pro- 17.3 mgd Filtration chlorina- 16 west Two intakes 700 ft apart and extending 7800 ft from
Waterworks, Greece cessing tion shore

Rochester Public Water Sup- Domestic 34 mgd Filtration chlorina- 16 west Pumped fom Eastman Kodak Company intake pipe
ply, Greece tion

New York Water Service Cor- Domestic 13.5 mgd Filtration chlorina- 16 west Two intakes 100 ft apart and extending 4000 ft from
poration, Rochester Plant, tion shore
Greece
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Name and Location True of Ouantity Treatment Before Location With Comments
Water Use Used Use Respect to

Ginna Site
(miles)

Hilton Public Water Supply, Domestic 0.2 mgd Filtration chlorina- 24 west Intake extends 350 ft from shore
Parma tion

Brockport Public Water Sup- Domestic 1.3 mgd Filtration chlorina- 30 west Intake extends 2600 ft from shore
ply, Hamlin tion

Lyndonville Public Water Domestic 68,000 gpd Filtration chlorina- 53 west Intake extends 530 ft from shore
Supply, Yates tion

Barker Public Water Supply, Domestic 0.1 mgd Filtration chlorina- 62 west Intake extends 600 ft from shore
Somerset tion

Newfane Water District No. 1, Domestic 147,000 gpd Filtration chlorina- 68 west Intake extends about 600 ft from shore
Newfane tion

Wilson Public Water Supply, Domestic 175,000 gpd Filtration chlorina- 76 west Intake extends 450 ft from shore
Wilson tion
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Figure 2.4-1 Lake Ontario Levels
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Figure 2.4-3 Peak Discharge at Deer Creek Versus Probability of Occurrence Per 1000 years
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Figure 2.4-4 Ginna Site Layout and Topography
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2.5 GEOLOGY. SEISMOLOGY, AND GEOTECHNICAL

ENGINEERING

2.5.1 BASIC GEOLOGIC AND SEISMIC INFORMATION

A geological program involving a regional geological survey, borings, and other tests at the
site was conducted to provide information needed to assess foundation conditions, seismic
activity, and ground-water conditions. The details of these investigations are reported in
detail in Appendix 2C (and in the PSAR, Volume 1, Appendix D). Additional studies were
performed in 1973 as part of the Sterling alternative site evaluation. This is described in Sec-
tion 2.5.2.3.

These results and subsequent information discussed below indicate that the rock and compact
granular soil on the site provide a suitable foundation for plant structures with allowable bear-

ing pressures in the range of 3 to 5 tons/ft2 for spread or mat foundations on the compact

granular soils and 35 tons/ft2 on bedrock.

2.5.1.1 Regional Geology

The site is located on the southern shore of Lake Ontario in the eastern portion of the Erie-
Ontario Lowlands Physiographic Province (Fenneman, 1938). The regional topography is of
low relief and rises gradually from an elevation of +250 mean sea level (msl) at the lake to
+500 ft msl at the Portage Escarpment, which is the northern boundary of the Appalachian
Plateau Province to the south. A beach ridge 10- to 25-ft high parallels the shoreline of Lake
Ontario 4 miles to the south. North of the ridge is the lake plain of former glacial Lake Iro-
quois. The site lies on this plain.

The southern margin of Lake Ontario is characterized by many promontories which seem to
reflect prominent joint directions in bedrock. The site is located near one such promontory
called Smokey Point. Major joint directions are north 750 to 850 east and north 10' east to
300 west. Erosional bluffs along the lake range from 15- to 30-ft high. Smokey Point is
located at the eastern end of a 5-mile-long ridge, the crest of which is about +310 ft. Relief in
the site area is low, with elevations ranging from +350 to +300 ft. The site is underlain by 20
to 60 ft of glacial deposits and approximately 2700 ft of Paleozoic (570 million years to 225
million years before present) sedimentary rocks over crystalline basement. The uppermost
Paleozoic unit is sandstone of Upper Ordovician (455 to 430 million years before present)
Queenston formation. The Queenston is roughly 1000-ft thick in this area and overlays
approximately 80 ft of Oswego sandstone, approximately 600 ft of Lorraine shales, and prob-
ably less than 30 ft of Potsdam sandstone. The pre-Cambrian surface is roughly 2600- to
2700-ft deep at the site.

The glacial deposits include at least two till horizons. The lower unit overlies bedrock and
varies in thickness from 6 to 25 ft. This unit consists of grayish-red, calcareous, silty clay.
The unit is poorly sorted and contains numerous striated and faceted pebbles, cobbles, and
boulders. The upper till unit is at or near the ground surface and ranges from 7 to 30 ft in
thickness. This unit is composed of relatively uniform olive-gray to yellow-brown silty,
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sandy clay, with large boulders several feet in diameter. Between the two till horizons is a
zone of lakebed deposits consisting of gray, very plastic clay.

Rochester Gas and Electric Corporation has determined by regional correlation that the lower
till unit is associated with the Woodfordian glacial advance, a substage of the Wisconsinan
Stage, which took place about 22,000 years ago. The lakebed deposit is believed to have been
deposited in the bed of Lake Iroquois. The upper till is related to a minor glacial readvance-
ment that occurred about 12,000 years ago.

2.5.1.2 Site Geology

The major Ginna Station structures are supported in the Queenston formation or atop a thin
layer of natural or compacted granular soils immediately above the bedrock. The Queenston
formation, which is generally found at depths of 30 to 40 ft, is composed of alternating strata
of thinly to thickly bedded, dense, fine-grained sandstone, silty and sandy siltstone, with
occasional thin beds of fissile shale. Bedding is essentially horizontal with occasional cross-
bedding and shaly partings. The color is predominately red, but random green blotches and
layers occur throughout the depths explored. Occasional continuous vertical joints were
noted in the borings and during site inspections.

Subsequent to the initial environmental studies, seven additional borings were drilled to
depths between 35 and 90 ft in the reactor area for a supplementary foundation study. The
locations of these borings are shown in Figure 2.5-1. The soil and rock encountered in the
seven borings were similar in all respects to the onsite materials described in the PSAR.

Nine borings were drilled for the proposed intake and discharge tunnels. As shown in Figure
2.5-1, these borings extended from the shore to a distance of about 3000 ft into Lake Ontario.

Prior to construction of the plant foundations, the soil overburden (30 to 40 ft of glacial drift)
was removed. The exposed rock surface was observed to be similar to that examined in
nearby outcrops. Bedding was horizontal and occasional cross-bedding and shaly partings
were evident. A pattern of vertical joints of limited vertical extent was evident in the outcrop-
ping rock, particularly along the lakeshore side of the excavation. The observed joints contin-
ued to depths of from 20 to 30 ft from the top of the rock, but no evidence of movement along
the joints was found. The major joint systems were found to be in accordance with those
trends reported in the PSAR. Some minor exfoliation noted in the bottom of the excavation is
believed to have been caused primarily by the heavy-equipment traffic on the excavation
floor and the drying effects of exposure to air.

The cores extracted in the nine borings drilled for the intake structure investigation were com-
pared with the cores of the previous borings drilled at the site. As expected, the rock encoun-
tered below the lake was consistent with the rock encountered in onshore borings.

The onshore shaft and tunnels were inspected during construction as well as after completion
of the tunneling. Examination of the exposed rock revealed conditions consistent with those
encountered during the previous studies. No zones of defective rock were found and no
weathered rock was evident in the tunnels. The rock in both tunnels is sound. Water flow
was practically nonexistent, being essentially limited to scattered areas of minor moisture
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infiltration. The actual conditions found in the tunnel excavations were in agreement with
those encountered in all previous borings drilled during the initial subsurface investigation
and the other supplementary investigations.

2.5.2 VIBRATORY GROUND MOTION

A seismological program was carried out to provide information for predicting possible seis-
mic effects at the site. Estimates of such effects which are described in this section indicate
that the seismic design criteria set forth in Section 3.7 are conservative. Field investigations
and predictions are described in the PSAR, Volume 1, Appendix D.

The site is within 150 miles of the St. Lawrence valley area where earthquakes of Richter
magnitude 7.0 have been experienced. It is within 50 miles of the area around Buffalo which
has experienced moderate earthquake activity of a smaller magnitude, and within 35 miles of
the fault system near Attica. Historical and physical evidence described in Appendix D, Vol-
ume 1, of the PSAR indicates that the site is seismologically quiet.

2.5.2.1 Seismicity

The following explorations were made to evaluate the seismological characteristics of the
Ginna site.

A. An investigation of the earthquake history of the northeastern United States and eastern
Canada was used to develop estimates of the maximum expected and maximum credible
earthquake which could affect the site. All recorded earthquakes in this region with Modi-
fied Mercalli Intensity of V or greater were plotted and considered. Figure 2.5-2 is an
updated epicentral map. Table 2.5-1 lists nearby earthquake activity in the mid-1960s.

B. Investigations were made on the site and in the surrounding area to search for any evidence
of seismic activity such as would be indicated by faulting. This involved examination of
outcrops, including dip and strike measurements, and the development of a bedrock surface
profile from onsite borings, probings, and a shallow and deep refraction survey.

C. Microtremor measurements of ground motion and deep refraction surveys to measure the
elastic properties of bedrock were made to provide a basis for estimating effects at the site
of the maximum expected and maximum potential earthquakes.

The northeastern United States and eastern Canada are moderately active earthquake areas as
indicated in Figure 2.5-2. However, there is no instrumental or verifiable record of extremely
large magnitude shocks (above Richter 8) and as indicated on Figure 2.5-2, there is no record
of damaging earthquakes with epicenters within 50 miles of the site.

2.5.2.2 Maximum Earthquake Potential

The historical record indicates the maximum earthquakes to be expected in the site region are
the following:

A. A shock of epicentral intensity VIII (Modified Mercalli Scale) at a distance of about 60
miles (similar to the 1929 Attica shock, which is judged to be less than Richter magnitude
6).
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B. A shock of epicentral intensity VIII (Richter magnitude 5.5) at a distance of 110 miles (sim-
ilar to the 1914 Lanark shock).

C. A major shock (Richter magnitude 7.0) far to the east, near Montreal, 200 or more miles
away.

These maximum expected earthquakes would not result in significant ground motion at the
site. Ground acceleration at the site is estimated to be less than 1% of gravity. It is judged
that the maximum credible earthquake would be one of Richter magnitude 6.0 with an epicen-
ter 60 miles from the site or one of magnitude 7.0 at a 90-mile epicentral distance.

A procedure developed by Dames & Moore, using the results of research at the Earthquake
Institute in Tokyo, was used to estimate ground motion at a given location if the earthquake
magnitude, epicentral distance, and elastic properties of foundation soils and rock are known.
Using this method and the assumed maximum credible earthquakes discussed above, maxi-
mum acceleration on the site was calculated to be 8% of gravity for soil surface and 7% for
bedrock surface. Plant structures, systems, and components designated as Seismic Category I
(see Section 3.7) are designed to remain within applicable stress limits for the operating-basis
earthquake (0.08g) and the safe shutdown earthquake (0.20g). The ground motion spectrum
used in the design are shown in Figures 3.7-1 and 3.7-2.

In 1980, the NRC developed site-specific ground response spectra for the eastern United
States. The spectra established ground motion acceleration values to be used in structural
analyses to determine seismic loads at those eastern power plants that were a part of the
NRC's Systematic Evaluation Program. The ground response spectrum for the Ginna site is
shown in Figures 2.5-3 and 3.7-3.

2.5.2.3 Surface Faulting

2.5.2.3.1 Nearby Regional Faulting

Within the Ontario lowlands, the nearest regional faulting is the Clarendon-Linden structure
near Batavia, New York. The structure trends north-south and is about 35 miles west of
Ginna Station. The fault is described as a complex faulted zone with a major north-south set
of subparallel normal and reverse faults that have a cumulative displacement of approxi-
mately 100 m with east-side up (Reference 1). Data suggest that the zone is continuous to the
north across Lake Ontario for a total length of as much as 180 km.

No unequivocal evidence of postglacial faulting was found among 36 faults, 6716 joints, and
87 pop-ups studied around the Clarendon-Linden fault system (Reference 1). However,
numerous earthquakes, including the 1929 Modified Mercalli Intensity VIII earthquake, have
occurred within the fault system near Attica. A number of seismologists have concluded that
these events are probably related to solution mining of salt.

The presence of faults has been documented at the Nine-Mile Point and FitzPatrick nuclear
sites approximately 50 miles east of Ginna. The structures are three west-northwest striking
high-angle faults, and several north-south striking thrust faults and folds. Displacements
range from inches to several feet. Several of the faults mapped at Nine-Mile Point Unit 2
have been shown to have undergone some movement during the last 10,000 years. The most
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recent displacements are most likely associated with the complex phenomena caused by gla-
cial loading and unloading. However, no such post-Pleistocene (less than 10 million years
before present) faults have been identified at Ginna Station.

A structural complex was also discovered at the proposed New Haven site located a few miles
east of Nine-Mile Point. These structures consist of a large northeast striking anticline with
several associated faults. The folds and faults were demonstrated by the applicant to be non-
capable (ReJerence 2).

Several minor normal faults with 2 to 15 ft of displacements have been identified between the
site and northward projection of the Clarendon-Linden fault. There is no evidence that indi-
cates post-Pleistocene movement along these faults.

2.5.2.3.2 Ginna Site Vicinity Faultin!

During an investigation conducted by RG&E in 1973 for an alternate nuclear site adjacent to
the Ginna site (proposed Sterling Power Project), evidence of faults was found in core bor-
ings. An extensive investigation program was carried out. The investigations included a
large trench excavated across the fault zone, additional borings, petrographic and mineralogi-
cal analyses, testing of samples from the fault zones, geophysical explorations, and surface
geological mapping.

The studies revealed that the fault zone was comprised of three down-to-the-northeast faults
that trended north 650 west. The maximum offset is about 26 ft which decreases to about 6 ft
to the southeast near the plant. The fault zone passes about 30 ft southwest of the reactor
complex. Three geological reconnaissances were made by a staff geologist at the site to
review progress of the investigations and examine features exposed in trenches across the
fault zone.

A large trench across the fault revealed extensive deformation of glacially deposited horizons
but there was no deformation that was directly attributable to tectonic movement along the
faults. The strongest evidence that these deformations are not related to tectonic displace-
ment on the bedrock faults is the presence of a horizontal unit at the base of the lower till that
lies undisturbed across the southernmost fault and stacking planes (imbricate thrust sheets
caused by the southward advancement of the glacier) that cut across the faults without dis-
placements.

Rochester Gas and Electric Corporation also attempted to determine the age of the fault
gouge by radiometric techniques but the results were unreliable. However, other lines of evi-
dence indicate a much older age of last movement than Pleistocene. This evidence includes
the following:

A. The observation that the contemporary stress field is different from that in which the fault
originated. According to Sbar and Sykes, (Reference 3) the contemporary stress picture in
western New York is one of nearly horizontal compression oriented in an east-west direc-
tion. Evidence for this is local squeeze and pop-up features and in situ stress measurements
in the region. The existing stress field is not consistent either in orientation or type of stress
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field in which the faults were formed; and the stress regime in which the faults were formed
was essentially northeast-southwest and tensional.

B. The presence of unsheared hydrothermal crystals within the fault zone demonstrate that
faulting predates the hydrothermal event which deposited the crystals and this event proba-
bly occurred no later than the Cretaceous (65 million years ago). Analyses carried out by
consultants to RG&E show that the mineralization of fluid inclusions in calcite crystals
along with sulfide mineralization, particularly pyrrhotite and molybdenite, more than likely
reflect hydrothermal mineralization at temperatures of at least 225°C to 300'C. The last
known tectonic environment within which such conditions could have developed in the
area was about 65 million years ago.

C. No recorded historic earthquake has occurred which could be associated with the faults.

It is concluded that the faults at least predate the latest major glacial advance which occurred
about 22,000 years ago. The weight of all the available information indicates that the faults
are more than 65 million years old.

Additional information pertaining to the evaluation discussed above can be found in the Addi-
tional References for Se-ction 2.5.

2.5.2.3.3 Ginna Excavation

Construction photographs of the Ginna excavation were also examined by the NRC staff.
There were ample fair-quality photos to cover most of the walls of the major excavation.
Bedrock bedding could be clearly seen in many of the photographs and, although there are
numerous joints, there was no indication of displacement. It is concluded that there is no
faulting directly beneath the major Seismic Category I structures of the plant.

2.5.3 STABILITY OF SLOPES

2.5.3.1 General

This topic pertains to the stability of all slopes, whose failure could adversely affect the safety
of the plant. The scope of the topic discusses the following subjects: (1) slope characteris-
tics, (2) design criteria and analyses, (3) results of field and laboratory tests, (4) excavation,
backfill, and earthwork in slopes, (5) liquefaction potential affecting slopes, and (6) instru-
mentation and performance monitoring.

The applicable rules and basic acceptance criteria pertinent to this topic are the following:

A. 10 CFR 50, Appendix A: General Design Criteria 1, 2, and 4.

B. 10 CFR 100, Appendix A.

C. Regulatory Guides.

I. Regulatory Guide 1.132, Site Investigations for Foundations of Nuclear Power Plants.

2. Regulatory Guide 1.138, Laboratory Investigations of Soils for Engineering Analysis
and Design of Nuclear Power Plants.
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2.5.3.2 Onsite Slopes

Two onsite slopes, whose failures may be of safety concern, were identified by RG&E (Refer-
ence 4). The first slope is located about 200 ft northwest of the turbine building while the sec-
ond slope is located east of the screen house. Both slopes were excavated from the original
ground elevation of about 270 ft down to elevation 255 ft in silty clay soil and were graded at
approximately 7.5 horizontal to 1 vertical.

The subsurface exploration program of 1964 revealed that the bedrock of red siltstone was at
depths ranging from 30 to 40 ft below the original ground surface (Reference 5). The over-
burden soils consisted of reddish-brown clayey silt, silty clay, and sand and gravel layers.
The thicknesses and the engineering properties of those soils varied considerably throughout
the site.

One boring (No. 1) was drilled at the first slope, and two borings (No. 3 and No. 119) were
drilled at the second slope. The laboratory tests performed in 1964 were very limited and the
shear strengths of the soft clayey soil varied in a wide range. In order to assess the stability of
those slopes, assumptions have been made about the subsurface conditions and the soil
parameters. The sectional profile of the first slope was assumed to be represented by boring
No. 1, the second slope by boring No. 3. Conservative soil parameters obtained from the
1964 investigation were used in the slope stability analyses.

2.5.3.3 Stability Analyses

Stability analyses, both static and pseudostatic with earthquake load, were performed by the
NRC staff using a commercially available computer program, MCAUTO's "Slope" program.
Material properties which controlled the stability analyses are shown in Table 2.5-2.

The results of the slope analyses performed by the NRC staff during the Systematic Evalua-
tion Program show that the factors of safety against slope failure under both static and earth-
quake loading conditions are less than unity, indicating that these slopes are not stable and
that failure would take place along an arc of radius about 175 ft. The NRC staff believes that
the shear strength of the in situ silty clay soil should have gained strength because of consoli-
dation of the clayey soil, but there is no new data about the in situ soil conditions and ,
strengths, so reasonably conservative soil data has been used by the staff in the analyses.

2.5.3.4 Failure Evaluation

Since the slopes were not determined to be stable, the impact of their failures was further
evaluated by the NRC staff. The most critical failure arc, as calculated, would intercept the
slope at elevation 276 ft, adjacent to the crest and at elevation 257 ft, adjacent to the toe. The
lateral spread of the slope failure adjacent to the toe is estimated by the staff to be somewhere
around 8 ft, based on postfailure equilibrium.

At the first slope, northwest of the turbine building, there is no structure nor equipment
located within or adjacent to the slope except a roadway. Therefore, the failure of that slope
would not pose any safety concern but might close the road. The second slope, east of the
screen house, is sufficiently removed from any required safety-related equipment. Thus, its
failure would not be of safety concern.
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Table 2.5-1
EARTHQUAKE ACTIVITY NEAR ATTICA, NEW YORK

Year Date Time Maximum Intensity

1965 July 16 06:00 IV

1965 August 27 20:57 IV

1966 January 1 08:23 V-VI

1967 July 13 14:08 IV-V
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Table 2.5-2
MATERIAL PROPERTIES USED IN THE NRC STAFF ANALYSIS OF SLOPE

STABILITY

Soil Soil Tvpe Thickness Total Unit Cohesion (psf) Anele of
Layer Below Top of Weight (pcf) Interal

Number Slope (ft) Friction
(deirees)

1 Reddish-brown 12 107 130 20
clay silt

2 Brownish-clay 24 108 120 - 250 0
silty clay

3 Red fine sand 8 130 0 38
and gravel

4 Bedrock NA NA NA NA
(siltstone)

NOTE:-Ground-water level was assumed at elevation 245 ft above sea level (10 ft below the
top of the slopes). The earthquake load used in the analysis is equal to the safe
shutdown earthquake, 0.2g, for Ginna Station.
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Figure 2.5-3 NRC Systematic Evaluation Program, Site Specific Spectrum, Ginna Site (5%
Damping)
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APPENDIX 2A

PROBABLE MAXIMUM FLOOD AND LOW WATER
CONDITIONS

R. E. Ginna Plant

Reports by R.O. Eaton
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GINNA/UFSAR10012 ADMIRALS WAY

POTOM. C. MARYLAND 20054

MAILING ADDRESS

P.O. 8OX 1246

OCKVILLS. MARYLAND 208O$

TELZPNOCN 290.5603

ARIA CO09 301

RICHARD 0. EATON. P. E.

CONSULTING ENGINEER

August 13, 1968

Subject: Robert Emmett Ginna
Nuclear Power Plant
Rochester, New York
Wave Runup Analysis

Mr. Wm. W. Lowe
Pickard, Lowe and
Suite 1104, 1730
Washington, D. C.

Associates
- M. St., N.W.

20036

Dear Mr. Lowe:

Pursuant to your request I have conducted a study of wave
runup under Probable Maximum Hurricane conditions ( as estab-
lished in my prior report, March 28, 1968).

The enclosed report by my Associate, Mr. T. E. Haeussner,
presents this study in detail. I have carefully checked
Mr. Haeussner's analysis and I concur in his conclusions, i.e.,
that there will be essentially no wave runup on the vertical
plant wall. The rubble mound breakwall adequately intercepts
nearly all of the wave energy and the small amount of over-
topping will be almost entirely attenuated in the canal between
the rubble structure and the plant wall. During winter months
ice accumulation along the breakwall will probably entirely
eliminate overtopping.

In summary, it is my considered opinion that
no hazard to plant operation due to wave runup.

Richard 0. Eaton

there will be

ROE:w
Encl. Haeussner Report
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2A.1 ESTIMATE OF WAVE RUNUP ON VERTICAL PLANT WALL
ROBERT EMMETT GINNA NUCLEAR POWER PLANT
ROCHESTER, NEW YORK

2A.1.1GENERAL

Accurate determination of the magnitude of wave runup to be expected on the vertical plant
wall during an occurrence of the maximum probable Tropical Storm requires consideration of
the following factors:

a. Maximum water level at the plant site.

b. Design wave conditions (height, period, etc.).

c. Near-shore topography.

d. Site conditions, i.e., ground elevations, structural measures and detail.

Waves approaching the plant site will be affected by water depths in the vicinity of the plant
site, will break and runup on existing (or proposed) shoreline structures, and will overtop and
move forward toward the plant wall. An evaluation was made, as described below, of each of
the above factors, insofar as it will affect the mechanics of the height of wave runup on the
vertical plant wall.

2A.1.2DISCUSSION OF FACTORS

The Maximum Water Level to be expected in Lake Ontario at the plant site is 250.78 ft
MSL, as indicated in Reference 1. That level would result from an occurrence of the probable
maximum Tropical Storm over Lake Ontario. This factor together with near-shore topogra-
phy, determine the breaking depth of water fronting the plant site. The various components
comprising that elevation are outlined in that reference report.

Design Wave Conditions. The significant wave height and period resulting from an occur-
rence of the design storm as determined in Reference 1, would be 19 ft and 9.7 seconds,
respectively. That wave, and its characteristics, would be affected by near-shore depth condi-
tions as it approached the plant site.

Near-Shore Topography. An offshore bottom profile extending northward in Lake Ontario
from the plant site is shown on Enclosure 1. Data were obtained from U. S. Lake Survey Map
No. 23, dated 1962. The peak water level at shore is also shown on that sketch together with
a pertinent portion of the setup water surface profile extending lakeward.

Site Conditions were obtained from Construction Print, Drawing No. 33013-171 c, printed
June 12, 1968, R. G. & E. Eng. Dept. The plant is fronted by an armor stone breakwall with
an approximate I on I slope from lake bottom to elevation 254 ft MSL. Concrete paving (@
elev. 253 ft MSL) will extend shoreward from the breakwall a variable distance (20-25 ft) to
the discharge channel. That channel has a 1 on 1 sideslope with 30 ft bottom width at eleva-
tion 238 ft MSL. A concrete overhang deck (@ elev. 253.5 ft MSL) extends from the south
channel wall 100 ft to the vertical plant wall. Waves overtopping the armor stone breakwall
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will move across the paved area to the discharge channel and, conditions permitting, across
the overhang deck to the plant wall.

2A.1.3ANALYSIS

Standard procedures, described in Reference 2, were used to evaluate the effective water
height, runup, and overtopping relationships involved in this problem. The breaking depth
(db) affecting the design wave was taken from Enclosure 1 at a 100-ft distance lakeward of
the armor stone breakwall, and is estimated to be 9.4 ft (250.8 ft-241.4 ft). The breaking
wave height (Hb) is equal to 0.78 of that depth, or 7.3 ft. According to Equation 1-37 of Ref-

erence 2 the equivalent deep water wave height

H'o = (1.837/T) (db) 312 = (1.837/ 9.7)x (9.4)3/2 = 5.3 ft

Parametric relationships relating to wave runup on rubble-mound slopes to the wave height-
period ratio are given on Figure 3-12 of Reference 2. The latter ratio

Ho - 5.3 = 0.563
S 94

(Equation 1)

The slope of the armor stone breakwall is approximately 1 on 1, requiring interpolation of the
runup curves on Figure 3-12. Entering that figure with the ratio 0.563, an R/H'0 value of 0.63

was obtained, giving a runup value of R = 3.34 ft. Adding that value to the peak wind tide
elevation results in a wave runup elevation of 254.12 ft.

2A.1.4DISCUSSION

The elevation of the armor stone breakwall fronting the plant site is 254.0 ft. Based on the
computed wave runup the depth of overflow over the breakwall and onto the paved area
fronting the discharge channel would be 0.12 ft per wave. That overflow would be blown into
the discharge channel; as the water level in the channel exceeds the peak tide level outflow
will occur to the lake. The water surface elevation in the discharge channel is therefore not
expected to exceed the peak tide elevation by about 1 ft. Since the width of the discharge
channel fronting the plant site is less than 30 ft width there will be no possibility of wave gen-
eration across that channel. Any wave action entering the channel from the lake will be
dampened somewhat by friction and will run up the side slope of the channel and pond in the
area east of the plant site.

2A.1.5CONCLUSIONS

Based on the above analysis the following conclusions are drawn:

1. There will be no wave runup against the vertical plant wall during an occurrence of the
design Tropical Storm.
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2. Wave action entering the discharge channel will runup the channel side slope east of the
plant and pond in the area indicated on Construction Print Drawing No. 33013-69 as the site
for "Future Screen House", but will not affect the vertical plant wall.

Submitted by,
/s/ Theodore E. Haeussner
Hydraulic Engineer, Consultant
Jacksonville, Florida
August 3, 1968

Enclosures

1. Lake Ontario Bottom Profile

2. References.
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2A.2 MAXIMUM PROBABLE WATER LEVELS IN LAKE
ONTARIO AT THE ROBERT EMMETT GINNA NUCLEAR
POWER PLANT SITE

Report dated

March 28, 1968

2A.2. ]INTRODUCTION

OBJECTIVE. The basic objective of this report is to establish the "probable maximum" and
"minimum" water levels to be expected in Lake Ontario at the Robert Emmett Ginna Nuclear
Power Plant site near Rochester, New York; those levels to be based upon a set of conditions
whose individual and collective occurrence frequency are sufficiently rare so as to provide a
very high degree of plant safety.

PROBLEM. The combination of conditions ultimately selected requires a detailed evalua-
tion of the various hydrological and meteorological factors and events which can reasonably
be expected to occur in the area. Hydrologically it involves the normal seasonal regulation
criteria and levels prescribed for Lake Ontario, with due cognizance of unusual events or cir-
cumstances which could affect those levels and/or operating criteria. Meteorologically it
involves consideration of both extratropical and tropical cyclonic storm occurrence, their
paths, intensity, and frequency with respect to Lake Ontario, as well as their overall effect in
terms of accompanying rainfall, winds, seiches or tides generated, pressure effect, and associ-
ated wave action. The element of time is also involved as it relates to lake stage, i.e., the most
likely time of the year when deep intense extratropical cyclones occur as compared with the
seasonal limitation on the occurrences of tropical storms, or hurricanes. Each of these meteo-
rological factors and elements are examined below the evaluated in terms of their probable
occurrence and effects in relation to the hydrologic conditions involved.
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2A.3 ANALYSES OF ALTERNATIVE HYDROLOGIC AND
METEOROLOGIC CRITERIA

A.LAKE ONTARIO REGULATION

GENERAL. Water level records have been maintained for Lake Ontario since 1860 provid-
ing some 108 years of record. During that period the average lake stage has been about 246
feet above MSL (USC&GS 1935 Datum). Extreme ranges in monthly average stage have
been from a low of about 242+ feet in 1934 to a high of about 249+ feet in 1952. The normal
annual variation in lake levels is seasonal, ranging from low levels in November-February (as
a result of freezing temperature and more solid forms of precipitation), rising to maximums in
May and June from Spring snowmelt and rainfall. Local short period extremes in stage have
been observed around the lake perimeter and have resulted from wind action creating seiches
at the extreme east and west ends of the lake, with minimal or negligible effect in the central
north and south shore areas of the lake,including the plant site area.

REGULATION of Lake Ontario water levels is under the International St. Lawrence River
Board of Control with supervision and direction from the International Joint Commission of
the United States and Canada. Operation and regulation criteria have been developed by the
Board and its staff and are contained in References 1 and 2. The initial regulation plan, 1958-
A, was placed in effect April 20, 1960. Subsequent to that date several other modified plans
have been initiated; the present plan 1958-D, was adopted July 1963. That plan has two sets
of basic rule curves for discharge utilizing a basic "storage equation" and supply indicators
for adjusting outflows from the lake. Seasonal adjustments to the outflow curves permit stor-
age of water in winter, spring and early summer and the opposite in the late summer and fall,
resulting in a high operating efficiency for maximum benefits to all water users. Approxi-
mately 85 percent of the annual inflow to Lake Ontario comes from the upper Great Lakes
with the remaining 15 percent from local drainage. Thus the basic water supply to the lake
changes very slowly permitting reasonably accurate forecasts and operating actions to main-
tain desired levels. Because of this only minor concern is given to "short term" supply
changes, such as ice jams on the Niagara River or local winter floods.

During late winter and early spring these exceptions to the normal inflow and supply are not
considered critical because of the large storage volume available in the lake. The storage
increment per foot of stage is about 4.8 million acre feet. The discharge requirement to lower
the lake one foot at relatively high stages is 348,000 c.f.s. for one week. The lake is to be reg-
ulated seasonally over a 5-ft range in elevation, between 243 ft and 248 ft. Lake regulation
stages follow the "normal" high in summer low in winter levels. Period-of-record monthly
routings (1860-1954) were made by the Board of Control to test the effectiveness of the
present plan (1 958-D) in maintaining desired levels and flows over a wide range of conditions
to insure meeting all of the established criteria. Monthly mean adjusted stages and those
resulting from application of Plan 1958-D are contained on Plates 6-1 through 6-10 of Refer-
ence 1 for the period 1860-1954. Stage duration curves, based on those routing results can be
found on Plates 12 through 23 for each month of the year. The 1 percent stage (percent of
time m6nthly average stage is equalled or exceeded) taken from those curves is tabulated
below for each month.
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Month 1 Percent Stage (ft MSL)

January 246.45

February 246.75

March 246.90

April 247.60

May 248.00

June 248.00

July 248.05

August 247.70

September 247.10

October 246.55

November 246.25

December 246.05

Those stages are plotted graphically on Exhibit 3 of this report. Also plotted on that graph are
the monthly mean stages for the period-of-record 1860-1966, and the monthly maximums and
minimums of record with year of occurrence noted. Although the regulated 1 percent occur-
rence stage graph provides a limiting 2-ft range, as does the mean monthly record stage
graph, there is an evident shift in peak month from June to July. This is believed due to the
routing procedures and the rule curves employed in regulating periods of unusually heavy
runoff.

REGULATION EXCEPTIONS. As noted above, the week-to-week changes in inflow to
Lake Ontario are highly predictable and can be compensated for by adjustments in outflow
criteria. Because of the large storage volume per foot on the lake proper, day-to-day fluctua-
tions in overall lake stage and storage (excluding wind effects along shore) must be related
primarily to direct rainfall on the 7,500 square mile lake area and, to a lesser extent, from
resultant local runoff. The occurrence of ice jams in the International Rapids Section is rather
remote and limited to late winter or early spring months. Their effect in reducing outflow and
overall resultant effect on lake stage would be small however. For example, if an ice jam
occurred reducing normal winter outflow from the lake 50 percent, i.e., say from 300,000
c.f.s. to 150,000 c.f.s., the cumulative effect on lake stage per day would be 150,000 x 2 =
300,000 acre feet + inflow. If inflow = required outflow (i.e., 300,000 c.f.s.) the total effect
would be 900,000 acre feet per day accumulated storage, or about 0.2 ft per day increase in
overall lake stage. It is assumed some action would be taken by the Commission to eliminate
such a condition before the cumulative effect became critical and endangered property around
the lake. By far and large, the occurrence of unusually heavy and widespread rainfall on the
lake proper is much more significant as to sudden short-period rises in both stage and storage.
That parameter is evaluated in the following paragraph.

Page 141 of 263 Revision 21 11/2008



GINNA/UFSAR
Appendix 2A PROBABLE MAXIMUM FLOOD AND LOW WATER CONDITIONS

B.RAINFALL

GENERAL CLIMATOLOGY. The occurrence of heavy widespread rainfall over much or
all of the 7,500 square mile surface area of Lake Ontario is a significant factor in short-term
rises in lake stage. Heavy concentrated rains, of the type which could raise lake levels half-a-
foot or more within a matter of 24 to 48 hours, are associated with large-scale cyclonicity
over central and northern latitudes and with hurricanes moving inland and overland from the
Gulf of Mexico and the Atlantic Ocean. Various areas of the United States have experienced
intense widespread rains from both sources; e.g., in the Hallett, Oklahoma storm of Septem-
ber 4, 1940 more than 6 inches of rain fell on 8,600 square miles in 11 hours (Reference 3); in
hurricane Diane of August 17-20, 1955 nearly 11 inches of rain fell on 10,000 square miles in
portions of New York, Vermont, Massachusetts and New Hampshire within 48 hours (Refer-
ence 4). Similarly, in the tropical storm of August 19, 1939 the city of Manahawkin, New
Jersey recorded 17.8 inches of rainfall in 15 hours, with about 6 inches occurring over a 7,500
square mile area. In Reference 5, Figure 9, it was shown that the prime source of moisture for
140 winter-spring cases of heavy precipitation over central and northern U.S. was northward
flow aloft from the Gulf of Mexico into a system of cold and warm fronts. Heavy rainfall of
this type is usually associated with deep cyclonic lows having such attendant cold and warm
fronts accompanied by overrunning and often occlusion. In Reference 3 the total volume of
precipitation in such type events was found to be a large fraction of the volume of atmo-
spheric moisture flowing into the converging cyclonic area (from 50 up to 100 percent). In
contrast to this type of storm-rainfall condition, hurricane rainfall such as that noted along the
eastern seaboard in hurricane Diane, is primarily the result of orographic lifting of moist air,
brought inland from the ocean by cyclonic circulation, over the coastal mountain ranges. As
such, intense widespread rains of the type experienced in hurricane Diane are essentially lim-
ited to about a 100-150 mile distance inland from the Atlantic coast in the New York-New
England area. The mechanism responsible for this limitation and a fairly reliable basis for
predicting hurricane rainfall, intensity, and distribution, can be found in Reference 3.

LAKE ONTARIO RAINFALL. The average monthly rainfall for the lake, based on an
analysis of records contained in Reference 7 for Rochester, New York and other stations on or
near the lake does not vary widely -- averages about 2 to 3 inches, with an average annual
rainfall total of about 32 inches. Variations in annual totals are about ± 6 inches of that value.
Extremes in monthly totals vary from 0.2 inch to around 6 inch. The extreme monthly rain-
fall noted in Reference 7 for Rochester, New York is 9.70 inches. No reference is given as to
month or year of occurrence. In general the highest monthly amounts of rain occur in August;
however, in terms of snowfall and equivalent water content, amounts of 3 to 4 inches can be
found to occur in the months October to February. Analysis of maximum 24 hour rainfalls for
Rochester, Buffalo, and Syracuse, from Reference 7, for the period 1921-1960 indicates val-
ues of 1.19 inches, 4.28 inches, and 4.79 inches, respectively, for those stations. In Reference
6 the month of highest seasonal probability of occurrence of intense 24-hour rainfall with a
return period in excess of 100 years is given as September for the Lake Ontario area.

WINDS. The prevailing wind direction at Rochester, New York, from Reference 7, is west-
southwest. Analysis of wind directions associated with the "fastest mile" of wind at that sta-
tion for the period 1956-1968 indicates that in only 20 months of the 144 months checked, or
14 percent, was the direction from a NE to NW quadrant. The remainder of the time the fast-
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est mile of wind during the month was predominantly from either the west or southwest. The
fastest mile of wind recorded at Rochester, New York in the period 1931-1968 was 73 miles
per hour. The months of highest winds from the west-southwest appear to be from January-
June with values averaging from 55-60 mph.

C.EXTRATROPICAL CYCLONES

Numerous studies have been made relating to extratropical cyclones (termed Northeasters
when over the ocean), their origin, paths, frequency, intensity, general monthly distribution,
and effects as they relate to the Great Lakes (References 8, 9, 10, and 11). Possibly the earli-
est study of this kind by Garriott, published in 1903, Reference 12, lists 238 cases covering a
25-year period. A more recent study by Irish and Platzman (Reference 13) investigated 76
such storms in the 20-year period 1940-1960 which caused set-up in excess of 6 feet on Lake
Erie. Those storms occurred from September through April; the maximum number -- 26,
occurred in November, 16 occurred in January, 13 in December, and 10 in March. The sec-
ond highest observed set-up on Lake Erie was caused by a severe March storm, the highest by
a January storm. The former storm, that of March 22, 1955 was an intense cyclone that began
in east Texas and deepened rapidly as it moved up the Mississippi Valley. Near Lake Michi-
gan it deepened to 975 mb. as it occluded. It then moved NE across northern Lake Ontario.
Gusts up to 74 mph were reported. Perhaps the most all-inclusive study of extratropical
storms is contained in Reference 14. Nearly all of the destructive storms studied occurred in
the months of November through April. Of 160 incidents of gale force winds recorded at
Boston in the 75-year period 1870-1945, half were classified as northeast gales. Some 51 of
these cyclonic storms studied in that report consisted of a single low pressure cell moving
eastward from the central and upper United States across the New England area. The low-
pressure cell was usually- associated with only one cold front and one warm front, although
multiple lows and fronts were observed in many other storms. Exhibits 1 and 2 from Refer-
ence 14 show such simple and complex pressure systems for April 2, 1958 and March 1,
1914, comprising of 972 mb. cell and two low centers of 960 mb. and 956 mb., respectively.
The latter was the lowest pressure (28.25 inches) ever recorded at New Haven, Connecticut
from such extratropical storms. Other notable cyclones listed in that report are those of
December 2, 1942, 959 mb.; March 4, 1931, 961 mb.; and March 4, 1960, 961 mb. The aver-
age low pressure for the 51 storms was 983 mb. Observed wind speeds of 65-75 miles an
hour are not unusual in these deep mature lows. In the March 1914 cyclone, wind speeds
approached 80 m.p.h. Maximum winds in these storms are a function of pressure gradient;
for the 51 storms the gradients ranged from 11 mb. per 150 naut. miles up to 25 mb. per 150
naut. miles (maximum). The origin of 73 percent of the 51 storms was found to be primarily
the Texas-East Gulf and South Atlantic regions. Maximum cyclongenesis takes place in these
source regions during the colder months because of the marked temperature contrast between
maritime and continental air masses along the southern coasts. The forward speed of the 51
storms averaged 22 knots over the 12 hour period of their path prior to approaching the coast
or passing into the Atlantic Ocean. Final deepening of those storms during that 12 hour
period ranged from 6 mb. for storms moving in an eastward direction up to 11 mb. for storms
moving more northward.

Page 143 of 263 Revision 21 11/2008



GINNA/UFSAR
Appendix 2A PROBABLE MAXIMUM FLOOD AND LOW WATER CONDITIONS

D. TROPICAL CYCLONES

The three principal areas of tropical cyclone, or hurricane, formation are the Gulf of Mexico,
the Caribbean Sea and the north Atlantic Ocean. Literally hundreds of these storms have
formed in these areas and, affected by largescale meteorological factors and sea surface tem-
peratures, have moved on a wide variety of paths. Those paths have been chronicled by
numerous authors, viz. References 15 and 16, as well as by the U.S. Weather Bureau in
Monthly Weather Review and Climatological Data publications. Various authors have
attempted to correlate the paths of tropical storms, areas of formation, and month of the year
of occurrence. A study of the seasonal variation in the frequency of topical cyclones for vari-
ous geographic areas along the eastern U.S. coast, in terms of the effect of general atmo-
spheric circulation on storm path, was presented by Ballenzweig in Reference 17.
Ballenzweig concluded that varying seasonal circulation patterns form the framework for
steering tropical cyclones after their generation; and that recurrent positive and negative
anamolies of the 700 mb. height in terms of departure from normal for the hurricane months
could form the basis for predicting hurricane movement.

CYCLONES AFFECTING LAKE ONTARIO. A study was made by the author of hurri-
cane paths since 1888 using References 15, 16, 18, and U.S.W.B. Climatological Data publi-
cations to determine the relative occurrence of hurricanes and tropical disturbances moving
inland, overland, and passing over-or near Lake Ontario from their various areas of formation.
Of especial interest were storms moving northward along the Atlantic seaboard whose move-
ment was blocked and which ultimately recurved westward and/or northward toward or over
Lake Ontario. In the 36 year period covered in Reference 15, 1888-1924, some 21 hurricanes
and tropical depressions passed over or near Lake Ontario--I17 from the Gulf of Mexico and 4
from the Atlantic Ocean. Of the latter, three passed directly over the lake--in 1893, 1903, and
1923. Storm paths shown in Reference 16 for the period 1924-1937 indicate 4 storms fell into
that category. Since 1937, Reference 18, some 5 tropical storms have passed over or near the
lake. All totalled, about 30 hurricanes and tropical disturbances in the last 80 years have
affected Lake Ontario to some degree. Those storms occurred in the months of June through
November, with a prevalence of occurrence in July, August and September. In the 31-year
period, 1903-1933, four major Atlantic hurricanes recurved inland along the coasts of Mary-
land, Delaware, and New Jersey passing over Lake Ontario. Those storms had the shortest
overland trajectory, some 200-300 miles, from the ocean to the lake. This fact is of prime
importance in regard to the filling and de-intensification process that occurs within the storm
system in its overland trajectory.
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2A.4 DESIGN STORM ANALYSIS FOR MAXIMUM PROBABLE
WATER LEVEL

GENERAL. As indicated earlier in this report the problem of evaluating the maximum prob-
able water level to be expected at the plant site involves selection of a design storm, its time
of occurrence in coincidence with lake level, and the cumulative effects of that storm in terms
of wind setup at shore, pressure effect, antecedent or associated rainfall, and wave effect.
From the data presented and discussed above two types of cyclonic storms affect the area --
extratropical cyclones and tropical cyclones. Each has its own set of characteristics, probable
time of maximum occurrence and intensity, and its resulting effect on Lake Ontario in terms
of maximum water elevation at the site area. Because of the basic differences associated with
these two storm types, two separate analyses were made to determine the most critical combi-
nation of conditions for each and resultant maximum probable water levels. Those analyses
are presented below.

2A. 4. ]EXTRA TROPICAL STORM ANAL YSIS

CRITERIA. The combination of conditions selected to represent an occurrence of this event
is as follows:

a. Central Pressure. The minimum central pressure was based on the lowest storm pressure
observed at New Haven, Conn. modified by the mean rate of deepening for storms moving
eastward across the upper United States for the 12 hr period prior to reaching the coast. Po
= 957 mb. + 9 mb. = 966 mb. (28.53 inches)

b. Path. The storm center would move eastward just south of Lake Ontario so that winds in
the western part of the storm would be from the north, moving progressively from NNE-N-
NNW over a period of about 6 hours.

c. Forward Speed. The storm would move at a rate of about 20 mph, an average speed for
storms of this nature.

d: Wind Speeds. Average wind speeds over the lake for a North-South fetch to the plant site
would be about 60 mph, based on a pressure gradient of 25 mb. per 150 naut. miles.

e. Lake Stage. The storm was assumed to occur in April; the 1 percent frequency stage from
Exhibit I or 247.60 ft msl. was used as pre-storm lake stage.

f. Antecedent rainfall of 4.2 inches (0.35 ft.), associated with frontal passage during the 24
hours preceding maximum wind setup was assumed to occur as an average value over the
lake.

RETURN FREQUENCY. The relative frequencies of the various criteria, in combination,
represent a rate event, on the order of a once in 10,000 year occurrence. The return frequency
of the selected storm is in excess of a 50-year event, the selected lake stage has a 1 percent
return period; and the lakewide average rainfall of 4.2 inches is believed to be on the order of
a 25-30 year event for the area.

PEAK WATER LEVEL. Wind setup computations were made for a lake stage of 247.95 ft
MSL (247.60 ft + 0.35 ft rainfall). Lake bottom elevations were averaged for 3 fetches, 22.5
degrees east and west of north, and a N-S fetch. An average wind speed of 60 mph was used
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over the fetch and setup computations made beginning at a node line approximately 20 miles
north of the plant site area. (The selection of that location was based on trail computations.
Since the lake is extremely deep, over 500 ft for almost half the fetch, it was found that the
difference in final wind setup would be on the order of .01 - .02 ft for a shift of a mile or more
in either direction in node point location.) The peak computed wind setup was 0.45 ft at the
plant site. Pressure effect on the lake was determined using a 4 mb. departure from storm
center to the area of interest. The variation from normal pressure, converted to feet of addi-
tional rise in lake level at the site area, was determined as follows:

[977 mb. - (966 mb. + 4 mb.)/ 33..8 (conversion to inches)] x(1.14) = 0.91 ft

Wave effect was considered to add an additional foot of rise in water level at shore. Deepwa-
ter wave forecasting procedures, using Vav = 60 mph, Fetch = 45 miles, gave a significant
wave height Hs = 16 ft, a wave period Ts = 9 seconds, for a required duration of 3+ hours.
The breaking depth for a 16 ft wave is about 20.5 ft. That wave would break about one-half
mile from shore; successive wave trains would add to the depth of water near shore. The 1-ft
value is believed to be reasonable.

SUMMARY. The total maximum probable water level at the plant site from the design extra-
tropical storm and associated phenomena would be:

Lake Stage 247.60 ft MSL

Rainfall 0.35 ft

Wind Setup 0.45 ft

Pressure effect 0.91 ft

Wave Effect 1.00 ft

Max. Water Level 250.31 ft MSL

2A. 4.2 TROPICAL STORM ANAL YSIS

CRITERIA. The combination of conditions selected to represent an occurrence of this event
is as follows:

a. Central Pressure. A maximum probable hurricane, derived by the author for the Barnegat
Bay, New Jersey area, is considered applicable for transportation to the Lake Ontario area.
The central pressure of that storm at the coast is 917.7 mb. (27.10 inches). Filling of that
storm in its path from the coast to the lake would change its central pressure (+20 mb.)
based on a study of filling in hurricanes, Reference 19. The central pressure at Oswego,
New York would be 938 mb. (27.7 inches).

b. Path. The path of the storm was assumed to be similar to those of the major hurricanes of
1903, 1923, 1928, and 1933, all of which entered the east coast along the Maryland-New
Jersey shoreline, curving northward and over or near Lake Ontario. The storm center was
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assumed to pass close to Oswego, New York in order to obtain winds from the north over
the lake.

c. Forward Speed. The forward speed of the hurricane would average about 25 mph in its
overland trajectory to the lake.

d. Wind Speeds. Maximum wind speeds in the eastern semi-circle of the hurricane would be
reduced from 120 mph at the open coast to about 105 mph at the lake. Winds in the western
portion of the storm would be reduced from 90 mph to about 75 mph. An average wind
speed of 70 mph was used on the lake over the fetch in computing setup at the plant site.

e. Lake Stage. The hurricane was assumed to occur in July; the 1 percent frequency stage
from Exhibit 1 of 248.05 ft MSL was used as pre-storm lake stage.

f. Antecedent Rainfall. Analysis of past record hurricanes entering the east-coastal area (Ref-
erence 3) indicates that extreme convergence plus the orographic effect of coastal mountain
ranges will precipitate a high percentage of moisture in the storm within the first hundred
miles of its inland movement. Consequently, associated rainfall in the design hurricane
over Lake Ontario was assumed to be nominal -- and estimated to average 2+ inches 0.17
ft) over the lake at the time of peak wind setup.

PEAK WATER LEVEL. Wind setup computations were made for a lake stage of 248.22 ft
MSL (248.05 ft + 0.17 ft rainfall). The same bottom elevations and fetch conditions noted
above in the extratropical storm analysis were used. Using a wind speed of 70 mph over the
average fetch a peak setup of 0.53 ft was computed at the plant site. Pressure effect was
determined in the same manner as for the extratropical storm, using about a 30 mb. change in
pressure in the 55 mile distance between Oswego and the fetch area. Pressure effect was
computed to be 1.03 ft. Wave effect was considered to add an additional foot of rise in water
level at shore. The significant wave height, Hs = 19 ft for a 70 mph average wind speed; Ts =
9.7 seconds, for a required duration of 3+ hours. The breaking depth for a 19 foot wave is
about 24+ ft. That wave would break about 3,000 ft offshore; successive wave trains would
add to the depth of water near shore.

SUMMARY. The total maximum probable water level at the plant site from the design trop-
ical storm and associated phenomena would be:

Lake Stage 243.05 ft MSL

Rainfall 0.17 ft

Wind Setup 0.53 ft

Pressure effect 1.03 ft

Wave effect 1.00 ft

Max. Water Level 250.78 ft MSL
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2A.4.3EXTREME LOW WATER LEVEL

GENERAL. Several factors affect and, to a large extent, control the value of extreme low
tide elevation to be expected at the Robert Emmett Ginna Plant site. They are essentially as
follows:

1. Hurricane wind speed and direction in storms passing west of the plant, so as to have the
zone of maximum winds directed offshore to the lake.

2. Offshore depths, both nearshore and with respect to the overall depth of the lake.

3. The general orientation of the bay axis with respect to hurricane wind direction.

4. Initial water level of the lake prior to storm occurrence.

For the project plant site area tide-generating conditions on a north-south oriented fetch are
maximum in comparison with the east-west tide-generating potential. The site is located at or
near the nodal point for the latter condition and would experience negligible setup or setdown
for east-west oriented winds. As estimate of the maximum anticipated setdown to be
expected at the plant site was based on an assumed occurrence of the Maximum Probable
Hurricane transposed to the lake on a path from the south with the center passing some 40±
miles west of the plant site. Peak hourly average winds from the south-southeast, blowing
offshore, would be on the order of 90-95 mph during passage of the storm across the lake.
The assumed lake level at the time of hurricane passage would be the lowest future lake level
under the International Commission regulatory plan 1958D -- 243.07 ft MSL. It is probable
that this stage would occur as a result of a prolonged drought, extending over a period of a
year or more, so that the low stage could occur during mid-summer and the hurricane season.
Wind tide computations were made with that lake stage and the above wind and fetch criteria.
The maximum setdown elevation at the plant site was determined to be 0.83 ft. This would
result in an Extreme Low Water Elevation of 242.23 ft MSL (243.07 - 0.83 ft).

CONCLUSIONS

Based on the above analyses the undersigned has drawn the following conclusions:

I. That Lake Ontario is subject to the repeated occurrence of both extratropical and tropical
cyclonic storms and their effects.

2. That hydrologic analyses of regulatory criteria established for the lake provide a sound and
highly reliable basis for predicting the probable range in future stages.

3. That available meteorological analyses for both type storms are sufficiently detailed and
accurate to permit derivation of events of rare frequency and their transportation to the lake
area.

4. That the critical combination of assumed meteorological and hydrological conditions for a
design tropical storm would result in a slightly higher maximum probable water level on
the lake than would occur from a design extratropical storm.

5. That the Maximum Probable Water Level to be expected at the Robert Emmett Ginna

Nuclear Plant Site is 250.78 ft MSL.

6. That the Extreme Low Water Level to be expected at the plant site is 242.23 ft MSL.
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Submitted by,
/s/ Theodore E. Haeussner
Hydraulic Engineer, Consultant
Jacksonville, Florida
March 26, 1968

EXHIBITS

1. A typical single-cell single-front extratropical storm on April 2, 1958.

2. A complex double-cell double-front extratropical storm on March 1, 1914.

3. Mean monthly observed and regulated normal and extreme water levels for Lake Ontario.
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Figure Exhibit 1 A typical northeaster with a single center and a single frontal system, occur-
ring 0100 EST, April 2, 1958,four hours before a peak surge of 3.5 ft. at Boston,
Mass.
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Figure Exhibit 2 A complex northeaster with two low centers and a double frontal system,
occurring 1900 EST, March 1, 1914, three hours before a peak surge of4. ]fit. at

Portland, Maine.

Page 153 of 263 Revision 21 11/2008



GINNA/UFSAR
Appendix 2B DRIFT AND DISPERSION CHARACTERISTICS OF LAKE ONTARIO NEARSHORE WATERS

Figure Exhibit 3 Lake Ontario Stage Data
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APPENDIX 2B

DRIFT AND DISPERSION CHARACTERISTICS OF LAKE
ONTARIO NEARSHORE WATERS ROCHESTER, NEW YORK

TO SODUS BAY, NEW YORK

A Specialized Limnological Study Sponsored by Rochester Gas and Electric
Corporation Rochester, New York

Conducted by
Pritchard-Carpenter

208 MacAlpine Road

Ellicott City, Maryland

Including

2B Appendix A

2B Appendix B

2B Attachment I

OBSERVED TRACER DISTRIBUTIONS (PARTS PER BILLION)

WIND SPEED AND DIRECTION OBSERVATIONS .
METEOROLOGICAL TOWER ON BROOKWOOD SITE
ANEMOMETER - ELEVATION 150 FEET

THE EFFECT ON LAKE DILUTION OF MOMENT MIXING
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2B.I DRIFT AND DISPERSION CHARACTERISTICS OF LAKE
ONTARIO NEARSHORE WATERS ROCHESTER, NEW
YORK TO SODUS BAY. NEW YORK

2B.1.1 SUMMARY

Drift and dispersion studies were conducted in Lake Ontario during April-May, July and
October, 1965. The study area was along the south shore of the lake between Rochester and
Sodus Point. The drift was found to be primarily wind induced, with speeds and directions
correlated to wind speed and direction. A steady drift to the east of 0.05 knots was present
during calm periods.

Tracer material was released continuously at the Brookwood site during the study periods.
The observed distributions of released material were fitted to theoretical equations. The prob-
able distribution of heat and materials released with the condenser cooling water flow under
different discharge structure designs were computed from the observed diffusion data. These
computations show. that the use of a horizontal jet minimizes the thermal effect and produces
the most rapid dilution of discharge constituents, so that a jet (approximately 2 ft/sec) dis-
charge should be considered as optimum. With horizontal discharge, significant heating
would not be present along the lake shore beyond the site boundary and the area with temper-
atures elevated by 50 would extend out into the lake approximately 3000 feet and have an
average width of 200 feet.

The study showed that a twenty-fold or greater dilution would occur before the discharge
reaches the area of the nearest public water intake (town of Ontario). This intake is located on
the bottom at a depth of 11 feet. Thirty-fold dilution would be expected before the discharge
could be drawn into the plant intake located on the bottom at a depth of 28 feet.

As a result of implementing the Extended Power Uprate (EPU) there will be an increase in the
thermal discharge. In accordance with the Federal Clean Water Act (CWA) Section 316(a)
and 6NYCRR Part 704 of the New York State Water Quality Standards Constellation Energy
assessed the effect of the increased thermal discharge to assure the protection and propagation
of a balanced indigenous population of shellfish, fish, and wildlife in and on Lake Ontario.
The analyses consisted of three separate studies designed to evaluate the size of the thermal
plume under the planned EPU conditions and to assess thermal impacts to indigenous species
of fish. The three reports, listed below, were submitted to the NYSDEC on March 8, 2005.
Thermal Plume Study (Ocean Surveys, Inc. (OSI)), Near-Field and Far-Field Modeling Stud-
ies for the R.E. Ginna Power Plant (HyroQual Environmental Engineers & Scientists (Hydro-
Qual)), Biological Assessment: Near-Field and Far-Field Modeling (Northern Ecological)
Associates, Inc. (NEA), along with a New York Form 2C (Attachments 1-VII), Supplemental
Form A to Form 2C, a SEQR LEAF, 401 Water Quality Application, and a State Coastal Zone
management form.

OSI performed an in-situ thermal plume study that was used as validation input for the near-
field and far-field modeling studies. The extent' of the thermal plume is a product of the
velocity of the discharge water and wind influence, and is confined to a narrow stream in the
lake. As expected, vertical profile data from the study showed a drop in temperatures as the
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plume expands into the lake, limiting the thermal impact to the near-field. In the near-field
study area (within 600-700 feet of the plant discharge), the thermal plume mapping survey
showed complete vertical mixing from surface to bottom, while the plume was limited to the
surface (upper 5 feet) in the far-field study area (10,000 feet north of the discharge and 6,000
feet both east and west of the centerline of the plume).

HydroQual modeled the thermal plume under existing operating conditions, SPDES permit
conditions, and EPU conditions to determine the aerial extent of the 3°F isotherm. Modeling
simulations were used to assess the plant's compliance against the SPDES permit Additional
Requirement Number 5, which limits the allowable mixing zone, as defined above, to an area
of no more than 320 acres. Under planned EPU conditions, the modeling results indicate that,
during the summer and winter critical periods, the predicted plume sizes under all operating
conditions occasionally will exceed the permit limit of 320 acres. More specifically, the mod-
eled thermal plume is predicted to exceed 320 acres by approximately 12 percent approxi-
mately 2.5 days over a 30-day period. This results in a modeled plume size of 360 acres.

NEA assessed the thermal tolerance of ten selected Representative Important Species (R.IS)
under conditions expected in the Ginna Station thermal discharge under planned EPU condi-
tions using actual discharge temperature data and literature values for species' thermal toler-
ance. Monitoring results from 2000 to 2004 indicate that during the summer months, the
monthly average hourly discharge temperature in the discharge canal could potentially reach
or exceed the upper thermal tolerance for most of the fish species evaluated. Fish are highly
mobile species and would be able to seek ambient ideal waters to avoid impacts. During peri-
ods of adverse conditions, residency of any fish species in the discharge canal would be
highly unlikely. During summer months, cold and coolwater species would avoid the near-
shore waters of the lake area, thus avoiding impact. Warmwater species have a higher proba-
bility of being in the nearshore waters during summer months. Although the average
temperature in the Ginna Station discharge canal would exceed the lower range of the upper
thermal tolerance of warmwater species, the majority of all fish species seek cooler waters for
shelter, thus minimal impacts are expected.

In summary, the thermal plume currently affects only a small region of the southern shoreline
of the Lake and the planned Extendd Power Uprate (EPU) could only occasionally (i.e., dur-
ing extreme summer conditions) result in a small increase in the area of Lake Ontario
impacted by thermal discharges from Ginna Station.

2B. 1.2 INTRODUCTION

The Rochester Gas and Electric Corporation is undertaking the installation and operation of a
nuclear electric power station at the Brookwood site located about 18 miles east of Rochester.
As a part of the preliminary environmental analysis, calculations of the distribution of materi-
als released to Lake Ontario in the Brookwood region were undertaken. These calculations
were based on experience in other bodies of water and the general characteristics of Lake
Ontario.

During 1965, an observational program in Lake Ontario was undertaken. The purpose of the
program was to obtain direct information on the drift and dispersion characteristics of the
Lake waters, and to use these characteristics to predict the distribution of materials and heat
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released at the site. The field study has provided a basis for estimates in which considerably
greater confidence can be placed than was the case for the estimates made in the preliminary
analysis. However, it is noted that the estimates are in general agreement with the prelimi-
nary analysis. In addition, the observational program was desirable to furnish evidence that
no unusual (unexpected) features are present in the drift and dispersive characteristics of the
area. This report summarizes the field observations made during the program and translates
the data into forms useful in making predictions of the concentrations to be expected at vari-
ous positions along the lake shore.

2B.1.3GENERAL COMMENT ON EFFECT OF DISCHARGES ON LAKE ONTARIO

Lake Ontario is approximately 190 miles long and 60 miles wide and has a surface area of
about 7,500 square miles.

Depths of 40 to 100 feet are found within one to two miles of shore and the maximum depth is
778 feet. The mean sectional depth is roughly 300 feet, so that the volume is approximately 6
x 1013 cubic feet.

The mean total flow through Lake Ontario corresponds to the discharge through the St.
Lawrence River of 241,000 cfs, of which 85% is contributed by the Niagara River flowing
from Lake Erie. The volume of Lake Ontario, therefore, represents discharge at the mean rate

for 2.5 x 1.08 seconds or 8.2 years. Changes in the bulk composition of Lake Ontario as a
result of alteration in Lake Erie would be expected to take place with a time scale of ten to
twenty years.

The ultimate concentration of materials discharged into Lake Ontario may be estimated from
the volume of "new" water available. For a nuclear power plant discharging condenser water
at 600-700 cfs, constituents of this effluent would be diluted 350 fold when mixed into the
total "new" water. Even with partial mixing throughout only one-third of the Lake width,
dilutions of 1:100 would be expected. In view of the flow-through time scale of eight years, it
seems certain that mixing over much of the Lake volume will occur, since horizontal motions
transport water from one end of the Lake to the other in a few months and complete vertical
mixing takes place annually.

2B. 1. 4CURRENTS IN LAKE ONTARIO

The predominant surface currents in Lake Ontario would be expected to move from west to
east, since the predominant wind direction is from west to east and wind stress on the water
surface appears to be the strongest current generating force. The currents associated with
inflow from the Niagara and other rivers and outflow by the St. Lawrence are not strong.
Even if it is assumed that this flow-through is intermittently confined to an upper 30 foot
layer (the summer mixed layer), speeds of 0.04 feet per second would result.

Currents in the'Brookwood region were measured in several ways during the course of the
observational program. Continuous measurements at a position 800 feet offshore of the
Brookwood site were obtained during May 1965. The current meter was suspended from a
frame which rested on the Lake bottom, so that the meter was six feet below the water sur-
face. The current meter was a direction resolving, time integrating device built by W. H.
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Johnstone Laboratories of Baltimore, Maryland. Speed was sensed by the tilt of the sus-
pended instrument case, which contained two compass cards with collimated beams of radio-
activity. The radioactivity was detected with two ionization chambers that were shielded with
absorbers that were machined to the function relating tilt angle to current speed (i.e., square
foot of the tangent of the angle). The count rates were directly proportional to the North-
South and East-West current vectors. The signals from the two ionization chambers were
recorded on a two channel digital, integrating printer. The integrated currents were recorded
each thirty minutes.

The results of these current measurements are shown in Figure 1. The East-West component
of the wind is also shown in Figure 1. The wind speeds are taken from the hourly readings of

the 50 foot anemometer at the Brookwood site, except for those days(2) when recording mal-
function had occurred and on those days the wind speed that would have been recorded is
inferred from the record for the 150 foot anemometer with a conversion factor of 0.7.

Covariance of lake currents with wind speed and direction are visually obvious in Figure 1.
The relationship is particularly clear on the 27th and 30th of May, 1965. Lag in changes in
speed in the same direction does not seem to be more than one hour; however, change in
direction from east to west may take four or five hours for the moderate winds from the east
observed during the recorded period.

The wind-driven currents are superimposed on an easterly drift of approximately 0.1 knots, as
shown quite well on the 19th and 2 1 st of May, 1965. This current was present throughout the
period of the record, but is weaker (0.05' knots) during the later portion of the record (29-31,
May 1965). The observed horizontal temperature distribution was in accord with a geo-
strophic current of the magnitude observed. Decreasing temperature with increasing distance
offshore was found with a gradient of approximately 1P Celsius per 1500 feet. In considering
a geostrophic current, cause and effect are not resolvable and it can only be stated that the
observed density distribution would be in equilibrium with a current of the direction and mag-
nitude observed. The observed density distribution could be produced by more rapid temper-
ature increase in the shallow nearshore waters by solar heating and by the supply of warmer
water from the Genesee River. Both of these processes were certainly occurring during the
May period. These processes will not be as important during other seasons of the year and
weaker geostrophic currents would be expected.

The relationship between wind speed and water current speed has been observed by several
authors and values ranging from 1.6 to 2.3 percent reported for open water. Since observed
wind speed is a function of elevation (anemometer height) and surface roughness, the
observed relationship is dependent on the particulars of the wind observations. For our obser-
vations, the lake current (mph) was approximately 0.023 times the wind speed (mph)
observed at the 50 foot anemometer on the Brookwood site. If the 150 foot anemometer
record bad been used, the relationship would have been 0.016. The observed relationship
may be used with the statistics of the wind speed observations to produce reliable statistics of
Lake speed, with uncertainties of not more than 1.5 percent. Frequencies of particular direc-
tions and speeds may be derived after an adequate length of wind record at the site has been
developed.
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In addition to the observations with the fixed current meter, current measurements from the
survey boat were made during all three study periods. On those days when wave height per-
mitted anchoring without excessive swinging on the two anchor lines, currents were mea-
sured with a confined drag. When anchoring was impractical, a free drifting drogue was used
and the time to travel known distances recorded. These observations were in general agree-
ment with the results from the fixed meter. During October 1965, the persistent eastward cur-
rent was 0.05 knots and the relationship between wind current and wind speed was 0.02.
Currents were measured during periods of increasing wind speed and time lags of less than
one hour were observed.

Vertical current and temperature profiles were observed at three positions off the point on the
site. These stations were located 1000, 3700 and 6000 feet north of the point. Essentially
uniform speeds were found in the upper ten feet, except during periods (2-4 hours) of direc-
tion reversal to the west when the surface layer was found to move downwind, while the
deeper (below 5 feet) water was still flowing to the east. Considerable horizontal shear was
found, except during periods when the currents were 0.15 knots and less. Speeds offshore
were frequently double those nearshore, when the nearshore speeds were in the range 0.2-0.4
knots.

The only observed currents that are not accounted for by wind stress and the density distribu-
tion are those on 25 July, 1965. Winds had been 7-11 mph from the northwest for the previ-
ous 18 hours. Currents at the nearshore station were 0.25 knots to the east. At the offshore
stations, speeds of 0.63 knots in the upper 25 feet were found. This transitory current was
perhaps the result of internal wave motion associated with the strong thermocline present dur-
ing the July period. While no systematic series of observations were made for the purpose of
detecting internal waves, the temperatures shown in Table I show large temperature changes
at depths of 18 to 25 meters that can only be accounted for by internal wave motion with
amplitudes of 8-10 meters.

Our interest was not in the details of the velocity field per se, but rather as confirmation of the
tracer studies (below) which show strong dispersion of the released material. The time and
space variations found in the current system would be expected to produce rapid dispersion.

2B.1.5 TRA CER RELEASES

1. Technique.

A tracer material, rhodamine B, was released continuously off the site at the rate of 8.3
pounds per day. Dye solution was discharged with a metering pump through a pipe line to
an outfall 1000 feet north of the point on the site. A diffuser distributed the solution
through the upper eight feet of the water at the discharge point. The periods of pumping
were:

1500, 29 April, 1965-2230, 16 May, 1965

1730, 8 July, 1965-1000, 25 July, 1965

1530, 6 Oct., 1965-1510, 16 October, 1965
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Clogging of the discharge system with decaying, floating algae was a continuing problem
during the study. Algae growth began in early May and extensive beds were present during
July and October. Underwater observation showed the beds extended offshore to depths of
12-15 feet. Each period of strong winds broke the algae loose and produced dense mats
along the shore line.

The concentration of the tracer material was measured with a fluorometer operated on the
survey boat. An underway sampling system permitted continuous recording of tracer con-
centrations along horizontal transects. Vertical profiles were measured by lowering the
intake of a hone through which the sample water flowed to the instrument. Temperatures
were also monitored on the same sample stream and noted on the fluorometer record.

At distances greater than 3000 feet from the outfall, the vertical distribution of tracer was
uniform during July and October, with the exception of the offshore edge of the dye plume.
Higher concentration with depth was found on the outer edge, suggesting offshore move-
ment in the deeper (10- 20 feet) layers. During the first week of May, vertical mixing was
incomplete due to the rapid heating of the upper ten feet and the dye was confined to this
surface layer.

Horizontal transects were taken perpendicular to the shore at intervals of approximately
2500 feet from the discharge point to the area where the tracer was undetectable. These
records have been used to construct charts of the horizontal distribution of the tracer, as
shown in Appendix A. The wind speeds and directions during the observations are shown
in Appendix B.

2. Results.

a. April-May.

The chart for 29 April shows the distribution four hours after the release was begun.
The wind had been from WNW at approximately 13 mph (50 feet anemometer) during
the four hours. The drift of the material over a distance of one mile during the four
hours is an average rate of 0.25 knots. The ratio between tracer drift and wind speed
was 0.02 in close agreement with the current measurements described above. The
onshore set of the drift should be noted. Tracer material discharged 2000 feet off the
proposed location of the cooling water outlet from the plant reached the shore area
approximately 5000 feet down current. Discharge at greater distances offshore would
not radically alter this pattern, and it would be expected that material - released 4000
feet offshore would approach the shore at distances of 10,000 feet down current.

The tracer release rate was not uniform on the 30 April due to interference by the algae
noted above. The resulting distribution on I May with high concentrations in a patch
off Bear, Creek Harbor is a result of this artifact. The discharge was maintained con-
stant throughout the remainder of the May test.

The patterns observed during the two weeks of steady release show a slow drift to the
west on 4 days and to the east on the other 13 days, which is a frequency that corre-
sponds to average conditions as suggested by the wind record analyses described in
the preliminary hazards evaluation. The distribution on 14 May is particularly signifi-
cant. Drift to the east had begun on 9 May and had been persistent through the five
days. During the afternoon of the 13th and again on the 14th, the winds were from the
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NE and reversal of the drift to the west was being initiated. The reversal is associated
with the development of a confused (turbulent) current pattern with large eddies (sev-
eral thousand feet in diameter). This motion produces much more extensive dilution
than that which occurs with persistent drift along the shore. It was striking that when
drift direction reversed, return passage of the large quantity of water containing the
previously released material could not be observed to any great extent. The observed
rapid diluting process apparent in the 14 May chart is the probable reason for this
effect. General accumulation of released material in the area was not observed and it
is implied that the exchange rate of the nearshore waters with the bulk of the Lake pro-
ceeds so rapidly (weeks) that "new" (i.e., water whose tracer content corresponds to a
dilution of 1:100 for the proposed rate of plant discharge) water is available for the
development of the plumes that form with persistent winds from either the west or
east.

b. July.

The July test period was dominated by drift to the east produced by west winds. The
only drift to the west was found on 13 July. The effect of southwest winds are well
represented in the July results. Both the 9th and 17th show the offshore drift resulting
from southerly components in the wind.

c. October.

The October results are also dominated by drift to the east. However, the 7, 8, and 9
October distribution show the movement to the west developed by southeast winds.
The 8 October distribution is the maximum excursion to the west observed during all
three study periods. The return to east drift may be seen on 9 October and the rapid
dilution due to large-scale turbulence is similar to that observed with reversal from
east to west drift.

3. Interpretation.

The observed distribution of tracer material may be used to compute the comparable distri-
bution of other materials discharged at the site on the basis that the ratios of concentration
to the quantity discharged are identical. The tracer distributions are shown in units of parts

per billion and, for the tracer discharge rate used, 1 ppb corresponds to 2.66 x 10-13 unit per
cc per unit per day discharged. For example, for those areas where the dye concentration
was 0.1 ppb, it would be predicted that, with a radioactive isotopes discharge rate of 1 mill-

icurie per day, the concentration of radioactive isotopes would be 2.66 x 10-13 millicuries
per cc in those areas. Similar scale factors may be derived from any other units chosen for
expressing discharge rates.

If the tracer had been injected into a cooling water flow of 290,000 gpm (647 cfs), the con-
centration for our injection rate would have been 2.4 ppb. An alternate way of viewing the
observed distributions would be on the basis of dilution from the base concentration of 2.4
ppb. In this case, 0.24 ppb would correspond to a dilution of 1 to 10, etc.

Inspection of the observed distributions show that concentrations greater than 2.4 ppb were
observed several thousand feet down current from the tracer outfall. Natural turbulent dis-
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persion does not furnish as rapid dilution as may be achieved in the cooling water discharge
canal. Release of materials from the plant should be by way of the discharge canal to elim-
inate these high concentrations present close to a single point discharge out in the lake. At
distances greater than roughly four thousand feet, the manner of discharge will not modify
the concentrations significantly, except for the effect of momentum mixing as discussed
below.

In using the observed tracer distributions to anticipate the distribution of plant discharges,
direct scaling can be used as outlined above. An alternate approach to developing predic-
tions is the description of observations with theoretical equations, which may then be used
to compute distributions for various assumed conditions. An example of this type is the
simple peak concentration equation used in the preliminary environmental analysis to pre-
dict peak concentrations on the basis of an assumed diffusion velocity and a point source
discharge.

It seems clear that release of materials from the site with condenser cooling water flow has
distinct advantages and it is assumed that this will be the manner of release. This cooling
water flow is not equivalent to a mathematical point (vertical line) source. The relationship
proposed by Okubo and Pritchard (Okubo, Akira. 1962. A Review of Theoretical Models
of Turbulent Diffusion in the Sea. Chesapeake Bay Institute, The Johns Hopkins Univer-
sity, Technical Report 30, Reference 62-20) for horizontal diffusion from a vertical line
source at times so that steady state has been achieved is equation (1).

[ U(y-y) 2  +U (Equation 1)
S x,y-yo, t) = 2fx.D . W[ 2+[)X /2 x 2 +[ ( y_ [)2 j0 (Equ2tin)

where: s,(x,y Yo., t,), =concentration of material in mass per unit volume from a
continuous vertical line source located at x = 0, y = y0.

w = diffusion velocity.

U = velocity in x-direction (It is assumed to be constant in this model; in
addition V = W = 0).

q rate of discharge of material uniformly over a depth, D.

and the x axis points along the plume and the y axis across the plume.

Equation (1) may be applied to a vertical plane source of length b and depth D running from x
= O,y = 0 to x = 0, y = b by integrating as shown in equation (2). The boundary effect is incor-
porated as a virtual source running from y = 0 to y = -b.

1+6

Sc(x,Y, t),' = f S(xy -Yo, t,), dy (Equation 2)
-b

where: S Q, xt,),, =concentration of material in mass per unit volume from a continuous
plane source of length b and depth D.
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Conditions described by equation (2) are shown schematically in Figure 1.

Equation (2) may be non-dimensionalized as follows:

Let:

X = bX'
Y= by

Yo = bYo<
O" (Equation 3)

Equation (2) then becomes

s(y ',.y ,.24 .D.Wb- .-w 1+

f (X '2 + (y <-yo')2) 1/ý[- -1
exp U, •2y-yo°<2) [4- (Equation 4)ep (X< 2 +(y'- <-o')2 )J1 t_ (x <2 +(Xy ,_Uy'0,ý)2)1/2

The right-hand side of equation (4) is not integrable except by machine methods. It has been
evaluated for representative values of U ' as a function of x ' and y ' and may be considered as
known from this point on.

Using U'= U/w and equation (4) we obtain

Sc tDU (Equation 5)Ui s'q

Multiplying both aides of equation (5) by Q, the discharge rate of condensor-cooling water
into the lake, we obtain

S - DU (Equation 6)
, q.12

but q/Q is the initial concentration of material, so on making this substitution and rearranging
(6) we obtain

Dilution D (Equation 7)

Equation (7) describes the dilution of introduced material as proceeding in two stages. The
first stage is the dilution that occurs between injection and formation of the vertical plane
source and the second stage is the dilution produced by natural dispersion as the material
moves with the lake current.
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The variation in dilution with distance down the plume for various values of U' is shown in
Figure 2. These dilutions are the minimum to be expected at each distance, since they are for
y - 0, i.e., the shore line of the lake.

The lateral distribution of material is shown in the form of second-stage dilution for a repre-
sentative value of U ' in Figure 3. The value of U ' is derived from the observational data in
the following way. The simplest characteristic of the observed plumes is the maximum con-
centration found along the plume. In considering equation. (1), if we define the x coordinate
as running along the center of the plume and y = 0 along this line, the peak concentration, sp,

is given by the following relationship:

2.,FD-w -x

The values of w are most readily found from a plot of peak concentration versus distance. In
considering the observations, it must be remembered that the theoretical equations apply to
steady-state conditions, which are only present in the lake after a persistent wind. Also,
steady- state conditions do not exist along the entire length of the plume and the one-third of
the plume farthest down current from the source is not at steady state. The equations apply to
the mean concentration at each position and the observations are essentially instantaneous
concentrations, so that considerable scatter about the theoretical functions must be expected.

Data under conditions approximating steady state have been selected from the complete set of
observations for use in estimating the diffusion velocity, w. Plots of peak concentration ver-
sus distance are shown in Figures 4, 5, 6, 7 and 8. Figures 4, 5 and 6 are for drift to the east
and Figures 7 and 8 are for data during drift to the west. During the July study period, signif-
icant drift to the west did not occur and no west plot is made for July.

For drift to the east, the data for May, July and October are in close correspondence, being
described by a diffusion velocity of 0.33 cm/sec during all three periods. Mean drift speed
during the intervals when near steady state was approached was approximately 0.2 knots (10
cm/sec). The corresponding value of U ' is 30, which is the value used in constructing Figure
3.

Drift to the west did not occur for a sufficient length of time to produce steady state at dis-
tances of greater than 4000 meters. The May results in Figure 7 suggest that a diffusion
velocity of 0.33 cm/sec is descriptive of dispersion during drift to the west. The October
results appear to be better fitted by larger values of w, but steady state was not established and
0.33 cm/sec may be taken for prediction purposes with conservatism.

2B.1.6DISCUSSION

Predictions of the distribution of released materials may be based on the above data and the
characteristics of the discharge as it leaves the site. As noted above for equation 7, the dilu-
tion process may be viewed in two distinct steps for which the first stage is controlled by the
geometry and momentum of the discharge and the second stage results from the natural turbu-
lent dispersive motions in the lake.

Page 165 of 263 Revision 21 11/2008



GINNA/UFSAR
Appendix 2B DRIFT AND DISPERSION CHARACTERISTICS OF LAKE ONTARIO NEARSHORE WATERS

2B. 1. 7POINT SO UR CE

If the condenser cooling water were released to the lake through a relatively wide and deep
canal so that the discharge had velocities of a few tenths of feet per second (negligible
momentum) or through a single outlet on the bottom a few thousand feet offshore, the point
source equation would be applicable and the first stage dilution quite small. In this case
decrease in concentration requires travel over relatively great distances and 6600 feet would
be required for dilution of 1 to 2 and 13,000 feet required for a dilution of 1 to 4. These dilu-
tions correspond to temperatures of 11 and 5.5°F in excess of natural temperatures, neglecting
heat transfer to the atmosphere. Since further dilution would be beneficial, other modes of
discharge were examined as indicated below.

2B.1.8LINE SOURCE

The first stage dilution may be increased by distributing the discharge along a line running
perpendicular to the shore. This distribution could be provided by a multiple outlet pipe (dif-
fuser) or by moderate (0.5 ft/sec) velocity canal discharge to produce a plume which moves
an equal distance offshore before losing its momentum.

2B.1. 9DIFFUSER SOURCE

Optimum diffuser design with a large (50-100) number of ports in a 1500 ' length could pro-
vide first stage dilution with all the water flowing across the diffuser length. The second
stage dilution would be as described by equation 7 and Figure 2. Dilution under the various
lake current speeds is estimated by considering three examples.

1. Average lake current speed. With a speed of 0.2 knots (10 mph wind), the first stage dilu-
tion would be I to 4.1 for 700 cfs and the surface excess temperature along the distributor
would be 5.4°F for a condenser temperature rise of 22'. Having generated this line (vertical
plane) source of excess heat or material, significant second stage dilution requires travel
over great distances, as shown in Figure 3. The computed distance for a second stage dilu-
tion of I to 2 is 13.5 miles, with a travel time of 2.8 days. Heat loss to the atmosphere
would be significant and this minimum dilution would not be observed at 13.5 miles unless
the flow persisted for approximately five days. Excess temperatures of less than one degree
may be anticipated at a distance of 13.5 miles, due to cooling but dilution of conservative
(stable) materials would be 1 to 8.2.

At a distance of six miles (for example, off Pultneyville to the east of the site), the second
stage dilution would be I to 1.1 and the total dilution 1 to 4.5. Excess temperature would be
4.9' without considering heat loss to the atmosphere and using a heat loss coefficient of 0.1
ft/hr as typical of summer conditions, a temperature elevation of 2.9' would be expected.
The travel time is 1.25 days so that steady state would be approached after approximately
two days, which would frequently occur. These calculations are in agreement with the
observed tracer distributions, as for example, on 13 October, 1965 with persistent east drift
for the previous four days, tracer concentrations off Pultneyville were 0.5 ppb and the com-
puted concentration with the dilution of 1 to 4.5 derived above is 0.53 ppb.

2. Minimum lake current speed. The minimum speed that persists for more than a few hours
is 0.05 knots. The first stage dilution with 1500 feet of distributor length would be I to 2.3.
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Further dilution (second stage) of 1 to 2 would be expected at a distance of 5 miles down
current. The total dilution of 1 to 4.6 at five miles for these conditions is not greatly differ-
ent from that computed above under average conditions, which was 1 to 4.5 at six miles.
Temperature elevation at the surface over the distributor area would be 9.60. For this mini-
mum lake current speed case, atmospheric cooling would be more important than second
stage dilution. Drift over the five mile distance would provide dilution of 1 to 4.6 or a tem-
perature excess of 4.7', but heat loss to the atmosphere would have reduced the temperature
excess to 1.1 during the 4.2 days required to travel the five miles.

It should be noted that the distributor would produce an area approximately 1500 by 2000
feet with an excess temperature of greater than 9' during periods of minimum lake current
speeds.

3. High lake current speeds. The maximum observed current speed was 0.5 knots under the
influence of 20 mph winds. For this speed, the first stage dilution would be 1 to 10.5. Fur-
ther dilution by natural turbulence (second stage), even if it is assumed that the diffusion
velocity is 0.6 cm/sec (the maximum observed), would occur only after drift for large dis-
tances. Second stage dilution of 1 to 2 is computed to occur 25 miles down current. The
distributor system would be quite effective near the site under conditions of high lake cur-
rent speeds, which are not frequent, and would not greatly change the concentrations sev-
eral miles from the site.

2B.1.IOJET SOURCE

Another manner of cooling water discharge is release of the flow through a restricted opening
so that the discharge has velocities considerably greater than the lake velocity. Literature
review and model studies of warm-water jet behavior are described by Yuan Jen, R. L. Wiegel
and Ismail Mobarek (1966, Surface discharge of horizontal warm-waterjet, Journal of the
Power Division, ASCE, No. P02, 4801). A more extensive literature is available for gases
(smoke stacks, wind tunnels, etc.) released at right angles to moving air streams. The model
studies of Jen, et al were run at very high densiometric Froude numbers, which will not be
present in many jet discharge situations and the effects of heated discharge do not appear to
be adequately scaled. Observations of discharges with the desirable velocity and volume are
not available. Observations on gases and model studies are extrapolated to the conditions
possible at the Brookwood site using conservative choices of assumptions to produce a con-
servative prediction.

Jet discharge into a stationary fluid produces a plume which consists of an initial mixing zone
that has a length that is 3 to 5 times the original discharge width and beyond this region the
velocity decreases as the volume flux increases due to entrainment of the receiving fluid. For
an unbounded jet, the velocity decreases to 0.1 of the initial velocity at distances approxi-
mately 60 times the nozzle diameter and the velocity decreases in proportion to the reciprocal
of the distance from the nozzle. For large volume flows like condenser cooling water dis-
charged at the surface, the jet is bounded by the free water surface and, due to its buoyancy
from heating, may be assumed not to mix vertically and, therefore, is bounded by a lower sur-
face represented by the abrupt density change with depth. Some vertical mixing will occur,
but it is neglected here since there are no reliable estimates of this mixing and this procedure
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is conservative. For the bounded jet, the velocity decreases with the reciprocal of the square
root of the distance from the nozzle.

Observations of jets have shown angles of spread ranging from 1 to 5 through I to 8. With
wider angles of spread, the entrainment processes is proceeding rapidly with distance. We
assume an angle of spread of 1 to 6 as being conservative. From this assumption and the dis-
tance dependence assumed above, the shape and concentrations in the jet may be calculated.
The effect of the horizontal movement in the lake is taken into account as momentum contrib-
uted to the jet by entrainment to produce a deflection of the jet. This momentum mixing pro-
cess is described in Attachment I to this Appendix.

Figure 9 shows the calculated jet pattern for a 50 by 6 feet nozzle (canal) discharging 700 cfs
into water with 0.5 feet per second flow at right angles to the initial jet axis. This pattern is
translated into a predicted temperature distribution as shown in Figure 10, where the effect of
recirculation on the downstream (wake) side of the jet is taken into account to produce an
accumulation of heat in this area. As may be seen by comparing Figures 9 and 10, recircula-
tion along streamlines corresponding to rough semicircles with a radius of 1000 feet is
assumed. The probable pattern along this downstream edge has not been described in the
studies available in the literature on jets. However, if the recirculation is by way of streamline
patterns of smaller or greater radius, lower temperatures will be present in this area and Fig-
ure 10 seems to be a conservative estimate. The most likely pattern is recirculation along
streamlines with a radius of a few hundred feet, which will produce lower temperatures than
shown in the wake region.

These predicted concentrations of heat and material have been made without considering pro-
cesses other than dilution. Heat loss to the atmosphere and radioactive decay would be signif-
icant if such rapid dilution were not available.

The dilutions have been calculated assuming the discharge will not be mixed deeper than six
feet; an assumption that produces higher concentrations than would be calculated if greater
vertical mixing occurs. If the cooling water intake is located off shore on the bottom, possible
recirculation could occur only with extensive vertical mixing (high speed winds). With an
intake depth of 28 feet, complete mixing would produce a dilution of 1:4.7 in addition to that
shown above and the water drawn into the intake would be a 30 fold dilution of discharged
water.

The public water intake nearest to the Brookwood site is the town of Ontario pumping station,
which draw water from an inlet about 1100 feet off shore at a depth of 11 feet. Momentum
mixing would produce a dilution of 1:10 in the upper six feet, and complete vertical mixing
would produce a total dilution of approximately 1:20 for water drawn into this intake.

The anticipated temperature distribution of the surface waters off the Brookwood site is not
expected to produce significant effects. Fish may not prefer the limited area (1000 by 100
feet) immediately adjacent to the discharge canal. There is no evidence in the form of fishing
activity in the area now that suggests significant fish populations. The larger area (6000 by
2000 feet) with temperatures a few degrees above ambient may attract fish, as has been
observed in other localities where discharge of similar quantities and temperatures of heated
water has been studied.
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Table 1
Temperature (°C) at a station 6000 feet offshore of Brookwood

Depth

(meters) 9 July 10 July 12 July 16 July 17 July 25 July

S 19.02 18.10 17.69 18.97 19.09 20.36

2 18.84 17.27 17.59 18.80 18.59 20.15

4 18.19 17.20 17.45 18.61 18.56 20.00

6 16.85 17.20 17.26 18.58 18.55 19.97

8 16.50 17.20 17.14 18.55 18.55 19.97

10 16.44 17.13 17.03 18.53 18.55 19.97

12 15.66 17.06 16.91 18.10 18.50 19.80

14 14.23 16.95 16.84 17.80 18.41 19.70

16 10.44 16.84 16.83 17.71 18.38 18.58

18 5.35 15.52 16.82 17.65 18.37 17.73

20 4.99 12.22 16.80 17.60 18.30 16.81

22 4.94 10.09 16.80 17.31 16.08 12.50

25 4.94 6.70 16.71 11.76 6.25 7.00
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Figure 1 Upper - Lake Current, Lower - Wind Speed
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Sheet 2 of Figure 1
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Sheet 3 of Figure 1
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Sheet 4 of Figure ]
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Sheet 5 of Figure 1
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Figure 3
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'igure 4 Maximum concentration versus distance, May 1965 East DistributionI0
I0-
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East Distribution
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Figure 4. Maximum concentration versus distance.
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Figure 5
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Figure 5. Maximum concentration versus distance.
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Figure 6
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Maximum concentration versus distance, October 1965 East Distribution
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Figure 6. Maximum concentration versus distance.
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Figure 7
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Maximum concentration versus distance, May 1965 West Distribution
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Figure 7. Maximum concentration versus distance.
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Figure 8
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Figure 10 Probable temperature elevation (degrees F) in upper six feet ofLake Ontario

for horizontal canal discharge at the Brookwood site.

Figure 10. Probable temperature elevation (degrees F) in upper
six feet of Lake Ontario for horizontal canal discharge at the

Brookwood site.
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APPENDIX A TO APPENDIX 2B

OBSERVED TRACER DISTRIBUTIONS (PARTS PER BILLION)
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APPENDIX B TO APPENDIX 2B

WIND SPEED AND DIRECTION OBSERVATIONS
METEOROLOGICAL TOWER ON BROOKWOOD SITE

ANEMOMETER - ELEVATION 150 FEET
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W/15

WNW/12

WNW/16

W/12

W/14

WNW/16

WNW112

WNW/14

WNW/13

NW/9

NW/7

NNW/3

NNW/1

NNW/3

WNW/14

WNW/6

WNW/5

W/9

WNW/15

WNW/15

WNN/113

WNW/13

WNW/10

wsw/9

Wsw/8
w/i 0

W/l0

wsw/6

WNW/12

WNW/9

WNW/8

WNW/9

WNW/il

wNW/9
WNW/lI

WNW/9

WNW/8

WNW/9

W/10

WNW/10

w/7

w/10

w/10

W/10

WNW/8

WNW/8

WNW/9

waw/8

w/6

wSW/lO

wsw/9

w/7

WNW/l0

WNW/l 1

WNW/9

NW/7

NNW/4

NNW/4

NNE/8

NN1/4

NNE/2

N/3

ENE/0

SE/0

SE/o

N/2

N/3

N/5

N/7

N/7

N/5

N/i

N/2

N/I

N/i

N/4

N/S

N/8

N1/2

N/2

N/4

N/4

N/6

N/5

N/6

N/2

N/2

N/3

N/7

N/12

N/1 2

O0



14 July 15 July 16 July 17 July 18 July

0100 N/14 WNW/7 W/9 WSW/10 N/3

0200 N/13 WNW/10 W/9 SW/9 N/2

0300 N/13 NW/16 wsw/10 W/10 ENE/4

0400 N/12 w/12 SW/9 WSW/4 NE/6

0500 N/14 W/13 WSW/10 SW/7 NE/16

0600 N/i6 W/il SW/ill SW/2 ENE/l0

0700 N/18 W/13 SW/9 S/3 NE/Il

0800 N/iS WNw/13 SSW/7 E/o ENE/7

0900 N/16 WNW/14 SSW/7 SE/3 ENE/6

1000 N/15 NNW/16 WSW/4 SE/i NE/5

1100 N/il NW/15 NW/2 E/0 NE/4

1200 N/i3 WNW/12 NE/5 ENE/4 NNE/8

1300 W/14 NW/10 NE/7 ENE/4 NNE/iS

1400 W/16 NW/7 ENE/7 ENE/5 NNE/11

1500 W/15 NW/S ENE/7 NE/7 N/10

1600 w/20 NW/i0 E/6 ENE/6 NmNW/l0

1700 W/8 NW/9 E/9 ENE/5 NNW/9

1800 w//5 Nmw/7 ESE/5 E/5 NNW/ii

1900 NW/S NW/3 ESE/3 NE/4 NNW/7 E

2000 NW/8 WNw/S sE/5 NE/4 NNW/6

2100 wsw/i2 W/1l SE/S ENE/1 NNE/4

2200 WSW/10 W/10 SSW/6 SE/3 NNW/7
0 2300 W/8 W/9 SW/8 NNE/i NNE/9

- 2400 W/8 W/9 SW/9 NNW/1 NNE/15 >

0M
0Q



19 July 2o July 21 July 22 Jul_

0100 NNE/13 NNE/14 Wsw/lo S/10

0200 N/12 NNE/II Wsw/9 S/I1

0300 N/12 NNE/8 wSw/10 S/10

0400 N/1i N/7 wsw/ii s/9

0500 NNW/9 NW/2 sw/li s/8

0600 N/12 NW•/3 wsw/i s/8

0700 NNW/9 W17W/6 WSW/l0 S/7

0800 NNW/9 W/5 WSW/6 WSW/3

0900 Nw/il Nqw/14 wNw/6 sw/4

1000 NW/16 NW/5s wNW/7 WNw/7

1100 NW/18 NW/14 WNW/7 WNW/5

1200 NW/17 NW/li NW/4 WNW/5

1300 NW/20 WNW/1I NNW/4 NNW/3

1400 WNW/17 NW/0 NNW/6 N/o

1500 WNW/16 NW/li NNW/5 NE/I

1600 WNW/17 WNW/10 NNW/4 F.NE/0

1700 WNW/18 WNW/8 NNW/3ý NE/1

1800 WNw/21 WNW/7 N/3 ESE/6

1900 N/S WNW/5 N/2 s/i

2000 NW/6 W/3 E/o SsE/3

2100 wNW/13 WNW/5 SSE/3 sz/6

2200 NNW/1I W/9 SSW/2 SSE/9 0

o 2300 N/1i W/1I ssw/5 SSE/10

" 2400 N/14 W/12 S/9 S/7 >

00



0

0100

0200

0300

0400

0500

0600

0700

0800

0900

1000

1100

1200

1300

1400

1500

1600

1700

1800

1900

2000

2100

2200

2300

2400

23 July

S/8

ssw/8

ssw/9

SSw/6

Ssw/7

s/5
SSW/5

ssw/4
sw/i

NNE13

N/2

NNE/2

NNE/5

NE/4

NE/5

NE/4

NE/3

N/o

WNW/2

WNW/3

w/5

w/6

WNW/5

24 July

WNW/6

wsw/7

wsw/6

SW/7

sw/9

SSW/9
N/0

SSW/6

ssw/8

sw/6

WNw/12

NW/S

NE/3

ENE/3

E/2

WNw/10

W/1 7

WNW/12

W/1 5

W/1 4

Nw/11

w-W/12

WNW/10

Ww/N11

25 July

WNW/16

WNW/13

W/1 2

WNN11 2

Wi9
wsw/7

WSW/7

w/9

WNw/10

WNW/8

NW/9

NW/7

NNw/6

N/4

NNW/3

NNW/9

NW/6

WNW/5

WNW/8

w/5

w/8

Wsw/10

sw/lo

sw/1o

0
0



k•4
ON

0100

0200

0300

0400

0500

0600

0700

0800

0900

1000

1100

1200

1300

1400

1500

1600

1700

1800

1900

2000

2100

2200

2300

2400

7 Oct.

s/17

ssX/17

S/15

S/15

sS5/16

SSE/15

S/15

S/16

SS/18
S/16

SSE/18

8/19

ss5/18

SsE/18
ssE/16

sE/17

S/13

sp./ll

S3/13

sR/12
SE/1s

sR/17

sBE/15

ESE/I5

8 Oct.

ESE/8

SSE/4
s s/I

S/4
s sw/i 0

sw/i 2
s8W/14

ssw/10
SSW/12
sw/12

sw/19

sw/13
ssw/15

SSW/1l

WSW/15

w/7

SSW/7
WSW/I 1

W/11

sw/llsw/Il

ssw/ll
ssw/11

9 Oct.

ssw/a

Sw/13

sw/14

sw/15

sw/16

sw/15

ssw/16

sw/15

sw/iA

sw/16

sw/1 7

wsw/i8

wsw/22

WSW/21

WSW/13

SW/16

wsw/16

sw/9

sw/9

sw/7

sw/e

ssw/9

ssw/9

ssw/e

10 Oct.

WNW/14

WNw/14

WNw/is

w/1 1

WNW/14
wsw/lo

w/9

Nw/15
w~w/z 2
W•qW/ll

WNW/14

WNw/o 8

WNW/12
W/8

w/9

w/11
wsw/8

w/8

wsw/9

wsw/1o

i1 Oct.

wsw/8

wsw/8

w/1 1

sw/6

wsw/7

sw/9

ssw/7

ssw/7

ssw/7

ssw/8

s/8
s/il

s/6

5sw/5

sw/9

wsw/16

Nw/10
w/io

wsw/9
WSW/ll

sw/9
W/11

w/8

W/7

o

2

2

0

k4

z

P,

4.
0



12 Oct. 13 Oct. 14 Oct. 15 Oct. 16 Oct.

0100 wsw/6 WSW/13 S/11 s/14 Nw/14

0200 WSW/7 WSW/12 S/lI S/16 WNW/10

0300 WSW/9 WSW/11 SSE/I. S/16 W/10

0400 sw/9 WSW/lI S/9 S/15 W/12

0500 WSW/10 WSW/I0 S/9 S/14 W/12

0600 SW/1 Sw/1o ss5/7 S/15 WNW/Il

0700 ssW/li Sw/10 w/1 s/15 w/9

0800 SSW/10 SW/9 SW/2 SSW/13 NNW/16

0900 SW/10 WSW/lI SSW/2 SSW/14 N/12

1000 Sw/14 N/-0 ssS/l sw/21 N/13

1100 SW/14 WNW/1I ENE/4 SW/24 N/13
1200 SSW/Il WNW/14 ENE/7 WSW/26 NNE110

1300 WSW/25 WNW/18 ENE/7 WSW/23 NNE/8

1400 sw/26 NW/17 ENE/8 WSW/19 NNE/9

1500 w/14 w•/18 ENE/9 W/18 NNE/7 >

1600 w/21 NW/17 R/8 w/21 N5i

1700 W/23 W/10 E/6 W/14 N/7

1800 W.20 w/4 R/8 wNw/15 NE/1

1900 WNW/14 s/5 E/10 WNW/21 ESE/O

2000 WSW/10 s/10 ESS/li wNw/17 SW/o

2100 WSW/1I S/8 SE/Il NW/lB SW/i

" 2200 SW/10 SSW/9 SSE/9 NW/15 WSW/2

2300 sW/12 S/9 S/13 WNW/15 NNW/o

2400 N/o s/11 s/IS NW/17 wW/1

00

00•



GINNA/UFSAR
Appendix 2B DRIFT AND DISPERSION CHARACTERISTICS OF LAKE ONTARIO NEARSHORE WATERS

APPENDIX 2B ATTACHMENT I

THE EFFECT ON LAKE DILUTION OF MOMENT MIXING
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At distances greater than about 8 miles from the site, the equation used for the computation is
given on page 2.4-10. The limnological data derived from the continuous tracer release tests
are used in the form of the empirical diffusion velocity. The best fit to the observed data was
given by a diffusion velocity of 3.3 x 10 m/sec and this value was used in the computations.

At distances less than about 8 miles from the site, the dilution is produced primarily by the
momentum mixing resulting from the horizontal discharge of the circulating water system.
This process may be evaluated from the following considerations.

Our coordinate system is as follows:

z z

XI
U., Secondary

Stream y,

o ,/Primary Stream Frx
/ ~Figjure 3.

Subject to the following assumptions:

1. That longitudinal diffusion may be neglected,

2. That momentum and material spread at the same rate, and

3. That profiles of mean fluid attached properties such as concentration, velocity, etc. along an
x ' = constant plane, when scaled by their peak or centerline values, are expressable as a
universal function of z '/1o and y '/1o where 1o (x ') is a length scale. In our case we have

chosen a simple top-hatted distribution function, i.e., at a particular x, values along y ' are
constant throughout the plume and zero outside the plume.

N(x d=x(x f fO ''b (X')) where f= I for :_b(x') and f =Ofor >b(x

and where cM(x ') is the fluid.attached property and b(x') is the width of the top hat.

the conservation of material for 3 dimensions may be written as

d {D (x ') b (x ') QM (x ') am (x ')} = 0 (Equation 1)

or for a system bounded in the z ' direction by the sea surface and by a level bottom we have
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d {7, (x)2(x' ))@ ')} = 0 (Equation 2)

where QM (x ') is the centerline velocity and c'M(x ') is the centerline concentration of mate-
rial.

Integrating (2) with respect to x ' from x' 0 to x 'we obtain

(._____x '2..(x_____. -= 1 (Equation 3)'JO 20 bo

In general it may be shown that assumption.3) requires that the lateral spread of the fluid
attached properties be linear or that

-constantdx"

Therefore, we write

= I+x xlx', for x O (Equation 4)
bO

where x 'v is the distance from the orifice to the boundary between the zone of establishment
and the zone of established flow. See Figure 2.

Zone Zone,
of of

Establishment Established
Flow

b(x')'

virtual X-
source

Figure 2

From (3) and (4) we obtain

•15(x ')._s(x ) _ 1 (Equation 5)
CFO Qo 10+x/x,
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It now remains to relate anA .jd x To show this we proceed as follows.oo Qo

It should be remembered that we are mixing two streams of water. The jet, or primary stream,
initially possesses no x-momentum. By entrainment of the surrounding fluid, or secondary
stream, it gains X-momentum and gives up Y-momentum and material. The jet continues to
spread by entrainment into the secondary stream until such time as it has given up all of its
material and Y-momentum. This occurs theoretically at infinity. We may express the forego-
ing concepts more formally as follows.

Consider a mixture of n parts of the secondary stream and m parts of the jet, or primary
stream. We may write for concentration

n 0+M-(70 M
6(xW) = n nm"

or

____)_ -m - diltion (Equation 6)
170 n+m

Similarly for X-momentum we have

n.U0+M .O
U(x=.n+m n+m U0

or

U(x') - n ._°U0 =n . R (Equation 7)
20o n+m ao n+m

where R--- U0120 (Equation 8)

and for Y-momentum V(x m -= a d )/c0 (Equation 9)

Combining equations (5), (6), (7), (8), (9) and remembering that

2dx ) = $U(x _-_+(V_.(_- (Equation 10)
o0 nhctl0 ie0bt

on the centerline, we obtain
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_x ) ={ I }1/20o 1 +X Yx "/ f M R2+m2} (Equation 11)

In order to compute cyM(X ')/" Y, the dilution, as a function of x '/x 'v we rearrange (11) and
obtain

2

(Equation 12)

and tabulate as follows for R = 1/5 remembering that

n + m
n+M n+M

Dilution or cM(X ')/co is plotted as a function of 1 + x '/x 'v in Figure 3 from Table 1. It

shows a decrease to the -1/2 power at early time and a decrease to the -1 power at late time.

The centerline trajectory may be defined by the following equation

d(x /x ') _ d(x/x <) = d(y/x (Equation 13)
M(X <) •U(x ') VdX 5

or

A(x/x 'J) = Ux )A((x 'ix <.) (Equation 14)

and

V/x •( <) It(x Ix <) (Equation 15)AOI/X 'V) Dd--7 Z'(X IX

That is, the trajectory may be computed by computing cOM(X '), VM(X '), and QM(X ') from

Figure 3 and equations (7), (9), and (10) and substituting the values thus obtained in equa-
tions (14) and (15) to obtain x/x ', and y/x 'v. This computation has been made for

R = L = 115 and is shown in Table 2.

The results of this computation are shown as Figure 9 of Appendix 2B.
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Table 1

am (X ~ M• 71 (,Q2 R
2

ý2
f2

X YX"

1

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.05

0.02

1

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.05

0.02

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

0.95

0.98

0

0.0124

0.0625

0.184

0.445

1

2.250

5.44

16

81

361

2401

1/25 = 0.04 1

1.003

1.009

1.02

1.043

1.101

1.280

2.06

3.92

9.88

0

0.235

0.562

1.003

1.756

2.920

5.00

9.10

18.50

47.5

101.0

252
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Table 2

TABLE 2

a V"(X- ' U (xi 04(x') UO 1 (x') U (x') V z(x') VO(x')X' '14( ) m 14 V4U1 4 1

x ;V 0 00 00 QmX, V . 01 (x ( x X'

0 1 1 0 1 0 0 1 0

1 0.043 0.043 1.000 1.000

1 0.70 0.70 0.060 0.70 0.086 0.043 1 1.000

1 0.116 0.116 0.992 0.992

2 0.575 0.575 0.085 0.584 0.146 0.159 0.984 1.992

1 0.171 0.171 *0.982 0.982

3 0.500 0.500 0.100 0.51 0.196 0.330 0.980 2.974

1 0.222 0.222 0.975 0.975

4 0.44 0.44 0.112 0.454 0.247 0.552 0.970 3.949

1 0.268 0.268 0.964 0.964

5 0.40 0.40 0.120 0.410 0.288 0.820 0.958 4.913

1 0.308 0.308 0.952 0.952

6 0.366 0.366 0.127 0.388 0.328 1.128 0.945 5.865

1 0.344 0.344 0.938 0.930

7 0.341 0.341 0.132 0.366 0.360 1.472 0.931 6.803

1 0.376 0.376 0.926 0.926

8 0.320 0.320 0.136 0.348 0.391 1.848 0.920 7.729

1 0.405 0.405 0.915 0.915

9 0.304 0.304 0.139 0.334 0.418 2.253 0.910 8.644

1 0.434 0.434 0.901 0.901
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x_..L x' a (X')

X. X*
V V 0

10 0.285

2

12 0.258

2

14 0.236

2

16 0.219

2

18 0.203

2

20 0.190

5

25 0.162

5

30 0.143

5

35 0.129

5

40 0.112

10

V (x')

0

0.285

0.258

0.236

0.219

0.203

0.190

0.162

0.143

0.129

0.112

0 (x')

0

0.143

0.148

0.153

0.156

0.159

0.162

0.168

0.171

0.174

0.178

01 (X'
0

0.319

0.298

0.281

0.269

0.258

0.250

0.233

0.223

0.217

0.210

TABLE 2 (Con'd)

u (x') u (x')
U.l.- ) O-. -x' )

0.450

0.473

0.496

0.520

0.543

0.562

0.580

0.598

0.616

0.632

0.648

0.684

0.720

0.743

0.766

0.784

0.801

0.825

0.848

0.8069

V1 (X) V (x)
•-x x, o(x') OQlx') Ax--• -x-

V V N N V V

2.607 0.893 9.545

0.946 0.880 1.760

3.633 0.866 11.305

1.040 0.853 1.706

4.673 0.840 13.011

1.124 0.828 1.656

5.797 0.815 14.667

1.196 0.802 1.604

6.993 0.788 16.271

1.232 0.774 1.548

8.225 0.760 17.819

3.420 0.728 3.640

11.645 0.696 21.459

3.715 0.668 3.340

15.360 0.640 24.799

3.920 0.616 3.080

19.280 0.593 27.879

4.125 0.563 2.815

23.405 0.532 30.694

8.690 0.495 4.950
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x
xV

V

50

60

BO

100

150

200

250

300

X . a m(x') v2 (x') u%(x')
x. a.

V 0 0 0

0.093 0.093 0.181

10

0.079 0.079 0.184

20

0.061 0.061 0.188

20

0.050 0.050 0.190

50

0.0335 0.0335 0.193

50

0.0251 0.0251 0.195

50

0.0201 0.0201 0.196

50

0.0169 0.0169 0.197

TABLE 2 (Cont'd)

0 4(X) U C("' U M(X') VMlx') V (x')

00 0 (x o 0 (x' x' x; 0(x') 0 Cx') x.- x..
a 24 KV m 4 2

0.208 0.890 32.095 0.457 35.644

0.903 9.030 0.424 4.240

0.201 0.916 41.125 0.391 39.884

0.933 18.660 0.347 6.980

0.198 0.950 59.785 0.307 46.864

0.960 19.200 -0.281 5.620,

0.196 0.970 78.985 0.255 52.484

0.977 48.850 0.238 11.900

0.196 0.984 127.835 0.171 64.384

0.987 49.350 0.150 7.500 71.884

0.197 0.990 177.185 0.128

0.993 49.650 0.115 5.750 77.634

0.t97 0.995 226.835 0.102

0.995 49.750 0.094 4.700 82.334

0.198 0.995 276.585 0.085
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Figure 3
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APPENDIX 2C

REPORT, SUPPLEMENTARY FOUNDATION STUDIES,
PROPOSED BROOKWOOD NUCLEAR POWER PLANT (R. E.
GINNA NUCLEAR POWER PLANT), ONTARIO, NEW YORK
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I=, Csl

DAMES 8 MIOOWE
CONSULTANTS IN APPLIED EAR'H SC;ENCES
$0I. mCnaInC5 . INOSnER,0IQ GCOLOGv . GCOvoinCS

Al.,a.o ....l.CcnoM@WOlJ Sal. l.ASC 0*'
50:5*05LE Ia,. ,.a •sc

..A*,.,@VON. .. C.

5-110 500,5 . a5

100 CHURCH STREET • NEW YORK 7, NEW YORK - CORTLANOT 7-1610

PARTNERS: GARONER M. REYNOLDS ROUCRT m. PERRY * JOSEPH A. FISCHER

ASSOCIATE: FRANCIS E.RAN FT

June 2, 1966

Gilbert Associates, Incorporated
Engineers and Consultants
525 Lancaster Avenue
Reading, Pennsylvania 19603

Attention: Mr. Hans Lorenz

Gentlemen:

We submit herewith ten copies of our "Report, Supplementary
Foundation Studies, Proposed Brookwood Nuclear Power Plant, Ontario,
New York, Rochester Gas and Electric Corporation."

The scope of our studies was planned in cooperation with
Mr. D. K. Croneberger of Gilbert Associates, Incorporated. Our
preliminary conclusions were transmitted verbally to Messrs. Croneoerger
and H. Lorenz during the course of our studies.

Yours very truly,

DAMES & MOORE

RMP:ts Robert M. Perry, P.E.
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2C.1 INTRODUCTION

2C.I.GENERAL

This report presents the results of our supplementary foundation studies for the proposed
Brookwood Nuclear Power Plant presently under construction near Ontario, New York, for
the Rochester Gas and Electric Corporation. Detailed information relative to environmental
conditions, site and subsurface features, and general foundation recommendations are pre-
sented in our reporta dated June 14, 1965.

2C.1.2PURPOSE

The purpose of our supplementary studies was to:

I. recommend specific bearing pressures for use in the design of foundations supported by the
natural compact granular soils, compacted granular fill and sound bedrock;

2. present more detailed information on the depths at which the compact natural granular soils
and the bedrock are encountered;

3. further explore the condition of the bedrock in the reactor area; and

4. evaluate the effects of the dynamic load imposed by the turbine-generator on the soil-foun-
dation system.

2C.1.3SCOPE OF WORK

The field phase of our supplementary studies consisted of drilling seven test borings. Two of
the borings were drilled in the reactor area and extended 50 feet into the bedrock. The
remaining five borings were terminated when bedrock was encountered. Undisturbed soil
samples, suitable for laboratory testing, were extracted from each test boring. Rock cores
were recovered from the two borings in the reactor area.

The locations of the borings drilled for these studies are shown in relation to the proposed
construction and previously drilled borings on the Plot Plan, Plate 1. The field explorations
were performed under the technical direction of a Dames & Moore Engineering Geologist.

The results of the field explorations and laboratory tests, which provide the basis for our engi-
neering analyses and recommendations, are presented in the Appendix to this report.

2C.1.4SITE CONDITIONS

The plant will be located in a relatively level meadow area with surface elevationsb on the
order of +275 feet. Grading operations were underway during our field explorations.

a. "Report, Site Evaluation Study, Proposed Nuclear Power Plant, Ontario, New York, Rochester Gas and
Electric Corporation"

b. All elevations presented in this report refer to United States Coast and Geodetic Survey Datum.
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The subsurface conditions encountered in the borings drilled during this investigation are
similar to those previously encountered in the plant area. In general, the plant area is under-
lain by four basically different types of material. These are, in order of increasing depth:

1. firm brown surficial silty and clayey soils;

2. soft gray silty clay;

3. compact sandy and gravelly soils; and

4. bedrock.

Detailed descriptions of the materials encountered in the plant area are shown on the boring
logs presented in the Appendix. In general, the compact granular soils were encountered at
depths ranging from about five feet to 35 feet below the original ground surface. Bedrock
generally was observed at depths ranging from about 34 feet to 40 feet below the surface.
The southwest corner of the proposed plant revealed bedrock at somewhat shallower depths.

Contours of the surface of the compact granular soils and the underlying bedrock are pre-
sented on the Plot Plan. This contour map was prepared by interpolation between borings.
Consequently, local variations may occur between the boring locations which are not indi-
cated by the contours.
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2C.2 DISCUSSION AND RECOMMENDATIONS

2C.2.1GENERAL

It is understood that foundations for the major plant facilities will be installed at depths of 25
or more feet below the original ground surface. In our prior report, we recommended that
spread or mat foundations be installed on the natural compact granular soil, compacted gran-
ular backfill or sound bedrock.

Spread and mat foundation installation and design criteria are presented in subsequent sec-
tions of this report. The results of our analyses evaluating the effects of the turbine-generator
on the soil-foundation system are presented in the final section of this report.

2C.2.2FOUNDATION INSTALLATION PROCEDURES

Natural Soils: Spread or mat foundations can be installed directly on the compact granular
soils at elevations below those indicated by the contours on the Plot Plan. We recommend
that the sand and gravel at foundation depth be proof rolled with heavy pneumatic-tired
equipment. The proof rolling will recompact soils which are disturbed during excavation
operations. Any local pockets of loose or soft material requiring additional excavation also
will be revealed by the proof rolling operations. Soils removed below proposed foundation
grade should be replaced with compacted structural fill or lean concrete.

Compacted Backfill: Foundations which are to be installed above the elevation of the surface
of the natural granular soils should be supported by compacted granular backfill placed after
the clayey soils are removed. Prior to placing the backfill, the exposed underlying natural
granular soil should be proof rolled. The structural fill then should be placed in layers
approximately eight inches in thickness. Each layer should be compacted to a density of at
least 95 percent of the maximum density obtainable by the Modified AASHOa Method of
Compaction, Test Designation TI 80-57. We suggest that large vibratory or heavy pneumatic-
tired equipment be used to compact the granular backfill soils.

We believe that most of the natural granular soils excavated in the plant area below the eleva-
tions indicated on Plate I can be reused as back fill. The upper silty and clayey soils should
not be used as structural fill.

It will be necessary to dewater all deep excavations. Information regarding ground water lev-
els and soil permeability was presented in our previous report. We recommend that adequate
dewatering measures be taken prior to final excavation and that the dewatering be continu-
ously maintained during:

1. final excavation;

2. proof rolling operations;

3. placement of structural backfill;

4. foundation installation; and

a. American Association of State Highway Officials
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5. general backfilling operations.

We recommend that an experienced Soils Engineer be present during site preparation in order
to inspect the excavation and proof rolling operations and to technically supervise the place-
ment of structural backfill.

2C.2.3FOUNDA TION DESIGN CRITERIA

Soil: Based upon the results of our field explorations and laboratory tests, we recommend
that spread and mat foundations be designed utilizing the net bearing pressures presented on
Plate 2, Foundation Design Data. The bearing pressures presented on Plate 2 are applicable
for the compact natural granular soil and structural granular fill compacted in accordance
with-our aforementioned recommendations. The recommended bearing pressures apply to
the total of all design loads, dead and live. The term "net bearing pressures" refers to the
foundation pressure that can be imposed in excess of the lowest adjacent overburden pressure.
The recommended bearing pressures apply to foundations at least ten feet in width.

We recommend that the maximum net bearing pressures imposed on the natural compact soils
and the compacted structural fill should be limited to 10,000 and 8,000 pounds per square
foot, respectively. Although, from a stability standpoint, greater bearing pressures could be
used in the design of large spread and mat foundations, we recommend that these limiting val-
ues be maintained in order to restrict foundation movements to small elastic deformations.

Rock: We recommend that foundations installed on the underlying sound rock be designed
utilizing a bearing pressure not in excess of 35 tons per square foot. This pressure applies to
the total of all design loads, dead and live. It is possible that weathered rock may be encoun-
tered at the soil-rock interface. Our field explorations indicate that the weathered zone is rel-
atively thin, generally less than one to two feet in thickness.

We understand that the bedrock in the reactor area will be required to provide resistance to
lateral forces. We believe that a lateral resistance of 25,000 pounds per square foot of vertical
contact area can be relied upon in the sound rock. This lateral resistance applies only to foun-
dations poured in "neat" excavations directly against the exposed rock faces. The 25,000
pounds per square foot value does not take into account the additional resistance which would
be provided by any adjacent overburden above the surface of the bedrock.

The exposed bedrock should be inspected by a qualifiedr Engineering Geologist in order to
examine the condition of the foundation material and to check for any unusual or unantici-
pated joint patterns.

2C. 2.4 TURBINE-GENERA TOR FOUNDATION

The turbine-generator will be supported on a mat foundation approximately 40 feet by 150
feet in plan dimensions. The base of the mat will be installed at approximately Elevation
+243 feet, some four to seven feet above the rock surface. The center-line of the turbine- gen-
erator will be approximately 50 feet above the base of the mat foundation. The dead weight
of the equipment and the foundation will impose a pressure of about 4,000 pounds per square
foot on the foundation soils.
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We understand that the turbine-generator will operate at approximately 1,800 revolutions per
minute. During start-up and operation, an unbalanced moment on the order of 2,000,000
foot-pounds will be transmitted to the soils at the base of the mat. This moment is a steady-
state condition and does not vary with the operating speed. Unbalanced dynamic forces will
be negligible. A torque approximately ten times the operating torque will result from a short-
circuit load. This, short-circuit torque will be balanced within the equipment foundation and
will not be transmitted to the foundation soil.

Our analyses indicate that the deflection resulting from the unbalanced moment will be on the
order of 0.004 inches at the edge of the unit. We believe that there will be no influence from
any small unbalance in the equipment since the operating frequency is well above the reso-
nant frequency of the soil-foundation system.

The following Plates and Appendix are attached and complete this report:

Plate 1 - Plot Plan

Plate 2 - Foundation Design Data

Appendix - Field Explorations and Laboratory Tests

Respectfully submitted,

DAMES & MOORE

Robert M. Perry

State of New York

P.E. Registration No. 35284

Arthur Rothman

RMP-AR: ts
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2C.3 REPORT APPENDIX - FIELD EXPLORATIONS AND

LABORATORY TESTS

2C.3. ]FIELD EXPLORATIONS

The subsurface conditions in the plant area were explored during this investigation by drilling
7 supplementary test borings to depths ranging from 35 feet to 90 feet below the ground sur-
face. The locations of the borings are shown on the Plot Plan. The field exploration program
was conducted under the technical direction of a Dames & Moore Engineering Geologist.
The borings were drilled approximately four inches in diameter utilizing truck-mounted
rotary drilling equipment. Driller's mud was used where necessary to prevent the walls of the
borings from caving.

Continuous observations of the materials encountered in the borings were recorded in the
field during drilling operations. Undisturbed soil samples, suitable for laboratory testing,
were extracted from the borings utilizing the Dames & Moore sampler illustrated in Figure 3
of this Appendix. The sampler is three and one-quarter inches in outside diameter and
approximately two and one-half inches in inside diameter. Rock cores were obtained from
the two test borings in the reactor area to a depth of 50 feet below the rock surface utilizing a
Series NX core barrel. The cores recovered are two and one-eight inches in diameter. The
soil samples and rock cores were shipped to our New York office and laboratory where they
were further examined and subjected to appropriate laboratory tests.

Detailed descriptions of the soils and rock encountered in the borings are presented on Plates
A-lA and A-1B,.Log of Borings. The soils were classified in accordance with the Unified
Soil Classification System described on Plate A-2.

The number of blows required to drive the sampler a distance of one foot into the soil utiliz-
ing a 500-pound drive weight, falling a distance of 18 inches is presented in the column at the
left of the log of each boring. The percent of core recovery obtained during coring operations
is also presented in this column.

The elevations which appear at the top of each boring log refer to United States Coast and
Geodetic Survey Datum and were determined by representatives of Rochester Gas and Elec-
tric Company.

2C.3.2LABORA TORY TESTS

Soil: A number of undisturbed samples of the natural compact granular soils were tested to
evaluate their strength characteristics. Triaxial compression tests were performed on the soil
samples in the manner described in Figure 4. In addition to the tests on samples of the natural
undisturbed soils, triaxial compression tests were performed on samples of remolded and
recompacted granular material. These tests were used in our compacted fill studies to evalu-
ate the variation in strength characteristics with changes in density.

A load-deflection curve was plotted for each strength test and the shearing strength of the soil
was determined from this curve. Determinations of the moisture content and dry density of
the soils were made in conjunction with each strength test.
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The results of the strength tests and the corresponding moisture and density determinations are tabulated in Table 1. Summary of
Soil Strength Test Data.

Rock: Unconfined compression, triaxial compression and tension tests were performed on selected rock cores extracted from the
borings. These tests were performed by subjecting rock cores approximately two and one-eight inches in diameter and four to six
inches in height to an axial strain and recording the resisting stress developed by the rock. A stress-strain curve was plotted for each
of the compression tests and the shearing strength of the rock was determined from this curve. The results of the strength tests on
the rock cores are presented below:

BORING

201

201

DEPTH (feet)

42

45

CELL PRESSURE (psi)
ONE-HALF DEVIATOR

STRESS (psi)

50a

50a

TYPE OF TEST

Tension

Tension

201

202

202

49

47

501/2

1,000

1,500

4,700

3,900

4,400

Triaxial Compression

Unconfined Compression

Triaxial Compression

a. Indicates peak tensile stress normal to bedding planes.

The following Plates are attached and complete this Appendix:

Plate A-1A -

Plate A-lB -

Plate A-2 -

Log of Borings (Borings 201 and 202)

Log of Borings (Borings 203 through 207)

Unified Soil Classification System and Key to Test Data
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Table 1
SUMMARY OF SOIL STRENGTH TEST DATA

BORING

202

DEPTH (feet)

301/2

DRY DENSITY

114

110

115

127

117

124

120

203 10 /2

MOISTURE
CONTENT (percent)

11.2

11.0

10.6

10.5

10.8

11.2

12.1

11.5

7.3

7.6

11.6

11.8

CELL PRESSURE

1,500

1,500

2,000

3,000

1,500

2,000

1,500

500

1,500

500

1,500

1,500

3,000

6,000

500

1,000

3,000

2,000

2,000

1,000

1,000

ONE-HALF
DEVIATOR

STRESS (psf)

3,900

2,100

2,900

4,400

3,300

3,750

4,150

1,400

2,700

2,700

4,300

1,600

3,800

8,300

800

1,800

4,000

4,000

3,500

3,000

1,800

REMARKS

Natural

Recompacted

Recompacted

Recompacted

Recompacted

Recompacted

Recompacted

Natural

Natural

Recompacted

Recompacted

Natural

Natural

Natural

Recompacted

Recompacted

Recompacted

Natural

Recompacted

Natural

Recompacted

203 151/2

111

204

205

20 1/2

151/2

112

III

125

122
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BORING

207

DEPTH (feet)

161/2

DRY DENSITY

144

MOISTURE
CONTENT (percent)

6.5

CELL PRESSURE
L2,I0

2,000

ONE-HALF
DEVIATOR

STRESS (psf)

5,200

REMARKS

Natural
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Figure 1 Plate 1 - Plot Plan
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Plate 2 - Foundation Design DataFigure 2

RVCOMwwrwED wT-r sARmm PReSsURE IN LS. Iso. r7

3000 4000 00 000 700 000 o000 000 2000 AMMO I/WW 2 000

6.'

Q,.

/- - I ---

:--7

C - - _____ uMATUA COt*ACt a*AMm.msL -

-10- CACtOO4Afl.t* P•L- -

U-------------------------------------------------------

"I

sWt r 0 R-OOt roe on o NS; PUATE.

Ii 7

FOUNDATION DESIGN DATA

NATURAL& AND rIC, OUJ

m a tmacm

PLATE 2

Page 258 of 263 Revision 21 11/2008



GINNA/UFSAR
Appendix 2C REPORT

Figure 3 Soil Sampler Type U
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Figure 4 Methods of Performing Unconfined Compression and Triaxial Compression
Tests

METHODS OF PERFORMING UNCONFINED COMPRESSION AND TRIAXIAL COMPRESSION TESTS

THE SHEARING STRENGTHS OF SOILS ARE DETERMINED
FROM THE RESULTS OF UNCONFINED COMPRESSION AND
TRIAXIAL COMPRESSION TESTS. IN TRIAXIAL COMPRES-
SION TESTS THE TEST METHOD AND THE MAGNITUDE OF
THE CONFINING PRESSURE ARE CHOSEN TO SIMULATE
ANTICIPATED FIELD CONDITIONS.

UNCONFINED COMPRESSION AND TRIAXIAL COMPRESSION
TESTS ARE PERFORMED ON UNDISTURBED OR REMOLDED
SAMPLES OF SOIL APPROXIMATELY SIX INCHES IN LENGTH
AND TWO AND ONE-HALF INCHES IN DIAMETER. THE TESTS
ARE RUN EITHER STRAIN-CONTROLLED OR STRESS-
CONTROLLED. IN A STRAIN-CONTROLLED TEST THE
SAMPLE IS SUBJECTED TO A CONSTANT RATE OF DEFLEC- -

TION AND THE RESULTING STRESSES ARE RECORDED. IN
A STRESS-CONTROLLED TEST THE SAMPLE IS SUBJECTED
TO EQUAL INCREMENTS OF LOAD WITH EACH INCREMENT
BEING MAINTAINED UNTIL AN EQUILIBRIUM CONDITION
WITH RESPECT TO STRAIN IS ACHIEVED.

YIELD, PEAK, OR ULTIMATE STRESSES ARE DETERMINED TRIAXIAL COMPRESSION TEST UNIT

FROM THE STRESS-STRAIN PLOT FOR EACH SAMPLE AND
THE PRINCIPAL STRESSES ARE EVALUATED. THE PRINCIPAL STRESSES ARE PLOTTED ON A MOHR'S
CIRCLE DIAGRAM TO DETERMINE THE SHEARING STRENGTH OF THE SOIL TYPE BEING TESTED.

UNCONFINED COMPRESSION TESTS CAN BE PERFORMED ONLY ON SAMPLES WITH SUFFICIENT COHE-
SION SO THAT THE SOIL WILL STAND AS AN UNSUPPORTED CYLINDER. THESE TESTS MAY BE RUN AT
NATURAL MOISTURE CONTENT OR ON ARTIFICIALLY SATURATED SOILS.

IN A TRIAXIAL COMPRESSION TEST THE SAMPLE IS ENCASED IN A RUBBER MEMBRANE, PLACED IN A
TEST CHAMBER, AND SUBJECTED TO A CONFINING PRESSURE THROUGHOUT THE DURATION OF THE
TEST. NORMALLY, THIS CONFINING PRESSURE IS MAINTAINED AT A CONSTANT LEVEL, ALTHOUGH FOR
SPECIAL TESTS IT MAY BE VARIED IN RELATION TO THE MEASURED STRESSES. TRIAXIAL COMPRES-
SION TESTS MAY BE RUN ON SOILS AT FIELD MOISTURE CONTENT OR ON ARTIFICIALLY SATURATED
SAMPLES. THE TESTS ARE PERFORMED IN ONE OF THE FOLLOWING WAYS:

UNCONSOLIDATED-UNDRAINED: THE CONFINING PRESSURE IS IMPOSED ON THE SAMPLE
AT THE START OF THE TEST. NO DRAINAGE IS PERMITTED AND THE STRESSES WHICH
ARE MEASURED REPRESENT THE SUM OF THE INTERGRANULAR STRESSES AND PORE
WATER PRESSURES.

CONSOLIDATED-UNDRA INED, THE SAMPLE IS ALLOWED TO CONSOLIDATE FULLY UNDER
THE APPLIED CONFINING PRESSURE PRIOR TO THE START OF THE TEST. THE VOLUME
CHANGE IS DETERMINED BY MEASURING THE WATER AND/OR AIR EXPELLED DURING
CONSOLIDATION. NO DRAINAGE IS PERMITTED DURING THE TEST AND THE STRESSES
WHICH ARE MEASURED ARE THE SAME AS FOR THE UNCONSOLIDATED-UNDRAINED TEST.

DRAINED: THE INTERGRANULAR STRESSES IN A SAMPLE MAY BE MEASURED BY PER-
FORMING A DRAINED, OR SLOW, TEST. IN THIS TEST THE SAMPLE IS FULLY SATURATED
AND CONSOLIDATED PRIOR TO THE START OF THE TEST. DURING THE TEST, DRAINAGE
IS PERMITTED AND THE TEST IS PERFORMED AT A SLOW ENOUGH RATE TO PREVENT
THE BUILDUP OF PORE WATER PRESSURES. THE RESULTING STRESSES WHICH ARE MEAS-
URED REPRESENT ONLY THE INTERGRANULAR STRESSES. THESE TESTS ARE USUALLY
PERFORMED ON SAMPLES OF GENERALLY NON-COHESIVE SOILS, ALTHOUGH THE TEST
PROCEDURE IS APPLICABLE TO COHESIVE SOILS IF A SUFFICIENTLY SLOW TEST RATE
IS USED.

AN ALTERNATE MEANS OF OBTAINING THE DATA RESULTING FROM THE DRAINED TEST IS TO PER-
FORM AN UNDRAINED TEST IN WHICH SPECIAL EQUIPMENT IS USED TO MEASURE THE PORE WATER
PRESSURES. THE DIFFERENCES BETWEEN THE TOTAL STRESSES AND THE PORE WATER PRESSURES
MEASURED ARE THE INTERGRANULAR STRESSES.
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Plate A-lA - Log of Borings (Borings 201 through 202)Figure 5
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Plate A-IB - Log qf Borings (Borings 203 through 207)Figure 6
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CONFORMANCE WITH NRC GENERAL DESIGN CRITERIA3.1

The discussion of general design criteria is divided into two parts. Section 3.1.1 discusses the
general design criteria used during the licensing of Ginna Station. Section 3.1.2 discusses the
adequacy of the Ginna design relative to the 1972 version of the General Design Criteria in 10
CFR 50, Appendix A.

3.1.1 ATOMIC INDUSTRIAL FORUM DESIGN CRITERIA

The following general design criteria comprise the proposed Atomic Industrial Forum (AIF)
versions of the criteria issued for comment by the AEC on July 10, 1967. These criteria
define or describe safety objectives and approaches incorporated in the design of this plant.
Each criterion is followed by a brief description of related plant features which are provided
to meet the design objectives reflected in the criterion. The description is developed more
fully in succeeding sections of the updated FSAR. The criteria are identified as AIF-GDC
plus their identification numbers to distinguish them from the later 10 CFR 50, Appendix A,
criteria which are identified as GDC plus their identification numbers.

3.1.1.1 Overall Plant Requirements

3.1.1.1.1 Quality Standards

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

All structures, systems, and components of the facility were classified according to their
safety importance. Those items vital to safe shutdown and isolation of the reactor or whose
failure might cause or increase the severity of a loss-of-coolant accident or result in an uncon-
trolled release of excessive amounts of radioactivity were designated Class I. Those items
important to reactor operation but not essential to safe shutdown and isolation of the reactor
or control of the release of substantial amounts of radioactivity were designated Class II.
Those items not related to reactor operation or safety were designated Class III.

Class I systems and components were designated as essential to the protection of the health
and safety of the public. Consequently, they were designed, fabricated, inspected, and erected
and the materials selected to the applicable provisions of recognized codes, good nuclear
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practice and to quality standards that reflect their importance. Discussions of applicable
codes and standards, quality assurance programs, test provisions, etc., are given in the sec-
tions of the UFSAR describing each system. It should be noted that Ginna Station no longer
uses the Class I, II, and III classification scheme. The classification and codes applicable to
Ginna Station structures, systems, and components are discussed in Section 3.2 and in the
applicable UFSAR sections.

Reference chapters are as follows:

Chapter Title Chapter

Reactor

Reactor Coolant System and Connected Systems

Engineered Safety Features

Instrumentation and Controls

Electric Power

Chapter 4

Chapter 5

Chapter 6

Chapter 7

Chapter 8

Chapter 9

Chapter 10

Chapter 11

Chapter 12

Auxiliary Systems

Steam and Power Conversion System

Radioactive Waste Management

Radiation Protection
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3.1.1.1.2 Performance Standards

CRITERION: Those systems and components of reactor facilities which are essential to the
prevention or to the mitigation of the consequences of nuclear accidents which
could cause undue risk to the health and safety of the public shall be designed,
fabricated, and erected to performance standards that enable such systenms and
components to withstand, without undue risk to the health and safety of the pub-
lic the forces that might reasonably be imposed by the occurrence of an extraor-
dinary natural phenomenon such as earthquake, tornado, flooding condition,
high wind or heavy ice. The design bases so established shall reflect: (a) appro-
priate consideration of the most severe of these natural phenomena that have
been officially recorded for the site and the surrounding area and (b) an appro-
priate margin for withstanding forces greater than those recorded to reflect
uncertainties about the historical data and their suitability as a basis for design
(AIF-GDC 2).

All systems and components designated Class I were designed so that no loss of function in
the event of the maximum potential ground acceleration acting in the horizontal and vertical
directions simultaneously would occur. Similarly, measures were taken in the plant design to
protect against high winds, sudden barometric pressure changes, seiches, and other natural
phenomena.

Reference chapters are as follows:

Chapter Title Chapter

Site Characteristics Chapter 2

Design of Structures, Components, and Systems Chapter 3

Reactor Chapter 4

Reactor Coolant System and Connected Systems Chapter 5

Engineered Safety Features Chapter 6

Instrumentation and Controls Chapter 7

Electrical Power Chapter 8

Auxiliary Systems Chapter 9

Steam and Power Conversion System Chapter 10

Radioactive Waste Management Chapter 11I

Radiation Protection Chapter 12
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3.1.1.1.3 Fire Protection

CRITERION: A reactor facility shall be designed such that the probability of events such as
fires and explosions and the potential consequences of such events does not
result in undue risk to the health and safety of the public. Noncombustible and
fire resistant materials shall be used throughout the facility wherever necessary
to preclude such risk, particularly in areas containing critical portions of the
facility such as containment, control room, and components of engineered
safety features (AIF-GDC 3).

Fire prevention in all areas of the nuclear-electric plant is provided by structure and compo-
nent design which optimizes the containment of combustible materials and maintains exposed
combustible materials below their ignition temperature in the design atmosphere. Fire control
requires the capability to isolate or remove fuel from an igniting source, or to reduce the com-
bustible's temperature below the ignition point, or to exclude the oxidant, and preferably, to
provide a combination of the three basic control means. The latter two means are fulfilled by
providing fixed or portable fire fighting equipment of capacities proportional to the energy
that might credibly be released by fire.

This station is designed on the basis of limiting the use of combustible materials in construc-
tion by using fire-resistant materials to the greatest extent possible.

The fire protection system has the design capability to extinguish any probable combination
of simultaneous fires which might occur at the station. The system is designed in accordance
with the standards of the National Fire Protection Association and is based generally on the
recommendations of the Nuclear Energy Property Insurance Association.

Fire protection systems for Ginna Station are discussed in Section 9.5.1.

Refer to Section 9.5.1.1.2 and Section 9.5.1.1.3 for updated design information.

3.1.1.1.4 Sharing of Systems

CRITERION: Reactor facilities may share systems or components if it can be shown that such
sharing will not result in undue risk to the health and safety of the public (AIF-
GDC 4).

Analyses confirm that the sharing of components among systems does not result in interfer-
ence with the basic function and operability ofthese systems and hence there is no undue risk
to the health and safety of the public.

3.1.1.1.5 Records Requirements

CRITERION: The reactor licensee shall be responsible for assuring the maintenance through-
out the life of the reactor of records of the design, fabrication, and construction
of major components of the plant essential to avoid undue risk to the health and
safety of the public (AIF-GDC 5).
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A complete set of as-built facility plant and system diagrams including arrangement plans and
structural plans are maintained throughout the life of the reactor.

A set of completed test procedures for all plant testing is maintained as outlined in Chapter
14.

A set of all the quality assurance data generated during fabrication and erection of the essen-
tial components of the plant, as defined by the quality assurance program, is retained.

3.1.1.2 Protection by Multiple Fission Product Barriers

3.1.1.2.1 Reactor Core Design

CRITERION: The reactor core with its related controls and protection systems, shall be
designed to function throughout its design lifetime without exceeding accept-
able fuel damage limits which have been stipulated and justified. The core and
related auxiliary system design shall provide this integrity under all expected
conditions of MODES 1 and 2 with appropriate margins for uncertainties and
for specified transient situations which can be anticipated (AIF-GDC 6).

The reactor core, with its related control and protection system, is designed to function
throughout its design lifetime without exceeding acceptable fuel damage limits. The core
design, together with reliable process and decay heat removal systems, provides for this capa-
bility under all expected conditions of MODES I and 2 with appropriate margins for uncer-
tainties and anticipated transient situations, including the effects of the loss of reactor coolant
flow (Section 15.3), loss of electrical load (Section 15.2.2), loss of normal feedwater (Section
15.2.6), and loss of all offsite power (Section 15.2.5).

The reactor control and protection instrumentation is designed to actuate a reactor trip for any
anticipated combination of plant conditions, when necessary to ensure a minimum departure
from nucleate boiling ratio (DNBR) equal to or greater than the safety limit and fuel center
temperature below the melting point of uranium dioxide.

Referenced chapters are:

Chapter Title Chapter

Reactor Chapter 4

Instrumentation and Controls Chapter 7

Accident Analyses Chapter 15
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3.1.1.2.2 Suppression of Power Oscillations

CRITERION: The design of the reactor core with its related controls and protection systems
shall ensure that power oscillations, the magnitude of which could cause dam-
age in-excess of acceptable fuel damage limits, are not possible or can be readily
suppressed (AIF-GDC 7).

The design of the reactor core and related protection systems ensures that power oscillations
which could cause fuel damage in excess of acceptable limits are not possible or can be
readily suppressed.

The potential for possible spatial oscillations of power distribution for this core has been
reviewed. In summary it is concluded that the only potential spatial instability of a magnitude
which could cause damage in excess of acceptable fuel damage limits is the xenon-induced
axial instability which may be a nearly free running oscillation with little or no inherent
damping. Partlength control rods were originally provided to suppress these oscillations if
they occurred. They have since been removed. Operating control strategies have been
devised that do not require insertion of the part-length rods and eliminate the potential for
axial xenon instabilities. Out-of-core instrumentation is provided to obtain necessary infor-
mation concerning axial distributions. This instrumentation is adequate to enable the operator
to monitor and control xenon induced oscillations. In-core instrumentation is used to periodi-
cally calibrate and verify the information provided by the out-of-core instrumentation.

The temperature coefficient in the power operating range was maintained zero or negative by
inclusion of burnable poison shims in the first core loading. The burnable poison shims have
since been removed.

3.1.1.2.3 Overall Power Coefficient

CRITERION: The reactor shall be designed so that the overall power coefficient in the power
operating range shall not be positive (AIF-GDC 8).

The overall power coefficient in the power operating range is maintained nonpositive. The

nuclear design of the reactor is discussed in Section 4.2.4.2.7.

3.1.1.2.4 Reactor Coolant Pressure Boundary

CRITERION: The reactor coolant pressure boundary shall be designed, fabricated and con-
structed so as to have an exceedingly low probability of gross rupture or signifi-
cant uncontrolled leakage throughout its design lifetime (AIF-GDC 9).

The reactor coolant system, in conjunction with its control and protective provisions, is
designed to accommodate the system pressures and temperatures attained under all expected
modes of plant operation or anticipated system interactions, and maintain the stresses within
applicable code stress limits.

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

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

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

The system is protected from overpressure by means of pressure relieving devices, as
required by Section III of the ASME Code. Low temperature over-pressure protection is also
provided, together with operating precautions to minimize operation under undesirable condi-
tions (see Section 5.2.2).

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

3.1.1.2.5 Reactor Containment

CRITERION: Reactor containment shall be provided. The containment structure shall be
designed (a) to sustain without undue risk to the health and safety of the public
the initial effects of gross equipment failures, such as a large reactor coolant
pipe break, without loss of required integrity and (b) together with other engi-
neered safety features as may be necessary, to retain for as long as the situation
requires the functional capability of the containment to the extent necessary to
avoid undue risk to the health and safety of the public (AIF-GDC 10).

The reactor containment structure is a reinforced-concrete vertical cylinder with pre-stressed
tendons in the vertical wall, a reinforced-concrete ring anchored to bedrock and a reinforced
hemispherical dome. See Section 3.8.1.

The design pressure of the containment exceeds the peak pressure occurring as the result of
the complete blowdown of the reactor coolant through any pipe rupture of the reactor coolant
system up to and including the hypothetical severance of a reactor coolant pipe, as well as a
postulated main steam line break. The containment structure and all penetrations are
designed to withstand within design limits the combined loadings of the design-basis accident
and design seismic conditions.

All piping systems which penetrate the containment are anchored in the penetration sleeve or
the structural concrete of the Containment Building. The penetrations for the main steam,
feedwater, blowdown, and sample lines are designed so that the penetration is stronger than
the piping system and that the containment will not be breached due to a postulated pipe rup-
ture. The lines connected to the primary coolant system that penetrate the containment and
pass through the secondary shield walls (i.e., walls surrounding the steam generators and
reactor coolant pumps) are also anchored in the primary shield walls and are each provided
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with at least one valve between the anchor and the coolant system. These anchors are
designed to withstand the thrust moment and torque resulting from a postulated rupture of the
attached pipe.

All isolation valves are supported to withstand, without impairment of valve operability, the
combined loadings of the design-basis accident and design seismic conditions.

3.1.1.3 Nuclear and Radiation Controls

3.1.1.3.1 Control Room

CRITERION: The facility shall be provided with a control room from which actions to main-
tain safe operational status of the plant can be controlled. Adequate radiation
protection shall be provided to permit continuous occupancy of the control
room under any credible postaccident condition or as an alternative access to
other areas of the facility as necessary to shut down and maintain safe control of
the facility without excessive radiation exposures of personnel (AIF-GDC 11).

The plant is equipped with a control room which contains all controls and instrumentation
necessary for operation of the reactor and turbine generator under normal and accident condi-
tions.

The control room is capable of continuous occupancy by the operating personnel under all
operating and accident conditions.

Sufficient shielding, ventilation, and habitability provisions exist to ensure that control room
personnel can perform all required safety functions from the control room, under all credible
postulated accident conditions (see Section 6.4.1).

3.1.1.3.2 Instrumentation and Controls Systems

CRITERION: Instrumentation and controls shall be provided as required to monitor and main-
tain within prescribed operating ranges essential reactor facility operating vari-
ables (AIF-GDC 12).

Instrumentation and controls essential to avoid undue risk to the health and safety of the pub-
lic are provided to monitor and maintain neutron flux, primary coolant pressure, flow rate,
temperature, and control rod positions within prescribed operating ranges.

The non-nuclear regulating, process, and containment instrumentation measures temperature,
pressure, flow, and levels in the reactor coolant system, steam systems, containment and other
auxiliary systems. Process variables required on a continuous basis for the startup, operation,
and shutdown of the plant are indicated, recorded, and controlled from the control room into
which access is supervised. The quantity and types of process instrumentation provided
ensures safe and orderly operation of all systems and processes over the full operating range
of the plant.

The instrumentation and controls systems are discussed in Chapter 7.
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3.1.1.3.3 Fission Process Monitors and Controls

CRITERION: Means shall be provided for monitoring or otherwise measuring and maintain-
ing control over the fission process throughout core life under all conditions that
can reasonably be anticipated to cause variations in reactivity of the core (AlF-
GDC 13).

The nuclear instrumentation system is provided to monitor the reactor power from source
range through the intermediate range and power range up to 120% of full power. The system
provides indication, control, and alarm signals for reactor operation and protection.

The operational status of the reactor is monitored from the control room. When the reactor is
sub-critical and during approach to criticality (i.e., during MODE 6, "Refueling" through
MODE 3 "Hot Shutdown", and during MODE 2 "Startup"), the relative reactivity status (neu-
tron source multiplication) is continuously monitored by two Source Range proportional
counter detectors located in instrument wells within the primary shield and adjacent to the
reactor vessel. Two source range detector channels are provided to supply neutron source
multiplication information during the above mentioned plant modes. A reactor trip is actuated
from either channel if the neutron flux level becomes excessive.

The source range channels are checked prior to operations in which criticality may be
approached. A source of neutrons is necessary to provide at least the minimum count rate (>
5 cps) required for startup operations. The discrete (Sb-Be) secondary sources initially
installed were removed from the core during the refueling outage at the end of cycle 20. The
neutron emissions which occur naturally in burnt fuel are now utilized as the neutron source.
These neutron emissions are produced primarily by spontaneous fission of Cm-242 and Cm-
244.

Any appreciable increase in the neutron source multiplication, including that caused by the
maximum physical boron dilution rate, is slow enough to give ample time to start corrective
action (boron dilution stop and/or emergency boron injection) to prevent the core from
becoming critical.

When the reactor is critical, means for showing the relative reactivity status of the reactor is
provided by control bank positions displayed in the control room. The position of the control
banks is directly related to the reactivity status of the reactor when at power and any unex-
pected change in the position of the control banks under automatic control or change in the
coolant temperature under manual control provides a direct and immediate indication of a
change in the reactivity status of the reactor. Periodic samples of the coolant boron concentra-
tion are taken. The variation in concentration during core life provides a further check on the
reactivity status of the reactor including core depletion.

High nuclear flux protection is provided both in the power and intermediate ranges by reactor
trips actuated from either range if the neutron flux level exceeds trip setpoints. When the reac-
tor is critical, the best indications of the reactivity status in the core (in relation to the power
level and average coolant temperature) is the control room display of the rod control group
position.
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Reactor Trip System (RTS) instrumentation and controls are discussed in Section 7.2.1.

3.1.1.3.4 Core Protection Systems

CRITERION: Core protection systems, together with associated equipment, shall be designed
to prevent or to suppress conditions that could result in exceeding acceptable
fuel damage limits (AIF-GDC 14).

Instrumentation and controls provided for the protective systems are designed to trip the reac-
tor when necessary to prevent or limit fission product release from the core; to limit energy
release; to signal closure of containment isolation valves; and to control the operation of engi-
neered safety features equipment.

During reactor operation in the startup and power modes, redundant safety limit signals will
automatically actuate two reactor trip breakers which are in series with the rod drive mecha-
nism coils. This action would interrupt power and initiate reactor trip. This criterion, as
applied to the Reactor Trip System (RTS), is discussed more fully in Sections 3.1.1.4.8, 7.2.1,
and 7.2.3.

3.1.1.3.5 Engineered Safety Features Protection Systems

CRITERION: Protection systems shall be provided for sensing accident situations and initiat-
ing the operation of necessary engineered safety features (AIF-GDC 15).

The Engineered Safety Features Actuation System (ESFAS) provides actuation of the follow-
ing functions: safety injection, containment isolation, steam line isolation, containment spray
and feedwater isolation, automatic diesel start-up, and preferred auxiliary feedwater pump
startup.

The safety injection systems delivers water to the reactor core following a loss-of-coolant
accident. The principal components of the safety injection system are two passive accumula-
tors (one for each loop), three high-head safety injection pumps, two low-head safety injec-
tion (residual heat removal) pumps, and the essential piping and valves. A safety injection
accumulator makeup pump is available to fill the accumulator tanks when there is a need, due
to miscellaneous system leakage. The accumulators are passive devices which discharge into
the cold leg of each loop.

The safety injection system may be actuated by two-out-of-three low-pressurizer-pressure
signals, two-out-of-three low-steam-line-pressure signals, two-out-of-three high-contain-.
ment-pressure signals; or the system can be actuated manually. Any of the safety injection
system signals will open the system isolation valves, start the high-head safety injection
pumps and the low-head (residual heat removal) pumps (see Section 6.3).

The steam line isolation valves are closed upon receipt of high steam line flow in conjunction
with a safety injection system signal, by containment pressure, or by manual initiation. See
Section 6.2.4.3 and Section 3.2.2.1 for a more current and detailed description of steam line
isolation.
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The containment spray system consists of two pumps, one spray additive tank, valves, piping,
and spray nozzles. Containment spray is initiated by coincident signals from two sets of two-
out-of-three containment pressure signals monitoring containment high-high pressure. The
actuation signal starts the pumps and opens the discharge valves to the spray header. Valves
for the spray additive tank open after a very short time delay.

Containment isolation is initiated by an automatic safety injection system signal or manually.
Actuation of containment isolation trips the containment sump pumps, closes containment
isolation valves (as discussed in Section 6.2.4 and listed in Tables 6.2-15 and 6.2-16), and
trips the purge supply and exhaust fans. Containment ventilation isolation and depressuriza-
tion valves are also isolated on high containment activity (R- 11 and R-12), any safety injec-
tion signal, or from a manual containment spray signal. See Section 6.2.4.3 for a more
current and detailed description of containment isolation and containment ventilation isola-
tion.

The feedwater isolation system consists of the two main feedwater regulating valves, two
main feedwater regulating valve bypass valves, and two main feedwater isolation valves. The
main feedwater regulating valves and the main feedwater regulating bypass valves close
when they receive a safety injection system signal or an engineered safety feature sequence
initiation signal. They fail closed if power or air is lost. The two main feedwater isolation
valves close when they receive a safety injection signal. They fail close if power or instru-
ment air is lost. See Section 7.3.2.2.2 for a more detailed description of feedwater isolation.

As part of the plant uprate to 1775 MWt two manual feedwater isolation valves were
upgraded to automatic isolation valves by the installation of an air actuator on each valve. The
modifications provided an additional automatic feedwater isolation valve for each SG. These
new automatic isolation valves provide redundancy to the automatic isolation function pro-
vided by the two main feedwater regulating valves and two main feedwater by-pass valves.

Automatic diesel startup will be caused by undervoltage at the engineered safety features
buses in addition to being caused by the safety injection signal.

The motor-driven auxiliary feedwater pumps (MDAFW) start upon a safety injection signal,
either steam generator low-low level, loss of both main feedwater pumps or ATWS Mitiga-
tion System Actuation Circuitry (AMSAC). The turbine-driven auxiliary feedwater pump
(TDAFW) will start on low-low level in both steam generators and loss of bus voltage on IlIA
and 1lB. See Section 7.3.2.2.2 and Section 7.2.6 for a more current and detailed description of
auxiliary feedwater pump starts.

3.1.1.3.6 Monitoring Reactor Coolant Leakage

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

Positive indications in the control room of leakage of coolant from the reactor coolant system
to the containment are provided by equipment which permits continuous monitoring of con-
tainment air activity (R-1 1 and R-12) and humidity, containment sump A level (LT-2039 and
LT-2044), and of runoff from the condensate collection system under the cooling coils of the
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containment recirculation fan cooler (CRFC) units. This equipment provides indication of
normal background which is indicative of a basic level of leakage from primary systems and
components. Any increase in the observed parameters is an indication of change within the
containment, and the equipment provided is capable of monitoring this change. The basic
design criterion is the detection of deviations from normal containment environmental condi-
tions including air particulate activity, radiogas activity, humidity, condensate runoff, and the
liquid inventory in the process systems and containment sump A. Further details are supplied
in Section 5.2.5.

3.1.1.3.7 Monitoring Radioactivity Releases

CRITERION: Means shall be provided for monitoring the containment atmosphere and the
facility effluent discharge paths for radioactivity released from MODES 1 and
2, from anticipated transients, and from accident conditions. An environmental
monitoring program shall be maintained to confirm that radioactivity releases to
the environs of the plant have not been excessive (AIF-GDC 17).

The containment atmosphere, the containment purge, the plant vent, the containment fan-
coolers service water (SW) discharge, the waste disposal system liquid effluent, and the spent
fuel pool (SFP) heat exchanger raw water discharge are monitored for radioactivity concen-
tration during MODES 1 and 2, from anticipated transients, and from accident conditions.

All gaseous effluent from possible sources of accidental releases of radioactivity external to
the reactor containment (e.g., the spent fuel pool (SFP) and waste handling equipment) will
be exhausted from the plant vent which is monitored. All accidental spills of liquids are
maintained within the auxiliary building and collected in a drain tank. Any contaminated liq-
uid effluent discharged to the condenser circulating water canal is monitored.

Process radiation monitoring and area radiation monitoring are described in Sections 11.5.2.2
and 12.3.4, respectively.

Additional details of offsite radiological monitoring are provided in the Offsite Dose Calcula-
tion Manual (ODCM).

3.1.1.3.8 Monitoring Fuel and Waste Storage

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.
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A controlled ventilation system removes gaseous radioactivity from the atmosphere and fuel
storage and waste treating 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.

3.1.1.4 Reliability and Testability of Protection Systems

3.1.1.4.1 Protection Systems Reliability

CRITERION: Protection systems shall be designed for high functional reliability and inservice
testability necessary to avoid undue risk to the health and safety of the public
(AIF-GDC 19).

The reactor uses a higher speed version of the Westinghouse magnetic-type control rod drive
mechanisms used in the San Onofre and Connecticut Yankee plants. The original control rod
drive mechanisms (CRDM) supplied to Ginna Station were replaced with equivalent model
L-106 during the 2003 refueling outage by modification PCR 2001-0042. Upon a loss of
power to the coils, the rod cluster control assembly is released and falls by gravity into the
core.

The reactor internals, fuel assemblies, control rods, and control rod drive system components
(as required for trip) are designed as Seismic Category 1 equipment. The control rods are
fully guided through the fuel assembly and for the maximum travel of the control rod into the
guide tube. Furthermore, the control rods are never fully withdrawn from their guide thim-
bles in the fuel assembly. Due to this and the flexibility designed into the control rods, abnor-
mal loadings and misalignments can be sustained without impairing operation of the control
rods.

The control rod guide system throughout its length is locked together with pins, bolts and
welds to ensure against misalignments which might impair control rod movement under nor-
mal operating conditions and credible accident conditions.

All reactor protection channels are supplied with sufficient redundancy to provide the capa-
bility for channel calibration and test at power. Bypass removal of one trip circuit is accom-
plished by placing that circuit in a half-tripped mode; i.e., a two-out-of-three circuit becomes
a one-out-of-two circuit. Testing does not trip the system unless a trip condition exists in a
concurrent channel.

Reliability and independence is obtained by redundancy within each tripping function. In a
two-out-of-three circuit, for example, the three channels are equipped with separate primary
sensors. Each channel is continuously fed from its own independent electrical sources. Fail-
ure to deenergize a channel when required would be a mode of malfunction that would affect
only that channel. The trip signal furnished by the two remaining channels would be unim-
paired in this event.

Routing and separation standards applicable to existing cables are those that were invoked at
the time of cable installation. For more information, see Section 8.3.1.4.
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3.1.1.4.2 Protection Systems Redundancy and Independence

CRITERION: Redundancy and independence designed into protection systems shall be suffi-
cient to assure that no single failure or removal from service of any component
or channel of such a system will result in loss of the protection function. The
redundancy provided shall include, as a minimum, two channels of protection
for each protection function to be served (AIF-GDC 20).

3.1.1.4.2.1 Reactor Trip Circuits

Two reactor trip breakers are provided to interrupt power to the rod drive mechanisms. The
breaker main contacts are connected in series with the power supply to the mechanism coils.
Opening either breaker interrupts power to the magnetic latch mechanisms on each control
rod drive causing them to release the rods to fall by gravity into the core. Each breaker is
opened through an undervoltage trip coil. Each protection channel actuates two separate trip
logic trains, one for each reactor trip breaker undervoltage trip coil. The protection system is
thus inherently safe in the event of a loss of rod control power.

The coincident trip philosophy is carried out to provide a safe and reliable system since a sin-
gle failure will not defeat the function of a redundant channel and will also not cause a spuri-
ous plant trip. Channel independence is carried throughout the system extending from the
sensor to the relay providing the logic. In most cases, the safety and control functions when
combined are combined only at the sensor (and power supply). Both functions are fully iso-
lated in the remaining part of the channel, control being derived from the primary safety sig-
nal path through an isolation amplifier. As such, a failure in the control circuitry does not
affect the safety channels. This approach is used for pressurizer pressure and water level
channels, steam generator water level, TAVG and delta T channels, steam flow, and nuclear

power range channels.

The power supplies to the channels are fed from four instrument buses. Two of the buses are
supplied by constant voltage transformers and two are supplied by inverters.

3.1.1.4.2.2 Engineered Safety Features Initiation Circuits

The initiation of the engineered safety features provided for loss-of-coolant accidents, e.g.,
high-head safety injection and residual heat removal pumps, and containment spray systems,
is accomplished from several signals derived from reactor coolant system and containment
instrumentation. Channel independence is carried throughout the system from the sensors to
the signal output relays including the power supplies for the channels. The initiation signal for
containment spray comes from coincidence of two sets of two-out-of-three high-high-con-
tainment-pressure signals. On loss of voltage to the safeguards bus, the diesel generator will
be automatically started and connected to the bus.

The signal for containment isolation of non-vital valves, i.e., the isolation valves trip signal, is
derived from a coincidence of two-out-of-three containment high-pressure signals. This set-
point is below that for containment spray actuation. For this circuit also, the channels are
independent from sensor to output relay and are supplied from independent power sources.
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Redundancy is provided in that there are two diesel-generator sets capable of supplying the
separate 480-V safeguards buses. One complete set of safety features equipment is therefore
independently supplied from each diesel generator.

In the event that either diesel generator fails to start, a bus tie breaker may be manually closed
by the operator to connect the 480-V safeguards bus to the second diesel-generator set. This
would then allow a duplicate safety feature component from the bus associated with a failed
diesel generator to be fed from the other bus in the event of a component failure. In the event
of a fault on either bus, closing of the tie breaker is blocked.

Required continuous electrical power supply is discussed in Chapter 8.

3.1.1.4.3 Single-Failure Definition (Category B)

CRITERION: Multiple failures resulting from a single event shall be treated as a single failure
(AIF-GDC 21).

The requirements of this criterion are included in Section 3.1.1.4.5.

3.1.1.4.4 Separation of Protection and Control Instrumentation Systems

CRITERION: Protection systems shall be separated from control instrumentation systems to
the extent that failure or removal from service of any control instrumentation
system component or channel, or of those common to control instrumentation
and protection circuitry, leaves intact a system satisfying all requirements for
the protection channels (AIF-GDC 22).

The requirements of this criterion are included in Section 3.1.1.4.2.

3.1.1.4.5 Protection Against Multiple Disability for Protection Systems

CRITERION: The effects of adverse conditions to which redundant channels or protection
systems might be exposed in common, either under normal conditions or those
of an accident, shall not result in loss of the protection function or shall be toler-
able on some other basis (AIF-GDC 23).

The components of the protection system are qualified such that the mechanical and thermal
adverse environment resulting from emergency situations during which the components are
required to function does not prevent them from accomplishing their safety function.

3.1.1.4.6 Emergency Power for Protection Systems

CRITERION: In the event of loss of all offsite power, sufficient alternate sources of power
shall be provided to permit the required functioning of the protection systems
(AIF-GDC 24).

The requirements of this criterion are included in Section 3.1.1.7.3.
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3.1.1.4.7 Demonstration of Functional Operability of Protection Systems

CRITERION: Means shall be included for suitable testing of the active components of protec-
tion systems while the reactor is in operation to determine if failure or loss of
redundancy has occurred (AIF-GDC 25).

Each protection channel in service at power is capable of being calibrated and tripped inde-
pendently by simulated signals for test purposes to verify its operation. This includes check-
ing through to the trip breakers which necessarily involves the trip logic. Thus, the
operability of each trip channel can be determined conveniently and without ambiguity.

Periodic testing of the diesel generators is routinely performed to ensure their operability.
During power operation, surveillance testing verifies that the fuel transfer system is opera-
tional, the diesels start from normal standby conditions, the generators are properly synchro-
nized and loaded, and that proper alignment is made so that the diesel generators could supply
safeguards bus power. During shutdown conditions, the diesel generators are tested to ensure
they can restore safeguards bus voltage in a timely manner by automatically actuating break-
ers in the time period required.

3.1.1.4.8 Protection Systems Failure Analysis Design

CRITERION: The protection systems shall be designed to fail into a safe state or into a state
established as tolerable on a defined basis if conditions such as disconnection of
the systems, loss of energy (e.g., electrical power, instrument air), or adverse
environments (e.g., extreme heat or cold, fire, steam, or water) are experienced
(AIF-GDC 26).

Each reactor trip circuit is designed so that trip occurs when the circuit is deenergized; an
open circuit or loss of channel power therefore causes the system to go into its trip mode. In
a two-out-of-three circuit, the three channels are equipped with separate primary sensors and
each channel is energized from independent electrical buses. Failure to deenergize when
required is a mode of malfunction that affects only one channel. The trip signal furnished by
the two remaining channels is unimpaired in this event.

The signal for containment isolation of nonvital valves is developed from a two-out-of-three
circuit in which each channel is separate and independent and which signals for containment
isolation upon loss of power. The failure of any channel to deenergize when required does
not interfere with the proper functioning of the isolation circuit.

Reactor trip is implemented by interrupting power to the magnetic latch mechanisms on each
drive, allowing the rod clusters to insert by gravity. The protection system is thus inherently
safe in the event of a loss of power.

Automatic starting of either emergency diesel generator is initiated by redundant undervolt-
age relays on the 480-V safeguards bus to which the diesel generator is connected or by the
safety injection signal. Engine cranking is accomplished by a stored energy system supplied
solely for the associated diesel generator. The undervoltage relay scheme is designed so that
loss of 480-V power does not prevent the relay scheme from functioning properly.
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3.1.1.5 Reactivity Control

3.1.1.5.1 Redundancy of Reactivity Control

CRITERION: Two independent reactivity control systems, preferably of different principles,
shall be provided (AIF-GDC 27).

In addition to the reactivity control achieved by the control rods, reactivity control is provided
by the chemical and volume control system which regulates the concentration of boric acid
solution neutron absorber in the reactor coolant system. The system is designed to prevent,
under anticipated system malfunction, uncontrolled or inadvertent reactivity changes which
might stress the system beyond allowable limits.

3.1.1.5.2 Reactivity Hot Shutdown Capability

CRITERION: The reactivity control systems provided shall be capable of making and holding
the core subcritical from any hot standby or hot operating condition (AIF-GDC
28).

The reactivity control systems provided are capable of making and holding the core subcriti-
cal from any hot standby condition, including those resulting from power changes. The max-
imum excess reactivity expected for the core occurs for the cold, clean condition at the
beginning of each cycle.

The control rods are divided into two categories comprising a control group and shutdown
groups. The control group, used in combination with chemical shim (soluble boron), pro-
vides control of the reactivity changes of the core throughout the life of the core at power con-
ditions. This group of control rods is used to compensate for short-term reactivity changes at
power that might be produced due to variations in reactor power requirements or in coolant
temperature. The chemical shim control is used to compensate for the more slowly occurring
changes in reactivity throughout core life such as those due to fuel depletion and fission prod-
uct buildup and decay.

3.1.1.5.3 Reactivity Shutdown Capability

CRITERION: One of the reactivity control systems provided shall be capable of making the
core subcritical under any anticipated operating condition (including anticipated
operational transients) sufficiently fast to prevent exceeding acceptable fuel
damage limits. Shutdown margin should assure subcriticality with the most
reactive control rod fully withdrawn (AIF-GDC 29).

The shutdown groups are provided to supplement the control group of control rods to make
the reactor subcritical with the required shutdown margin following trip from any credible
operating condition to the hot, zero power condition assuming the most reactive rod cluster
control assembly remains in the fully withdrawn position. Manually controlled boric acid
addition is used to supplement the rod cluster control assemblies in maintaining the shutdown
margin for the long-term conditions of xenon decay or plant cooldown. See Sections 4.2.1
and 9.3.4 concerning details of the control rods and chemical and volume control systems.
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3.1.1.5.4 Reactivity Hold-Down Capability

CRITERION: The reactivity control systems provided shall be capable of making the core
subcritical under credible accident conditions with appropriate margins for con-
tingencies and limiting any subsequent return to power such that there will be
no undue risk to the health and safety of the public (AIF-GDC 30).

Normal reactivity shutdown capability is provided by control rods with boric acid injection
used to compensate for the long-term xenon decay transient and for plant cooldown. Any
time that the plant is at power, the quantity of boric acid retained in the boric acid tanks or
refueling water storage tank (RWST) and ready for injection will always exceed that quantity
required for the normal MODE 5 (Cold Shutdown). This quantity will also exceed the quan-
tity of boric acid required to bring the reactor to MODE 3 (Hot Shutdown) and to compensate
for subsequent xenon decay.

The boric acid solution is transferred from the boric acid storage tanks by boric acid transfer
pumps to the suction of the charging pumps which inject boric acid into the reactor coolant.
Any charging pump and boric acid transfer pump can be operated from diesel-generator
power on loss of primary power. Reference I stated that, if required, boric acid addition from
the RWST was capable of shutting the reactor down from full power. Reference 1 provided
an example for a typical operating cycle that demonstrated boric acid injection from the
RWST to the RCS by one charging pump operating at its maximum flow rate of 60 gpm was
capable of shutting down the reactor with no rods inserted in approximately 81 minutes. This
example demonstrated that the use of a charging pump and boric acid from the RWST can
provide sufficient negative reactivity to shut the reactor down.

Sufficient boric acid from the Refueling Water Storage Tank (RWST) can also be injected to
compensate for xenon decay beyond the equilibrium level, with one charging pump operating
at its minimum speed, and thereby delivering in excess of the required minimum flow of
approximately 9 gpm into the reactor coolant system. This required flow rate is checked on a
cycle specific basis. Additional boric acid is employed if it is desired to bring the reactor to
MODE 5 (Cold Shutdown) conditions.

On the basis of the above, the injection of boric acid is shown to afford backup reactivity
shutdown capability, independent of control rod clusters which normally serve this function
in the short-term situation. Shutdown for long-term and reduced temperature conditions can
be accomplished with boric acid injection using redundant components. Furthermore, boric
acid from the refueling water storage tank (RWST) can also be transferred to the reactor cool-
ant system via the charging pumps.

3.1.1.5.5 Reactivity Control Systems Malfunction

CRITERION: The Reactor Trip System (RTS) shall be capable of protecting against any single
malfunction of the reactivity control system, such as unplanned continuous
withdrawal (not ejection or dropout) of a control rod, by limiting reactivity tran-
sients to avoid exceeding acceptable fuel damage limits (AIF-GDC 31).

Page 19 of 924 Revision 21 11/2008



GINNA/UFSAR
CHAPTER 3 DESIGN OF STRUCTURES, COMPONENTS, EQUIPMENT, AND SYSTEMS

As described in Chapter 7, the Reactor Trip System (RTS) is designed to limit reactivity tran-
sients to DNBR greater than or equal to the safety limit due to any single malfunction in the
deboration controls.

Reactor shutdown with control rods is completely independent of the normal control func-
tions since the trip breakers completely interrupt the power to the rod mechanisms regardless
of existing control signals.

Details of the effects of continuous withdrawal of a control rod and of continuous deboration
are described in Sections 15.4.1 and 15.4.4.

3.1.1.5.6 Maximum Reactivity Worth of Control Rods

CRITERION: Limits, which include reasonable margin, shall be placed on the maximum reac-
tivity worth of control rods or elements and on rates at which reactivity can be
increased to ensure that the potential effects of a sudden or large change or reac-
tivity cannot (a) rupture the reactor coolant pressure boundary or (b) disrupt the
core, its support structures, or other vessel internals sufficiently to lose capabil-
ity of cooling the core (AIF-GDC 32).

Limits, which include considerable margin, are placed on the maximum reactivity worth of
control rods or elements and on rates at which reactivity can be increased to ensure that the
potential effects of a sudden or large change of reactivity cannot (a) rupture the reactor cool-
ant pressure boundary or (b) disrupt the core, its support structures, or other vessel internals
so as to lose capability to cool the core.

The reactor coolant system employs control rods, less than half of which are fully withdrawn
during power operation, serving as shutdown rods. The remaining rods comprise the control-
ling group which are used to control load and reactor coolant temperature. The control rod
drive mechanisms are wired into preselected groups, and are therefore prevented from being
withdrawn in other than their respective groups. The control rod 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 is analyzed in the detailed plant analysis described in
Section 15.4.

No credible mechanical or electrical control system malfunction can cause a control rod to be
withdrawn at a speed greater than 77 steps per minute.

3.1.1.6 Reactor Coolant Pressure Boundary

3.1.1.6.1 Reactor Coolant Pressure Boundary Capability

CRITERION: The reactor coolant pressure boundary shall be capable of accommodating with-
out rupture the static and dynamic loads imposed on any boundary component
as a result of an inadvertent and sudden release of energy to the coolant. As a
design reference, this sudden release shall be taken as that which would result
from a sudden reactivity insertion such as rod ejection (unless prevented by pos-
itive mechanical means), rod dropout, or cold water addition (AIF-GDC 33).
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The reactor coolant boundary is shown to be capable of accommodating without further rup-
ture the static and dynamic loads imposed as a result of a sudden reactivity insertion such as a
rod ejection. Details of this analysis are provided in Section 15.4.5.

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

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

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

3.1.1.6.2 Reactor Coolant Pressure Boundary Rapid Propagation Failure Prevention

CRITERION: The reactor coolant pressure boundary shall be designed and operated to reduce
to an acceptable level the probability of rapidly propagating type failures. Con-
sideration shall be given (a) to the provisions for control over service tempera-
ture and irradiation effects which may require operational restrictions, (b) to the
design and construction of the reactor pressure vessel in accordance with appli-
cable codes, including those which establish requirements for absorption of
energy within the elastic strain energy range and for absorption of energy by
plastic deformation and (c) to the design and construction of reactor coolant
pressure boundary piping and equipment in accordance with applicable codes
(AIF-GDC 34).

The reactor coolant pressure boundary is designed to reduce to an acceptable level the proba-
bility of a rapidly propagating type failure.

In the core region of the reactor vessel it is expected that the notch toughness of the material
will change as a result of fast neutron exposure. This change is evidenced as a shift in the nil
ductility transition temperature (NDTT) which is factored into the operating procedures in
such a manner that full operating pressure is not obtained until the affected vessel material is
above the now higher design transition temperature (DTT) and in the ductile material region.
The pressure during startup and shutdown at the temperature below NDTT is maintained
below the threshold of concern for safe operation.
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The DTT is a minimum of NDTT plus 60'F and dictates the procedures to be followed in the
hydrostatic test and in station operations to avoid excessive cold stress. The value of the DTT
is increased during the life of the plant, as required by the expected shift in the NDTT and as
confirmed by the experimental data obtained from irradiated specimens of reactor vessel
material during the plant lifetime. Further details are given in Sections 5.2 and 5.3.

Low temperature reactor vessel overpressure protection is discussed in Section 5.2.2. Pres-
surized thermal shock of the reactor vessel is discussed in Section 5.3.3.5.

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

3.1.1.6.3 Reactor Coolant Pressure Boundary Brittle Fracture Prevention

CRITERION: Under conditions where reactor coolant pressure boundary system components
constructed of ferritic materials may be subjected to potential loadings, such as
a reactivity-induced loading, service temperatures shall be at least 120'F above
the nil ductility transition temperature (NDTT) of the component material if the
resulting energy release is expected to be absorbed by plastic deformation or
60'F above the NDTT of the component material if the resulting energy release
is expected to be absorbed within the elastic strain energy range (AIF-GDC 35).

The requirements of this criterion are included in Section 3.1.1.6.2.

3.1.1.6.4 Reactor Coolant Pressure Boundary Surveillance

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

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

Monitoring of the NDTT properties of the core regionplate forgings, weldments, and associ-
ated heat-treated zones are performed in accordance with ASTM El185, Recommended Prac-
tice for Surveillance Tests on Structural Materials in Nuclear Reactors. Samples of reactor
vessel plate materials are retained and cataloged in case future engineering development
shows the need forfurther testing.

The material properties surveillance program includes not only the conventional tensile and
impact tests but also fracture mechanics specimens. The fracture mechanics specimens are
the wedge-opening loading type specimens. The observed shifts in NDTT of the core region
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materials with irradiation will be used to confirm the calculated limits to startup and shut-
down transients.

To define permissible operating conditions below DTT, a pressure range is established which
is bounded by a lower limit for pump operation and an upper limit which satisfies reactor ves-
sel stress criteria. To allow for thermal stresses during heatup or cooldown of the reactor ves-
sel, an equivalent pressure limit is defined to compensate for thermal stress as a function of
rate of change of coolant temperature. The reactor coolant temperature and pressure and the
system heatup and cooldown rates allowable are discussed in Section 5.1.3.9.

Since the normal operating temperature of the reactor vessel is well above the maximum
expected DTT, brittle fracture during MODES I and 2 is not considered to be a credible mode
of failure. The reactor vessel has been evaluated for potential damage due to "Pressurized
Thermal Shock" (Unresolved Safety Issue A-49) and it was concluded that the potential for
damage was acceptably small. A discussion of reactor vessel integrity under transient condi-
tions is discussed in Sections 5.3.3.4 and 5.3.3.5.

3.1.1.7 Engineered Safety Features

3.1.1.7.1 Engineered Safety Features Basis for Design

CRITERION: Engineered safety features shall be provided in the facility to back up the safety
provided by the core design, the reactor coolant pressure boundary, and their
protection systems. Such engineered safety features shall be designed to cope
with any size reactor coolant piping break up to and including the equivalent of
a circumferential rupture of any pipe in that boundary assuming unobstructed
discharge from both ends (AIF-GDC 37).

The design, fabrication, testing, and inspection of the core, reactor coolant pressure boundary,
and their protection systems give assurance of safe and reliable operation under all antici-
pated normal, transient, and accident conditions. However, engineered safety features are
provided in the facility to back up the safety provided by these components. These engi-
neered safety features have been designed to cope with any size reactor coolant pipe break up
to and including the circumferential rupture of any pipe in that boundary assuming unob-
structed discharge from both ends, and to cope with any steam or feedwater line break up to
and including the main steam or feedwater headers.

The release of fission products from the reactor fuel is limited by the safety injection system
which, by cooling the core, keeps the fuel in place and substantially intact and limits the met-
alwater reaction.

The safety injection system consists of high- and low-head centrifugal pumps driven by elec-
tric motors and passive accumulator tanks which are self- energized and which act indepen-
dently of any actuation signal or power source.

The release of fission products from the containment is limited in three ways:

1. Blocking the potential leakage paths from the containment. This is accomplished by
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a. A steel-lined concrete reactor containment with testable, double penetrations and liner
weld channels which form a virtually leaktight barrier to the escape of fission products
should a loss of coolant occur.

b. Isolation of process lines by the containment isolation system which imposes double
barriers in each line that penetrates the containment.

2. Reducing the fission product concentration in the containment atmosphere. This is accom-
plished by

a. Air recirculation filters which provide for rapid removal of particles and iodine vapor
from the containment atmosphere.

b. Chemically treated spray which removes elemental iodine vapor from the containment
atmosphere by washing action.

3. Reducing the containment pressure and thereby limiting the driving potential for fission
product leakage. This is accomplished by cooling the containment atmosphere by the fol-
lowing independent systems

a. Containment spray system.

b. Containment recirculation fan cooler (CRFC) and filtration system.

3.1.1.7.2 Reliability and Testability of Engineered Safety Features

CRITERION: All engineered safety features shall be designed to provide such functional reli-
ability and ready testability as is necessary to avoid undue risk to the health and
safety of the public (AIF-GDC 38).

A comprehensive program of plant testing is performed for all equipment systems and system
controls vital to the functioning of engineered safety features. The program consists of per-
formance tests of individual pieces of equipment in the manufacturer's shop, and integrated
tests of the system as a whole, and periodic tests of the actuation circuitry and mechanical
components to ensure reliable performance, upon demand, throughout the plant lifetime.

The initial tests of the individual components and the integrated test of the system as a whole
complement each other to ensure performance of the system as designed and to prove proper
operation of the actuation circuitry.

Routine periodic testing of the engineered safety features components is scheduled. In the
event that one of the components should require maintenance as a result of failure to perform
during the test according to prescribed limits, the necessary corrections or minor maintenance
will be made as required by the Technical Specifications.

3.1.1.7.3 Emergency Power

CRITERION: An emergency power source shall be provided and designed with adequate
independency, redundancy, capacity, and testability to permit the functioning of
the engineered safety features and protection systems required to avoid undue
risk to the health and safety of the public. This power source shall provide this
capacity assuming a failure of a single active component (AIF-GDC 39).
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Independent, redundant, alternate power systems are provided with adequate capacity and
testability to supply the required engineered safety features.

The plant is supplied with normal, standby and emergency power sources as follows:

A. The normal source of auxiliary power during plant operation is the generator. Power is sup-
plied via the unit auxiliary transformer 11 that is connected to the main leads of the genera-
tor, except for safeguards loads required during MODES I and 2, which are supplied from
transformer 12A and the offsite source. See Section 8.2.1.2 for an updated description of
the supply to the safeguards loads.

B. Standby power required during plant startup, shutdown, and after reactor trip is supplied
from the high tension transmission terminal which has multiple lines running to the inter-
connected system.

C. Two diesel-generator sets are connected to the engineered safety features buses to supply
emergency shutdown power in the event of loss of all other ac auxiliary power.

D. Emergency power supply for vital instruments and control and for emergency lighting is
supplied from the two 125-V dc station batteries.

Although the engineered safety features loads are arranged to operate from electrical buses
supplied from normal outside ac power which is designed to remain functional following
reactor trip, reliable onsite emergency power is provided. Thus, if normal ac power to the sta-
tion is lost concurrent with a loss-of-coolant accident, power is available for the engineered
safety features. Two diesel-generator sets, each capable of supplying the necessary engi-
neered safety features or safe shutdown loads, are provided. Details are provided in Sections
8.1.4.2 and 8.3.1.1.

3.1.1.7.4 Missile Protection

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

A loss-of-coolant accident or other plant equipment failure might result in dynamic effects or
missiles. For such engineered safety features as are required to ensure safety in the event of
such an accident or equipment failure, protection from these dynamic effects or missiles is
considered in the layout of plant equipment and missile barriers. Fluid and mechanical driv-
ing forces are calculated and consideration is given to the possibility of damage due to fluid
jets and missiles which might be produced by the action of such jets. Consideration is given
during the design of the following potential sources of missiles: valve stems and bonnets,
instrument thimbles including installed sensors, bolts, complete control rod drive shafts and!
or mechanisms, and rotating components. Consideration is also given to pipe whip effects.

Layout and structural design specifically protect injection paths leading to unbroken reactor
coolant loops against damage as a result of the maximum reactor coolant pipe rupture. Injec-
tion lines penetrate the main missile barrier, and the injection headers are located in the mis-
sile-protected area between the missile barrier and the containment outside wall. Individual
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injection lines, connected to the injection header, pass through the barrier and then connect to
the loops. Separation of the individual injection lines is provided to the maximum extent
practicable. Movement of the injection line, associated with rupture of a reactor coolant loop,
is accommodated by line flexibility and by the design of the pipe supports.

All hangers, stops, and anchors are designed in accordance with USAS B3 1.1, Code for Pres-
sure Piping, and ACI 318, Building Code Requirements for Reinforced Concrete, which pro-
vides minimum requirements on material, design, and fabrication with ample safety margins
for both dead and dynamic loads over the life of the equipment. Additional information is
provided in Sections 3.5 and 3.6.

3.1.1.7.5 Engineered Safety Features Performance Capability

CRITERION: Engineered safety features, such as the Emergency Core Cooling System
(ECCS) and the containment heat removal system, shall provide sufficient per-
formance capability to accommodate the failure of any single active component
without resulting in undue risk to the health and safety of the public (AIF-GDC
41).

Each engineered safety feature provides sufficient performance capability to accommodate
any single failure of an active component and still function in a manner to avoid undue risk to
the health and safety of the public.

The extreme upper limit of public exposure is taken as the levels and time periods presently
outlined in 10 CFR 100. The accident condition considered is the hypothetical case of a
release of fission products per TID 14844. Also, the total loss of all offsite power is assumed
concurrent with this accident. In Reference 2, the NRC approved the use of alternate source
term (AST) methodology as defined in 1OCFR50.67 for use by Ginna in determining offsite
doses. The AST methodology was used during the power uprate to 1775 MWt to calculate
offsite doses.

Under the above accident conditions, all engineered safety features equipment is designed to
accomplish its safety function, assuming the worst case single failure.

3.1.1.7.6 Engineered Safety Features Components Capability

CRITERION: Engineered safety features shall be designed so that the capability of these fea-
tures to perform their required function is not impaired by the effects of a loss-
of-coolant accident to the extent of causing undue risk to the health and safety
of the public (AIF-GDC 42).

All active components of the safety injection system (with the exception of residual heat
removal low-pressure safety injection line discharge valves) and the containment spray sys-
tem are located outside the containment and are not subject to containment accident condi-
tions.

Instrumentation, motors, cables, and penetrations located inside the containment are selected
to meet the most adverse accident conditions to which they may be subjected. These items
are either protected from containment accident conditions or are designed to withstand, with-
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out failure, exposure to the worst combination of temperature, pressure, and humidity
expected during the required operational period.

The piping and other components of the engineered safety features systems are designed and
qualified to perform their safety function during and after the accident conditions, with con-
current seismic forces and accident operational loadings.

3.1.1.7.7 Accident Aggravation Prevention

CRITERION: Protection against any action of the engineered safety features which would
accentuate significantly the adverse aftereffects of a loss of normal cooling shall
be provided (AIF-GDC 43).

The reactor is maintained subcritical following a primary system pipe rupture accident. Intro-
duction of borated cooling water into the core results in a net negative reactivity addition.

The delivery of cold safety injection water to the reactor vessel following a reactor coolant
system break or secondary system break will not further adversely affect the integrity of the
reactor coolant pressure boundary.

3.1.1.7.8 Emergency Core Cooling System (ECCS) Capability

CRITERION: An Emergency Core Cooling System (ECCS) with the capability for accom-
plishing adequate emergency core cooling shall be provided. This core cooling
system and the core shall be designed to prevent fuel and clad damage that
would interfere with the emergency core cooling function and to limit the clad
metal-water reaction to acceptable amounts for all sizes of breaks in the reactor
coolant piping up to the equivalent of a double-ended rupture of the largest pipe.
The performance of such an Emergency Core Cooling System (ECCS) is evalu-
ated conservatively in each area of uncertainty (AIF-GDC 44).

Adequate emergency core cooling is provided by the safety injection system which consti-
tutes the Emergency Core Cooling System (ECCS) whose components include the passive
accumulators, high-pressure safety injection, and residual heat removal low pressure safety
injection and recirculation.

The primary purpose of the safety injection system is to automatically deliver cooling water
to the reactor core to limit the fuel clad temperature and thereby ensure that the core will
remain intact and in place, with its essential heat transfer geometry preserved. This protec-
tion is prescribed for all break sizes up to and including the hypothetical instantaneous dou-
bleended rupture of the reactor coolant pipe, the rod ejection accident, a steam or feedwater
line break, the steam generator tube rupture, and other accidents analyzed in Chapter 15.

The ability of the safety injection system to meet its capability objectives is presented in Sec-
tion 6.3.3.
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3.1.1.7.9 Inspection of Emergency Core Cooling System (ECCS)

CRITERION: Design provisions shall, where practical, be made to facilitate physical inspec-
tion of all critical parts of the Emergency Core Cooling System (ECCS), includ-
ing reactor vessel internals and water injection nozzles (AIF-GDC 45).

Design provisions are made to the extent practical to facilitate access to the critical parts of
the reactor vessel internals, injection nozzles, pipes, valves, and safety injection pumps for
visual, boroscopic, and ultrasonic inspection for erosion, corrosion, and vibration wear evi-
dence, and for nondestructive test inspection where such techniques are desirable and appro-
priate.

3.1.1.7.10 Testing of Emergency Core Cooling System (ECCS) Components

CRITERION: Design provisions shall be made so that components of the Emergency Core
Cooling System (ECCS) can be tested periodically for operability and func-
tional performance (AIF-GDC 46).

Design provisions are made so that active components of the safety injection system can be
tested periodically for operability and functional performance.

Each active component can be individually actuated on the normal power source at any time
during plant operation.

The safety injection pumps can be tested periodically during plant operation using the mini-
mum flow recirculation lines in accordance with the inservice pump and valve testing pro-
gram. The residual heat removal pumps are used every time the residual heat removal loop is
put into operation, as well as being periodically tested. All remote-operated valves are exer-
cised and actuation circuits are tested during routine maintenance.

The accumulators are tested for flow during startup after a MODE 6 (Refueling) shutdown.
Accumulator flow is measured when valves in the accumulator test line are opened during the
test. This flow is recirculated to the refueling water storage tank (RWST).

See Section 6.3.5 for a more detailed description of current testing provisions.

3.1.1.7.11 Testing of Emergency Core Cooling System (ECCS)

CRITERION: Capability shall be provided to test periodically the operability of the Emer-
gency Core Cooling System (ECCS) up to a location as close to the core as is
practical (AIF-GDC 47).

This information is included in Section 3.1.1.7.10.

3.1.1.7.12 Testing of Operational Sequence of Emergency Core Cooling System (ECCS)

CRITERION: Capability shall be provided to test initially, under conditions as close as practi-
cal to design, the full operational sequence that would bring the Emergency
Core Cooling System (ECCS) into action, including the transfer to alternate
power sources (AIF-GDC 48).
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The design provides for capability to test initially, to the extent practical, the full operational
sequence up to the design conditions for the safety injection system to demonstrate the state
of readiness and capability of the system. Details of the operational sequence testing are pre-
sented in Section 6.3.5, Tests and Inspections.

The functional test that was performed during startup is described in Section 5.4.5.5 and Sec-
tion 14.6.1. (See also Section 6.3.1.4.)

3.1.1.7.13 Containment Design Basis

CRITERION: The reactor containment structure, including access openings and penetrations,
and any necessary containment heat removal systems shall be designed so that
the leakage of radioactive materials from the containment structure under condi-
tions of pressure and temperature resulting from the largest credible energy
release following a loss-of-coolant accident, including the calculated energy
from metal-water or other chemical reactions that could occur as a consequence
of failure of any single active component in the Emergency Core Cooling Sys-
tem (ECCS), will not result in undue risk to the health and safety of the public
(AIF-GDC 49).

The following general criteria are followed to ensure conservatism in computing the required
structural load capacity:

1. In calculating the containment pressure, rupture sizes up to and including a double-ended
severance of reactor coolant pipes and steam lines are considered.

2. In considering postaccident pressure effects, various malfunctions of the emergency sys-
tems are evaluated consistent with the single-failure criteria.

3. The pressure and temperature loadings obtained by analyzing various accidents, when com-
bined with operating loads and maximum wind or seismic forces, do not exceed the load-
carrying capacity of the structure, its access openings, or penetrations.

Details of the containment evaluation are provided in Section 6.2.

3.1.1.7.14 Nil Ductility Transition Temperature Requirement for Containment Material

CRITERION: The selection and use of containment materials shall be in accordance with
applicable engineering codes (AIF-GDC 50).

The selection and use of containment materials comply with the applicable codes and stan-
dards tabulated in Section 3.8.1.2.5.

The concrete containment is not susceptible to low-temperature brittle fracture.

The containment liner is enclosed within the containment and thus is not exposed to the out-
side temperature extremes. The containment ambient temperature during operation is
between 50'F and 120'F which is expected to be well above the NDTT + 30'F for the liner
material. Containment penetrations which can be exposed to the environment are also
designed to the NDTT + 30'F criterion. The containment liner evaluation is discussed in Sec-
tions 3.8.1 and 3.8.2.
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3.1.1.7.15 Reactor Coolant Pressure Boundary Outside Containment

CRITERION: If part of the reactor coolant pressure boundary is outside the containment, fea-
tures shall be provided to avoid undue risk to the health and safety of the public
in case of an accidental rupture in that part (AIF-GDC 51).

The reactor coolant pressure boundary does not extend outside of the containment.

3.1.1.7.16 Containment Heat Removal Systems

CRITERION: Where an active heat removal system is needed under accident conditions to
prevent exceeding containment design pressure, this system shall perform its
required function, assuming failure of any single active component (AIF-GDC
52).

Two means of removing heat from the containment atmosphere are provided: the contain-
ment recirculation fan cooler (CRFC)units and the containment spray system. Sections 6.2.2
and 6.5 and Chapter 15 describe the operability and capability of the containment spray sys-
tem, the residual heat removal loop part of the containment heat removal system, and the con-
tainment recirculation fan cooler (CRFC) and filtration system.

3.1.1.7.17 Containment Isolation Valves

CRITERION: Penetrations that require closure for the containment function shall be protected
by redundant valving and associated apparatus (AIF-GDC 53).

Isolation valves for all fluid system lines penetrating the containment provide at least two bar-
riers for redundancy against leakage of radioactive fluids to the environment in the event of a
loss-of-coolant accident. These barriers, in the form of isolation valves or closed systems, are
defined on an individual line basis. In addition to satisfying containment isolation criteria,
the valving is designed to facilitate normal operation and maintenance of the systems and to
ensure reliable operation of other engineered safety features.

With respect to numbers and locations of isolation valves, the criteria applied are generally
those outlined by the five classes described in Section 6.2.4.4.

3.1.1.7.18 Initial Leakage Rate Testing of Containment

CRITERION: Containment shall be designed so that integrated leakage rate testing can be
conducted at the peak pressure calculated to result from the design-basis acci-
dent on completion and installation of all penetrations, and the leakage rate shall
be measured over a sufficient period of time to verify its conformance with
required performance (AIF-GDC 54).

After completion of the containment structure and installation of all penetration and weld
channels, an initial integrated leakage rate test was conducted at the peak calculated accident
pressure, maintained for a minimum of 24 hours, to verify that the leakage rate is not greater
than 0.1% by weight of the containment volume per day.
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The absolute method was used, and the test continued at a reduced pressure to provide a leak
rate versus pressure characteristic curve. Weld channels and double penetrations were not
pressurized during this test. Containment recirculation units operated continuously through-
out the test to ensure good air mixing and temperature control.

3.1.1.7.19 Periodic Containment Leakage Rate Testing

CRITERION: The containment shall be designed so that an integrated leakage rate can be peri-
odically determined by test during plant lifetime (AIF-GDC 55).

A leak rate test at the peak calculated accident pressure using the same method as the initial
leak rate test can be perf6rmed at any time during the operational life of the plant, provided
the plant is not in operation and precautions are taken to protect instruments and equipment
from damage. However, in accordance with 10 CFR 50, Appendix J, subsequent contain-
ment integrated leak rate tests were conducted at reduced pressure, with appropriate compen-
satory modifications to the leakage acceptance criteria. See Section 6.2.6 for the latest
criteria.

3.1.1.7.20 Provisions for Testing of Penetrations

CRITERION: Provisions shall be made to the extent practical for periodically testing penetra-
tions which have resilient seals or expansion bellows to permit leak tightness to
be demonstrated at the peak pressure calculated to result from occurrence of the
design-basis accident (AIF-GDC 56).

A permanently piped monitoring system is provided such that all penetrations may be
checked for leaktight integrity at any time throughout the operating life of the plant.

Penetrations are designed with double seals so as to permit pressurization of the interior of the
penetration whenever a leak test is required. The large access openings such as the equipment
hatch and personnel air locks are equipped with double seals with the space between the seals
connected to the pressurizing system. The system utilizes a supply of clean, dry, compressed
air which places all the penetrations under an internal pressure as required for the test.

Leakage from the system is checked by measurement of the integrated makeup air flow or
change in internal pressure. In the event excessive leakage is discovered, each penetration
can then be checked separately.

3.1.1.7.21 Provisions for Testing of Isolation Valves

CRITERION: Capability shall be provided to the extent practical for testing functional opera-
bility of valves and associated apparatus essential to the containment function
for establishing that no failure has occurred and for determining that valve leak-
age does not exceed acceptable limits (AIF-GDC 57).

Capability is provided to the extent practical for testing the functional operability of valves
and associated apparatus during periods of reactor shutdown. The type C tests for contain-
ment isolation valves are performed in accordance with 10 CFR 50, Appendix J. The results
are documented in the Containment Integrated Leak Rate Test Report which is submitted fol-
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lowing the performance of each type A test. Containment leakage testing is discussed in Sec-
tion 6.2.6.

3.1.1.7.22 Inspection of Containment Pressure-Reducing! Systems

CRITERION: Design provisions shall be made to the extent practical to facilitate the periodic
physical inspection of all important components of the containment pressure-
reducing systems, such as pumps, valves, spray nozzles, torus, and sumps (AIF-
GDC 58).

Design provisions are made to the extent practical to facilitate access for periodic visual
inspection of all important components of the containment air recirculation and filtration and
containment spray systems.

3.1.1.7.23 Testing of Containment Pressure-Reducing Systems Components

CRITERION: The containment pressure-reducing systems shall be designed to the extent
practical so that components, such as pumps and valves, can be tested periodi-
cally for operability and required functional performance (AlF-GDC 59).

The containment pressure-reducing systems are designed to the extent practical so that the
spray pumps, spray injection valves, spray nozzles and additive injection valves can be tested
periodically and after any component maintenance action for operability and functional per-
formance.

The air recirculating and cooling units, and the service water (SW) pumps that supply the
cooling units are in operation on a relatively continuous schedule during plant operation, and
no additional periodic tests are required.

3.1.1.7.24 Testing of Containment Spray Systems

CRITERION: A capability shall be provided to the extent practical to test periodically the
operability of the containment spray system up to a position as close to the spray
nozzles as is practical (AIF-GDC 60).

Permanent test lines for the containment spray loops are located so that all components up to
the isolation valve at the spray nozzles may be tested. These isolation valves are checked sep-
arately. The spray nozzles are checked by blowing hot air (approximately 200'F) through the
nozzles and observing the flow by use of thermography.

3.1.1.7.25 Testing of Operational Sequence of Containment Pressure-Reducing Systems

CRITERION: A capability shall be provided to test initially under conditions as close as prac-
tical to the design and the full operational sequence that would bring the con-
tainment pressurereducing systems into action, including the transfer to
alternate power sources (AIF-GDC 61).

Capability is provided to test initially to the extent practical the operational startup sequence
beginning with transfer to alternate power sources and ending with near design conditions for
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the containment spray and containment recirculation fan cooler (CRFC) and filtration sys-
tems.

3.1.1.7.26 Inspection of Air Cleanup Systems

CRITERION: Design provisions shall be made to the extent practical to facilitate physical
inspection of all critical parts of containment air cleanup systems, such as,
ducts, filters, fans, and dampers (AIF-GDC 62).

Access is available for visual inspection of the containment fancooler and recirculation filtra-
tion components.

3.1.1.7.27 Testing of Air Cleanup Systems Components

CRITERION: Design provisions shall be made to the extent practical so that active compo-
nents of the air cleanup systems, such as fans and dampers, can be tested period-
ically for operability and required functional performance (AIF-GDC 63).

Periodic tests of the dampers associated with the charcoal filter units of the containment air
cleanup system are conducted. Each damper is stroked and its operation (including stroke
time) is checked by personnel in the containment. An indicating light in the control room
provides indication of damper movement. Periodic tests also verify that the dampers fail in a
safe position upon loss of air, and that air flow and orientation for accident operation is
acceptable.

3.1.1.7.28 Testing Air Cleanup System

CRITERION: A capability shall be provided to the extent practical for on site periodic testing
and surveillance of the air cleanup systems to ensure (a) filter bypass paths have
not developed and (b) filter and trapping materials have not deteriorated beyond
acceptable limits (AIF-GDC 64).

Each containment recirculation fan unit is checked periodically for water in the filtration area.
Also, charcoal filters are tested for bypass flow and pressure drop, and are visually inspected
for damage and loss of charcoal. Further, a representative sample frame is removed during
shutdown and tested periodically to verify its continued efficiency. After reinstallation the
filter units are tested in place by aerosol injection to determine integrity of the flow path.

3.1.1.7.29 Testing of Operational Sequence of Air Cleanup Systems

CRITERION: Capability shall be provided to test initially under conditions as close to design
as practical, the full operational sequence that would bring the air cleanup sys-
tems into action, including the transfer to alternate power sources and the design
air flow delivery capability (AIF-GDC 65).

Means are provided to test initially under conditions as close to design and as near as is prac-
tical the full operational sequence that would bring the containment recirculation fan cooler
(CRFC) and filtration system into action, including transfer to the emergency diesel-generator
power source.
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3.1.1.8 Fuel and Waste Storage Systems

3.1.1.8.1 Prevention of Fuel Storage Criticality

CRITERION: Criticality in new and spent fuel storage shall be prevented by physical systems
or processes. Such means as geometrically safe configurations shall be empha-
sized over procedural controls (AiF-GDC 66).

During reactor vessel head removal and while loading and unloading fuel from the reactor,
the boron concentration is maintained at not less than that required to shutdown the core to a
kEFF = 0.90. This shutdown margin maintains the core at kEFF less than 0.99, even if all con-

trol rods are withdrawn from the core. Weekly checks of refueling water boron concentration
ensure the proper shutdown margin.

The new and spent fuel storage racks are designed so that it is impossible to insert assemblies
in other than the prescribed locations. Borated water is used to fill the spent fuel storage pool
at a concentration to match that used in the reactor cavity and refueling canal during refueling
operations. The fuel is stored vertically in an array with sufficient center-to-center distance
between assemblies to ensure kEFF less than or equal to 0.90 even if unborated water were

used to fill the pool.

Detailed instructions are available for use by trained refueling personnel. Furthermore, inter-
locks are provided to limit the travel of heavy loads in areas where failure could result in
unacceptable consequences.

Since initial criticality, changes have been made. Clarifications include:

1. Boron concentration ensures that kEFF is maintained less .than or equal to 0.95, vs. 0.90.

2. Checks of refueling water boron concentration are periodically conducted per the require-
ments of the Technical Specifications and Technical Requirements Manual, and not neces-
sarily "weekly".

3. It is not impossible to insert assemblies into incorrect locations. Therefore, administrative
controls have been established to ensure that assemblies are inserted into the proper loca-
tions.

4. The criticality methodology (Section 9.1.2.4) assumes a limited credit for borated water.
The water can no longer be unborated, and this limited credit for borated water ensures that
there are safe margins to an inadvertent criticality.

3.1.1.8.2 Fuel and Waste Storage Decay Heat

CRITERION: Reliable decay heat removal systems shall be designed to prevent damage to the
fuel in storage facilities and to waste storage tanks that could result in radioac-
tivity release which would result in undue risk to the health and safety of the
public (AIF-GDC 67).
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The refueling water provides a reliable and adequate cooling medium for spent fuel transfer.
Heat removal is provided by auxiliary cooling systems, such as the spent fuel pool (SFP)
cooling system (Section 9.1.2) and the service water (SW) system (Section 9.2.1).

3.1.1.8.3 Fuel and Waste Storage Radiation Shielding

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

Adequate shielding for radiation protection is provided during refueling operations by con-
ducting all spent fuel transfer and storage operations under water. This permits visual control
of the operation at all times while maintaining low radiation levels. Shielding is provided for
waste handling and storage facilities to permit operation within regulatory guidelines.

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

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.

3.1.1.8.4 Protection Against Radioactivity Release From Spent Fuel and Waste Storage

CRITERION: Provisions shall be made in the design of fuel and waste storage facilities such
that no undue risk to the health and safety of the public could result from an
accidental release of radioactivity (AIF-GDC 69).

The reactor cavity, refueling canal and spent fuel storage pool are reinforced concrete struc-
tures with a seam-welded stainless steel plate liner. These structures are designed to with-
stand the anticipated earthquake loadings as Seismic Category I structures so that the liner
should prevent leakage even in the event the reinforced concrete develops cracks. Accident
analyses described in Chapter 15 demonstrate that the postulated accidents result in exposures
well within regulatory guidelines.

3.1.1.9 Control of Releases of Radioactivity to the Environment

CRITERION: The facility design shall include those means necessary to maintain control over
the plant radioactivity 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 operations 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).

Liquid, gaseous, and solid waste disposal facilities are designed so that discharge of effluents
and offsite shipments are in accordance with applicable NRC regulations and guidelines.
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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 MODES 1 and 2, 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.

Liquid wastes are processed to remove most of the radioactive materials. The spent resins
from the demineralizers, the filter cartridges, and the concentrates from the evaporators are
packaged and stored onsite until shipment offsite for disposal. Suitable containers are used to
package these solids at the highest practical concentrations to minimize the number of con-
tainers shipped for burial.

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

3.1.2 GENERAL DESIGN CRITERIA

General Design Criteria (GDC) are set forth in Appendix A of 10 CFR 50. The Ginna Station
conformance to the 1972 version of the GDC is described in the following sections.

3.1.2.1 Overall Requirements

These criteria are intended to ensure that the quality control and quality assurance programs
are identified, recorded, and justified in terms of their adequacy. The fivecriteria of this
group are intended to apply to the design, fabrication, erection, and performance requirements
of the facility's essential components and systems to ensure that there is protection against
natural phenomena and environmental conditions. In addition, these criteria are also intended
to provide fire and explosion protection for all equipment important to safety.
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General Design Criterion 1 - Quality Standards and Records3.1.2.1.1

CRITERION: Structures, systems, and components important to safety shall be designed, fab-
ricated, erected, and tested to quality standards commensurate with the impor-
tance of the safety functions to be performed. Where generally recognized
codes and standards are used, they shall be identified and evaluated to deter-
mine their applicability, adequacy, and sufficiency and shall be supplemented or
modified as necessary to assure a quality product in keeping with the required
safety function. A quality assurance program shall be established and imple-
mented in order to provide adequate assurance that these structures, systems,
and components will satisfactorily perform their safety functions. Appropriate
records of the design, fabrication, erection, and testing of structures, systems,
and components important to safety shall be maintained by or under the control
of the nuclear power unit licensee throughout the life of the unit (GDC 1).

All systems and components of the facility were classified according to their importance.
Those items vital to safe shutdown and isolation of the reactor or whose failure might cause
or increase the severity of a loss-of-coolant accident or result in an uncontrolled release of
excessive amounts of radioactivity were designated Class I. Those items important to reactor
operation but not essential to safe shutdown and isolation of the reactor or control of the
release of substantial amounts of radioactivity were designated Class II. Those items not
related to reactor operation or safety were designated Class III. Note that Ginna LLC no
longer uses this classification scheme. The classification of structures and equipment is dis-
cussed in Section 3.2.

Safety-related structures, systems, and components are essential to the protection of the
health and safety of the public. Consequently, they were designed, fabricated, inspected and
erected, and the materials selected to the applicable provisions of the then recognized codes,
good nuclear practice, and to quality standards that reflected their importance. Discussions of
applicable codes and standards, quality assurance programs, test provisions, etc., that were
used are given in the section describing each system.

A complete set of as-built facility plant and system diagrams are maintained throughout the
life of the reactor. Records of modifications to the general arrangement and structural plans
are also maintained throughout the life of the reactor.

A set of completed test procedures for all initial plant testing is maintained as outlined in
Chapter 14.

A set of all the quality assurance data generated during fabrication and erection of the essen-
tial components of the plant, as defined by the Ginna Station construction quality assurance
program, is retained. The quality control and quality assurance program for Ginna Station
,construction is described in Section 17.1. The current quality assurance program for Ginna
Station is referenced in Section 17.2.
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3.1.2.1.2 General Design Criterion 2 - Design Bases for Protection Against Natural
Phenomena

CRITERION: Structures, systems, and components important to safety shall be designed to
withstand the effects of natural phenomena such as earthquakes, tornadoes, hur-
ricanes, floods, tsunami, and seiches without loss of capability to perform their
safety functions. The design bases for these structures, systems, and compo-
nents shall reflect: (1) Appropriate consideration of the most severe of the natu-
ral phenomena that have been historically reported for the site and surrounding
area, with sufficient margin for the limited accuracy, quantity, and period of
time in which the historical data have been accumulated, (2) appropriate combi-
nations of the effects of normal and accident conditions with the effects of the
natural phenomena and (3) the importance of the safety functions to be per-
formed (GDC 2).

All systems and components designated Seismic Category I are designed so that there is no
loss of function in the event of the safe shutdown earthquakel Measures were also taken in
the plant design to protect against high winds, sudden barometric pressure changes, seiches,
and other natural phenomena. Tornado and flood protection measures are discussed in Sec-
tions 3.3 and 3.4. Procedures have been written that will be followed in the event of such nat-
ural phenomena. The occurrence of such phenomena is discussed in Chapter 2.

On May 22, 1992, Generic Letter 87-02, Supplement 1, transmitted Supplemental Safety
Evaluation Report No. 2 (SSER No. 2) on the Seismic Qualification Utility Group (SQUG)
Generic Implementation Procedure, Revision 2, dated February 14, 1992 (GIP-2). Supple-
mental Safety Evaluation Report No. 2 approved the methodology in the Generic Implemen-
tation Procedure for use in verification of equipment seismic adequacy including equipment
involved in future modifications and replacement equipment. In letters dated November 30,
1992, and June 8, 1993, the NRC accepted RG&E's response to Generic Letter 87-02, Supple-
ment 1.

1.2.1.3 General Desion Criterinn 3 - Fire Prntection3.
3

CRITERION: Structures, systems, and components important to safety shall be designed and
located to minimize, consistent with other safety requirements, the probability
and effect of fires and explosions. Noncombustible and heat resistant materials
shall be used wherever practical throughout the unit, particularly in locations
such as the containment and control room. Fire detection and fighting systems
of appropriate capacity and capability shall be provided and designed to mini-
mize the adverse effects of fires on structures, systems, and components impor-
tant to safety. Fire-fighting systems shall be designed to assure that their
rupture or inadvertent operation does not significantly impair the safety capabil-
ity of these structures, systems, and components (GDC 3).

Fire detection and fighting systems of appropriate capacity and capability are provided to
minimize the adverse effects of fire on structures, systems, and components important to
safety. Sensing devices include both ionization chambers (smoke detectors) and temperature
detectors. Fire-fighting equipment includes automatic water suppression in appropriate areas.
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Automatically initiated Halon 1301 total flooding systems are provided in the relay room and
computer room. Appropriate hoses and portable fire-fighting equipment are placed through-
out the plant. The fire protection system and compliance with 10 CFR 50, Appendix R, are
discussed in Section 9.5.1.

3.1.2.1.4 General Design Criterion 4 - Environmental and Missile Design Bases

CRITERION: Structures, systems, and components important to safety shall be designed to
accommodate the effects of and to be compatible with the environmental condi-
tions associated with normal operation, maintenance, testing, and postulated
accidents, including loss-of-coolant accidents. These structures, systems, and
components shall be appropriately protected against dynamic effects, including
the effects of missiles, pipe whipping, and discharging fluids, that may result
from equipment failures and from events and conditions outside the nuclear
power unit (GDC 4).

A comprehensive review has been performed to ensure proper environmental qualification of
safety-related electrical equipment, in accordance with 10 CFR 50.49. This is discussed in
detail in Section 3.11. Also, a review of postulated pipe breaks inside and outside contain-
ment was conducted as part of the Systematic Evaluation Program (SEP) including dynamic
effects such as pipe whip and jet impingement. This is discussed in Section 3.6. Finally,
internally generated missiles, tornado missiles, and site proximity missiles, including aircraft,
were reviewed as part of the SEP and are discussed in Section 3.5.

3.1.2.1.5 General Design Criterion 5 - Sharing of Structures, Systems, and Components

CRITERION: Structures, systems, and components important to safety shall not be shared
among nuclear power units unless it can be shown that such sharing will not sig-
nificantly impair their ability to perform their safety functions, including, in the
event of an accident in one unit, an orderly shutdown and cooldown of the
remaining units (GDC 5).

The R. E. Ginna Nuclear Power Plant is a single unit installation.

3.1.2.2 Protection by Multiple Fission Product Barriers

These criteria are intended to ensure that designs provide the reactor unit with multiple barri-
ers which remain intact during MODES 1 and 2 and all anticipated transients and that ade-
quate barriers are available for design-basis accidents. In addition, these criteria are intended
to identify and define the instrumentation and control systems, electrical power systems, and
control room requirements required for MODES I and 2, anticipated operational occurrences,
and for accident condition.

3.1.2.2.1 General Design Criterion 10 - Reactor Design

CRITERION: The reactor core and associated coolant, control, and protection systems shall be
designed with appropriate margin to assure that specified acceptable fuel design
limits are not exceeded during any condition of normal operation, including the
effects of anticipated operational occurrences (GDC 10).
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The reactor core design, in combination with coolant, control, and protection systems, pro-
vides margins to ensure that fuel is not damaged during MODES 1 and 2 or as a result of
anticipated operational transients.

The DNB correlations have been used to predict the DNB flux and location of DNB for axi-
ally uniform and nonuniform heat flux distributions. For operation within the Technical
Specification limits, the DNBR during steady-state operation and anticipated transients is
limited to specific safety values.

The reactor control and protective system also prevents the power level or system tempera-
ture or pressure from exceeding limits that would result in a DNBR of less than the limiting
values for anticipated transients (see Chapter 4).

3.1.2.2.2 General Design Criterion 11 - Reactor Inherent Protection

CRITERION: The reactor core and associated coolant systems shall be designed so that in the
power operating range the net effect of the prompt inherent nuclear feedback
characteristics tends to compensate for a rapid increase in reactivity (GDC 11).

The reactor core and associated coolant systems have been designed so that in the power
operating range the net effect of the prompt nuclear feedback characteristics tends to compen-
sate for a rapid increase in reactivity.

The moderator temperature coefficient is usually, though not always, negative. The modera-
tor pressure and density coefficients are not usually negative; however, the overall power
coefficient (due to the doppler coefficient) is negative and so provides a nuclear feedback
characteristic to limit a rapid increase in reactivity.

3.1.2.2.3 General Design Criterion 12 - Suppression of Reactor Power Oscillations

CRITERION: The reactor core and associated coolant, control, and protection systems shall be
designed to assure that power oscillations which can result in conditions
exceeding specified acceptable fuel design limits are not possible or can be reli-
ably and readily detected and suppressed (GDC 12).

The reactor core and the associated coolant, control, and protection systems, and operating
strategies have been designed to prevent or easily suppress power oscillations that could
result in exceeding fuel design limits.

3.1.2.2.4 General Design Criterion 13 - Instrumentation and Control

CRITERION: Instrumentation shall be provided to monitor variables and systems over their
anticipated ranges for normal operation, for anticipated operational occurrences,
and for accident conditions as appropriate to assure adequate safety, including
those variables and systems that can affect the fission process, the integrity of
the reactor core, the reactor coolant pressure boundary, and the containment and
its associated systems. Appropriate controls shall be provided to maintain these
variables and systems within prescribed operating ranges (GDC 13).
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Instrumentation and controls essential to avoid undue risk to the health and safety of the pub-
lic are provided to monitor and maintain containment pressure, neutron flux, primary coolant
pressure, flow rate, temperature, and control rod positions within prescribed operating ranges.

The fission process is monitored and controlled for all conditions from the source range
through the power range. The neutron monitoring system detects core conditions that could
potentially threaten the overall integrity of the fuel barrier due to excess power generation and
provides a corresponding signal to the Reactor Trip System (RTS). In addition to the ex-core
neutron monitoring system, movable in-core instrumentation provides the capability of map-
ping the core.

The nonnuclear regulating, process, and containment instrumentation measures temperatures,
pressure, flow, and levels in the reactor coolant system, steam systems, containment and other
auxiliary systems. Process variables required on a continuous basis for the startup, operation,
and shutdown of the plant are indicated, recorded, and controlled from the control room. The
quantity and types of process instrumentation provided ensures safe and orderly operation of
all systems and processes over the full operating range of the plant.

The instrumentation and control systems are discussed in Chapter 7.

3.1.2.2.5 General Design Criterion 14 - Reactor Coolant Pressure Boundary

CRITERION: The reactor coolant pressure boundary shall be designed, fabricated, erected,
and tested so as to have an extremely low probability of abnormal leakage, of
rapidly propagating failure, and of gross rupture (GDC 14).

All piping components and supporting structures of the reactor coolant system were designed
as Class I and later reevaluated as Seismic Category I equipment as defined in Section 3.7.
All pressure containing components of the reactor coolant system were designed, fabricated,
inspected, and tested in conformance with the code requirements listed in Table 5.2-1. There-
fore, the probability of abnormal leakage, of rapidly propagating failure and of gross rupture
is very low.

3.1.2.2.6 General Design Criterion 15 - Reactor Coolant System Design

CRITERION: The reactor coolant system and associated auxiliary, control, and protection sys-
tems shall be designed with sufficient margin to assure that the design condi-
tions of the reactor coolant pressure boundary are not exceeded during any
condition of normal operation, including anticipated operational occurrences
(GDC 15).

The reactor coolant system and associated auxiliary, control, and protection systems were
designed with sufficient margins so that design conditions are not exceeded during MODES 1
and 2 including anticipated operational occurrences. The normal operating pressure is 2235
psig with design pressure being 2485 psig. This provides a reasonable range for maneuvering
during operation with allowance for pressure transients without actuation of the safety valves.
The analysis presented in Chapter 15 demonstrates the ability of the plant to safely undergo
all anticipated transients with pressure peaks below 2485 psig.
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Overpressurization is prevented by a combination of automatic control and pressure relief
devices. The pressurizer safety valves (2485 psig setpoint) and pressurizer power operated
relief valves (2335 psig setpoint) prevent overpressuring the reactor coolant system (RCS)
during operation at rated power. Cold overpressure protection of the RCS is provided by the
pressurizer power operated relief valves (PORV). The PORV lift setting is switched to Low
Temperature Overpressure Protection (LTOP) control (lift setting 410 psig) prior to reducing
RCS temperature below 330'F or placing the residual heat removal system in service.

3.1.2.2.7 General Design Criterion 16 - Containment Design

CRITERION: Reactor containment and associated systems shall be provided to establish an
essentially leaktight barrier against the uncontrolled release of radioactivity to
the environment and to assure that the containment design conditions important
to safety are not exceeded for as long as postulated accident conditions require
(GDC 16).

The building containing the reactor and primary system is a reinforced- concrete structure
prestressed in the vertical direction, with a welded steel liner on the inside. The structure con-

tains a free volume of approximately 1,000,000 ft3 and is designed for an internal pressure of
60 psig. Prior to initial operation, the containment was strength tested at 69 psig and then was
leak tested. The acceptance criterion for the preoperational leakage test was established as
0.1% per 24 hours at 60 psig.

Reports on the Structural Integrity Test of Reactor Containment Structure and Pre-operational
Integrated Leak Rate Test of the Reactor Containment Building were submitted to the AEC.
The leakage rate at 60 psig was determined to be 0.0219 ± .0168% per 24 hours.

Periodic leak rate measurements as defined in the Technical Specifications ensure that the
containment structure provides an essentially leaktight barrier against the uncontrolled
release of radioactivity to the environment. Periodic inspection of prestressed tendons as well
as periodic integrated leak rate tests, as defined in the Technical Specifications, ensure the
continued structural integrity of the containment structure.

A containment spray system and fan coolers are provided to mitigate the consequences of a
loss-of-coolant accident. More details on the containment system can be found in Sections
6.2 and 3.8.

3.1.2.2.8 General Design Criterion 17 - Electrical Power Systems

CRITERION: An onsite electric power system and an offsite electric power system shall be
provided to permit functioning of structures, systems, and components impor-
tant to safety. The safety function for each system (assuming the other system is
not functioning) shall be to provide sufficient capacity and capability to assure
that (1) specified acceptable fuel design limits and design conditions of the reac-
tor coolant pressure boundary are not exceeded as a result of anticipated opera-
tional occurrences and (2) the core is cooled and containment integrity and other
vital functions are maintained in the event of postulated accidents.

Page 42 of 924 Revision 21 11/2008



GINNA/UFSAR
CHAPTER 3 DESIGN OF STRUCTURES, COMPONENTS, EQUIPMENT, AND SYSTEMS

The onsite electric power supplies, including the batteries, and the onsite elec-
tric distribution system, shall have sufficient independence, redundancy, and
testability to perform their safety functions assuming a single failure.

Electric power from the transmission network to the onsite electric distribution
system shall be supplied by two physically independent circuits (not necessarily
on separate rights of way) designed and located so as to minimize to the extent
practical the likelihood of their simultaneous failure under operating and postu-
lated accident and environmental conditions. A switchyard common to both
circuits is acceptable. Each of these circuits shall be designed to be available in
sufficient time following a loss of all onsite alternating current power supplies
and the other offsite electric power circuit, to assure that specified acceptable
fuel design limits and design conditions of the reactor coolant pressure bound-
ary are not exceeded. One of these circuits shall be designed to be available
within a few seconds following a loss-of-coolant accident to assure that core
cooling, containment integrity, and other vital safety functions are maintained.

Provisions shall be included to minimize the probability of losing electric power
from any of the remaining supplies as a result of, or coincident with, the loss of
power generated by the nuclear power unit, the loss of power from the transmis-
sion network, or the loss of power from the onsite electric power supplies
(GDC 17).

Onsite and offsite electrical power systems are provided to permit functioning of structures,
systems, and components important to safety. Each system provides sufficient capacity and
capability to ensure that (1) specified acceptable fuel design limits and design conditions of
the reactor coolant pressure boundary are not exceeded as a result of anticipated operational
occurrences, and (2) the core is cooled and containment integrity and other vital functions are
maintained in the event of postulated accidents.

Two completely independent and redundant emergency diesel-generator systems are provided
as well as two completely separate and independent station battery systems.

Offsite power is supplied by two separate sources. One source comes directly from the
RG&E 34.5-kV system through station auxiliary (startup) transformer 12A and the second
from the 115-kV system through a 11 5-kV to 34.5-kV step-down transformer and station aux-
iliary (startup) transformer 12B. The station auxiliary transformers (12A and 12B) are the
normal offsite power sources to the safeguards buses. In the event of a failure of both station
auxiliary transformers, the unit auxiliary transformer (11) can be used as a backup supply.
This transformer can be used by disconnecting a flexible connection on the isolated phase bus
at the generator terminals and backfeeding from the 115-kV system through the main trans-
former.

Diesels and batteries are tested according to the requirements of the Technical Specifications.
Both the onsite and offsite power systems would be available following a loss-of-coolant
accident in time to ensure that core cooling, containment integrity, and other vital safety func-
tions are maintained. More detailed information on the electrical systems can be found in
Chapter 8.
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3.1.2.2.9 General Design Criterion 18 - Inspection and Testing of Electrical Power
Systems

CRITERION: Electric power systems important to safety shall be designed to permit appropri-
ate periodic inspection and testing of important areas and features, such as wir-
ing, insulation, connections, and switchboards, to assess the continuity of the
systems and the condition of their components. The systems shall be designed
with a capability to test periodically (1) the operability and functional perfor-
mance of the components of the systems, such as onsite power sources, relays,
switches, and buses, and (2) the operability of the systems as a whole and, under
conditions as close to design as practical, the full operation sequence that brings
the systems into operation, including operation of applicable portions of the
protection system, and the transfer of power among the nuclear power unit, the
offsite power system, and the onsite power system (GDC 18).

The electrical power systems are designed with the capability of periodic testing for operabil-
ity. Components of the systems, i.e., onsite power sources, relays, and switches, are similarly
capable of being periodically tested. Passive components such as wiring, connections,
switchboards, and buses are capable of periodic inspection.

Verification of operability of the systems as a whole, including transfer of power, is described
in Chapter 8. Operability of the systems in accordance with design conditions was verified by
preoperational testing and periodic testing of the systems is required by the Technical Specifi-
cations.

3.1.2.2.10 General Desin Criterion 19 - Control Room

CRITERION: A control room shall be provided from which actions can be taken to operate the
nuclear power unit safely under normal conditions and to maintain it in a safe
condition under accident conditions, including loss-of-coolant accidents. Ade-
quate radiation protection shall be provided to permit access and occupancy of
the control room under accident conditions without personnel receiving radia-
tion exposures in excess of 5 rem whole body, or its equivalent to any part of the
body, for the duration of the accident. Equipment at appropriate locations out-
side the control room shall be provided (1) with a design capability for prompt
hot shutdown of the reactor, including necessary instrumentation and controls to
maintain the unit in a safe condition during hot shutdown, and (2) with a poten-
tial capability for subsequent cold shutdown of the reactor through the use of
suitable procedures (GDC 19).

The station is equipped with a control room which contains controls and instrumentation as
necessary for operation of the reactor and turbine generator under normal and accident condi-
tions.

The control room is capable of continuous occupancy by the operating personnel under all
operating and accident conditions, within specified dose limits. See Section 6.4.
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Although the likelihood of conditions which could render the main control room inaccessible
even for a short time is extremely small, provisions have been made so that plant operators
can shut down and maintain the plant in a safe condition by means of controls located outside
the control room. During such a period of control room inaccessibility, the reactor will be
tripped and the plant maintained in a safe shutdown condition. This is described in Section
7.4.3.

3.1.2.3 Protection and Reactivity Control Systems

These criteria are intended to identify and establish requirements for functional reliability,
inservice testability, redundancy, physical and electrical independence and separation, and
fail-safe design of the systems that are essential to the reactor protection functions. In addi-
tion, these criteria are intended to establish (1) the reactor core reactivity insertion rate limit
and (2) the means of control of the reactor within these limits.

3.1.2.3.1 General Design Criterion 20 - Protection Systems Functions

CRITERION: The protection system shall be designed (1) to initiate automatically the opera-
tion of appropriate systems including the reactivity control systems, to assure
that specified acceptable fuel design limits are not exceeded as a result of antic-
ipated operational occurrences and (2) to sense accident conditions and to ini-
tiate the operation of systems and components important to safety (GDC 20).

A plant protection system, as described in Section 7.2 is provided to automatically initiate
appropriate action whenever specific plant conditions reach preestablished limits. These lim-
its ensure that specified fuel design limits are not exceeded when anticipated operational
occurrences happen. In addition, other protective instrumentation is provided to initiate
actions which mitigate the consequences of an accident. The Ginna Station installation meets
the requirements of Criterion 20.

3.1.2.3.2 General Design Criterion 21 - Protection System Reliability and Testability

CRITERION: The protection system shall be designed for high functional reliability and inser-
vice testability commensurate with. the safety functions to be performed.
Redundancy and independence designed into the protection system shall be suf-
ficientto assure that (I) no single failure results in loss of the protection func-
tion and (2) removal from service of any component or channel does not result
in loss of the required minimum redundancy unless the acceptable reliability of
operation of the protection system can be otherwise demonstrated. The protec-
tion system shall be designed to permit periodic testing of its functioning when
the reactor is in operation, including a capability to test channels including a
capability to test channels independently to determine failures and losses of
redundancy that may have occurred (GDC 21).

Sufficient redundancy and independence are designed into the Reactor Trip System (RTS) to
ensure that no single failure results in loss of protection function. The system is designed
such that it will accommodate any single component failure and still perform its protective
function.
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Reliability and independence is obtained by redundancy within each tripping function. In a
two-out-of-three circuit, for example, the three channels are equipped with separate primary
sensors. Each channel is continuously fed from its own independent electrical sources. Fail-
ure to deenergize a channel when required would be a mode of malfunction that would affect
only that channel. The trip signal furnished by the two remaining channels would be unim-
paired in this event.

All reactor protection channels are supplied with sufficient redundancy to provide the capa-
bility for channel calibration and test at power. Bypass removal of one trip circuit is accom-
plished by placing that circuit in a half-tripped mode; i.e., a two-out-of-three circuit becomes
a one-out-of-two circuit. Testing does not trip the system unless a trip condition exists in a
concurrent channel.

Detailed information verifying compliance with this criterion is in Section 7.2 and in the
Technical Specifications.

3.1.2.3.3 General Design Criterion 22 - Protection System Independence

CRITERION: The protection system shall be designed to assure that the effects of natural phe-
nomena, and of normal operating, maintenance, testing, and postulated accident
conditions on redundant channels do not result in loss of the protection function,
or shall be demonstrated to be acceptable on some other defined basis. Design
techniques, such as functional diversity or diversity in component design and
principles of operation, shall be used to the extent practical to prevent loss of the
protection function (GDC 22).

The Ginna Station protection system was designed so that the effects of natural phenomena
and of normal operating, maintenance, testing, and postulated accident conditions do not
result in the loss of the protective function. The design includes the techniques of functional
diversity or diversity in components design and principles of operation to the extent practical
in preventing the loss of the protection functions. Specific information about system indepen-
dence is covered in Section 7.2.2.

3.1.2.3.4 General Design Criterion 23 - Protection System Failure Modes

CRITERION: The protection system shall be designed to fall into a safe state or into a state
demonstrated to be acceptable on some other defined basis if conditions such as
disconnection of the system,loss of energy (e.g., electric power, instrument air),
or postulated. adverse environments (e.g., extreme heat or cold, fire, pressure,
steam, water, and radiation) are experienced (GDC 23).

The Reactor Trip System (RTS) is designed to fail-safe upon loss of power. Each reactor trip
circuit is designed so that trip occurs when the circuit is deenergized; an open circuit or loss
of channel power, therefore, causes the system to go into its trip mode. In a two-out-of-three
circuit, the three channels are equipped with separate primary sensors and each channel is
energized from independent electrical buses. Failure to deenergize when required is a mode
of malfunction that affects only one channel. The trip signal furnished by the two remaining
channels is unimpaired in this event.
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Reactor trip is implemented by interrupting power to the magnetic latch mechanisms on each
drive, allowing the rod clusters to insert by gravity. The protection system is thus inherently
safe in the event of a loss of power. Automatic starting of either emergency diesel generator
is initiated by redundant undervoltage relays on the 480-V safeguards bus with which the die-
sel generator is associated, or by the safety injection signal. Engine cranking is accomplished
by a stored energy system supplied solely for the associated diesel generator. The undervolt-
age relay scheme is designed so that loss of 480-V power does not prevent the relay scheme
from functioning properly.

Environmental and seismic qualification requirements are met as required for specified pro-
tection system equipment.

Chapters 7 and 8 discuss compliance with this criterion.

3.1.2.3.5 General Desi2n Criterion 24 - Separation of Protection and Control Systems

CRITERION: The protection system shall be separated from control systems to the extent that
failure of any single control system component or channel, or failure or removal
from service of any single protection system component or channel which is
common to the control and protection systems leaves intact a system satisfying
all reliability, redundancy, and independence requirements of the protection sys-
tem. Interconnection of the protection and control systems shall be limited so as
to assure that safety is not significantly impaired (GDC 24).

The Reactor Trip System (RTS) is physically and electrically separate from the control sys-
tems such that failure of any single control component or channel, or removal from service,
leaves the system satisfying the reliability, redundancy, and independence requirements of the
Reactor Trip System (RTS). Information supporting compliance with this criterion is in Sec-
tion 7.2.5.

3.1.2.3.6 General Design Criterion 25 - Protection System Requirements for Reactivity
Control Malfunctions

CRITERION: The protection system shall be designed to assure that specified acceptable fuel
design limits are not exceeded for any single malfunction of the reactivity con-
trol systems, such as accidental withdrawal (not ejection or dropout) of control
rods (GDC 25).

The Reactor Trip System (RTS) is designed to ensure that the specified fuel design limits are
not exceeded for any single malfunction of the reactivity control systems. Reactor shutdown
with rods is completely independent of the normal control functions. The trip breakers inter-
rupt the power to the rod mechanisms to trip the reactor regardless of existing control signals.

Details of the effects of continuous withdrawal of a control rod assembly and of continuous
deboration are discussed in Sections 15.4.1 and 15.4.4.
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3.1.2.3.7 General Design Criterion 26 - Reactivity Control System Redundancy and
Capability

CRITERION: Two independent reactivity control systems of different design principles shall
be provided. One of the systems shall use control rods, preferably including a
positive means for inserting the rods, and shall be capable of reliably controlling
reactivity changes to assure that under conditions of normal operation, includ-
ing anticipated operational occurrences, and with appropriate margin for mal-
functions such as stuck rods, specified acceptable fuel design limits are not
exceeded. The second reactivity control system shall be capable of reliably
controlling the rate of reactivity changes resulting from planned, normal power
changes (including xenon burnout) to assure acceptable fuel design limits are
not exceeded. One of the systems shall be capable of holding the reactor core
subcritical under cold conditions (GDC 26).

One of the two reactivity control systems employs control rod drive mechanisms to regulate
the position of silver-indium-cadmium neutron absorbers within the reactor core. The con-
trol rods are designed to shut down the reactor with adequate margin for all anticipated occur-
rences so that fuel design limits are not exceeded. The other reactivity control system
employs the chemical and volume control system to regulate the concentration of boric acid
neutron absorber in the reactor coolant system. The chemical and volume control system is
capable of controlling the reactivity change resulting from planned normal power changes.
Reactivity control system redundancy and capability are discussed in detail in Sections 4.3
and 9.3.4.

3.1.2.3.8 General Design Criterion 27 - Combined Reactivity Control System Capability

CRITERION: The reactivity control systems shall be designed to have a combined capability,
in conjunction with poison addition by the Emergency Core Cooling System
(ECCS), of reliably controlling reactivity changes to assure that under postu-
lated accident conditions and with appropriate margin for stuck rods the capa-
bility to cool the core is maintained (GDC 27).

The reactivity control systems in conjunction with boron addition through the Emergency
Core Cooling System (ECCS) has the capability of controlling reactivity changes under pos-
tulated accident conditions with appropriate margins for stuck rods.

Ginna Station is provided with the means of making and holding the core subcritical under
any anticipated conditions and with appropriate margin for contingencies. Combined use of
the rod cluster control system and the chemical shim control system permit the necessary
shutdown margin to be maintained during long-term xenon decay and plant cooldown, even
with the single highest worth control rod stuck out.

In a loss-of-coolant accident the safety injection system is actuated and concentrated boric
acid is injected into the cold legs of the reactor coolant system. This is in addition to the boric
acid content of the accumulators which is passively injected on a decrease in system pressure.
See Section 6.3 and Section 4.2.1 for further details.
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3.1.2.3.9 General Desigyn Criterion 28 - Reactivity Limits

CRITERION: The reactivity control systems shall be designed with appropriate limits on the
potential amount and rate of reactivity increase to assure that the effects of pos-
tulated reactivity accidents can neither (1) result in damage to the reactor cool-
ant pressure boundary greater than limited local yielding nor (2) sufficiently
disturb the core, its support structures or other reactor pressure vessel internals
to impair significantly the capability to cool the core. These postulated reactiv-
ity accidents shall include consideration of rod ejection (unless prevented by
positive means), rod dropout, steam line rupture, changes in reactor coolant
temperature and pressure, and cold water addition (GDC 28).

The maximum reactivity worth of control rods and the maximum rates of reactivity insertion
employing control rods are limited by the design of the facility to values which prevent fail-
ure of the coolant pressure boundary or disruptions of the core or vessel internals to a degree
which could impair the effectiveness of emergency core cooling. Section 4.2.1 discusses the
design basis in meeting this criterion, and Chapter 15 discusses the accident analyses and the
relationship of the reactivity insertion rates to plant safety. The Core Operating Limits Report
(COLR) includes appropriate graphs showing the maximum permissible insertion limits and
overlap of rod cluster control assembly banks as a function of power.

3.1.2.3.10 General Design Criterion 29 - Protection Against Anticipated Operational
Occurrences

CRITERION: The protection and reactivity control systems shall be designed to assure an
extremely high probability of accomplishing their safety functions in the event
of anticipated operational occurrences (GDC 29).

The protection and reactivity control systems are designed to ensure extremely high reliabil-
ity in regard to their required safety functions in any anticipated operational occurrences.
Anticipated failure modes of system components are designed to be safe modes. Equipment
used in these systems is designed, constructed, operated, and maintained with a high level of
reliability. Loss of power to the protection system will result in a reactor trip.

3.1.2.4 Fluid Systems

These criteria are intended to (1) identify those nuclear safety systems within the general cat-
egory of fluid systems, (2) examine each one for capability, redundancy, testability, and
inspectability, and (3) ensure that each safety feature capability encompasses all the antici-
pated and credible phenomena associated with the operational transients or design-basis acci-
dents. In addition, these criteria are intended to establish the design requirements for the
reactor coolant pressure boundary and to identify the means for satisfying these design
requirements.

3.1.2.4.1 General Design Criterion 30 - Quality of Reactor Coolant Pressure Boundary

CRITERION: Components which are part of the reactor coolant pressure boundary shall be
designed, fabricated, erected, and tested to the highest quality standards practi-
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cal. Means shall be provided for detecting and, to the extent practical, identify-
ing the location of the source of reactor coolant leakage (GDC 30).

Quality standards of material selection, design, fabrication, and inspection for the Ginna reac-
tor coolant system conformed to the applicable provisions of recognized codes and good
nuclear practice of that period. Details of the quality assurance programs, test procedures,
and inspection acceptance levels are given in Section 17.1. Particular emphasis was placed
on the assurance of quality of the reactor vessel to obtain material whose properties are uni-
formly within tolerances appropriate to the application of the design methods of the code
used. Table 3.2-1 gives the code requirements used for the reactor coolant system.

Leakage detection systems are described in Section 5.2.5.

3.1.2.4.2 General Design Criterion 31 - Fracture Prevention of Reactor Coolant
Pressure Boundary

CRITERION: The reactor coolant pressure boundary shall be designed with sufficient margin
to assure that when stressed under operating, maintenance, testing, and postu-
lated accident conditions (1) the boundary behaves in a nonbrittle manner and
(2) the probability of rapidly propagating fracture is minimized. The design
shall reflect consideration of service temperatures and other conditions of the
boundary material under operating, maintenance, testing, and postulated acci-
dent conditions and the uncertainties in determining (1) material properties, (2)
the effects of irradiation on material properties, (3) residual, steady-state and
transient stresses, and (4) size of flaws (GDC 31).

The reactor coolant pressure boundary was fabricated, inspected and tested in accordance
with codes (i.e., ASME Boiler and Pressure Vessel Code and the ASA Code for Pressure Pip-
ing) that were applicable at the time of fabrication and installation. An evaluation of the
Ginna reactor vessel concluded that the Ginna vessel met the ASME, Section III, fracture
toughness requirements (see Section 5.3.1.2).

A maximum initial NDTT for the vessel shell material was established as 40'F. Curves for
heatup and cooldown limitations are in the Pressure and Temperature Limits Report (PTLR)
and are based upon an initial NDTT of 40'F. These curves are periodically updated to ensure
operation within the required stress limits. Specimens of the vessel, weld material, and heat
affected zone are located within the core region to permit periodic monitoring of exposure
and material properties relative to control samples, as defined in the Pressure and Tempera-
ture Limits Report (PTLR).

Preservice ultrasonic inspection of the reactor vessel and primary system piping welds was
performed and an inservice inspection program, as defined in the Technical Specifications, is
maintained.

The heatup and cooldown rates during plant life are predicted using conservative values for
the change in NDTT due to irradiation. Operating limitations during startup and shutdown of
the reactor coolant systems were evaluated using Appendix G, Protection Against Non-Duc-
tile Failure, of the ASME Code, Section III, fracture toughness rules (Code Case 1514).
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Heatup and cooldown curves in accordance with the method of Appendix G of Section III
ASME Code showed that the Pressure and Temperature Limits Report (PTLR) limits were
very conservative.

Reactor vessel integrity has been evaluated as part of the SEP Topic V-6, Reactor Vessel
Integrity (NUREG 0569), and unresolved safety issues A-49, Pressurized Thermal Shock,
and A- 11, Reactor Vessel Materials Toughness. Information on these evaluations is provided
in Section 5.3.3.

Steady-state and transient analyses are presented in Chapter 15. These analyses demonstrate
that the design of the vessel meets the necessary requirements. Inspections ensure that the
probability of undetected and rapidly propagating fracture of the reactor coolant system is
minimized.

3.1.2.4.3 General Design Criterion 32 - Inspection of Reactor Coolant Pressure
Boundary

CRITERION: Components which are part of the reactor coolant pressure boundary shall be
designed to permit (1) periodic inspection and testing of important areas and
features to assess their structural and leak tight integrity, and (2) an appropriate
material surveillance program for the reactor pressure vessel (GDC 32).

Inservice inspections of the reactor coolant pressure boundary and methods and frequencies
for performing these inspections have been developed. The inspection program developed
includes interpretation and analysis of the results employing the latest techniques available at
the time of inspection. This prog ram is described in the Technical Specifications and in Sec-
tion 5.2.4.

3.1.2.4.4 General Design Criterion 33 - Reactor Coolant Makeup

CRITERION: A system to supply reactor coolant makeup for protection against small breaks
in the reactor coolant pressure boundary shall be provided. The system safety
function shall be to assure that specified acceptable fuel design limits are not
exceeded as a result of reactor coolant loss due to leakage from the reactor cool-
ant pressure boundary and rupture of small piping or other small components
which are part of the boundary. The system shall be designed to assure that for
onsite electric power system operation (assuming offsite power is not available)
and for offsite electric power system operation (assuming onsite power is not
available) the system safety function can be accomplished using the piping,
pumps, and valves used to maintain coolant inventory during normal reactor
operation (GDC 33).

The chemical and volume control system provides a means of reactor coolant makeup and
adjustment of the boric acid concentration. Normally, makeup is added automatically from
the boric acid blend system to the suction of the positive displacement charging pumps when
the volume control tank falls below a preset level. Further decrease in the level of the volume
control tank requires a valve alignment to the refueling water storage tank (RWST). The
charging pumps, of which there are three, are capable of injecting coolant into the reactor
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coolant system at a rate of 60 gpm each when powered from either the onsite or offsite elec-
tric power systems.

Protection against small breaks in the reactor coolant system is afforded by low level in the
pressurizer which initiates isolation of the normal letdown purification path of the chemical
and volume control system. Charging flow should then be sufficient to compensate for break
flow.

For larger breaks, the resultant loss of pressure will cause reactor trip and initiation of safety
injection. These counter measures will limit the consequences of the accident in two ways:

1. Reactor trip and borated water injection will supplement void formation in causing rapid
reduction of the nuclear power to a residual level corresponding to delayed fissions and fis-
sion product decay.

2. Injection of borated water ensures sufficient flooding of the core to prevent excessive tem-
peratures.

3.1.2.4.5 General Design Criterion 34 - Residual Heat Removal

CRITERION: A system to remove residual heat shall be provided. The system safety function
shall be to transfer fission product decay heat and other residual heat from the
reactor core at a rate such that specified acceptable fuel design limits and the
design conditions of the reactor coolant pressure boundary are not exceeded.

Suitable redundancy in components and features, and suitable interconnections,
leak detection, and isolation capabilities shall be provided to assure that for
onsite electric power system operation (assuming offsite power is not available)
and for offsite electric power system operation (assuming onsite power is not
available) the system safety function can be accomplished, assuming a single
failure (GDC 34).

The residual heat removal system, in conjunction with the steam power conversion system, is
designed to transfer the fission product decay heat and other residual heat from the reactor
core at a rate such that design limits of the fuel and the primary system coolant boundary are
not exceeded. Suitable redundancy is provided with two residual heat removal pumps and
two heat exchangers. The residual heat removal system is able to operate on either onsite or
offsite power systems. Details of the system design are given in Section 5.4.5.

3.1.2.4.6 General Design Criterion 35 - Emergency Core Cooling

CRITERION: A system to provide abundant emergency core cooling shall be provided. The
system safety function shall be to transfer heat from the reactor core following
any loss of reactor coolant at a rate such that (1) fuel and clad damage that could
interfere with continued effective core cooling is prevented and (2) clad metal-
water reaction is limited to negligible amounts.

Suitable redundancy in components and features, and suitable interconnections,
leak detection, isolation, and containment capabilities shall be provided to
assure that for onsite electric power system operation (assuming offsite power is
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not available) and for offsite electric power system operation (assuming onsite
power is not available) the system safety function can be accomplished, assum-
ing a single failure (GDC 35).

The Emergency Core Cooling System (ECCS) are provided to cope with any loss-of-coolant
accident due to a pipe rupture. Cooling water would be available in an emergency to transfer
heat from the core at a rate sufficient to maintain the core in a coolable geometry and to
ensure that the clad metal-water reaction is limited. The Emergency Core Cooling System
(ECCS) are capable of meeting the requirements of 10 CFR 50.46 and 10 CFR 50, Appendix
K. Adequate design provisions are made to ensure performance of the required safety func-
tions even with a single failure, assuming that electrical power is available from either the off-
site or the onsite electrical power system. Emergency core cooling is discussed in Section
6.3.

3.1.2.4.7 General Design Criterion 36 - Inspection of Emergency Core Cooling System
(ECCS)

CRITERION: The Emergency Core Cooling System (ECCS) shall be designed to permit
appropriate periodic inspection of important components, such as spray rings in
the reactor pressure vessel, water injection nozzles, and piping, to assure the
integrity and capability of the system (GDC 36).

Important components of the Emergency Core Cooling System (ECCS) are examined on a
periodic basis as defined in the Inservice Inspection Program. Except for the low-head safety
injection nozzles on the reactor vessel, all other connections are either directly or indirectly to
the primary system piping, thus being more accessible for examination. Periodic ultrasonic
and visual inspection using remote equipment is performed on the low-head safety injection
nozzles.

Valves and piping are periodically inspected visually with nondestructive inspections being
performed where appropriate. The components located outside containment are accessible
for leaktightness inspection during operation.

3.1.2.4.8 General Design Criterion 37 - Testing of Emergency Core Coolin! Systems
(ECCS)

CRITERION: The Emergency Core Cooling System (ECCS) shall be designed to permit
appropriate periodic pressure and functional testing to assure (1) the structural
and leaktight integrity of its components, (2) the operability and performance of
the active components of the system, and (3) the operability of the system as a
whole and, under conditions as close to design as practical, the performance of
the full operational sequence that brings the system into operation, including
operation of applicable portions of the protection system, the transfer between
normal and emergency power sources, and the operation of the associated cool-
ing water system (GDC 37).

Components of Emergency Core Cooling System (ECCS) located outside the containment are
accessible for leaktightness inspection during periodic tests.
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All of the pumps of the Emergency Core Cooling System (ECCS) are started at intervals as
specified in the Inservice Testing Program. Valve operability as well as system operability
tests are performed during the MODE 6 (Refueling) shutdowns to demonstrate proper auto-
matic operation of the Emergency Core Cooling System (ECCS). The required surveillance
tests are described in the Technical Specifications.

3.1.2.4.9 General Design Criterion 38 - Containment Heat Removal

CRITERION: A system to remove heat from the reactor containment shall be provided. The
system safety function shall be to reduce rapidly, consistent with the functioning
of other associated systems, the containment pressure and temperature follow-
ing any loss-of-coolant accident and maintain them at acceptably low levels.

Suitable redundancy in components and features, and suitable interconnections,
leak detection, isolation, and containment capabilities shall be provided to
assure that for onsite electric power system operation (assuming offsite power is
not available) and for offsite electric power system operation (assuming onsite
power is not available) the system safety function can be accomplished, assum-
ing a single failure (GDC 38).

Two systems based on different principles are provided to remove heat from the containment
following an accident in order to maintain the pressure below the containment design pres-
sure. Containment spray is supplied from two pumps each being fed from a separate electrical
bus. Two fan coolers are fed from one safeguards bus with the other two being fed from
another safeguards bus. Power is supplied from either the normal supply or from the associ-
ated emergency diesel. These systems are discussed in Section 6.2.2.

3.1.2.4.10 General Design Criterion 39 - Inspection of Containment Heat Removal
System

CRITERION: The containment heat removal system shall be designed to permit appropriate
periodic inspection of important components, such as the torus, sumps, spray
nozzles, and piping to assure the integrity and capability of the system (GDC
39).

The two containment heat removal systems can receive appropriate periodic inspection of
important components. Containment spray nozzles are tested by blowing air or smoke into
the spray rings and checking each nozzle for flow. Periodic testing of the pumps is also done.
Besides their safeguards role, the containment fan coolers are routinely used during operation
to maintain ambient temperature inside the containment at acceptable levels. The periodic
testing is described in the Technical Specifications:

3.1.2.4.11 General Design Criterion 40 - Testing of Containment Heat Removal System

CRITERION: The containment heat removal system shall be designed to permit appropriate
periodic pressure and functional testing to assure (1) the structural and leaktight
integrity of its components, (2) the operability and performance of the active
components of the system, and (3) the operability of the system as a whole, and,
under conditions as close to the design as practical, the performance of the full
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operational sequence that brings the system into operation, including operation
of applicable portions of the protection system, the transfer between normal and
emergency power-sources, and the operation of the associated cooling water
system (GDC 40).

The containment heat removal systems have the capability of being periodically tested as fol-
lows:

1. Containment fan cooler system.

a. The containment fan-cooler units are used during MODES I and 2 and by those means
are continuously monitored.

b. The service water (SW) pumps operate when the reactor is in operation and therefore
are continuously monitored.

c. Periodic system tests demonstrate proper automatic operation of the safety injection
system. A test signal is applied to initiate automatic action and verify that the compo-
nents receive the safety injection signal in the proper sequence. The test demonstrates
the operability of the valves, circuit breakers, and automatic circuitry.

2. Containment spray system.

a. Design provisions are made to the extent practical to facilitate access for periodic
visual inspection of all important components of the containment spray system.

b. Permanent test lines for the containment spray loops are located so that all compo-
nents up to the isolation valves at the spray nozzles may be tested. These isolation
valves are checked separately.

c. The containment spray nozzles are tested by blowing air or smoke through the nozzles
and observing the flow.

The required periodic tests are described in the Technical Specifications.

3.1.2.4.12 General Design Criterion 41 - Containment Atmosphere Cleanup

CRITERION: Systems to control fission products, hydrogen, oxygen, and other substances
which may be released into the reactor containment shall be provided as neces-
sary to reduce, consistent with the functioning of other associated systems, the
concentration and quality of fission products released to the environment fol-
lowing postulated accidents, and to control the concentration of hydrogen or
oxygen and other substances in the containment atmosphere following postu-
lated accidents to assure that containment integrity is maintained.

Each system shall have suitable redundancy in components and features, and
suitable interconnections, leak detection, isolation, and containment capabilities
to assure that for onsite electrical power system operation (assuming offsite
power is not available) and for offsite electric power system operation (assum-
ing onsite power is not available) its safety function can be accomplished,
assuming a single failure (GDC 41).
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There are two systems which are designed to clean up the containment atmosphere after a
postulated loss-of-coolant accident:

1. The containment spray system includes the injection of sodium hydroxide solution into the
spray into the containment to remove elemental iodine. The system consists of redundant
active components each supplied from separate electrical buses. No single active failure
will cause both subsystems to fail to operate. This portion of the system is described in
Section 6.5.

2. Charcoal filters are placed into the air stream flow of two of the four fan coolers to remove
iodine. Each of the fan coolers is provided with a high efficiency particulate air filter bank.
These are described in Section 6.5.

In addition, two recombiner units are installed in the containment. The purpose of these units
is to prevent the uncontrolled postaccident buildup of hydrogen concentrations in the contain-
ment. These are described in Section 6.2.5 By Reference 3, the NRC removed from the
Ginna Technical Specifications the requirements related to the hydrogen recombiners and
hydrogen monitors..

3.1.2.4.13 General Design Criterion 42 - Inspection of Containment Atmosphere Cleanup
Systems

CRITERION: The containment atmosphere cleanup systems shall be designed to permit
appropriate periodic inspection of important components, such as filter frames,
ducts, and piping to assure the integrity and capability of the systems (GDC 42).

The containment atmosphere cleanup systems, with the exception of the spray headers and
nozzles, are designed and located such that they can be inspected periodically as required.
The spray headers and nozzles can be tested as described in the response of Criterion 39 (Sec-
tion 3.1.2.4.10).

The systems are described in Section 6.2.5 and the surveillance requirements are given in the
Technical Specifications.

3.1.2.4.14 General Design Criterion 43 - Testing of Containment Atmosphere Cleanup
Systems

CRITERION: The containment atmosphere cleanup systems shall be designed to permit
appropriate periodic pressure and functional testing to assure (1) the structural
and leaktight integrity of its components, (2) the operability and performance of
the active components of the systems such as fans, filters, dampers, pumps, and
valves and (3) the operability of the systems as a whole and, under conditions as
close to design as practical, the performance of the full operational sequence
that brings the systems into operation, including operation of applicable por-
tions of the protection system, the transfer between normal and emergency
power sources, and the operation of associated systems (GDC 43).
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The containment atmosphere cleanup systems are tested as described in Criterion 40 (Section
3.1.2.4.11). In addition, the efficiency of the high efficiency particulate air and charcoal fil-
ters is checked periodically as required by the Technical Specifications.

3.1.2.4.15 General Design Criterion 44 - Cooling Water

CRITERION: A system to transfer heat from structures, systems, and components important to
safety, to an ultimate heat sink shall be provided. The system safety function
shall be to transfer the combined heat load of these structures, systems, and
components under normal operating and accident conditions.

Suitable redundancy in components and features, and suitable interconnections,
leak detection, and isolation capabilities shall be provided to assure that for
onsite electric power system operation (assuming offsite power is not available)
and for offsite electric power system operation (assuming onsite power is not
available) the system safety function can be accomplished, assuming a single
failure (GDC 44).

The systems provided to transfer heat from safety-related components to the ultimate heat
sink of Lake Ontario consist of the service water (SW) and the component cooling water
(CCW) systems described in Sections 9.2.1 and 9.2.2, respectively.

Component cooling water is supplied by two redundant pumps (one operating, one standby)
which are supplied with power from separate buses. The service water (SW) is supplied by
four pumps, two being fed power from one safeguards bus, the other two from another safe-
guards bus. Only one pump is needed during safe shutdown operation or during the injection
phase of a postulated loss-of-coolant accident, and two are required during the recirculation
phase of the accident.

The systems are operable from offsite power or from emergency onsite power (from the die-
sel generators).

No single active failure results in system loss of function for those functions important to
safety.

3.1.2.4.16 General Design Criterion 45 - Inspection of Cooling Water System

CRITERION: The cooling water system shall be designed to permit appropriate periodic
inspection of important components, such as heat exchangers and piping, to
assure the integrity and capability of the system (GDC 45).

Important components of the component cooling water (CCW) system are located in areas
which are accessible for periodic inspection.

Most of the service water (SW) system piping is buried reinforced concrete pipe which is not
readily inspectable; however, there are two redundant service water (SW) supply headers and
failure of one would not be expected to affect the operability of the other. The service water
(SW) system consists of a single loop header supplied by two separate, 100% capacity, safety
related pump trains as described in the Technical Specification Bases.
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3.1.2.4.17 General Design Criterion 46 - Testing of Cooling Water System

CRITERION: The cooling water system shall be designed to permit appropriate periodic pres-
sure and functional testing to assure (1) the structural and leaktight integrity of
its components, (2) the operability and the performance of the active compo-
nents of the system, and (3) the operability of the system as a whole and, under
conditions as close to design as practical, the performance of the full operational
sequence that brings the system into operation for reactor shutdown and for
loss-of-coolant accidents, including operation of applicable portions of the pro-
tection system and the transfer between normal and emergency power sources
(GDC 46).

Redundancy and isolation are provided to allow periodic pressure and functional testing of
the system as a whole, including the functional sequence that initiates system operation, and
the transfer between the normal and diesel power sources. One of the redundant pumps in the
component cooling water (CCW) system is in service during MODES I and 2.

During routine plant operation two (2) Service Water (SW) pumps are typically in operation;
however, during the summer three service water (SW) pumps are in operation. See Section
9.2.1 for a current discussion of requirements for pump operation.

3.1.2.5 Reactor Containment

These criteria are intended to establish the design requirements for the primary containment
and to identify the means for satisfying these requirements, including fracture prevention
leakage testing, containment testing, inspection, and isolation.

3.1.2.5.1 General Design Criterion 50 - Containment Design Basis

CRITERION: The reactor containment structure, including access openings, penetrations, and
the containment heat removal system shall be designed so that the containment
structure and its internal compartments can accommodate, without exceeding
the design leakage rate and, with sufficient margin, the calculated pressure and
temperature conditions resulting from any loss-of-coolant accident. This mar-
gin shall reflect consideration of (1) the effects of potential energy sources
which have not been included in the determination of the peak conditions, such
as energy in steam generators and energy from metal-water and other chemical
reactions that may result from degraded emergency core cooling functioning,
(2) the limited experience and experimental data available for defining accident
phenomena and containment responses, and (3) the conservatism of the calcula-
tional model and input parameters (GDC 50).

The reactor containment structure, penetrations, valves, access openings, and the containment
spray system are designed with margin to accommodate the temperature and pressure condi-
tions associated with the loss-of-coolant accident and main steam line break, without loss of
function.
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The design of the containment is based on a postulated main steam line break or a double-
ended rupture of a reactor coolant pipe, coupled with partial loss of the redundant engineered
safety features systems (minimum engineered safety features).

The containment integrity evaluation is provided in Section 6.2.1.2.

3.1.2.5.2 General Desin Criterion 51 - Fracture Prevention of Containment Pressure
Boundary

CRITERION: The reactor containment boundary shall be designed with sufficient margin to
assure that under operating, maintenance, testing, and postulated accident con-
ditions (1) its ferritic materials behave in a nonbrittle manner and (2) the proba-
bility of rapidly propagating fracture is minimized. The design shall reflect
consideration of service temperatures and other conditions of the containment
boundary material during operation, maintenance, testing, and postulated acci-
dent conditions, and the uncertainties in determining (1) material properties, (2)
residual, steady-state, and transient stresses, and (3) size of flaws (GDC 51).

The concrete containment is not susceptible to a low-temperature brittle fracture.

The containment liner is enclosed within the containment and thus is not exposed to the tem-
perature extremes of the environs. The containment ambient temperature during operation is
between 50'F and 120°F. The minimum service metal temperature of the containment liner is
well above the NDTT + 30'F for the liner material. Containment penetrations which can be
exposed to the environment are also designed to the NDTT + 30'F criterion.

3.1.2.5.3 General Design Criterion 52 - Capability for Containment Leakage Rate
Testin2

CRITERION: The reactor containment and other equipment which may be subjected to con-
tainment test conditions shall be designed so that periodic integrated leakage
rate testing can be conducted at containment design pressure (GDC 52).

The containment system is designed and constructed and the necessary equipment is provided
to permit periodic integrated leakage rate tests during plant lifetime. Most of these periodic
integrated leakage rate tests of the containment system were conducted at 58% of the reactor
building design pressure (35 psig). However, periodic integrated leakage rate tests will be
conducted at design pressure at intervals as described in the Containment Leakage Rate Test-
ing Program.

3.1.2.5.4 General Design Criterion 53 - Provisions for Containment Testing and
Inspection

CRITERION: The reactor containment shall be designed to permit (1) appropriate periodic
inspection of all important areas, such as penetrations, (2) an appropriate sur-
veillance program, and (3) periodic testing at containment design pressure of
the leaktightness of penetrations which have resilient seals and expansion bel-
lows (GDC 53).
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There are special provisions for conducting individual leakage rate tests on applicable pene-
trations. Penetrations will be visually inspected and pressure tested for leaktightness at peri-
odic intervals. Provisions have been made for an inservice tendon surveillance program
throughout the life of the plant intended to provide sufficient inservice historic evidence to
maintain confidence that the integrity of the containment is being preserved.

3.1.2.5.5 General DesiLyn Criterion 54 - Piping Systems Penetratin2 Containment

CRITERION: Piping systems penetrating primary reactor containment shall be provided with
leak detection, isolation, and containment capabilities having redundancy, reli-
ability, and perfonnance capabilities which reflect the importance to safety of
isolating these piping systems. Such piping systems shall be designed with a
capability to test periodically the operability of the isolation valves and associ-
ated apparatus and to determine if valve leakage is within acceptable limits
(GDC 54).

Piping systems penetrating containment are designed to provide the required isolation and
testing capabilities. These piping systems are provided with test connections as necessary to
allow periodic leak detection to be performed. The Engineered Safety Features Actuation
System (ESFAS) test circuitry provides the means for testing isolation valve operability.
Details of the containment isolation capability are provided in Section 6.2.4.

3.1.2.5.6 General Design Criterion 55 - Reactor Coolant Pressure Boundary Penetrating
Containment

CRITERION: Each line that is part of the reactor coolant pressure boundary and that pene-
trates primary reactor containment shall be provided with containment isolation
valves as follows, unless it can be demonstrated that the containment isolation
provisions for a specific class of lines, such as instrument lines, are acceptable
on some other defined basis:

I. One locked closed isolation valve inside and one locked closed isolation
valve outside containment; or

2. One automatic isolation valve inside and one locked closed isolation valve
outside containment; or

3. One locked closed isolation valve inside and one automatic isolation valve
outside containment. A simple check valve may not be used as the automatic
isolation valve outside containment; or

4. One automatic isolation valve inside and one automatic isolation valve out-
side containment. A simple check valve may not be used as the automatic
isolation valve outside containment.

Isolation valves outside containment shall be located as close to containment as
practical and upon loss of actuating power, automatic isolation valves shall be
designed to take the position that provides greater safety.
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Other appropriate requirements to minimize the probability or consequences of
an accidental rupture of these lines or of lines connected to them shall be pro-
vided as necessary to.assure adequate safety. Determination of the appropriate-
ness of these requirements, such as higher quality in design, fabrication, and
testing, additional provisions for inservice inspection, protection against more
severe natural phenomena, and additional isolation valves and containment,
shall include consideration of the population density, use characteristics, and
physical characteristics of the site environs (GDC 55).

During the design phase of Ginna Station, containment isolation valves were covered by a
proposed criterion that existed at that time (AIF-GDC 53): "Penetrations that require closure
for the containment function shall be protected by redundant valving and associated appara-.
tus." The design response to this criterion is in Section 3.1.1.7.17.

The criterion in effect during the design phase was met. The compliance with Criterion 55
was reviewed during the Systematic Evaluation Program (Topic VI-4) and is discussed in
Section 6.2.4.4.

3.1.2.5.7 General Design Criterion 56 - Primary Containment Isolation

CRITERION: Each line that connects directly to the containment atmosphere and penetrates
primary reactor containment shall be provided with containment isolation
valves as follows, unless it can be demonstrated that the containment isolation
provisions for a specific class of lines, such as instrument lines, are acceptable
on some other defined basis:

1. One locked closed isolation valve inside and one locked closed isolation
valve outside containment; or

2. One automatic isolation valve inside and one locked closed isolation valve
outside containment; or

3. One locked closed isolation valve inside and one automatic isolation valve
outside containment. A simple check valve may not be used as the automatic
isolation valve outside containment; or

4. One automatic isolation valve inside and one automatic isolation valve out-
side containment. A simple check valve may not be used as the automatic
isolation valve outside containment.

Isolation valves outside containment shall be located as close to the containment
as practical and upon loss of actuating power, automatic isolation valves shall
be designed to take the position that provides greater safety (GDC 56).

The review of the Ginna Station containment isolation valve provisions relative to GDC 56
was performed during the Systematic Evaluation Program (Topic VI-4) and is discussed in
.Section 6.2.4.4.
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General Design Criterion 57 - Closed System Isolation Valves3.1.2.5.8

CRITERION: Each line that penetrates primary reactor containment and is neither part of the
reactor coolant pressure boundary nor connected directly to the containment
atmosphere shall have at least one containment isolation valve which shall be
either automatic, or locked closed, or capable of remote manual operation. This
valve shall be outside containment and located as close to the containment as
practical. A simple check valve may not be used as the automatic isolation
valve (GDC 57).

The installation of valves was done in accordance with criteria which were applicable at the
time (AIF-GDC 53). A review relative to GDC 57 was performed in the Systematic Evalua-
tion Program (Topic VI-4). Compliance with GDC 57 is discussed in Section 6.2.4.4.

3.1.2.6 Fuel and Radioactivity Control

These criteria are intended (1) to establish station effluent release limits and to identify the
means of controlling releases within these limits, (2) to define the radiation shielding, moni-
toring, and fission process controls necessary to effectively sense abnormal conditions and
initiate required safety systems, and (3) to establish requirements for safe fuel and waste stor-
age systems and to identify the means to satisfy these requirements.

3.1.2.6.1 General Design Criterion 60 - Control of Releases of Radioactive Materials to
the Environment

CRITERION: The nuclear power unit design shall include means to control suitably the
release of radioactive materials in gaseous and liquid effluents and to handle
radioactive solid wastes produced during normal reactor operation, including
anticipated operational occurrences. Sufficient holdup capacity shall be pro-
vided for retention of gaseous and liquid effluents containing radioactive mate-
rials, particularly where unfavorable site environmental conditions can be
expected to impose unusual operational limitations upon the release of such
effluents to the environment (GDC 60).

The handling, control, and release of radioactive materials during MODES I and 2 is in com-
pliance with 10 CFR 50, Appendix I, and is described in the Offsite Dose Calculation Man-
ual.

Additional information concerning the liquid and gaseous radwaste systems is provided in
Sections 11.2 and 11.3, respectively.

3.1.2.6.2 General Design Criterion 61 - Fuel Storage and Handling and Radioactivity
Control

CRITERION: The fuel storage and handling, radioactive waste, and other systems which may
contain radioactivity shall be designed to assure adequate safety under normal
and postulated accident conditions. These systems shall be designed (1) with a
capability to permit appropriate periodic inspection and testing of components
important to safety, (2) with suitable shielding for radiation protection, (3) with
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appropriate containment, confinement, and filtering systems, (4) with a residual
heat removal capability having reliability and testability that reflects the impor-
tance to safety of decay heat and other residual heat removal, and (5) to prevent
significant reduction in fuel storage coolant inventory under accident conditions
(GDC 61).

The spent fuel pool (SFP) and cooling system, fuel handling system, radioactive waste pro-
cessing systems, and other systems that contain radioactivity are designed to ensure adequate
safety under normal and postulated accident conditions and are discussed in Section 9.1, and
Chapters 11 and 15.

A. Components are designed and located such that appropriate periodic inspection and testing
may be performed.

B. All areas of the plant are designed with suitable shielding for radiation protection based on
anticipated radiation dose rates and occupancy as discussed in Chapter 12.

C. Individual components which contain significant radioactivity are located in confined areas
which are adequately ventilated through appropriate filtering systems.

D. The spent fuel pool (SFP) cooling system provides cooling to remove residual heat from the
fuel stored in the spent fuel pool (SFP). The system is designed such that, in addition to
permanently installed equipment, temporary connections and equipment can also be uti-
lized.

E. The spent fuel pool (SFP) is designed such that no postulated accident could cause signifi-
cant loss of coolant inventory.

3.1.2.6.3 General Design Criterion 62 - Prevention of Criticality in Fuel Storage and
Handling

CRITERION: Criticality in the fuel storage and handling system shall be prevented by physi-
cal systems or processes, preferably by use of geometrically safe configurations
(GDC 62).

Criticality in new and spent fuel storage areas is prevented both by physical separation of fuel
assemblies and by the presence of borated water in the spent fuel storage pool. Criticality
prevention is discussed in detail in Section 9.1.2.

3.1.2.6.4 General Design Criterion 63 - MonitorinII Fuel and Waste Storage

CRITERION: Appropriate systems shall be provided in fuel storage and radioactive waste sys-
tems and associated handling areas (1) to detect conditions that may result in
loss of residual heat removal capability and excessive radiation levels and (2) to
initiate appropriate safety actions (GDC 63).

Monitoring systems are provided to alarm on excessive temperature or low water level in the
spent fuel pool (SFP). Appropriate safety actions will be initiated by operator action.
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Radiation monitors and alarms are provided as required to warn personnel of impending
excessive levels of radiation or airborne activity. The radiation monitoring system is
described in Section 12.3.

3.1.2.6.5 General Design Criterion 64 - Monitoring Radioactivity Releases

CRITERION: Means shall be provided for monitoring the reactor containment atmosphere,
spaces containing components for recirculation of loss-of-coolant accident flu-
ids, effluent discharge paths, and the plant environs for radioactivity that may be
released from normal operations, including anticipated operational occurrences,
and from postulated accidents (GDC 64).

The containment atmosphere is continually monitored during normal and transient station
operations using the containment particulate and gas monitors. In the event of accident con-
ditions, samples of the containment atmosphere will provide data of existing airborne radio-
active concentrations within the containment. Radioactivity levels contained in the facility
effluent discharge paths and in the environs are continually monitored during normal and
accident conditions by the station radiation monitoring system and by the Radiation Protec-
tion Program for Ginna Station as described in Sections 11.5 and 12.5.
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3.2 CLASSIFICATION OF STRUCTURES, COMPONENTS. AND

SYSTEMS

3.2.1 INTRODUCTION

As part of the Systematic Evaluation Program (SEP), Topic 111-1, the original codes and stan-
dards used in the design of structures, systems, and components at Ginna Station were com-
pared with later licensing criteria based on Regulatory Guide 1.26 (Reference 1) and 10 CFR
50.55a. The objective was to assess the capability of Ginna Station structures, systems, and
components to perform their safety functions as judged by the later standards.

Several areas were identified where requirements had changed; however, all areas were satis-
factorily resolved as documented in Re/erences 2 through 6. The NRC has concluded that
SEP Topic I1I-1 regarding classification of structures, systems, and components is resolved
(Reference 6). Section 3.2.2 summarizes the results of the review.

Table 3.2-1 lists systems and components at Ginna Station, the code required to satisfy licens-
ing criteria effective at the time of the SEP review, the codes and standards used when the
systems and components were originally produced, the seismic classification in accordance
with Regulatory Guide 1.29 (Reference 7), and the seismic classification used in the plant
design. It should be noted that the original Ginna Station seismic design included three seis-
mic classes, but the Regulatory Guide 1.29 comparison includes only two (Seismic Category
I and nonseismic). Definitions of the original seismic classes are included in Section 3.7.1.1.

The following systems and their respective components are addressed in Table 3.2-1:

" Reactor coolant system.

" Safety injection system.

• Sampling system.

" Containment spray system.

" Chemical and volume control system.

" Residual heat removal system.

• Component cooling water (CCW) system.

" Service water (SW) system.

* Main Steam System

" Feedwater system.

" Preferred Auxiliary feedwater system.

" Standby auxiliary feedwater system.

" Containment isolation system.

3.2.2 SYSTEMATIC EVALUATION PROGRAM EVALUATION

After comparing the original codes with those currently used for licensing new facilities, the
following areas were identified where the requirements had changed:
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I. Fracture toughness.

2. Quality group classification.

3. Code stress limits.

4. Radiography requirements.

5. Fatigue analysis of piping systems.

It was determined that changes in the areas of quality group classification, code stress limits,
and fatigue analysis of piping systems have not affected the safety functions of the Ginna sys-
tems and components reviewed. In the remaining two areas (e.g., fracture toughness and
radiography requirements), although no significant deviations were identified, the evaluation
was incomplete due to insufficient information available at the time of the evaluation. Addi-
tional specific information was requested by the NRC in these two areas and also on the
design of certain valves, pumps, and storage tanks. That information is provided in the fol-
lowing sections. The information was submitted to the NRC by Reference 5. The NRC staff
reviewed the information and concluded in Reference 6 it was adequate to fully resolve the
open issues in SEP Topic 111-1 regarding classification of structures, components, and sys-
tems.

3.2.2.1 Fracture Toughness

For components not exempt from current fracture toughness requirements, the following
evaluations were submitted to justify that fracture toughness is sufficient to ensure component
integrity.

3.2.2.1.1 Pressurizer

The pressurizer evaluation is based on a conservative adaptation of ASME Section NC-
2311 (a)(8).

In order to make the evaluation, the lowest service temperature (LST) is defined. This is the
minimum temperature of the fluid retained by the component or the calculated minimum
metal temperature expected during MODES I and 2 whenever the pressure within the compo-
nent exceeds 20% of the preoperational system hydrostatic test pressure.

The hydrostatic test pressure was 3125 psia. Thus, 20% of this pressure is 625 psia. The
Ginna Technical Specifications and Pressure and Temperature Limits Report (PTLR) require,
for Low Temperature Overpressure Protection (LTOP) System purposes, that reactor coolant
system pressure relief setpoint must be lower than 430 psig (setpoint set < 411 psig to account
for instrument uncertainty) whenever reactor coolant system temperature is lower than the
enable temperature specified for LTOP in the PTLR or the residual heat removal system is in
operation. The lowest service temperature is thus taken as the enable temperature specified
for LTOP in the PTLR.

The pressurizer head material is SA-215 WCC, which has a TNDT of 30 'F. Thus, the differ-

ence between the lowest service temperature and TNDT is 292 'F, which is much greater than

the acceptance criteria of 90 'F. Thus, it can be concluded that the pressurizer head material
is exempt from impact testing.
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The pressurizer shell material is SA-302 grade B material, the same material as the reactor
vessel. This material has been shown to have adequate fracture toughness as concluded in
SEP Topic V-6, Reactor Vessel Integrity.

3.2.2.1.2 Accumulators

The accumulators are constructed of SA-516, grade 70 material. The TNDT of this material is
0°F. The lowest service temperature of the accumulator would be the minimum expected nor-
mal containment temperature, approximately 60'F during MODE 6 (Refueling) operations.
(It should be noted that by procedure the accumulators are isolated from the reactor coolant
system during cooldown, when reactor coolant system pressure is about less than or equal to
1500 psig. When the accumulators are in service and connected to the reactor coolant system,
containment temperature is generally maintained at about 120'F.) For purposes of this evalu-
ation, the lower figure was used.

The allowable (LST - TNDT) for material up to 2.50-in. thick is 30'F. The actual (LST -
TNDT) is 60'F. Therefore, the fracture toughness of the accumulators is considered adequate.

3.2.2.1.3 Component Cooling Water (CCW) Pumps

The component cooling water (CCW) pump casing is cast iron.

The potential for complete failure of both component cooling water (CCW) pumps due to
brittle fracture is considered minimal. One component cooling water (CCW) pump provides
all required services; the second pump is a standby pump only. Thus, it is not expected that
both pumps would fail. In addition, in 1983 RG&E purchased a spare component cooling
water (CCW) pump to be stored on site which could be manually placed in service, if needed.

Thus, based on the number of backup component cooling water (CCW) pumps available, it
was not considered that impact testing was required of the component cooling water (CCW)
pump material. An evaluation by RG&E later determined that due to the thickness of the pip-
ing connected to the component cooling water (CCW) pumps, impact testing was not required
by the ASME Code for the pump casing material. This evaluation eliminated the need to
maintain a spare pump for the purpose of resolving brittle fracture concerns. (See also section
9.2.2.4.3.)

3.2.2.1.4 Service Water Pumps

The service water (SW) pumps are vertical shaft pumps, constructed of cast iron (discharge
head) and carbon steel (intake column pipe). It is not considered that brittle fracture is a sig-
nificant consideration for these pumps. This type of pump has been used in similar commer-
cial applications for many years. It is not known that there have been any problems with
brittle fracture of the pump material. Two of the four service water (SW) pumps are needed
to perform safe shutdown cooling functions. It is very unlikely that all four pumps would
experience simultaneous brittle fracture.

Rochester Gas and Electric has also made modifications during the course of the SEP to min-
imize the safety requirements for operation of the service water (SW) pumps. Fire hose con-
nections have been provided for the diesel generators and for the standby auxiliary feedwater
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system (SAFW) to allow safe shutdown operation, even in the event of a loss of the service
water (SW) pumps.

Thus, it is not considered that impact testing is required for the service water (SW) pump
material.

3.2.2.1.5 Main Steam Piping and Valves

The main steam piping greater than 20 in. is ASTM A 155-65, grade C55, Class I. Main
steam piping 20 in. and smaller is ASTM A106-65, grade B.

The normal service temperature for the main steam line is 514'F to 547'F at power.
Although the TNDT of the main steam piping material is not available, the fact that the lowest

service temperature during the great majority of the operating time of this system is greater
than 500'F would indicate that a fracture mechanics evaluation is not required.

3.2.2.1.6 Feedwater Piping and Valves

The feedwater piping material is ASTM A 106-64, grade C. The normal service temperature
of the final feedwater piping during full power operation is approximately 432°F. Although
the TNDT of these materials is not available, the fact that the lowest service temperature dur-

ing the great majority of the operating time of the system for final feedwater temperature is
greater than 400'F would indicate that a fracture mechanics evaluation is not required. This
assessment of the potential for pipe fracture was accepted by the NRC in Reference 6.

3.2.2.2 Radiography Requirements

Information on the radiography requirements for (1) certainClass 2 pressure vessels and (2)
Class 1 and 2 welded joints was requested.

3.2.2.2.1 Class 2 Pressure Vessels

The vessels in question include the accumulators, volume control tank, reactor coolant filter,
seal-water injection filter, and charging pump accumulator. All main seams of the accumula-
tors were required to be fully radiographed per ASME Code, Section 8, Paragraph UW-51 by
Westinghouse Equipment Specification 676448, dated March 15, 1967.

The charging pump accumulator (or the charging pump filter) composite record indicates that
all butt welds were radiographed.

The above pressure vessels were included in the Ginna Station Inservice Inspection Program
for Quality Groups A, B, and C components.

Although these pressure vessels are Class 2 components, their failure would not result in the
release of significant amounts of radiation. The failure of the volume control tank was ana-
lyzed in Section 15.7.1.2 as a design-basis accident. The radiological consequences of this
failure were well within the guidelines of 10 CFR 100.

It was therefore concluded that, based on the original radiography performed on some of the
pressure vessels, the inclusion of these pressure vessels in the inservice inspection program
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and the minor consequences associated with any potential equipment failures, no additional
radiography requirements were warranted.

3.2.2.2.2 Class I and 2 Welded Joints

It was determined that if the confirmation of Code Case N-7 (B3 1.1) was applied to all Class
1 and 2 piping, the radiography requirements for Class I and 2 welded joints would not be an
issue.

Rochester Gas and Electric has confirmed that Code Case N-7 was used specifically for cer-
tain Class 1 and Class 2 piping systems, such as the primary loop and the safety injection sys-
tem. In the specifications for other Westinghouse supplied systems, the statement is made
that ASA B3 1.1 and all applicable nuclear code cases would be used. No specific mention of
Code Case N-7 is made for these systems. However, Westinghouse Equipment Specification
676262, dated April 29, 1966, provides the weld inspection schedule for Westinghouse-sup-
plied piping systems. All piping from Class 2501 to Class 601R was 100% radiographed.
Random radiography was required for 10% to 20% of the balance of the welds, with evidence
of unacceptable quality corresponding to random radiography being a cause to require 100%
radiographic inspection. The remaining classes of piping (601. non-radioactive, 602, 301, 302,
and 151) are primarily either (a) piping systems at or near the range of atmospheric tempera-
tures up to 212'F (to which provision 2 of Code Case N-7 does not apply) or (b) Class 3 sys-
tems.

For Gilbert Associates supplied piping systems, GAI Specification SP-5291, dated December
23, 1966, provides the following radiography requirements.

Radiography inspection is to be made of all field butt welds and all field nozzle welds 4 in.
and larger, for the following systems (only those of Class 2 are discussed below):

A. Main steam system up to main steam stop valves and connected piping for main steam
safety valves (MSSV) and steam admission to the auxiliary feedwater pump turbine.

B. Feedwater piping to the first check valves outside containment (3992 and 3993).

C. Steam piping to the auxiliary feedwater pump turbine.

D. Preferred auxiliary feedwater piping.

E. Steam generator blowdown piping to the containment isolation valve.

F. Service water (SW) piping, including inside containment.

Also, all shop butt welds and all 4 in. and larger nozzle welds are required to be radiographed
for the above systems.

Based on the above evaluation, it is concluded that the radiography requirements imposed on
the original piping and valves for Ginna Station compare favorably with current criteria.

3.2.2.2.3 Main Steam and Feedwater Piping

The main steam and feedwater piping systems in the intermediate building and portions of the
turbine building are included in the augmented inservice inspection program, which required
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a new baseline radiograph inspection of 100% of welds in the subject high-energy piping.
This program has been reviewed and approved by .the NRC, in the review of SEP Topic III-
5.B, Pipe Break Outside Containment, SER dated September 4, 1981 (Reference 8).

3.2.2.3 Valve Design

It was requested that information be provided, on a sample basis, regarding the design of
valves in order to determine if (1) Class 2 and 3 valves meet current pressure-temperature rat-
ings and (2) Class 1 valves meet current body shape requirements.

Rochester Gas and Electric has made an extensivesampling comparison and determined that,
in almost all cases, the original pressure-temperature ratings were more restrictive than those
defined in ANSI B 16.34-1977. The valve specifications designate that the valve body materi-
als be A312 type 304, A358, type 304, A376 type 304 (all group 2.1 materials), A312 type
316 or A358 type 316 (group 2.2 materials), A105, A216WCB (group 1.1 materials) and
A216WCC (group 1.2 materials). In only one instance evaluated, for ASA 150 lb Class, did
the Ginna specifications allow a higher working pressure for the designated temperature, and
the difference was only 5 lb (210 lb versus 205 lb at 300'F, and 240 lb versus 235 lb at
200'F). This is a minor difference since hydrostatic testing of the systems was originally per-
formed at 125% of design pressure.

It is thus considered that the pressure-temperature ratings for the Ginna Class 2 and 3 valves
compare favorably with current criteria.

It was also requested that valve body shapes for Class 1 valves be comparedto current criteria
designated in the ASME Code, NB-3544.

A drawing review of a sample of Class 1 valves was conducted to determine if there appeared
to be any significant differences from the valve body shape requirements of NB-3544. From
the drawings, it appeared that (1) there were no sharp fillets at the intersections of the surfaces
of the pressure retaining boundary at the neck to body junction (with r2 > 0.3 tmn), (2) body
internal contours were generally smooth in curvature, (3) flat sections were minimized, and
(4) body contours at weld ends were smooth and gradual.

This sampling indicates that Class 1 valves installed at Ginna Station have body shapes which
are not significantly different from present code requirements. Further, during the years since
Ginna Station began operation, periodic testing, and inservice inspection, no apparent failures
due to severe stress concentrations resulting from unacceptable valve body shape contours
have occurred or have been observed. It is thus considered that valve body shape require-
ments for Class I valves at Ginna Station are not of concern.

3.2.2.4 Pump Design

It was requested that information be provided with respect to the codes and requirements to
which the gas stripper pumps, service water (SW) pumps, and lube-oil pumps for the turbine-
driven auxiliary feedwater pump (TDAFW) bearings were designed.

The gas stripper pumps are not safety-related and the turbine-driven auxiliary feedwater
pump (TDAFW) and its auxiliaries perform safety functions which can be performed by other
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safety-related pumps. The service water (SW) pumps were analyzed as part of the seismic
review (SEP Topic 111-6) and modifications resulting from that analysis were performed
based on current code requirements as discussed in Section 3.9.2.2.4.1.

3.2.2.5 Storage Tank Design

It was requested that information be provided relative to the design of the refueling water
storage tank (RWST), boric acid storage tanks, chemical and volume control system holdup
tanks, component cooling water (CCW) surge tank, preferred auxiliary feedwater condensate
storage tank (CST), and turbine-driven auxiliary feedwater pump (TDAFW) lube-oil tank. In
addition to general code requirements, specific information included compressive stress
requirements, and tensile allowables for biaxial stress field conditions. An evaluation was
not performed for the condensate storage tank (CST), the chemical and volume control sys-
tem holdup tanks, and the turbine-driven auxiliary feedwater pump (TDAFW) lube-oil tank,
since they are not required to perform a safety function. Both the condensate storage tank
(CST), which provides suction to the preferred auxiliary feedwater system, and the turbine-
driven auxiliary feedwater pump (TDAFW), have functions which can be performed by other
safety-related systems (the service water (SW) system and the standby auxiliary feedwater
system, (SAFW) respectively). The failure of the chemical and volume control system
holdup tanks would not release significant activity (failure would be bounded by a volume
control tank rupture, which is analyzed in Section 15.7.1.2, and found. acceptable).

It should further be noted that the component cooling water (CCW) surge tank has a I 00-psig
design pressure and it is reviewed as a pressure vessel. Since fracture toughness exemption
(nominal thickness 5/8 in. or less) applies for this tank and the stress limits between current
and present codes are comparable for Class 3 vessels, no additional analysis was required.

The refueling water storage tank (RWST), chemical and volume control system holdup tanks,
waste holdup tank, and the boric acid storage tanks were analyzed as part of the seismic
review (SEP Topic 111-6) based on current code requirements. Each tank has been shown to
meet required SEP seismic criteria. The refueling water storage tank (RWST) and boric acid
storage tanks are discussed in detail in Sections 3.9.2.2.4.6 and 3.9.2.2.4.5, respectively.
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Table 3.2-1
CLASSIFICATION OF STRUCTURES, SYSTEMS, AND COMPONENTS

Ouality Classification Seismic Classification

Structures, Systems, Codes and Standards Codes and Standards RG 1.29 Used in
and Components RG 1.26a Used in Plant Desien Plant

Design

REACTOR COOLANT SYSTEM

Reactor vessel ASME III Class 1 ASME II (1965) Class Ab Category I Class I

Reactor vessel supports ASME III Subsection NF -- Category I Class I

Steam generators, tube sidec ASME III Class 1 ASME II (1965) Class A Category I Class I

Steam generators, shell sidec ASME III Class 2 ASME III (1965) Class C Category I Class I

Pressurizer ASME III Class 1 ASME IIl (1965) Class A Category I Class I

Reactor coolant pumps ASME III Class 1 ASME III (1965) Class A Category I Class I

Reactor coolant piping, valves, and fittings ASME Ill Class 1 ASA B31.1 (1955) Category I Class I
ASA B16.5 (19 6 1)d

Pressurizer relief tank ASME III Class 3 ASME III (1965) Class C Nonseismic Class II
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Quality Classification Seismic Classification

Structures, Systems, Codes and Standards Codes and Standards RG 1.29 Used in
and Components RG 1.26a Used in Plant Design Plant

SAFETY INJECTION SYSTEM

Refueling water storage tank (RWST) ASME III Class 2 API-650 (1964) Category I Class I
AEC TID-7024 (8/63)

MSS SP-66 (1964)

High pressure safety injection pumps ASME III Class 2 Westinghouse equipment Category I Class I
Spec 676370e (7/29/66)

Accumulators with piping and valves to reactor cool- ASME III Class 2 ASME III (1965) Class C; Category I Class I
ant system and from N2 supply ASA B31.1 (1955), ASA B 16.5

(1 9 6 1)d;
Westinghouse equipment

Spec 676448f (3/15/67)

Accumulator check valves ASME III Class 1 MSS SP-66 ( 19 64 )d Category I Class I

Interconnecting piping and valves required to perform ASME III Class 2 ASA B31.1 (1955); Category I Class I
safety injection function Code Case N-7;

USAS B36.10 ( 1 9 5 9 )d;
USAS B36.19 ( 1 9 6 5 )d;
USAS B16.5 (1961);
MSS SP-66 ( 19 6 4 )d

SAMPLING SYSTEM

Piping and valves from reactor coolant system to 951, ASME III Class 1 ASA B31.1 (1955) Category I Class I
953,955,998 ASA B16.5 (1 9 6 1)d

Piping and valves from 951, 953, 955, 998, to 966 A, ASME III Class 2 ASA B31.1 (1955) Category I Class I
B, C ASA B16.5 ( 19 6 1)d
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Ouality Classification Seismic Classification

Structures, Systems, Codes and Standards Codes and Standards RG 1.29 Used in
and Components RG 1 .2 6 a Used in Plant Design Plant

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Design

CONTAINMENT SPRAY SYSTEM

Containment spray pumps ASME III Class 2 Westinghouse equipment Category I Class I
Spec 676370e (7/29/66)

Piping and valves to containment spray system pumps ASME III Class 2 ASA B31.1 (1955) Category I Class I
from refueling water storage tank (RWST) and spray ASA B 16.5 (19 6 1 )d
additive tank

Spray additive tank ASME III Class 3 ASME III (1965) Class C Category I Class I

Interconnecting piping and valves from containment ASME III Class 2 ASA B31.1 (1955) Category I Class I
spray system pump discharge to containment spray ASA B 16.5 (19 61 )d
system spray nozzles
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Quality Classification Seismic Classification

Structures, Systems, Codes and Standards Codes and Standards RG 1.29 Used in
and Components RG 1.26 a Used in Plant Design Plant

CHEMICAL AND VOLUME CONTROL SYSTEM

Regenerative heat exchanger ASME III Class 1 ASME III (1965) Class A Category I Class I

Nonregenerative heat exchanger-tube side ASME III Class 2 ASME III (1965) Class C Category I Class I

Nonregenerative heat exchanger-shell side ASME III Class 3 ASME VIII (1965) Category I Class I

Reactor coolant filter ASME III Class 2 ASME 1II (1965) Class C Category I Class I
Volume control tank ASME III Class 2 ASME III (1965) Class C Category I Class II

Charging pumps ASME III Class 2 Westinghouse equipment Category I Class I
Spec 676370e (7/29/66)

Charging pumps accumulator ASME III Class 2 ANSI B31.7 (1968) Category I Class I

Excess letdown heat exchanger-tube side ASME III Class 1 ASME III (1965) Class A Category I Class I
Excess letdown heat exchanger-shell side ASME III Class 3 ASME VIII (1965) Category I Class I

Seal water injection filter ASME III Class 2 ASME III (1965) Class C Category I Class I

Seal water heat exchanger-tube side ASME III Class 2 ASME III (1965) Class C Category I Class I
Seal water heat exchanger-shell side ASME III Class 3 ASME VIII (1965) Category I Class I

Piping (loop B) letdown via regenerative heat ASME III Class 1 ASA B31.1 (1955) Category I Class I
exchanger and letdown valves to and including let- ASA B16.5 (19 6 1)d
down orifices

Holdup tanks ASME III Class 3 ASME III (1965) Class C Category I Class I
Boric acid storage tank ASME III Class 2 ASME III (1965) Class C Category I Class I
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Quality Classification Seismic Classification

Structures, Systems. Codes and Standards Codes and Standards RG 1.29 Used in
and Components RG 1.26a Used in Plant Design Plant

CHEMICAL AND VOLUME CONTROL SYSTEM cont...

Boric acid filter ASME III Class 3 ASME III (1965) Class C Category I Class I

Gas stripper packageg ASME III Class 3 ASME III (1965) Class C Nonseismic Class III
ASA B31.1 (1955)

Deborating demineralizer ASME III Class 3 ASME III Class C Nonseismic ---

Piping (loop A) letdown line via excess letdown heat ASME III Class 1 ASA B31.1 (1955) Category I Class I
exchanger to and including HCV 123 ASA B16.5 ( 19 6 1)d

Piping and valves from pump discharge to contain- ASME III Class 2 ASA B31.1 (1955) Category I Class I
ment isolation valve ASA B 16.5 (19 6 1)d

Mixed bed demineralizer ASME III Class 3 ASME III (1965) Class C Nonseismic ---

Cation bed demineralizer ASME III Class 3 ASME III (1965) Class C Nonseismic Class I

Piping from pump discharge via reactor coolant pump ASME III Class 2 ASA B31.1 (1955) Category I Class I
and from HCV 123 to seal water heat exchanger ASA B16.5 (19 6 1)d

Remainder of interconnecting piping and valves with ASME III Class 2 ASA B31.1 (1955) Category I Class I
exceptions following ASA B 16.5 ( 19 6 1)d

Piping and valves of TCV 145 via demineralizer to ASME III Class 3 ASA B31.1 (1955) Nonseismic Class I
valves 1106 and 1107 ASA B16.5 ( 19 61 )d

Base removal ion exchanger ASME III Class 3 ASME III (1965) Class C Nonseismic Class I

Cation ion exchanger ASME III Class 3 ASME III (1965) Class C Nonseismic Class I

Ion exchange filter ASME III Class 3 ASME III (1965) Class C Nonseismic Class I

Piping and valves from boric acid storage tank via ASME III Class 3 ASA B31.1 (1955) Category I Class I
boric acid transfer pump and filter ASA B16.5 ( 19 6 1)d
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I

Quality Classification Seismic Classification

Structures, Systems. Codes and Standards Codes and Standards RG 1.29 Used in
and Components RG 1.26a Used in Plant Design Plant

RESIDUAL HEAT REMOVAL SYSTEM

Residual heat removal pumps ASME III Class 2 Westinghouse equipment Category I Class I

Spec 676370' (7/29/66)

Heat exchanger-tube side ASME III Class 2 ASME III (1965) Class C Category I Class I

Heat exchanger-shell side ASME III ASME VIII (1965) Category I Class I
Class 3

Interconnecting piping and valves required to perform ASME III Class 2 ASA B31.1 (1955) Category I Class I
residual heat removal function ASA B16.5 ( 19 6 1)d

COMPONENT COOLING WATER (CCW) SYSTEM

Pumps ASME III Class 3 Westinghouse equipment Category I Class I
Spec 676370e (7/29/66)

Heat exchanger ASME III Class 3 ASME VIII (1965) Category I Class I

Surge tank ASME Ill Class 3 ASME VIII (1965) Category I Class I

Interconnecting piping and valves ASME III Class 3 ASA B31.1 (1955) Category I Class I
ASA B16.5 ( 19 6 1)d

SERVICE WATER (SW) SYSTEM

Pumps ASME III Class 3 GAI Specification RO-2204 (1966) Category I Class I

Piping and valves required for containment cooling ASME III Class 2 ASA B31.1 (1955) Category I Class I
inside containment and outside containment up to first ASA B 16.5 ( 19 6 1 )d
isolation valves

Remainder of piping and valves excluding those ASME III Class 3 ASA B31.1 (1955) Category I Class I
inside the turbine buildingh ASA B16.5 ( 19 6 1)d
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Quality Classification Seismic Classification

Structures, Systems, Codes and Standards Codes and Standards RG 1.29 Used in
and Comnonents RG 1.26a Used in Plant Design Plant

____ ___ ____ ___ ____I _ ____ ___ ____ ___ ____ ___ ___Desi~in

MAIN STEAM SYSTEM

Atmospheric relief valves (two) ASME III Class 2 ASME III (1977) Category I Class I
Class 2

Safety valves (eight) ASME III Class 2 ASA B31.1 (1955) Category I Class I

Piping and valves comprising main steam lines ASME III Class 2 ASA B31.1 (1955) Category I Class I
extending from the secondary side of the steam gener- ASA B 16.5 (19 6 1)d
ators up to and including the outermost containment
isolation valve in each main steam line and connect-
ing piping up to and including the first valve that is
normally closed or capable of automatic closure dur-
ing all modes of normal reactor operation

Piping and valves from main steam line to auxiliary ASME III Class 2 ASA B31.1 (1955) Category I Class I
feedpump turbine ASA B 16.5 (1961)

FEEDWATER SYSTEM

Interconnecting piping and valves comprising feed- ASME III Class 2 ASA B31.1 (1955) Category I Class I
water lines extending from secondary side of steam ASA B 16.5 (1961)
generators up to and including the nonreturn valves
4003, 4004, 4000C, 4000D, 3992, and 3993
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Quality Classification Seismic Classification

Structures, Systems, Codes and Standards Codes and Standards RG 1.29 Used in
and Components RG 1.26a Used in Plant Design Plant

I _Design

PREFERRED AUXILIARY FEEDWATER SYSTEM (AFW)

Pumps-motor driven ASME III Class 3 ASME VIII (1965) Category I Class I

Pump-turbine driven ASME III Class 3 ASME VIII (1965) Category I Class I

Condensate storage tank (CST) ASME III Class 3 AWWA D 100 (1965) Category I Class II

Piping and valves from motor driven pump discharge ASME III Class 3 ASA B31.1 (1955) Category I Class I
to valves 4000C, D, and including valves 4304 and ASA B16.5 (1961)
4310

Piping and valves from turbine driven pump discharge ASME III Class 3 ASA B331.1 (1955) Category I Class I
to valves 4003, 4004, and including 4291 ASA B16.5 (19 6 1)d

Piping to suction of Preferred auxiliary feedwater sys- ASME III Class 3 ASA B31.1 (1955) Category I Class I
tem (AFW) pumps from condensate storage tanks ASA B 16.5 (19 6 1)d
(CST) to valves 4014, 4017, 4016, and from service
water (SW) system

Turbine driven pump lube oil tank, pumps, and piping ASME III Class 3 ASA B31.1 (1955) Category I Class I
Westinghouse equipment

Spec 676428'

STANDBY AUXILIARY FEEDWATER SYSTEM (SAFW)

Pumps ASME III Class 3 ASME III (1974) Category I Class I
Class 3

Standby auxiliary feedwater system (SAFW) piping ASME III Class 2 ASME III (1974) Category I Class I
and valves from and including valves 9706A and B to Class 2
steam generators

Piping and valves to pump suctions from service ASME III Class 3 ASME III (1974) Category I Class I
water (SW) system to and including valves 9707A, B; Class 3
9720A, B; and 9709A, B

Piping and valves to pump discharge up to valves ASME III Class 3 ASME III (1974) Category I Class I
9704 A, B and including valves 9710 A, B Class 3
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Quality Classification Seismic Classification

Structures, Systems, Codes and Standards Codes and Standards RG 1.29 Used in
and Components RG 1.26a Used in Plant Desitn Plant

Design

CONTAINMENT ISOLATION SYSTEM

Interconnecting piping and valves of the reactor cool- ASME III Class 2 ASA B331.1 (1955) Category I Class I
ant pressure boundary that penetrate the containment ASA B 16.5 (19 6 1)d
up to and including the outermost containment isola-
tion valve

STRUCTURES

Containment, including access hatches, air locks, NA Category I Class I
liner, penetration assemblies, fuel transfer tube pene-
tration, and crane supports

Auxiliary building NA --- Category I Class I

Control building NA --- Category I Class I

Spent fuel pool NA --- Category I Class I

Intermediate building NA --- Category I Class I

Diesel generator building NA --- Category I Class I

Standby auxiliary feedwater system (SAFW) auxiliary NA --- Category I Class I
building addition

Screen house (service water (SW) portion) NA --- Category I Class I

Turbine building NA NonseismicJ Class III

a. ASME Ifl stands for the Boiler and Pressure Vessel Code, Section III, Division 1, published by ASME, 1977 Edition, with addenda through Summer 1978.
b. PCR 2001-0042 - Reactor vessel closure head replacement - performed in accordance with Section XI Repair Replacement Program utilized ASME Section III, 1995 edition, with 1996

addenda.

c. Replacement steam generator pressure boundary and integral attachments are designed in accordance with ASME Section 1II, Subsection NB, Class I requirements, 1986, with No
Addenda.

d. Information regarding code edition assumed because it was not available during SEP review.

Page 82 of 924 Revision 21 11/2008



GINNA/UFSAR
CHAPTER 3 DESIGN OF STRUCTURES, COMPONENTS, EQUIPMENT, AND SYSTEMS

Westinghouse Equipment Specification 676370 refers to ASME Code, Sections III, VIII, and XI, 1965; ASA B16.5, 1961; and Standards of the Hydraulic Institute, 1965.

Westinghouse Equipment Specification 676448 requires that all main seams of the accumulators are fully radiographed per ASME Code, Section 8, Paragraph UW-51.

Consists of preheater, stripper column with reflex condenser, and associated pumps, piping, and instrumentation. Westinghouse Equipment Specification 676428 also applies to pump

A portion of the piping in the turbine building as shown in drawing 33013-1250, sht I of 3 is also ASME Il1.

In this case, Westinghouse Equipment Specification 676428 applies only to the pumps.

The turbine building was analyzed during the SEP and it was determined that the building could meet Seismic Category I requirements without failure. Those portions of the building
required to maintain its overall structural integrity are now considered Seismic Category 1.
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3.3 WIND AND TORNADO LOADINGS

3.3.1 INTRODUCTION

As part of the Systematic Evaluation Program (SEP), the NRC staff reviewed the design and
construction of certain structures to determine their ability to resist the forces developed by
straight winds and tornadoes. The SEP review identified certain limiting structural elements
(Reference 1), which were then addressed by RG&E as part of the Ginna Structural Upgrade
Program. The Structural Upgrade Program consists of a two-phase structural reanalysis pro-
gram followed by installation of required modifications identified as a result of the analysis.
(See also Section 3.8.) The structural reanalysis program and the resulting modifications are
discussed in the following sections.

3.3.2. STRUCTURAL UPGRADE PROGRAM EVALUATION

3.3.2.1 Structural Evaluation Approach

3.3.2.1.1 Requirements

The Structural Upgrade Program for tornadoes included the resolution of four interrelated
SEP Topics:

I1-2.A Severe Weather Phenomena.

111-2 Wind and Tornado Loadings.

1II-4.A Tornado Missiles.

III-7.B Design Codes, Design Criteria, and Load Combinations.

The Standard Review Plan (SRP) Sections 3.3.1 and 3.3.2 and Regulatory Guides 1.76 and
1.117 include guidance relative to the need for nuclear power plants to withstand the effects
of natural phenomena such as wind and tornadoes. At the time of design and construction of
Ginna Station, the design criteria for nuclear power plants did not include tornadoes and other
phenomena, such as extreme snow and tornado missiles, to the extent currently required.
Consequently, the existing design and construction of some structures important to safety
may not meet current licensing criteria but are, nonetheless, capable of resisting loads to some
level between the current criteria and those specified in the original FSAR.

3.3.2.1.2 Structural Evaluation Process

The purpose of the Structural Upgrade Program evaluation was to determine the level of pro-
tection (tornado wind speed characteristics) that should be used as an appropriate backfitting
basis for Ginna. In order to make this judgment, RG&E used a three-step process:

A. Determine the capability of the present Ginna structures, systems, and components to with-
stand tornado effects.

B. Determine the costs associated with backfitting tornado protection at several wind speeds
up to that specified in current criteria.
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C. Define a reasonable level of tornado protection, based both on the costs associated with a
range of tornado wind speed protection levels and on the range of probabilities of these tor-
nado wind speeds.

The following process was employed for the initial Structural Upgrade Program evaluation:

AA. Define loads, load combinations, and initial acceptance criteria.

BB. Define assumptions.

CC. Evaluate the effects on the structure.

DD. Compare these effects to the original assumptions.

EE. Assess these effects as they pertain to plant shutdown.

FF. Estimate the costs associated with the repairs.

GG. Based on the cost and effects, recommend final input and acceptance criteria and the rec-
ommended degree of repair.

The evaluation was performed in two parts. First, a structural evaluation was performed to
determine the capabilities of all plant structures to resist wind, snow, and tornado wind and
pressures. Second, a determination was made of the minimum set of plant equipment
required to bring the plant to a safe shutdown condition and the impact of postulated tornado
missiles on that capability. Backfit costs were estimated in both evaluations and were then
combined in a consistent fashion to provide a uniform level of protection for all phenomena.

3.3.2.1.3 Structural Evaluation Computer Program

In order to perform a structural evaluation of this complexity, a complete evaluation of the
main plant structures was made. This evaluation examined the interactions of the structures
in the auxiliary, intermediate, turbine, diesel generator, and control buildings and the facade
structure in order to distribute the loads throughout the entire structure in a manner that best
simulates the actual field conditions. A separate evaluation was performed for the screen
house. The computer program GTSTRUDL was used for the structural evaluation.

GTSTRUDL is a computer-aided structural engineering software system developed, main-
tained, and continuously researched at the GTICES Systems Laboratory, School of Civil
Engineering, Georgia Institute of Technology.

3.3.2.1.4 Input Load Criteria

Before the actual evaluation could be made, structural layout and load data were compiled.
Plan and elevation drawings of only the primary members and cross-bracing were made.
These drawings were reviewed in the field and checked to confirm that the member configu-
ration and location on the drawings agreed with the field conditions. Member sizes were
checked randomly to verify that the member sizes in the field conform to the drawings.

The plant drawings were reviewed to determine the service and live loads on each floor. A
field verification was done for the whole plant, whereby typical floor bays were examined,
the equipment on these floor bays were located, and an estimated service load calculated.
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The estimated service loads also included the weights of pipes, cable trays, and conduits
which are attached to the floors.

Dead loads were assumed to be the weights of the structure, fixed equipment, an allowance
for permanently attached system components (e.g. pipe, duct, and cable trays), and an allow-
ance for thermal effects and pipe reactions. Live loads were assumed to be as shown in spec-
ifications and drawings, minus whatever was allowed for permanently attached system
components. Dead, live, thermal effects, and pipe reaction loads were applied as equivalent
uniform loads where applicable through the slabs or decking into the main framing.

A 75 mph wind speed and 40 psf ground snow load were used as the "severe environmental
loading" condition.

An "extreme snow load" of 100 psf was used as a basis for the evaluation.

The effects of the two NRC design-basis tornado missiles on equipment required for safe
shutdown were also examined. The missiles, a 35-ft utility pole and a 1-in. diameter steel
rod, were examined to determine the effect a missile strike would have on the equipment
required to safely shut down the plant. The two missiles (pole and rod) were assumed to
travel at a speed of 0.4 and 0.6 times the tornado wind speed, respectively.

A spectrum of tornado wind speeds were chosen from the "Tornado and Straight Wind Haz-
ard Probability" report prepared by Texas Tech University (Reference 2). Wind speeds of 250
mph, 188 mph, and 132 mph were used. These wind speeds coincide with the Texas Tech

estimates for a probability of recurrence of I x 10-7, 1 x 10-6, and 1 x 10-5 per year, respec-
tively, at an upper 95% confidence level.

The wind speeds were converted into design pressures by utilizing the ANSI 58.1-1982 equa-
tion:

p = q Gh Cp

where: q = 0.00256 Kz (IV) 2

Kz = velocity pressure coefficient

I = importance factor

V = fastest - mile wind speed

Gh = gust response factor

CP = external pressure coefficient

Differential pressures were calculated by using q = 0.00512 V2 where V represents the trans-
lational wind speed. Wind loads were applied uniformly to the plant structures.

3.3.2.1.5 General Assumptions

Once the three tornado wind speeds were converted to design pressures, the following
assumptions were made prior to applying these pressures to the structures:
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A. Metal siding and roof decking remain intact and attached to the main steel frame for all load
conditions.

B. All external block walls remain intact for all load conditions.

C. Plant windows, louvers, and doors remain intact for all load conditions.

These assumptions maximize the loads transferred into the structures. From these assump-
tions, the wind and snow load combinations were then applied to the structures as uniform
loads. Their influence was transferred to the main steel framing through the siding or deck-
ing.

In the evaluation, the columns were input with their orientation corresponding with the field
condition. The columns were assumed to be braced against lateral buckling by floor beams or
struts which are framed into the column centerlines. Columns on the building perimeter that
have girts attached to their flanges were assumed not to be laterally braced by the girts against
buckling on the columns subjected to axial loads. The effective lengths were usually consid-
ered to be the distance between floors in the plant for both the strong and weak axis under col-
umn buckling and lateral buckling due to beam action. Column bases were typically modeled
as pinned connections (non-moment-resisting). Floor beams were assumed to be laterally
braced for bending by the floor slabs and beam to column connections were generally mod-
eled as simple pin type connections.

Girts and purlins were considered to be secondary members in this evaluation. For positive
wind pressure, the outside flange of the girt is in compression. Under this condition, the sid-
ing was assumed to provide full lateral support along the compression flange. However, neg-
ative wind or differential pressures reverse the compression flange to the inside of the girt or
purlin. For this type of loading, the unbraced length of the compression flange was assumed
to be the distance between supports.

The typical connection at Ginna Station is a bolted connection. Beam to column connections,
in general, consist of angles welded to the beam and bolted to the column. Connections in the
trusses or cross-bracing consist of members bolted to gusset plates. The connection evalua-
tion was done in accordance with the guidelines of the American Institute of Steel Construc-
tion (AISC) and using basic statics and engineering mechanics.

Column anchorages were evaluated for basic shear and/or tension loads within the guidelines
of ACI 349 Appendix B.

3.3.2.1.6 Load Combinations and Acceptance Criteria

Load combinations for severe, extreme and tornado loadings were evaluated, consistent with
the NRC Standard Review Plan. The following load combinations were considered in this
evaluation:

(1) D+L+Sn+W

(2) D+L+S'n

(3) D+L+Wt
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where: D = Dead load

L = Live load

Sn = 100-year recurrence snow = 34 psf roof load for the power block, and
27 psf for the screen house

W = 100-year recurrence wind = 75 mph for all structures

S'n Extreme snow = 100 psf

Wt= Tornado wind loads as defined below, and corresponding to 250-
mph, 188-mph and 132-mph tornado wind speeds.

Wt WW or,

Wt = WP or,

Wt= w + 0.5 Wp

Ww= tornado wind load

Wp = tornado differential pressure load

These load combinations have been broken into three categories. Load combination 1 is
referred to as severe, load combination 2 is referred to as extreme, and load combination 3 is
referred to as tornado.

Since a probability of occurrence for all these load combinations is considered to be very low,
a 1.6S (1.6 multiplied by the allowable stress limit of the steel) acceptance criteria was used
for the initial analysis.

A detailed discussion of loads, load combinations, and structural code comparisons were
made as part of SEP Topic III-7.B. Details of the methods and results of that analysis are pro-
vided in Section 3.8.2.1.

3.3.2.2 Structural Evaluation

The structural evaluation combined the use of GTSTRUDL with hand calculations in order to
accurately analyze the structural capacities of the primary members, secondary members,
connections and anchorages, and building shell. The main structural framework was ana-
lyzed using the GTSTRUDL computer program in order to determine the forces and moments
in the members for each load combination. GTSTRUDL was also used to calculate the struc-
tural adequacy of the secondary members under the same loading conditions used in the pri-
mary member evaluation, only on a representative sampling basis. The end reactions found
in the primary member evaluations were used to evaluate the connections and anchorages in
the plant using a statistical sampling technique.

3.3.2.2.1 Primary Member Evaluation

The analysis was performed using the computer program GTSTRUDL. Two three-dimen-
sional structural computer models of the plant were developed. One model addressed only
the screen house, which is separate from the main plant, while the other model consisted of
the auxiliary, turbine, diesel generator, intermediate, and control, and the facade structure.
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The models were developed by establishing a global coordinate system whereby only the
main steel structures were described.

The models consist of columns, beams, cross-bracing, roof trusses, and other framing compo-
nents of the structure that contribute to the horizontal strength of the plant. Main interior
floor framing, adjacent buildings, and secondary components had their load influence input,
but were not discretely addressed. Concrete floor and roof slabs (or decking) were assumed
to be plate elements in the horizontal plane and were not developed in detail.

The plant structures were then analyzed for the load cases discussed in Section 3.3.2.1.6.

A software feature of the GTSTRUDL program is a means by which the resultant loads can be
changed into stresses and checked to the AISC code. This procedure is done by assigning a
number to each member in the computer model and inputting their respective properties (area,
section modulus, radius of gyration, etc.). In the analysis, each primary member was checked
in accordance with the Eighth Edition of the AISC code. The members which passed or
failed the code check were listed, as well as a listing of the load combination which resulted
in the overstressed condition.

3.3.2.2.2 Secondary Member Evaluation

Secondary members are those members whose purpose is to transfer the load from the inter-
mediate areas of the roof and walls to the primary framing. These members consist of roof
purlins and girts. The analysis was performed using GTSTRUDL in a similar manner as done
in the primary members evaluation; however, a representative sample of the girts and purlins
was investigated instead of inputting each individual member. A sample size of 70 purlins
and girts were checked with the AISC code. This representative sample addresses 95% of all
the roof purlins and girts in the plant. The percentage of failures discovered in this evaluation
was extrapolated to provide the number of failures expected for the 1100 actual purlins and
girts.

3.3.2.2.3 Connections and Anchorages Evaluation

The results of the primary and secondary member analyses were used to check the adequacy
of the beam to beam, column to beam, column to base plate, and anchor bolt to base plate
connectors, or simply, connections and anchorages. Since the plant contains approximately
6000 connections and 220 anchorages, a statistical approach was chosen in the review of
these elements.

A statistical sample of 60 different connections was chosen and their associated axial and/or
horizontal loads were applied and analyzed. Hand calculations and computer programs were
used to check the strength of the bolts, welds, and clip angles for the applied loads. The
resultant stresses were checked with the allowable stresses specified in the Eighth Edition of
the AISC code. For those load conditions not addressed in the code (horizontal and axial
loads occurring simultaneously), engineering mechanics were used to determine the adequacy
of the connections. The results of this evaluation provided a percentage of overstressed con-
nections which could be expected at a 95% confidence level. By multiplying this percentage
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by the actual number of connections in the plant, an expected number of the connections that
would not satisfy the acceptance criteria was determined.

A statistical sample of 53 anchorages in the plant was also chosen and evaluated using their
associated loadings. A percentage of expected overstressed anchorages was found and multi-
plied by the total number of anchorages in the plant to determine the expected number of
overstressed anchorages.

3.3.2.2.4 Exterior Shell Evaluation

3.3.2.2.4.1 Siding

Throughout the reanalysis program it was assumed that the siding would remain intact for all
wind speeds. By making such an assumption, the load distribution was transferred evenly
across all the steel framework, thus maximizing the load on the framework, while removing
the effects of the wind pressure directly on the internal walls and equipment. To verify this
assumption, Pittsburgh Testing Laboratory performed pressure tests on three types of siding
at Ginna Station. These three types of siding, as manufactured by Elwin G. Smith Corpora-
tion, are:

a. Ribwall

b. Shadowall

c. "B" panel system

The ribwall panel system is located on the middle portion of the four sides of the facade struc-
ture while the corners of the facade consist of the shadowall panels. The rest of the plant is
covered by the "B" panel system. A total of six tests were performed on each panel system.
The six tests consisted of three positive and three negative pressure loadings. The positive
tests represented a wind load from the outside of the structure while the negative tests repre-
sented pressure from the inside of the structure or a suction from the outside. The tests
checked the failure load of the panels and the fasteners. Failure was defined as a loss of func-
tion resulting from tearing of the siding or failure of any or all of the panel connectors. Once
the siding pressure capacities were determined, calculations were done to determine the cor-
responding wind speed for various areas of the buildings.

The results of the tests are discussed in Section 3.3.2.3 and are explained in more detail in the
Pittsburgh Testing Laboratory report transmitted to the NRC by Reference 24.

3.3.2.2.4.2 Concrete Masonry Block Walls

The auxiliary, intermediate, control, and turbine buildings contain concrete masonry block
walls. The interior block walls (building partitions) were assumed to contribute only their
dead weight to the structure in the evaluation. No structural stiffness was considered.

For the purposes of this analysis, the exterior block walls were assumed to remain intact, con-
tributing only their dead load, and were assumed to transfer the tornado wind loads into the
steel structure. However, no credit for shielding or structural capacity to resist tornado forces
was assumed for the block walls.
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3.3.2.2.4.3 Architectural Items

Architectural items include doors, windows, and louvers. These items are not required to
maintain their integrity in the Structural Upgrade Program.

3.3.2.3 Results of the Structural Evaluation

This section presents a summary of the results of the analysis and discusses overstresses and
failures in terms of number of members, general failure mode, and.failure location for the var-
ious components of the structures. Failure does not mean collapse of a member or a mecha-
nism but instead means the inability of such a component to meet the recommended
acceptance criteria. The results are presented based on the five load combinations listed
below as compared to the acceptance criteria discussed in Section 3.3.2.1.6.

A. Severe environmental (D + L + Sn + W)

B. Extreme snow (D + L + S'n)

C. Tornado winds of 132 mph (D + L + W132)

D. Tornado winds of 188 mph (D + L + W188)

E. Tornado winds of 250 mph (D + L + W250)

3.3.2.3.1 Primary Members

3.3.2.3.1.1 General

The evaluation of the results of the various loading conditions on primary members was
based upon the number of computer members rather than actual structural members. The
number of failures shown are generally higher than the actual number of member failures.
This is especially true for columns where one structural member may be represented by sev-
eral computer members, depending on the location of the bracing and struts. Model 1 (main
plant structure) contained 3500 computer members and model 2 (screen house) contained 766
computer members (see Section 3.3.2.2.1). In the discussion below, the turbine building also
includes the control building and the diesel generator rooms. Table 3.3-1 provides a summary
of the primary member failures for each building as well as a description of the failures. The
numbers shown are accumulative and indicate the total number of failures for all load cases
considered rather than an incremental amount of failures for each specific load case.

3.3.2.3.1.2 Severe Environmental Conditions

For severe environmental conditions, 168 primary members failed the acceptance criteria.
Approximately 50% of all the failures were in the turbine building. The majority of the rest
were about equally spread between the intermediate/ facade building and the auxiliary build-
ing with only about 5% in the screen house. For this loading case about one quarter of the
failures are beams overstressed in bending from snow loads combined with axial wind loads.
The remaining failures are about equally spread between column and bracing elements.
Many of these failures, particularly for bracing, are not due to overstress but due to excessive
kl/r values for compression members as allowed by codes.
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3.3.2.3.1.3 Extreme Snow Load Condition

One hundred and forty-one members failed the extreme snow load condition. Ninety-eight of
these also failed severe loads, resulting in an additional 43 or a total of211 failed members.
About 50% of the additional failures occurred in the turbine building and about 25% each in
the auxiliary and intermediate/facade area. Most of the additional failures were roof bracing
members and roof truss members.

3.3.2.3.1.4 132-mph Tornado

A total of 258 members failed the acceptance criteria for a 132-mph tornado including differ-
ential pressure effects. One hundred and seventy of these members had failed the severe and/
or extreme environmental effects. An additional 88 failed members were due to tornado wind
only. Seventy percent of the additional members were in the turbine building and consisted
primarily of cross-bracing elements and various chord members of the roof trusses. Minor
failures (about 15%) occurred in the beams and bracing of the screen house at 132 mph. The
remaining 15% were miscellaneous additional members in the auxiliary and intermediate/
facade building. Approximately 36% of the 88 members failed were the direct result of the
differential pressure loadings.

Of the 299 members that failed load combinations 1 through 3, slightly more than 54% are in
the turbine building, about 21% are in the auxiliary building, 18% are in the intermediate
building/facade, and 7% are in the screen house.

3.3.2.3.1.5 188-mph Tornado

A total of 332 members failed the acceptance criteria for a 188 mph tornado. This number
included differential pressure failures which were projected using the 132 mph results. Simi-
lar to the 132-mph tornado, 177 of these members failed the severe and/or extreme environ-
mental effects resulting in an additional 155 failed members caused by the 188-mph tornado
alone. The percentage of the 155 failed members was distributed as follows: 20% for the
combined auxiliary, intermediate, and facade structure; 55% for the turbine building and 25%
for the screen house. Differentiating between a 132-mph tornado and a 188 mph tornado (67
additional members fail from 132-mph to 188-mph) the increased failures in the turbine
building were 60% bracing, 40% columns; and in the screen house, 75% roof trusses and 25%
bracing. The 20% of member failures located in all other buildings were found distributed
evenly as beams and trusses. Approximately 38% of the 155 members failed were the direct
result of the differential pressure loadings.

Of the 366 total members that failed the load combinations I through 4, slightly less than 52%
were in the turbine building, about 18% were in the auxiliary building, 18% were in the inter-
mediate building/facade, and 12% were in the screen house.

3.3.2.3.1.6 250-mph Tornado

A total of 658 primary members failed the acceptance criteria, including differential pressure
failures, for the 250-mph tornado. As in the two previous tornado wind conditions, 178 of
these members failed the severe and/or extreme environmental effects. Thus, for the 250-
mph tornado wind, 480 failures were due to tornado wind alone. Of these 480 failures, 325
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failures occurred as a result of the 250-mph tornado loading over and above those found due
to the 188-mph tornado results. Of the 325 additional failures, 22% were in the turbine build-
ing, 38% in the screen house, 16% in the facade structure, 15% in the auxiliary, and 8% in the
intermediate building. The majority of failures were bracing members, 32% of the 325, with
28% of the total being columns. The screen house roof truss system contributed 25% of the
total by itself and the remaining 15% were composed of beams and other truss members.
Approximately 21 % of the 480 members failed were the direct result of the differential pres-
sure loadings.

Of the 691 total members that failed the load combinations I through 5, 38% were in the tur-
bine building, 17% were in the auxiliary building, about 21% were in the intermediate build-
ing/facade, and 24% were in the screen house. A tabular breakdown by building and member
type for failures caused by load combinations 1 through 5 is shown in Table 3.3-1.

3.3.2.3.2 Secondary Members

For the extreme snow load of 100 psf, a few (2 1) isolated roof purlins became overstressed.

At a 132-mph tornado loading, approximately 60% of the total girts and purlins did not meet
the acceptance criteria. These members were not considered to detach themselves from the
main frame but experienced high stress levels and possible permanent deformations. The
problems experienced by these members are due to tornado loads that create suction effects,
and loads due to the differential pressure. For these load conditions, the bending stress allow-
ables are low because of the large unbraced length of the compression flange.

When subjected to a 188-mph tornado, 77% of all secondary members experienced overload.

At a 250-mph tornado loading, 94% of the secondary members are overloaded and they
would fail by bending or by failure of their connections to the main frame.

3.3.2.3.3 Connections and Anchorages

As described in Section 3.3.2.2, the connections and anchorages were statistically sampled
and then evaluated for the various load combinations.

The results for the connection analysis showed that 11% to 13% of the connections failed the
acceptance criteria for the severe environmental, extreme snow, and the 132-mph tornado
loading conditions. As the tornado wind speeds increased the total percentages of failed con-
nections went to 23% for the 188-mph and to 39% for the 250-mph tornado loadings.

No anchorages failed under the extreme snow loading based on the downward loading direc-
tion. For anchorages under the severe environmental loading and the 132-mph tornado load-
ing, 18% failed in one of the three conditions checked for anchorage capacity: anchor bolts,
welds to base plates, or concrete capacity. This number increased to 50% and 75% for the
increased tornado loadings of 188 mph and 250 mph, respectively.
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3.3.2.3.4 Exterior Shell

3.3.2.3.4.1 Metal Siding

The results of the siding tests determined the ultimate failure loadings. These results were
then correlated to locations on the various buildings at Ginna Station. It was determined that
with minor modifications all the exterior siding would perform its function under a 132-mph
tornado loading. As the tornado loading increased to 188 mph all of the screen house siding
failed, 28% of the total siding in the auxiliary building and the intermediate building failed,
23% of the turbine building siding failed, and approximately 50% of facade siding failed.
When the 250-mph tornado loading results were calculated, 100% of the siding failed.

3.3.2.3.4.2 Roof Decking

The roof decking is acceptable for the extreme snow condition except for a few isolated
spans. For a 132-mph tornado the theoretical calculations show that the roof decking itself is
capable of supporting loads associated with this tornado. However, the decking to purlin con-
nection might not be able to resist the uplift loads. As the tornado wind speeds are increased
to 188 mph and 250 mph the portions of roof decking predicted to fail are 41% and 100%,
respectively.

3.3.2.3.4.3 Block Walls

It was assumed that exterior block walls could not meet the structural requirement of the
structural upgrade program.

3.3.3 TORNADO MISSILES AND SAFE SHUTDOWN APPROACH

3.3.3.1 Background

In the NRC April 16, 1982, Safety Evaluation Report, relative to SEP Topic III-4.A (Refer-
ence 5), it was determined that the majority of plant structures, systems, and components
required to ensure the integrity of the reactor coolant pressure boundary; the capability to
shutdown the reactor and maintain it in a safe shutdown condition; and the capability to pre-
vent accidents which could result in unacceptable offsite exposures were suitably protected
from postulated tornado-generated missiles.

Several items were identified, however, which required additional evaluation with respect to
tornado missile protection. An evaluation of these issues, as identified in the Ginna Inte-
grated Plant Safety Assessment Report, NUREG 0821, May 1982 (draft) and December 1982
(final), as well as a number of other items identified during the RG&E subsequent reviews,
are provided in Section 3.3.3.3.

The two missiles required in the Safety Evaluation Report (Reference 4) to be evaluated were
a steel rod, 1-in. diameter and 3-ft long, weighing 8 lb, and a wooden utility pole, 13.5-in.
diameter and 35-ft long, weighing 1490 lb. The velocity of the steel rod was assumed to be
60% of the tornado wind speed; the velocity of the wooden utility pole, 40%.
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3.3.3.2 Shutdown Methodology

Rochester Gas and Electric has developed methods to achieve and maintain safe shutdown
conditions following the postulated tornado strike. Certain assumptions of plant status and
system unavailability were made.

3.3.3.2.1 Assumptions

A. Offsite ac power is lost.

B. All equipment not protected from tornado effects is considered inoperable unless explained
otherwise in Section 3.3.3.3. Also, if protection is not specifically provided, it is assumed
that inadvertent operation due to ground or phase faults could occur.

C. Architectural details, such as the building shell components and secondary members, are
not considered capable of withstanding tornado windspeeds; however, the failure mode of
these items is such that they will not become damaging missiles.

3.3.3.2.2 Shutdown Details

One train of safeguards equipment, which will serve to provide and maintain safe MODE 3
(Hot Shutdown), will be protected. Due to the nature and methodology of the shutdown sys-
tems being protected, MODE 5 (Cold Shutdown) can also be achieved.

The safe shutdown function will be performed as follows:

A. The reactor will automatically trip as a result of the loss of the unprotected 4-kV buses or
other trip signal.

B. The turbine would trip, with resultant closure of the turbine stop valves. The operator
would also close the main steam isolation valves from the control room, if they did not
automatically close.

C. The diesel generators would automatically start and pick up the required loads. For pur-
poses of this shutdown method, it is assumed that diesel generator 1B will be tornado pro-
tected. This would allow operation of all safeguards equipment associated with bus 16
(train B).

Since service water (SW) is not protected, the diesel might not have this source of cooling
water. Modifications have been made to the diesel cooling system to permit an alternate
water supply to be used from the yard fire loop.

D. The standby auxiliary feedwater system would provide cooling to the steam generator(s).
By using one of the main steam safety valves for venting to the atmosphere, a safe MODE 3
(Hot Shutdown) condition would be established. A 10,000-gallon condensate test tank is
available in the standby auxiliary feedwater building which is used for standby auxiliary
feedwater pump (SAFW) testing. Following use of the contents of that tank, additional
auxiliary feedwater could be provided from the yard fire loop.

E. Charging flow for inventory makeup of primary coolant would be available via the charg-
ing system. This function is presently tornado protected.
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F. In order to cool down, use of the atmospheric dump valves on the main steam header would
be required. If the air or the backup nitrogen systems that control these valves could not be
made operable because they are not tornado protected, these valves could be locally con-
trolled.

G. To effect final MODE 5 (Cold Shutdown), the steam generators would be used as water-to-
water heat exchangers. Using established procedures, the operators would fill up the steam
generators and, in an orderly manner, achieve a MODE 5 (Cold Shutdown) condition to less
than 200'F. It is contemplated that this cooldown would occur over several days.

3.3.3.3 Required Components

The structures, systems, and components required to be tornado-missile protected are those
required to achieve and maintain safe shutdown conditions. Other systems considered for
protection include the surface of the spent fuel pool (SFP), so that missiles and other large
items would not cause unacceptable damage to the fuel assemblies; the reactor coolant pres-
sure boundary and main steam and feedwater lines, to prevent major primary and secondary
system breaks; and items whose failure could cause unacceptable inadvertent operation or
failure of safety-related equipment.

The RG&E proposed resolution of these items is as follows:

3.3.3.3.1 Refueling Water Storage Tank (RWST)

An analysis of missile effects (utility pole and steel rod) and wind pressure effects due to a
188-mph tornado, was performed for the refueling water storage tank (RWST). It was deter-
mined that a minimum safety factor for any of these load combinations is 1.18. For the refu-
eling water storage tank (RWST) perforation analysis, the perforation formula contained in
EPRI report NP-769, which accounts for the energy absorption due to deformation of the rel-
atively soft utility pole missile, was used. For the steel rod, the Ohte Formula from the
Strength of Steel Plates Subjected to Missile Impact was used (Reference 5).

3.3.3.3.2 Electrical Buses 14, 17, and 18

Bus 14 is located on the operating floor of the auxiliary building and could be subject to dam-
age from tornado missiles. However, safety-related bus 16, located on the intermediate level
of the auxiliary building, is protected from tornado missiles, and would be available in the
event of a tornado.

Buses 17 and 18 are located in the screen house. The operating floor of the screen house is
not protected from the effects of tornadoes including missiles. However, RG&E has made
modifications which will eliminate dependence on the service water (SW) system to achieve
and maintain safe plant shutdown. Thus, no protection for buses 17 and 18 is required.

Rochester Gas and Electric has also investigated the potential for damage to buses 17 and 18
causing failure of required electrical equipment, such as a diesel generator. In order to elimi-
nate the potential damage from fault currents, RG&E installed a new feeder breaker between
diesel generator lB and bus 17 located in diesel generator room lB.

Page 96 of 924 Revision 21 11/2008



GINNA/UFSAR
CHAPTER 3 DESIGN OF STRUCTURES, COMPONENTS, EQUIPMENT, AND SYSTEMS

3.3.3.3.3 Main Steam Lines A and B, and Main Feedwater Lines A and B

An analysis of the effects of the tornado missiles on the steam lines, feedwater lines, supports,
and attached piping and valves at both 132 mph and 188 mph has been completed.

3.3.3.3.3.1 Results - Steel Rod

The main steam line, main feedwater line, as well as attached piping and valves, are all thick-
walled items and would not be perforated by the steel rod impact. Damage to valve operators
could prevent subsequent operation; however, no loss of pressure integrity would result.
Thus, secondary system integrity would be maintained. The effect of damage to piping sup-
ports was also investigated. It was determined that damage could occur causing possible loss
of support. However, damage to one support member would not result in a loss of overall
support to the piping system. Thus, the main steam and feedwater lines would not be
expected to lose support function to the point of failure.

In order to maintain safe shutdown, decay heat removal via one safety or relief valve would
be required. Although no guarantee is available that the safety or relief valves would be oper-
able following a steel rod strike, RG&E does not believe it would be credible to postulate
simultaneous failure of all 10 safety and relief valves. Thus, RG&E is confident that decay
heat removal capability via one safety or relief valve would exist following a tornado.

3.3.3.3.3.2 Results - Utility Pole

Based on the results of the analysis for the 188-mph tornado, the Ginna Station main steam
lines and main feedwater lines will not be perforated by the utility pole.

The results confirmed both piping systems will withstand the effects of tornado wind and mis-
sile loads combined with normal operating loads within the acceptance criteria of Service
Level D of ASME NC 3600 for Class 2 piping. In performing this analysis, it was conserva-
tively assumed that snubber restraints were ineffective in resisting the tornado wind. It was
also conservatively assumed that any snubber restraint impacted by the utility pole missile
would fail. It was determined that there would be some permanent, but not unacceptable,
deformation of both piping systems if impacted by the utility pole missile.

3.3.3.3.3.3 Failure of Block Walls

RG&E has also committed to evaluate the possible damaging effects on the steam and feed-
water lines, due to failure of block walls. The block walls are located at the entire level in the
intermediate building where the steam and feedwater lines are located. Based on the tornado
missile evaluation, RG&E determined that local protection for the main steam isolation valve
operators and solenoid valves and the preferred auxiliary feedwater system check valves were
required. Protective structures were installed to protect these components (see Section
3.8.4.5.8), and the main steam isolation valve control cables were rerouted so as not to be sus-
ceptible to damage from failed walls.
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3.3.3.3.4 Surface of the Spent Fuel Pool

An analysis has been performed for RG&E by Pickard, Lowe, and Garrick, Inc., entitled
"Criticality Analysis for the Spent Fuel Storage Racks." It has been calculated that, even if the
utility pole caused displacement of a fuel storage box, such that several fuel storage boxes
were adjacent, a Keff of significantly less than 0.8894 would result, with borated water of

2000 ppm in the pool (such is the case). Rochester Gas and Electric has also performed an
analysis to determine the effects of a utility pole missile on the spent fuel assemblies. As pro-
vided in the RG&E proposed amendment to the Ginna Technical Specifications submitted by
letter dated January 18, 1984 (Reference 6), it has been determined that the worst case utility
pole strike would not result in offsite radiological consequences greater than the guideline
exposures of 10 CFR Part 100. See Section 9.1.2.7 for additional information.

Rochester Gas and Electric has modified the block wall on the north side of the spent fuel
pool (SFP) to prevent damage to the spent fuel due to failure of the block wall. Calculations
indicate that failure of the other block wall in the vicinity of the spent fuel pool (SFP) (west
side) would not adversely effect the integrity of the fuel such that offsite radiological conse-
quences would exceed 10 CFR 100 guidelines. Detailed calculations were completed as part
of the Structural Upgrade Program.

3.3.3.3.5 Diesel Generators and Their Fuel Supply

Rochester Gas and Electric determined that additional protection was required for the doors
and roof of a diesel generator room. Based on that analysis, the diesel generator building was
modified to withstand seismic and extreme snow loads and to protect the building from exter-
nal flooding and tornado winds and missiles. The modifications included construction of a
new north face missile wall and a new roof structure. The north face missile wall included
pressurized, missile-resistant, and watertight equipment and personnel doors and is con-
structed of reinforced concrete 4 ft north of the existing north wall of the diesel generator
building. The existing east and west walls were extended in reinforced concrete to meet the
new north wall. The new reinforced-concrete slab roof covers the entire building including
the new north face missile wall. The existing north wall and portions of the roof were left in
place. The diesel generator building was modified to be capable of withstanding wind pres-
sure, differential pressure, and missile loads associated with a 132-mph tornado and to remain
stable at a windspeed of 188 mph. "Capable of withstanding" means with no significant dam-
age and "remain stable" means that the building will remain functional.

3.3.3.3.6 Relay Room

The east wall of the relay room is light gauge metal siding. Since the room contains vital
safety-related equipment, RG&E committed to provide protection of this room from tornado
winds and missiles, extreme snow, and design-basis flooding.

This protection has been accomplished by building a reinforced-concrete structure on the east
end of the relay room. This structure is an enclosed space adjoining the east wall of the relay
room that is approximately 14 ft wide by 40 ft long, extends from grade up to the control
room floor, and is enclosed by a concrete roof slab. This structure has been designed for the
above loads and the operating-basis earthquake and safe shutdown earthquake.
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3.3.3.3.7 Service Water System

Rochester Gas and Electric has performed an evaluation of alternative shutdown methods,
which do not require use of the service water (SW) system, to achieve and maintain safe shut-
down. The methods include use of fire hose connections to the diesel generator and standby
auxiliary feedwater system from the yard loop or from other sources as necessary. Thus,
RG&E does not intend to provide tornado protection for the service water (SW) system.

3.3.3.3.8 Standby Auxiliary Feedwater System

Although the standby auxiliary feedwater system is protected by the standby auxiliary feed-
water building, the discharge piping is routed through the auxiliary building. All of the dis-
charge piping for the C pump is located on the intermediate level of the auxiliary building,
and thus protected from tornado missiles, except for a small elbow section. This small sec-
tion of piping is protected by concrete walls on the south and east sides and by the reactor
makeup water tank on the north and west. The C pump and valves are associated with the
power supply and distribution equipment (bus 14) that are not tornado-protected. The portion
of the discharge piping for the D pump that is located in the auxiliary building operating level
is not tornado-protected.

Power supply and distribution equipment (bus 16) for the D pump and valves are protected.
Necessary changes were made to the standby auxiliary feedwater system to provide protec-
tion against tornado missiles. System isolation was provided for a postulated break in the D
pump discharge piping so that the steam generator A can be fed via the standby auxiliary
feedwater cross-connect piping. A motor-operated valve (MOV-9746) was added to the dis-
charge line of D pump downstream of valve 970 1B and the cross-tie containing valves 9702C
and D. This provides a means of isolating the unprotected section of the D pump discharge
header in the auxiliary building so that the D pump can feed train C through the existing
cross-tie. Use of the protected bus 16 power supply for the D pump and active components
can be utilized in the event of damage to bus 14. See Section 3.3.3.3.2. The alternative water
supply from the yard fire hydrant loop to the standby auxiliary feedwater system is protected
from tornado and missile damage. The line from the fire loop runs underground and termi-
nates in the standby auxiliary feedwater building at a fire hose connection. The alternative
water supply can be used by connecting an available length of fire hose between the fire hose
connection and the connection point in the standby auxiliary feedwater system (see Section
10.5.2.3).

3.3.3.3.9 Instrumentation

Rochester Gas and Electric anticipates that some primary and secondary instrumentation may
require rerouting from unprotected areas in the intermediate building to the intermediate floor
of the auxiliary building.

Sufficient instrumentation will be provided for the operator to monitor safe shutdown condi-
tions.
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3.3.3.3.10 Cable Tunnel

An opening exists between the cable tunnel and the operating level of the intermediate build-
ing. This opening, which is 7 ft x 7 ft, begins 6 ft above floor level, and extends to just below
the ceiling. The opening is shielded from tornado missiles on the south, east, and west direc-
tions by virtue of being below grade. From the north, major equipment in the turbine build-
ing, such as the condenser, will block virtually any missile. Based on the size of the cable
tunnel opening, and the shielding now in place, RG&E does not believe any additional pro-
tection is warranted.

3.3.4 DESIGN TORNADO

3.3.4.1 Introduction

Based on the analyses, RG&E attempted to determine what level of tornado protection should
be considered to be appropriate for use as a design-basis tornado for the Ginna facility. The
design wind speed was chosen, considering many factors, including the cost of providing pro-
tection for increasingly severe tornado wind speeds and missile effects, and the potential
safety benefit derived from the increasing capacities.

The cost of modifications increases substantially as the tornado wind speed is increased from

a probability level of 10-5 to 10-6 to 10-7. This is not unexpected, since the forces increase as
the square of the wind speed. Rochester Gas and Electric has also attempted to consider the
added safety benefit which would be derived by designing protection to increasingly severe
wind speeds. Some additional safety benefit would exist as specific protection measures were
increased; however, because of the substantial safety protection available for the most impor-
tant plant structures and systems, such as the containment, control complex, and preferred
auxiliary feedwater, the incremental safety benefit, although not quantified, is expected to
increase only slightly with protection for increasing wind speeds. This is especially true
when considering the additional materials capacity available in the plant structures not
accounted for in the analysis, the lack of credit taken for safety system separation, and inher-
ent wind and missile damage resistance.

Based on the following justifications, expected modification costs, and the safety level pro-
vided by the modifications to be implemented, RG&E recommended that protection be pro-

vided for a tornado of 10-5 (132 mph) (Reference 3).

3.3.4.2 Safety Assessment

Rochester Gas and Electric believes that the safety afforded by protection to a wind speed

associated with a probability of 10- per year is adequate. The probability level selected is
considered congruent with the protection levels associated with other severe natural phenom-
ena, such as earthquakes and flooding, and with postulated events, such as pipe breaks. This
level of protection is also compatible with the draft NRC secondary safety goal of a probabil-
ity of 10-4 per year of core melt. Rochester Gas and Electric believes that the tornado risk
will be only a small fraction of the total core melt risk. It is important to note that there is

conservatism even in the 10-5 value selected as the backfitting design basis for tornado pro-
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tection at Ginna. First, the 10-5 wind speed is associated with the upper 95% confidence
level, rather than the median. At a median level, the selected wind speed would have a prob-

ability on the order of 10-6 per year. Secondly, many of the structures, systems, and compo-
nents required for safe shutdown, such as the containment, control building, and preferred
auxiliary feedwater system, will withstand wind speeds significantly higher than those associ-

ated with the 10-5 level. Finally, the method of analysis to determine current protection, and
any subsequent modifications, is conservative. Tornadoes are postulated to strike the plant
from all directions, and thus no credit for shadowing, or physical separation, is claimed. Tor-
nadoes are postulated to strike with equal intensity throughout the plant, thus seemingly
affecting all structures, systems, and components with equal intensity concurrently. Actually,
only a fraction of the plant would see the most intense characteristics of the tornado, and
residual strength is. expected in the Ginna structural and equipment elements beyond that
assumed in the analysis. These conservatisms are described in more detail in Section 3.3.4.3.

Rochester Gas and Electric has determined that backfitting to a tornado level associated with

a 10-5 tornado wind speed, at the upper 95% confidence level, will provide a significant level
of plant protection. Further conservatisms inherent in the selection of tornado characteristics
and the analysis process provide confidence that the risk associated with a tornado strike of
this magnitude would be only a small fraction of the overall risk associated with the operation
of Ginna Station.

3.3.4.3 Reserve Plant Capacity

An examination of the results of the standard evaluation was made in order to establish an
approximate value of the reserve capacity of the plant framing after completion of the struc-
tural upgrade.

A. Theoretical physical properties of the materials that exist in the structure and those that are
used for analysis are typically lower than the actual values. For example, A36 steel has a
minimum yield strength of 36 ksi but typically the actual yield values are higher.

B. The structural upgrade would be done to ensure that there are no actual failures in the pri-
mary structural framing. This means that the buildings generally would be upgraded based
on elastic behavior, i.e., strains below the yield stress. In reality steel structures are capable
of absorbing a large amount of energy above the yield strain of the material. For mild steel,
the ratio of strain at rupture to strain at first yield is as much as 100 times the yield strain
value. This ductility feature of steel implies that gross and sudden failures will not occur at
design levels although permanent deformations may result.

C. The application of loads for analysis purposes is conservative. The live loads used in the
analysis are those that are defined for design considerations. In reality, the full live load on
all floors will not occur simultaneously. However, for the analysis and evaluation, the full
live loads were applied. These loads are vertical and contribute to the total state of stress in
the beams and columns.

D. The evaluation examined the plant for tornado winds applied in four directions (north, east,
south, and west). The number of overstressed members which were found as a result of the
132-mph wind speed is the total of all failures found in all four directions. The recom-
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mended upgrade will modify all these primary members regardless of the wind direction.
The actual occurrence of a tornado would affect the plant from only one direction. There-
fore, the upgraded plant will have inherent conservatism because the actual number of
members experiencing high loads for a single direction tornado will be less than the total
number that will be upgraded.

E. The analyses that were performed assume that the building response is completely elastic.
In most steel structures, local plastic deformations will occur in conjunction with the elastic
response of the main frame system. For bolted steel structures such as those at Ginna Sta-
tion, some degree of slipping will occur in the connections when they are loaded with these
extreme loads.

The combination of local deformations and slipping in the connections will absorb some of
the total load that is applied to the structure and lessen the total stresses predicted by the
elastic analysis.

F. The results of the evaluation have shown that of all the tornado wind speed components, the
differential pressure had the most significant impact on the secondary members and exterior
shell. At the design tornado wind speed of 132 mph, certain areas of the plant siding and
secondary members experience large deflections and minor failures, primarily along the
edges and corners of the roof. Rochester Gas and Electric has proposed to allow the sec-
ondary members and siding to fail, since they will have no consequence on the overall plant
integrity. However, the failures of these areas of the exterior shell will tend to relieve the
differential pressure by providing additional venting of the structure along with the existing
vent area in all the buildings. The vent area will reduce, if not eliminate, the loads created
by the differential pressure. The result will be an immediate stress relief for all the plant
structures.

3.3.4.4 System Reserve Capacity

In addition to the structural reserve capacity expected to be available, due to material specifi-
cations and analytical methods, substantial conservatisms were incorporated into the safety
system analysis assumptions.

In terms of tornado wind and missile protection, RG&E has assumed that, unless specifically
analyzed for or denoted otherwise, failure of an unprotected system or structure would occur.
Generally, no credit has been taken for the protection inherent in the equipment itself to resist
tornado winds. In fact, the majority of items would not experience the peak wind characteris-
tics of the design-basis tornado. Thus, realistically, separation of components and the equip-
ment capability would lessen the number of failures.

For tornado missiles, RG&E has assumed that all equipment not tornado-missile protected
could be damaged. Actually, for the design-basis wind speeds expected, only the lightest
objects would be capable of experiencing the aerodynamic forces to actually become mis-
siles. These lighter objects would not be expected to cause substantial damage. Also, shad-
owing of components would be expected to be highly effective in ameliorating missile
damage.
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Further, for tornado missiles, it is assumed that there is an equal probability of damage to all
unprotected equipment. On a probabilistic basis, this would not be expected to occur. The
probability of a tornado missile striking small objects would be expected to be significantly

lower than the probability of the tornado itself, which is already considered a 10-5 to 10-6 per
year event. Therefore, on a realistic basis, additional safety margins exist for tornado missile
protection,

3.3.5 STRUCTURAL UPGRADE PROGRAM

3.3.5.1 Introduction

The general approach proposed by RG&E was found acceptable, as noted in the NRC SER of
August 22, 1983 (Reference 7), with certain outstanding items yet to be resolved. Also, con-
currence with the general approach, design inputs and evaluation criteria was issued as a
result of the recommendations of the Advisory Committee for Reactor Safeguards (ACRS) in
an April 9, 1984, letter to the Honorable Nunzio J. Palladino, Chairman of the USNRC (Ref-
erence 8). Certain technical issues were resolved and certain changes made in input assump-
tions, acceptance criteria, and analytical methodology in the following areas:

A. Changes were made to the criteria as deemed appropriate during the course of the more
detailed engineering analysis conducted for the RG&E recommended design tornado.

B. The criteria and judgments that were used to assess the capability of the upgraded structure
to remain stable at tornado speeds above the RG&E recommended tornado (up to approxi-
mately 200 mph).

C. Open items discussed in the Technical Evaluation Report dated August 2, 1983 (Reference
9).

D. Outstanding issues related to SEP Topic 1I1-7.B.

E. ACRS concern on diesel generator operability due to differential pressure effects.

The above items are discussed in more detail in the following sections.

3.3.5.2 Criteria Changes

Additional reviews of the results of the initial evaluations were performed. The purpose of
these additional reviews was to provide a more exact estimate of the type and location of the
overstressed components. A two-stage approach was used for these reviews to better predict
the actual components requiring modifications and the extent of overstress.

3.3.5.2.1 First Stage Review

The first approach was to provide a more detailed engineering review of the results of the ini-
tial analysis. Primary members were reviewed on an individual basis to determine if the com-
puter-predicted stresses for the overstressed members were correct or if these members could
be shown to be acceptable using a more detailed engineering analysis. Connections and
anchorages were reviewed for the purpose of defining specifically where the overstresses
occurred. The number of overstressed connections and anchorages initially reported were
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based on statistical samples which were found, based on this reevaluation, to be overly con-
servative.

The following list summarizes the bases used in the first approach to reduce the quantities of
overstressed components:

A. The screen house was deleted from the scope since this structure is not required to achieve
plant shutdown.

B. The computer model was reviewed for compatibility with the actual structure since the
computer model tended to idealize the actual structure (by the use of simplifying conserva-
tive assumptions).

C. The turbine building operating floor maintenance live load was reduced from 1000 psf to
100 psf since the larger load is only present during turbine/generator maintenance when the
plant is already in theý shutdown mode.

D. The members with excessive kl/r ratios were evaluated to determine the actual load carry-
ing capability of the members.

E. Modifications for those members whose failure would not damage required safety equip-
ment were deleted.

F. Individual or groups of actual anchorages were evaluated instead of using a statistical pro-
jection.

G. Individual or groups of actual connections were evaluated instead of using a statistical pro-
jection.

3.3.5.2.2 Second Stage Review

The second approach modified the original evaluation criteria. Any components found over-
stressed after the first evaluation were reevaluated considering three criteria changes.

A. Live load reductions.

The criteria for all floors, other than the turbine building operating floor, reduced the live
loads to 25% of the loads shown on the construction drawings. This criteria change is con-
sistent with live load reductions used for other extreme loading conditions and also is con-
sistent with current industry practice.

B. Increased yield stress.

The original evaluation criteria specified that the minimum specified yield stress (Fy) of the
steel be used. The structural steel specifications for the Ginna plant require the use of A36
steel (Fv = 36 ksi). This criteria change will take advantage of normally higher yield
stresses in the steel, and also account for the plastic versus elastic shape factors. The new
criteria applied a factor of 1.2 to Fy.

C. Reduction or elimination of tornado differential pressure.

The original evaluation criteria specified a tornado-induced differential pressure of 0.4 psi.
This differential pressure would exist only for a completely sealed structure. The previous
evaluation took no credit for existing openings (doors, windows, heating, ventilating, and
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air conditioning vents, etc.) which would provide venting of the buildings and thereby
reduce or eliminate the effective differential pressure. The new criteria will account for the
existing areas. Where possible, additional vent area will be added to either reduce or elimi-
nate the differential pressure loads.

3.3.5.3 Stability Evaluation

In order to demonstrate that the ultimate plant capacity was actually greater than the level of
the recommended design tornado, a stability evaluation was performed. This evaluation
assumed that the structures were upgraded to withstand the tornado windspeed of 132 mph
and the other extreme loads previously mentioned. The assessment was performed using the
component maximum strength and employing the following criteria:

3.3.5.3.1 Primary Members

Primary members were evaluated for stability by assessing the members for the actual loads
associated with the 188-mph tornado wind speed and using the maximum strength that those
members could develop. The allowable compressive load for column members was assumed
to be equal to the theoretical buckling load. For bending elements, the allowable load was
based on the theoretical lateral buckling stress.

Allowable tension stress on the members was assumed to be equal to the minimum specified
yield strength on their gross area or 80% of the ultimate strength on the effective net area.

All other allowable stresses not covered above were evaluated to a 1.6S x 1.2 acceptance cri-
teria where S is as defined in AISC.

The following criteria were also used in the overall stability assessment:

A. Column Research Council plastic design formulas were used to evaluate columns.

B. A diagonal brace (in compression) in a cross-braced bay was considered to support its
buckled load because the complimentary tension brace prevents excessive deflection.

C. Compression member lengths were evaluated using an effective length factor that was more
representative of the actual details.

3.3.5.3.2 Connections and Anchorages

Connections and anchorages for the primary members evaluated for stability which did not
meet the 1.6S x 1.2 criteria specified in the SRP, were evaluated using the following criteria.

For connections:

A. The plastic bending capacity of double clip angles was used.

B. Higher bolt shear stresses for threads out of shear plane were used.

C. A compression diagonal brace is considered to support its buckled load because the com-
plementary tension brace prevents excessive deflection thereby reducing the load on the
tension brace connection.
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D. For some bracing members containing numerous bolts, the fixity of that brace was assumed
to be between a fixed end condition and a pinned end condition. An effective length factor
of 0.65 was used which increased the compression capacity of the member, thereby reduc-
ing the load on the complementary tension member and its connections.

For anchorages:

A. The ultimate shear and tensile strengths for anchor bolts were used.

B. The plastic bending capacity of double clip angles was used.

C. The beam pockets in the control building were considered to be capable of restraining the
beam after anchor bolt failure.

3.3.5.4 NRC Technical Evaluation Report (SEP Topic 111-2) Open Items

The following were responses to the issues raised in the NRC Technical Evaluation Report
dated August 2, 1983 (Reference 10).

3.3.5.4.1 Effective Tornado Loadings

Atmospheric pressure change

"RG&E made a commitment to reexamine the calculation for atmospheric pressure changes
and will apply the appropriate value in the structural loadings."

The atmospheric pressure drop used by RG&E in the evaluation for a 132-mph tornado was
0.4 psi. Franklin Research Center calculated a pressure drop of 0.46 psi using the minimum
translational speed of 5 mph noted in Regulatory Guide 1.76. The translational speed corre-
sponding to a 0.4 psi pressure drop is 12.8 mph. The regulatory guide only provides guidance
that the minimum translational speed be used in regard to the ultimate heat sink calculations
for the plant. Use of the minimum speed for structural design considerations is not specified
by Regulatory Guide 1.76. The 12.8 mph translational speed was originally judged reason-
able and it is thus considered that the 0.4 psi pressure drop is acceptable.

Windborne missiles

"RG&E has made a commitment to reexamine the effects of tornado-induced missile impacts
on the primary structural members throughout the Ginna facility in its final analysis."

Rochester Gas and Electric commissioned a study, "Utility Pole Tornado Missile Trajectory
Analysis," by Dr. Larry Twisdale of Applied Research Asso~iates. In that study it was con-
cluded that wind speeds lower than approximately 150 mph could not provide the necessary
aerodynamic lift required for a utility pole to become an airborne missile. Thus, at a wind-
speed of 132 mph, it was determined that there would be no adverse effect on the primary
framing of Ginna structures due to a utility pole missile. At higher wind speeds approaching
200 mph, it was considered credible that a utility pole missile could become airborne for short
distances. However, the probability of a utility pole missile damaging the primary Ginna
structures at high wind speeds becomes increasingly small, since the probability of a high

wind speed (10-5 at 132 to 10-6 at 188 mph) must be coupled with the probability of actually
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hitting a primary structural element (this was estimated to be about 25% in the study, based on
an area ratio to effective missile length distribution function). Thus, it is estimated that the
probability of actually hitting and damaging a primary member is less than 10-6, and thus is
not of concern with respect to tornado protection design efforts.

3.3.5.4.2 Structural Loadings

Effective structural pressures

"RG&E has made a commitment to examine the local effects of peak pressures on primary
members in the final analysis."

Rochester Gas and Electric has committed to upgrade the structure to withstand the effects of
a 132-mph tornado on a stress basis. In addition, a commitment has been made to assure sta-
bility of the structure to the 188-mph wind speed. Since the average pressure associated with
the 188-mph tornado is approximately the same as the peak pressure associated with the 132-
mph tornado, ensuring stability (and thus, ensuring that all safety functions are met) at the
average pressure for the 188-mph tornado is in effect the same as designing for the peak pres-
sure associated with the 132-mph tornado.

3.3.5.4.3 Structural Acceptance Criteria

Roof deck

"RG&E stated that the roof decks will be reexamined for potential buckling under extreme
environmental loadings. The capacities of the roof decks will be modified accordingly."

The evaluation of the roof decking done in the Structural Upgrade Program considered that
the allowable stresses associated with the steel roof decking found at Ginna Station would be
increased by 1.6 in accordance with the Standard Review Plan for extreme load cases. Based
on information found in the American Iron and Steel Institute (AISI), "Specifications for the
Design of Cold-Formed Steel Structural Members," a theoretical buckling stress for the roof
decking has been estimated to be greater than the actual yield stress of the material. Stress
levels found in the roof decking as a result of the extreme snow load are, in nearly all cases,
less than the allowable stress of the steel decking multiplied by the 1.6 allowable overstress.
For the remaining areas where the stress levels were found to be greater than the Standard
Review Plan allowable stresses, the actual stress was still found to be less than the yield stress
of the material. It is RG&E's conclusion that since all of the stresses associated with the
extreme snow load were found to be less than the yield stress of the material (and concur-
rently less than the theoretical yield stress of the material), local buckling of compression
areas of the decking will not occur.

3.3.5.4.4 Structural Systems

Control building

"RG&E has made a commitment to reexamine the control building east wall for the structural
upgrade."
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The east wall of the relay room (part of the control building) has been modified to withstand
wind and tornado loadings, including missiles. The east wall of the control room was found
capable of resisting these loads (Reqfrence 10).

Diesel eenerator buildini

"RG&E has made a commitment to reexamine the reinforced concrete structures of the diesel
generator building in the final analysis."

The diesel generator building has been modified to withstand wind, tornado, including mis-
siles, and seismic loadings.

3.3.5.5 SEP Topic II1-7.B, Loads, Load Combinations, and Design Criteria

The RG&E initial submittal, dated May 27, 1983 (Reference 11), defined all applicable loads
and load combinations considered limiting for the concrete and steel safety-related structures
at Ginna Station. In the NRC Safety Evaluation Report of August 22, 1983 (Reference 7), it
was determined that the proper load combinations had been used in the structural reevaluation
of Ginna structures.

The application of the wind and tornado loads was applied as a constant uniform load over the
height of each structure, instead of stepping the wind pressure as stated in ANSI A58.1-1982.
These loads were applied to the windward, leeward, sides, and roofs of all buildings, using
the appropriate pressure coefficients. It was determined that the variations in the total load
transferred into the structure by this assumption was small and would not affect the results of
the overall analysis.

A related issue was a comparison of the steel and concrete codes used in the original Ginna
design versus current codes. The following comparisons were made:

" AISC 1980 (Reference 12) versus AISC 1963 (Reference 13).

" ACI 349-80 (Reference 14) versus ACI 318-63 (Reference 15).

" ASME Section III, Division 2, 1983 (Reference 16) versus ACI 318-63 (Reference 15).

These comparisons were documented in the NRC SER of January 4, 1983 (Franklin Research
Center Report TER C5257-322) (Reference 17). Rochester Gas and Electric responded to this
report in letters dated April 22, 1983 (steel structures) (Reference 3) and May 27, 1983 (con-
crete structures) (Reference 11). The comparison showed that, for tornado-related loadings,
all required safety-related structures either were able to meet currently required factors of
safety, were shown to meet margin-to-failure criteria through detailed calculations, or were to
be provided with additional reinforcement as part of the Structural Upgrade Program. For
seismic loadings, it was determined that all concrete code changes were acceptable, except
for the shear walls in the diesel generator buildings. These walls were to be further evaluated
in conjunction with the Structural Upgrade Program (see Section 3.8.2.1).

Seismic loadings for steel structures were not specifically analyzed by RG&E. Rochester Gas
and Electric considers that the main structural elements were determined to be suitable by vir-
tue of the overall Lawrence Livermore Laboratory analysis, documented in NUREG CR-
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1821 (Reference 18), which was approved by the NRC (Reference 19). The steel code
changes concerning coped beams, moment connections, and steel embedments will be evalu-
ated relative to the extreme seismic loads and load combinations, in conjunction with the
overall Structural Upgrade Program.

Scuppers were installed in accordance with the RG&E May 27, 1983, submittal the NRC
(Reference 11).

3.3.5.6 Diesel Generator Component Operability

During the ACRS presentation, questions were raised concerning operability of diesel gener-
ator components (such as the day tank) due to the tornado differential pressure of 0.4 psi.
RG&E conducted an evaluation and concluded that no operability restrictions exist due to the
expected 0.4 psi differential pressure.

3.3.5.7 Conclusions

Based on a review, audit, and plant inspection, the NRC concluded that the evaluation and
resolution of SEP Topics 111-2, Wind and Tornado Loadings; III-4.A, Tornado Missiles; 111-6,
Seismic Design Considerations; and II1-7.B, Load Combinations, were acceptable. The NRC
also concluded that the RG&E analysis and implementation of the Structural Upgrade Pro-
gram were acceptable (Reference 20).

The following modifications and analyses are the principal ones accomplished as part of the
Structural Upgrade Program.

A. All primary structural steel framing, including their connections and anchorages, found to
be overstressed when subjected to the following design loads have been modified to resist
these loads: 132mph tornado windspeeds and 100 psf extreme snow load. They have also
been modified as necessary to maintain integrity for 188-mph tornado windspeeds. These
modifications were included in the auxiliary building, turbine building, intermediate build-
ing, control building, and facade structure.

The acceptance criteria for the steel components that have been upgraded for the 132-mph
tornado loads, the severe snow and wind loads, and the extreme snow load is 1.6 S, where S
is the required section strength based on elastic design methods and allowable stresses
defined in AISC 1980. This applies to primary members, primary connections, and steel
portions of primary anchorages (excluding the anchor bolts).

The acceptance criteria for anchor bolts and the concrete portion of the anchorages that
have been upgraded for the 132-mph. tornado loads, the severe snow and wind loads, and
the extreme snow load are in accordance with ACI 349 Appendix B.
*The acceptance criteria for loads associated with the 188-mph tornado are that there is no
loss of ultimate safety function.

The following modifications have been completed in the intermediate building restricted
area side:

1. Low roof supports.

2. Structural members on all levels.
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B. Backdraft dampers were designed and installed in the auxiliary building north wall in order
to eliminate the effects of differential pressures associated with the design-basis tornado.
These dampers were only required in the auxiliary building. The backdraft dampers relieve
the differential pressure caused by the tornado by means of automatic louvers that remain
closed during normal operations. The louvers are seismically attached to the Seismic Cate-
gory I auxiliary building structure; however, the louvers themselves are nonseismic. The
louvers are designed to relieve a differential pressure of 0.4 psi at a pressure drop rate of 0.1
psi per sec. The louvers will open when air pressure outside the building is 0.4 psi less than
the pressure inside. The louvers consist of six 3 ft x 6 ft panels for a total surface of 108 ft2.

C. No exterior shell or secondary member modifications were required onthe basis that their
failure would not damage required safety equipment (Reference 21).

D. The required safe shutdown equipment is protected from tornado missiles.

E. As part of the review of SEP Topic III-7.B, the shear walls in the diesel generator building
were reevaluated relative to seismic forces. The diesel generator building was modified as
part of the Structural Upgrade Program to withstand wind and tornado loads, including mis-
siles, severe weather, design flooding, and seismic loads.

F. Certain modifications or protection from potential damage due to block wall failure were
provided for the main steam and feedwater piping and associated valves, main steam isola-
tion valve control cables, and the spent fuel assemblies.

G. Operability restrictions of diesel generator components due to differential pressure effects
was evaluated and found to be negligible.

H. The east wall of the relay room (part of the control building) has been protected as part of
the Structural Upgrade Program by a structure that will withstand wind and tornado load-
ings, including missiles, extreme snow loads, design-basis flooding, and operating basis
earthquake and safe shutdown earthquake loads. The east wall of the control room is capa-
ble of resisting these loads (Reference 22).

1. As part of SEP Topic III-7.B and as noted in an RG&E letter of August 19, 1983 (Reference
23), certain code changes concerning coped beams, moment connections, and steel embed-
ments in all buildings have been evaluated relative to seismic loadings.
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Table 3.3-1
PRIMARY MEMBER FAILURES PER LOADING COMBINATION

Loading, Combinationa

Building Member Type

Auxiliary Columns

Beams

Bracing

Truss

Total

Severe Severe + Severe + Sn' Severe + Sn' Severe + Sn'
Sn' + Wt (132) + Wt (188) + Wt (250)

Turbine,
Control,
Diesel

Columns

Beams

Bracing

Truss

Total

Columns

Beams

Bracing

Truss

Total

Columns

Beams

Bracing

Truss

Total

20

21

6

0

47

17

10

2

4

33

16

23

22

14

0

59

19

12

7

7

55

17

5

72

5

99

2

4

2

0

8

211

25

24

14

0

63

19

13

12

10

54

34

6

87

34

161

2

4

6

9

21

299

25

26

15

0

66

20

18

12

15

65

44

39

38

36

60

22

37

25

144

0

113

51

5 6 7

57

2

80

104

35

189

154

52

264

Screen
House

2

4

2

0

8

2

4

31

10

12

28

46

20

109

170

691Totals 168 366

a. See Section 3.3.2.1.6 for definition of loading combinations.
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3.4 WATER LEVEL (FLOOD) DESIGN

3.4.1 FLOOD PROTECTION

3.4.1.1 Flood Protection Measures for Seismic Category I Structures

3.4.1.1.1 Introduction

The general plant grade at Ginna Station is about 270 ft msl, with the exception of the area
between Lake Ontario and the turbine building where the grade level is at elevation 253 ft.
The plant is protected from lake flooding by a breakwater with a top elevation of 261 ft,
which prevents site flooding due to high water levels in the lake and lake storms from being a
significant concern. The probable maximum flood originally considered in the design of
Ginna Station was caused by Lake Ontario water and resulted in a flood level of 250.78 ft,
later (1973)-revised to 253.28 ft. During the Systematic Evaluation Program (SEP), flood
protection from Deer Creek flooding was evaluated and a design flood level based on a Deer
Creek discharge of 26,000 cfs was established (Section 2.4). The NRC staff considered this
an acceptable level of protection, in conjunction with the Structural Upgrade Program (Sec-
tion 3.8) and emergency procedures for installation of flood protection devices (Reference 1).

3.4.1.1.2 Lake Ontario Flood Protection

The 261-ft msl breakwater which protects the plant from lake flooding is a stone revetment
constructed in two reaches. They are an approximately 420-ft long west reach and an approx-
imately 400-ft long east reach. The east and west reaches are separated by the 20-ft wide cir-
culating water discharge canal. The stone revetment was initially constructed with two layers
of 5-ton minimum armor stones laid upon a 1.0 vertical to a 1.5 horizontal sideslope to a min-
imum elevation of 257.0 ft msl. Because of the high lake levels that were predicted for Lake
Ontario during the early 1970s, the crest elevation of the revetment was raised to a minimum
of 261.0 ft msl by placement of cap stone along the top of the revetment.

As part of SEP Topic 1I1-3.C, the NRC staff reviewed the design of the revetment and con-
cluded that the original revetment design was adequate. Also, the Army Corps of Engineers
was requested by the NRC to provide a technical opinion of the adequacy of the existing
revetment.

The Buffalo District Corps of Engineers reviewed the design of the revetment. After visiting
the site to inspect the revetment they concluded that it appeared to be structurally sound and
stable with no evidence of any major structure stability program; and based on its perfor-
mance to date, the anticipated durability and survivability of the revetment as constructed
should exceed the life of the plant (Reference 2). The Corps recommended that RG&E imple-
ment a monitoring program in order to detect future movement of the armor stone. RG&E
implemented an inspection program which was reported to the NRC by Reference 3.

3.4.1.1.3 Deer Creek Flood Protection

A Deer Creek discharge of 26,000 cfs corresponds to an elevation of 273.8 ft msl on the west
and south side of the auxiliary building (west channel flow), 272.0 ft on the north and east
side (east channel flow), and 256.6 ft msl on the north yard at the turbine building and
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screen house. R.E. Ginna agreed to provide protection to this level (Section 2.4.3.3). Por-
table flood barriers have been installed in the auxiliary building for use in the event of flood-
ing from Deer Creek. The flood barriers consist of a panel with a pair of inflatable gaskets
on the sides and across the bottom. The panels slide into frames installed around the auxiliary
building personnel access doors and the rollup vehicle access door. Air flasks located in the
auxiliary building are used to inflate the gaskets. When the flood barriers are not in use they
are mounted on brackets on the wall next to the doors they serve, except the rollup door bar-
rier, which is mounted next to the IG fan.

Emergency procedures provide for installation of the flood barriers and for connection of the
alternative cooling water supply to the diesel generator (Section 9.5.5), assuming service
water will be lost as a result of flooding of the screen house. The emergency procedures are
to be instituted prior to the Deer Creek discharge flow reaching 10,000 cfs which corresponds
to approximately 7.4 ft above the bridge level on the access road crossing Deer Creek to the
station. The procedures conservatively institute the flood protection when the water rises
above the handrails on the bridge.

The diesel generator building is protected from flooding from Deer Creek at a flood flow of
26,000 cfs by watertight doors in the building north wall.

3.4.1.2 Permanent Dewatering System

Ginna Station does not have a permanent dewatering system. The design-basis ground water
level used in the original design of Ginna Station was 250 ft msl, which is approximately 20 ft
below grade at the upper portion of the station. A ground water monitoring program was
implemented from 1983 through 1987 to verify the design-basis ground water level and, as a
result, the design-basis ground-water level was revised to 265.0 ft msl. It was determined that
below grade safety-related structures were designed to withstand ground-water levels at grade
(270.0 ft msl). See Section 2.4.10.1.

The Ginna design provides for no backfill against the containment wall. The excavation
around the major portion of the vessel is graded to ensure slope stability of the in-place mate-
rial under all conditions. At a limited portion of the circumference where grade level is main-
tained adjacent to the containment, there exists a retaining wall spaced 2 ft to 6 ft clear of the
containment wall designed specifically to resist all earth pressure due to backfill. No provi-
sion is made to prevent ground water from penetrating the void created between the retaining
wall or earth and the containment wall. The opening between the retaining wall and the con-
tainment wall is covered with a concrete slab to ensure that the void is not filled with debris.
Where the exterior walls of the containment are exposed to ground water, the walls from the
edge of the ring girder up to elevation 235 ft are waterproofed with a bitumastic membrane
system reinforced with glass fibers. In addition, prior to the application of the membrane
courses, the angle at the intersection of the wall and ring girder was further reinforced with
glass fabric.

3.4.2 FLOODING DUE TO FAILURE OF TANKS

In the SEP Integrated Plant Safety Assessment Report (NUREG 0821), Topic IX-3, Section
4.25.3, the NRC staff expressed a concern that failure of tanks in the auxiliary building could
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flood out safety-related equipment in the lower levels of the building. An RG&E evaluation
determined that the total volume of all nonseismic tanks in the auxiliary building was 208,703
gal. The evaluation showed that, based on the 70,000-gal capacity of the residual heat
removal pit (i.e., the lowest point in the building), and the net free surface area of the auxil-

iary building basement of 4813 ft2, the failure of nonqualified tanks in a seismic event would
result in a water level of 3 ft 10 in.

Loss of both residual heat removal pumps had been previously evaluated in conjunction with
the fire protection review and it was determined that the plant could achieve and maintain
MODE 5 (Cold Shutdown) conditions utilizing alternate methods (Reference 4). However,
the water level resulting from a failure of all non-qualified tanks would be greater than the
height of required safe shutdown equipment. As a result, RG&E qualified the three chemical
and volume control system holdup tanks and the waste holdup tank to Seismic Category I.
Therefore, the resulting maximum water volume which could be discharged onto the auxil-
iary building floor in the event of failure of the remaining nonqualified tanks is 93,803 gal.
This would result in a maximum water level of only 8 in., which is below the elevation of the
bottom of the safety injection pump motor of 20 in. With the qualification of these tanks, the
NRC staff determined that the issue of internal flooding due to seismic qualification of tanks
was adequately resolved for the Ginna plant (Reterence 5).

The vendor supplied demineralization system in the auxiliary building (Section 11.2.2.13)
was evaluated for its potential effects on plant flooding. For the purposes of the auxiliary
building flooding analysis, this system resulted in a maximum water volume increase of 0.2
in., which would result in a maximum water level of 8.2 in. Since this new calculated maxi-
mum water level is below the 20-in. elevation of the bottom of the safety injection pump
motor, the basis for the acceptance of the flooding analysis has not been changed.

The reactor water makeup tank and the two monitor tanks were not seismically qualified per
the original plant design. These three tanks have been modified to add seismically qualified
structural reinforcement which eliminates their contribution to the estimated flooding vol-
ume.

3.4.3 ROOF DRAINAGE

The low roof sections of the intermediate and auxiliary buildings; the control building, diesel
generator building, and screen house roofs; and the turbine building parapets have been pro-
vided with scuppers designed to ensure that any rainwater, resulting from a design-basis
storm, would not accumulate on the roofs and cause damage. The scuppers are located so that
their outflow will not damage any surrounding plant structures or equipment. The flow from
the scuppers will not discharge on equipment or structures required for safe shutdown.

The design-basis storm is a 24-hour rainfall totaling 19.17 in. of rain, with a I-hour maximum
of 6.11 in. The combined flow of all the scuppers on each roof is designed to handle at least
this flow.

Generic Letter (GL) 89-22 (Reference 6) informed licensees that higher rainfall intensities
over shorter time intervals and smaller areas should be considered. As part of the RG&E
Individual Plant Examination for External Events (IPEEE) submittal, RG&E calculated the
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roof de-watering capabilities relative to the revised probable maximum rainfall (Reference 7).
As a result of this analysis (Reference 8), the Control Building roof de-watering capabilities
were modified to ensure design roof loads would not be exceeded in the event the new proba-
ble maximum rainfall were to occur.

The design maximum level the rainfall is allowed by the scuppers to accumulate on the roofs
is 1.6 ft. This depth of rainfall would produce a load of approximately 100 lb/ft2, which is

equal to the maximum winter precipitation for a storm with a probability of 1 x 10-4 recur-
rence interval (SEP Topic I1-2A). A 100 lb/ft2 load was found in the structural upgrade pro-
gram to be the maximum load the roofs could support without effecting the margins of safety
of the structures.
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3.5 MISSILE PROTECTION

3.5.1 INTERNALLY GENERATED MISSILES

3.5.1.1 Introduction

3.5.1.1.1 Design Criteria

Systems containing hot pressurized fluids are carefully checked for potential sources of mis-
siles where such missiles could be directed toward engineered safety features. Suitable engi-
neering and quality control are applied to the design, manufacture, and installation of
components to prevent the generation of missiles where such missiles could adversely affect
the intended functioning of engineered safety features.

Thus, a design criterion is that components of the pressurized systems defined above are not
missile sources. Prevention of missiles is accomplished by identifying all potential sources,
investigating to ensure design adequacy in preventing missile generation, redesigning where
the investigation discloses inadequate safety margins for missile prevention, and providing a
suitable quality assurance program to avoid unanticipated deficiencies and ensure that design
margins are preserved.

3.5.1.1.2 Systematic Evaluation Program

As part of the Systematic Evaluation Program (SEP Topic II1-4.C), a detailed review of inter-
nally generated missile effects was conducted.

Missiles which are generated internally to the reactor facility (inside or outside containment)
may cause damage to structures, systems, and components that are necessary for the safe
shutdown of the reactor or for accident mitigation or may cause damage to the structures, sys-
tems, and components whose failure could result in a significant release of radioactivity. The
potential sources of such missiles are valve bonnets and hardware retaining bolts, relief valve
parts, instrument wells, pressure containing equipment (such as accumulators and high-pres-
sure bottles), high speed rotating machinery, and rotating segments (i.e., impellers and fan
blades). Turbine missiles are addressed in Section 3.5.1.2.

The acceptability of the design of structures, systems, and components for protection against
internally generated missiles is based on meeting General Design Criterion 4. Additional
guidance is contained in Regulatory Guide 1.13, Spent Fuel Storage Facility Design Basis,
Revision 1, December 1975, and Regulatory Guide 1.27, Ultimate Heat Sink for Nuclear
Power Plants, Revision 2, January 1976.

Systems and components needed to perform safety functions (safe shutdown or accident mit-
igation) are listed below and discussed in Section 3.5.1.3.

" Reactor coolant system.

" Emergency Core Cooling System (ECCS).

" Containment heat removal and atmosphere cleanup systems.

" Chemical and volume control system (some portions).

Page 119 of 9 24 Revision 21 11/2008



GINNA/UFSAR
CHAPTER 3 DESIGN OF STRUCTURES, COMPONENTS, EQUIPMENT, AND SYSTEMS

• Residual heat removal system.

• Component cooling water (CCW) system.
" Service water (SW) system.

" Diesel-generator auxiliary systems.

" Main steam system (some portions).

" Feedwater and condensate systems (some portions).

" Auxiliary feedwater systems.
" Standby auxiliary feedwater system.

" Ventilation systems for vital areas.

" Combustible gas control system.

" Refueling water storage tank.(RWST)

Systems whose failure may result in release of unacceptable amounts of radioactivity are as
follows:

• Spent fuel pool cooling and cleanup system.
" Sampling system.

" Waste disposal system.

" Containment purge system.

" Instrument and service air systems.

Additionally, electrical systems that are necessary to support those fluid systems needed to
perform safety functions are noted in-the following list.

• Diesel generators.

* Station batteries.

* 480-V switchgear and relay rooms.

• Control room.

* Cable spreading room.

Based on a safety review pursuant to SEP Topic II-4.C (Reference 1), the NRC staff has con-
cluded that the design of Ginna Station for protection from internally generated missiles
meets the intent of General Design Criterion 4 and the guidance from Regulatory Guides 1.13
and 1.27.

3.5.1.2 Turbine Missiles

3.5.1.2.1 Introduction

Failure of turbine disks and rotors can result in high-energy missiles that have the potential
for resulting in damage to plant safety features. There are two areas of concern:
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Design overspeed failures.

These are related to the material quality of the turbine disks and rotors, inservice inspection
for flaws, and chemistry conditions that could lead to stress-corrosion cracking.

Destructive overspeed failures.

These are related to the reliability of the electrical overspeed protection system, the reliability
of and the testing program for turbine stop valves and turbine control valves, and the inservice
inspection of these valves.

The purpose of evaluating the potential for turbine missiles is to ensure that all structures, sys-
tems, and components important to safety either have adequate protection by means of struc-
tural barriers or have an acceptably low probability of damage. Criteria for evaluating missile
protection are contained in General Design Criterion 4. Additional guidance is contained in
Regulatory Guide 1.115, Protection Against Low Trajectory Turbine Missiles, Revision 1,
July 1977; and Regulatory Guide 1.117, Tornado Design Classification, Revision 1, April
1978.

3.5.1.2.2 Turbine Inspection Program

Low-pressure turbine disk cracking in Westinghouse turbines has been experienced at several
operating plants. As a result, an RG&E turbine inspection program (References 2 and 3) was
developed to provide an acceptably high degree of assurance that turbine disks will be
inspected before cracks can grow to one-half the size that could cause disk failure at speeds
up to the design speed (see Section 10.2.3.4). Ginna LLC performs testing of the turbine
overspeed protection system to provide assurance that the system will remain operable and
thereby limit the likelihood of overspeed beyond design conditions (Reference7), based on the
criteria inWCAP-11525 and WCAP-11529 (Reference 6). These tests are described in Sec-
tion 10.2.3.4.4.

The turbine supervisory instrumentation monitors turbine vibration, eccentricity, and differ-
ential thermal expansion and alarms abnormal conditions (Section 10.2.1.4).

3.5.1.2.3 Systematic Evaluation Program Topic 111-4

All the systems needed for the safe shutdown of the plant are either inside or shadowed by the
concrete containment building, located below the turbine pedestal, or are out of the turbine
low trajectory missile strike zones. In addition, many of the systems have physically sepa-
rated redundant components. On this basis, the NRC staff, in the Safety Evaluation Report
(SER) for SEP Topic II1-4.B considered that the probability of a low trajectory missile strik-
ing any of the safety-related systems is acceptably low.

The probability of turbine high trajectory missiles striking the safety-related systems is
obtained by multiplying the conservatively estimated turbine failure and missile ejection rate,

10-4 per year, by the strike probability density per turbine failure, 10-7 per ft2, and by the hor-
izontal area occupied by the systems. A conservative estimate of the area occupied by these

systems is 12,000 ft 2. The turbine failure rate of 10-4 is also conservative because of the use
of a historically observed turbine failure data set. Some of the reported failures involved old

Page 121 of 924 Revision 21 11/2008



GINNA/UFSAR
CHAPTER 3 DESIGN OF STRUCTURES, COMPONENTS, EQUIPMENT, AND SYSTEMS

turbine designs and fabrication techniques which have been improved in currently produced
turbines (a new turbine rotor was installed at the Ginna plant during the 1979 MODE 6 (Refu-
eling) outage). The resulting probability of high trajectory missile strikes is found to be on

the order of 10-7 per year, and the total strike probability from low and high trajectory mis-

siles is conservatively estimated to be less than 10-6 per year.

Based on the above figures, in the SER for SEP Topic III-4.B, the NRC staff considered that
the overall probability of turbine missiles damaging Ginna Station and leading to conse-
quences in excess of 10 CFR 100 exposure guidelines is acceptably low (Reference 4).

Due to plant uprate, the maximum allowable turbine overspeed setpoint was reduced from
110% to 109.3%. The overspeed setpoint is used to ensure that the maximum turbine over-
speed does not exceed 120% of turbine design speed (1800 rpm)

3.5.1.3 Effects of Internally Generated Missiles on Systems and Equipment

3.5.1.3.1 Systems Needed to Perform Safety Functions

3.5.1.3.1.1 Reactor Coolant System

The reactor coolant system serves as the pressure retaining boundary for the reactor coolant
and is comprised of a reactor pressure vessel and two parallel heat transfer loops. Each loop
contains one steam generator and one pump, connecting piping, and instrumentation. The
pressurizer and associated safety and relief valves are connected to one of the reactor hot legs
via the surge line. Pressurizer spray lines and associated valves are connected to the top of
the pressurizer from one of the reactor coolant cold legs. The purpose of the pressurizer is to
maintain primary coolant pressure and compensate for coolant volume changes as the heat
load changes. All components of the primary coolant system are located within the contain-
ment building. Overpressure protection is provided to ensure the coolant system pressure
does not exceed design limits.

The reactor closure head and the reactor vessel flange are joined by forty-eight 6-in. diameter
studs. It is unlikely that any of the studs would become a missile since they are not subjected
to direct reactor pressure and, therefore, are not exposed to sufficient pressure to create an
accelerating force sufficient to cause them to become missiles.

The pressurizer safety and relief valves, which are mounted atop the pressurizer, have the
potential for becoming missiles. However, the position of the pressurizer within a concrete
compartment is such that any missiles generated because of a failure of these valves would
not be likely to damage other components or piping of the reactor coolant system. All valves
on the pressurizer spray line are located within the loop or pressurizer compartments, and thus
would not be expected to damage any safety-related equipment in the event of a valve failure.

In 1995, the three missile shield blocks on top of the prerssurizer compartment were reconfig-
ured from the original design to allow air flow through the compartment. This modification
was supported by an evaluation which determined that the repositioned blocks would still
protect vital equipment in the containment from the effects of internally generated missiles
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and released high energy fluid or steam should a piping failure occur in the pressurizer com-
partment.

Control rod drive assemblies are mounted on the top of the reactor vessel and are considered
an extension of the reactor vessel head. A 1.25-in. thick steel missile shield is placed over the
control rods during operation as protection against missile damage to safety systems caused
by impacting control rod drives or reactor vessel head studs.

Instrumentation requires some penetration into the reactor coolant system. These penetra-
tions are small and generally take the form of welded wells. Because of their size and orien-
tation, serious damage to the reactor coolant system is highly unlikely.

The possibility that missiles may result from destructive overspeeding of one of the primary
coolant pumps in the event of a pipe break in the pump suction or discharge was also
reviewed. Potentially damaging impeller missile ejection from the broken pipe is minimized
by a massive steel pump casing. Generation of missiles from overspeed of the motor, fly-
wheel, and impeller of the reactor coolant pump is addressed in Section 5.4.1.

The two steam generators have manways held in position by studs on the primary and second-
ary sides of the shell. These small diameter studs are subject only to stored elastic energy and
thus are not considered to be credible missiles.

In summary, relative to the reactor coolant system, the likelihood of missile generation and
resultant damage is minimized by equipment design features, component arrangement, and
compartmentalization.

3.5.1.3.1.2 Emergency Core Cooling System (ECCS)

The Emergency Core Cooling System (ECCS) serves as the means of injecting water for core
protection in the event of reactor coolant system water loss. The Emergency Core Cooling
System (ECCS) is comprised of the high-pressure safety injection system, the residual heat
removal system (for low-pressure safety injection), and accumulator tanks. High-pressure
safety injection flow and accumulator flow are directed to the reactor coolant system through
the two cold-leg reactor inlet pipes. The high-head system consists of three pumps, each
rated at 300 gpm. Two passive accumulator tanks containing borated water, pressurized with
nitrogen to 700 psig, are provided inside the containment building. The residual heat
removal system injects directly into the reactor vessel upper plenum via two nozzles on oppo-
site sides of the vessel. The low-head residual heat removal system consists of two pumps,
each rated at 1560 gpm.

The suction source of water for the high-head pumps is the refueling water storage tank
(RWST). The refueling water storage tank (RWST) is not missile protected; however, the
only internally generated missiles that could potentially affect the tank would originate at
component cooling water (CCW) system and service water (SW) system valve locations.
Both of these systems are low-pressure, cold water systems with insufficient internal energy
to generate any missiles of consequence.

The high-pressure and low-pressure piping systems are separated from each other outside
containment, taking suction from opposite sides of the refueling water storage tank (RWST).
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One train of each of these systems is routed together in the auxiliary building. The redundant
trains of these systems are routed separately. Once inside the containment, separation of the
individual injection lines is provided. Each train of the residual heat removal and high-pres-
sure safety injection piping is routed in opposite directions inside the containment. Injection
headers are located outside the missile barriers. Individual injection lines connected to the
injection headers pass through the missile barriers and then connect to the reactor coolant sys-
tem.

The most likely sources of missiles in the Emergency Core Cooling System (ECCS) are the
residual heat removal and high-pressure safety injection pumps. The highpressure safety
injection pumps are 350-hp horizontal multistage centrifugal pumps operating at 3550 rpm.
The residual heat removal pumps are 200-hp horizontal single-stage centrifugal pumps oper-
ating at 1770 rpm. These pumps have a thick steel casing, making it highly improbable that
a source of missiles, such as a broken impeller, would penetrate the casing to cause any dam-
age.

The residual heat removal pumps are located in the residual heat removal pit, separated from
other safety-related equipment. During MODES I and 2, the portions of the system upstream
of the isolation valves are isolated from the high-pressure reactor coolant system, and are
therefore not subjected to forces which might cause a missile to be generated. If a missile
were generated as a result of pump failure during normal reactor shutdown, it would affect
only the residual heat removal system. The residual heat removal system could be isolated
and the reactor maintained in a stable shutdown condition, using the steam generators, until
repairs could be made.

The high-pressure safety injection system is also normally cold and not at sustainable high
pressure. With these conditions a leak or break would not result in significant thrust forces.
Thus, it is not expected that missiles would be generated. Pressure boundary valves, which
are subject to high pressure, have backseats which should prevent missile generation.

Two accumulators, located on separate sides of the containment are situated behind the steam
generator missile shielding. Accumulator missile sources are not oriented towards any other
safety-related equipment.

Because of the functional design features, separation, and component design provisions of the
Emergency Core Cooling System (ECCS), the system will be capable of performing its
intended functions considering internally generated missile sources as discussed above.

3.5.1.3.1.3 Containment Heat Removal and Atmosphere Cleanup Systems

The containment heat removal and atmosphere cleanup systems consist of two independent
systems: the containment air recirculation system, and the containment spray system. The
containment air recirculation system consists of four fans and heat exchangers, as well as two
charcoal filter units. The containment spray system consists of two spray pumps, with associ-
ated piping, ring headers, and nozzles. The source of water for the containment spray system
is the refueling water storage tank (RWST).
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The four containment fan cooler units are positioned in pairs on opposite sides of the contain-
ment. Because of this separation, it is unlikely that a single missile could cause failure of
more than one pair of these units. The spray system headers and nozzles are split into redun-
dant trains. The spray nozzles are located high inside containment. Therefore, it is not likely
that any missiles would reach these components. Should a number of the nozzles be dam-
aged, containment cooling would still be provided using nozzles in the redundant train and by
the fan cooler units.

The spray system pumps are located in the auxiliary building, near the high-pressure safety
injection pumps. However, the orientation of the high pressure safety injection pumps to the
spray pumps is such that damage to the spray pumps is highly improbable in the unlikely
event of missile generation from any of the high-pressure safety injection pumps. There are
no high energy lines in this vicinity that could be a source of internally generated missiles.
Further, the spray system itself is not under pressure during MODES 1 and 2. It is therefore
concluded that no failure due to internally generated missiles is expected for the containment
spray system.

The containment heat removal and atmosphere cleanup systems, considering their redundant
features and separation, will be capable of performing their design function from the stand-
point of internally generated missiles.

3.5.1.3.1.4 Chemical and Volume Control System

The chemical and volume control system controls and maintains reactor coolant system
inventory and purity through the process of makeup and letdown, and provides seal injection
flow to the reactor coolant pump seals. The letdown portion of the system consists of a regen-
erative heat exchanger and a nonregenerative heat exchanger to cool the reactor coolant let-
down and three parallel orifice valves to reduce the pressure. The coolant is passed through
purification and deborating demineralizers, as necessary, where corrosion and fission prod-
ucts are removed. The coolant is then routed to the volume control tank. Seal return flow
passes from the reactor coolant pump seals, through a containment isolation valve and the
seal-water heat exchanger, before returning to the volume control tank.

The seal return line is at low pressure and temperature. The charging pumps draw from the
volume control tank and inject into the reactor coolant system, both through the normal
makeup path and via the reactor coolant pump seals.

Borated water from the boric acid storage tanks can be added to the reactor coolant system by
injection from the charging pumps. The boric acid storage tanks are protected from internally
generated missiles by virtue of their location within concrete cubicles.

The most likely source of missiles in the chemical and volume control system would be gen-
erated in the letdown line and charging line on the reactor coolant system side of the regener-
ative heat exchanger, in portions of the chemical and volume control system connected
directly to the reactor coolant system, and in the chemical and volume control system letdown
piping up to the nonregenerative heat. exchanger.
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The only equipment that needs to be considered with respect to potential missiles from the
chemical and volume control system letdown line is selected cable trays; however, potential
missile sources are located remotely from safety-related cable trays.

Valve stems are the only potential missile sources associated with the charging line inside
containment and the letdown line outside containment. However, the valves all have back-
seats and would not be expected to be a source of missiles. There are no other potential mis-
sile sources in the vicinity of these portions of the chemical and volume control system. The
chemical and volume control system is adequately protected from the effects of internally
generated missiles.

3.5.1.3.1.5 Residual Heat Removal System

This system is discussed as part of the low-pressure safety injection portion of the Emergency
Core Cooling System (ECCS) in Section 3.5.1.3.1.2.

3.5.1.3.1.6 Component Cooling Water System

The component cooling water (CCW) system is a closed system with two motor-driven
pumps rated at 150 hp and 2980 gpm, and two shell and straight tube heat exchangers. Heat
transferred to the component cooling water (CCW) system is removed by the service water
(SW) system and released into Lake Ontario.

The component cooling water (CCW) system removes heat from the residual heat removal
heat exchangers, engineered safety features pump seals and jackets, chemical and volume
control system and sampling heat exchangers, reactor coolant pump seals, bearings and
motors, reactor support cooling pads, waste gas compressors, and the items in the waste and
boric acid systems.

This system would be an unlikely source of missiles due to its low operating temperature and
pressure. Other potential missile sources near the component cooling water (CCW) system
have not been identified. However, if a missile were to cause a failure of the component cool-
ing water (CCW) system, residual heat removal could be accomplished via the preferred aux-
iliary feedwater system and steam generators until repairs to the component cooling water
(CCW) system could be made.

The component cooling water (CCW) system is adequately protected from internally gener-
ated missiles.

3.5.1.3.1.7 Service Water System

The service water (SW) system consists of four 5300-gpm capacity vertical motor-driven
pumps located in the screen house. The original motors installed on the service water (SW)
pumps were rated at 300-hp. The motors were replaced between 1995 and 1997 with 350-hp
motors. The system is designed such that there are two redundant safety-related trains, each
capable of supplying one set of required safety-related equipment. As a result of plant uprate
two (2) Service Water (SW) pumps from either train are required to provide the necessary
safe shutdown and postaccident safety functions for design bases LOCA. These pumps,
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located approximately 7 ft apart, take suction from and discharge to the ultimate heat sink
(Lake Ontario).

The system piping is routed underground from the screen house to the other structures. The
two service water (SW) headers can be tied together via normally closed redundant manual
valves. Separation of safety and nonsafety loads is provided via redundant isolation valves.
The service water (SW) pumps are not considered likely sources of missiles due to their
enclosure (casing) and submergence in the service water (SW) pump bay, and their low oper-
ating speed and pressure.

Also located in the screen house is one diesel-driven and one motor-driven fire pump. These
pumps are not normally in operation and therefore are considered unlikely sources of inter-
nally generated missiles.

There are no potential sources of missiles in the vicinity of the service water (SW) system as
the piping enters the various buildings, with the exception of that portion which enters the
intermediate building. In this building, the only high-pressure system in the vicinity of the
service water (SW) system is the steam generator blowdown system.

The service water (SW) system meets the requirements for protection from internally gener-
ated missiles.

3.5.1.3.1.8 Diesel-Generator Auxiliary Systems

The two diesel generators are located in separate diesel-generator rooms, located off the north
side of the turbine building. These are low speed engines with no high-pressure hydraulic
systems.

Due to separation of redundant portions of the system, and the segregation of the system as a
whole, the system meets the design requirements with respect to internally generated mis-
siles.

3.5.1.3.1.9 Main Steam System

The main steam system consists of two steam generators with two steam lines which connect
in the intermediate building prior to entering the turbine building. Each steam line has four
main steam safety valves, an atmospheric dump valve, a steam admission valve to the tur-
bine-driven auxiliary feedwater pump (TDAFW), a main steam isolation valve, and a nonre-
turn valve, all located in the intermediate building, upstream of the junction of the two lines.

The main steam lines are of heavy walled construction, and are unlikely to be damaged by
internally generated missiles. The main steam components are routed in a fashion so as to uti-
lize plant structures for missile protection. Should a missile cause damage to the main steam
system downstream of the isolation valve, the valve would close and the plant would shut
down. If damage occurs either to the isolation valve or upstream of the valve, safe shutdown
can be accomplished. A steam line break accident has been evaluated in Section 15.1.5.

The main steam system will be capable of performing its design function, considering inter-
nally generated missiles.
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3.5.1.3.1.10 Feedwater and Condensate Systems

The main feedwater system consists of two motor-driven feedwater pumps which deliver
water to the steam generators. Condensate from the hotwell is pumped by three 50% capacity
motor-driven condensate pumps, through the hydrogen coolers, air ejectors, gland steam con-
denser, and then through several stages of preheating. The feedwater then passes into the
containment and into the steam generators. The only area of concern for this system is that
portion between the main feedwater isolation valves and the steam generators.

Due to the protection afforded by surrounding equipment, missile damage to this portion of
the feedwater system is unlikely. However, if damage to this area were to occur, the preferred
auxiliary feedwater system or the standby auxiliary feedwater system (SAFW) could provide
the necessary feedwater flow to the second steam generator in order to effect safe shutdown.

No additional protection is needed for the feedwater and condensate systems to protect them
from the effects of internally generated missiles.

3.5.1.3.1.11 Preferred Auxiliary Feedwater System

The preferred auxiliary feedwater system consists of two 100% capacity motor-driven auxil-
iary feedwater pumps (MDAFW), each directing flow to one steam generator, and a 200%
capacity turbine-driven auxiliary feedwater pump (TDAFW), which directs flow to both
steam generators. The design flow of the motor-driven pumps is 200 gpm; the turbine-
driven pump is 400 gpm. The primary suction source of the pumps is from the condensate
storage tanks. If necessary, the service water (SW) system will provide an unlimited water
supply to these pumps.

The most likely source of missiles would be from the pumps. The turbine-driven pump is
separated from the motor-driven pumps by a concrete enclosure/barrier. Separation is pro-
vided such that a postulated missile will not damage both trains associated with the motor-
driven pumps. Therefore, in the unlikely event that a missile is generated, each train of the
system is sufficiently separated to ensure system performance.

However, in the event that the preferred auxiliary feedwater system becomes unavailable due
to a missile strike, the standby auxiliary feedwater system (SAFW) is capable of delivering
the required feedwater flow to the steam generators to safely shut down the plant. No addi-
tional missile protection is needed for the preferred auxiliary feedwater system.

The preferred auxiliary feedwater system, through redundancy and separation, meets the
design requirements with respect to internally generated missiles.

3.5.1.3.1.12 Standby Auxiliary Feedwater System (SA FW)

The standby auxiliary feedwater system (SAFW) consists of two 100% capacity pumps and
piping which directs the flow from one pump to one steam generator. A cross-connect would
allow each pump to feed either steam generator. The system would be used only in the event
of a failure of the preferred auxiliary feedwater system. The standby auxiliary feedwater sys-
tem (SAFW) is remotely located from the preferred auxiliary feedwater system such that a
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failure in the preferred auxiliary feedwater system would not affect the ability of the standby
auxiliary feedwater system (SAFW) to safely shut down the plant.

The standby auxiliary feedwater system (SAFW) needs no additional protection against the
effects of internally generated missiles.

3.5.1.3.1.13 Ventilation Systems for Vital Areas

As part of the original design, safety-related pump motor coolers provide ducted air, cooled
by service water (SW), to the rooms which contain the safety injection and containment spray
pump motors, and to the residual heat removal pump and charging pump rooms. In 1992, ser-
vice water (SW) to the room coolers for the safety injection and containment spray pump
motors was blanked off (see Section 9.4.9.1).

The control room is air conditioned by its own ventilation system that is described in Section
6.4.

Ventilation for the two battery rooms is provided by an independent air conditioning system.
This system takes suction from the air handling room and discharges from the battery rooms
through the turbine building to the outside.

The ventilation systems are low-pressure systems, and therefore are not considered to be
sources of potential missiles. There are no sources of missiles in the vicinity of the control
room, battery room, or pump room ventilation systems. Though ductwork can be penetrated
by missiles, the total cooling capability is not lost for any area and time is available for action
to restore adequate ventilation.

The ventilation systems for vital areas will be capable of performing their design function,
considering internally generated missiles.

3.5.1.3.1.14 Combustible Gas Control System

Redundant hydrogen recombiners located on opposite sides inside the containment have been
provided. Since the hydrogen recombiner is not normally in operation, it is not considered to
be a source of missiles. The system is not needed to shut the plant down. Should a missile
strike the system, its repair could be scheduled in a timely manner so as not to interfere with
plant operation. The NRC has removed from the Ginna Technical Specifications the require-
ments related to hydrogen recombiners and hydrogen monitors (Reference 8).

3.5.1.3.2 Systems Whose Failure May Result in Activity Release

3.5.1.3.2.1 Spent Fuel Pool Cooling System

The spent fuel pool (SFP) cooling system is designed to remove heat from the spent fuel pool
(SFP), which is generated by stored spent fuel. The system was originally designed as a sin-
gle train system, consisting of a pump, demineralizer, filter, and heat exchanger. See Section
9.1.3.1 for an update of the system configuration.Heat is removed from the system by the ser-
vice water (SW) system.
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The spent fuel pool (SFP) cooling system is a low-pressure system and is unlikely to generate
missiles. The system arrangement is such that the spent fuel pool (SFP) itself could not be
damaged. If the spent fuel pool (SFP) cooling system was damaged, the large thermal capac-
ity of the pool would maintain temperatures below design (180'F) for many hours. As a
means of alternate cooling, five (5) spent fuel pool (SFP) cooling loop options, as listed in the
Technical Requirements Manual (TRM), provide 100% cooling capability (under normal
operation) before any excessive heatup occurs.

The spent fuel pool (SFP) cooling system is capable of performing its function, considering
internally generated missiles.

3.5.1.3.2.2 Sampling System

The sampling system provides samples for laboratory analysis to evaluate reactor coolant,
feedwater steam system, and other reactor auxiliary systems during MODES 1 and 2. Sam-
ples are routed in an area away from other required safety-related equipment and into a sepa-
rate room. Shielding is provided for the sampling lines. The likelihood of missiles causing
damage to the sampling lines is very small. The sampling system meets the design require-
ments with respect to internally generated missiles.

3.5.1.3.2.3 Waste Disposal System

The entire waste disposal system is a low-pressure system, and is thus an unlikely source of
missiles. The most likely sources, the gas decay tanks, are separated from other safety-related
systems. The failure of a gas decay tank is a design-basis event which has been analyzed.
Resultant doses are within allowable limits.

In addition, missile damage to other portions of the system will not affect the safe shutdown
of the facility. This system is adequately protected from the effects of internally generated
missiles.

3.5.1.3.2.4 Containment Shutdown Purge System

The containment shutdown purge system is provided to purge the containment during cold or
MODE 6 (Refueling) shutdown. The system consists of ductwork, dampers, fans, and filters.
The normal operating pressure of this system is low, and therefore this system is considered
an unlikely source of missiles. Ductwork and components are routed away from potential
missile sources. If missile damage were to occur, ample time to perform repairs would be
available. The missile protection provided for the system is, therefore, acceptable.

3.5.1.3.2.5 Instrument and Service Air Systems

The instrument and service air systems consist of four air compressors (three instrument air,
one service air), four aftercoolers, four air receivers as well as air dryers, prefilters, and filters.
Two instrument air compressors are of the vertical type, with the use of oil-free cylinder con-
struction. The third instrument air compressor and the service air compressor are two stage
oil free rotary screw air compressors. The instrument air systems are cooled by the service
water (SW) system. The service air compressor is air cooled.
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The air systems are not safety-related. All equipment controlled by the air systems is either
not required to operate for safe shutdown or accident mitigation, or fails in the safe position
upon loss of air.

The air systems are low-pressure systems which operate between 115 psig and 125 psig. The
greatest potential missile generators are the air compressors and air receivers. However, these
components are located in the turbine building away from safety-related equipment.

The instrument and service air systems are not required to perform safety-related functions,
and the design, with respect to internally generated missiles, will not prevent safety-related
systems from performing their design functions.

3.5.1.3.3 Electrical Systems

The effects of missile generation on cabling, cable trays, instrumentation, and control panels
associated with systems needed to perform safety functions were also evaluated during
review of the systems discussed above.

3.5.1.3.3.1 Diesel Generators

See Section 3.5.1.3.1.8.

3.5.1.3.3.2 Station Batteries

The two station batteries are in separate rooms, both of which are located away from potential
missile sources. Should a missile originate from the batteries themselves, the walls that sepa-
rate the two rooms will prevent missile penetration. The separate rooms for the two station
batteries provide adequate protection from internally generated missiles.

3.5.1.3.3.3 480- Volt Switchgear

Two 480-V load centers comprise the engineered safety features electrical system. The load
centers are located in separate rooms, on different floors within the auxiliary building. There
are no piping or pressurized sources near these rooms which could pose a potential missile
source. Therefore, adequate protection from internally generated missiles has been provided.

3.5.1.3.3.4 Control Room

Piping, pressurized sources, or rotating machinery are not located within the control room.
Ventilation ductwork is routed into the control room. Damaging missiles from the ventilation
system are considered unlikely. There are no missile sources which could affect the proper
functioning of the control room.

3.5.1.3.3.5 Cable Spreading/Relay Room

The cable spreading room (or relay room) does not contain any piping or other pressurized
sources, or rotating equipment which might produce missiles. The fire protection system in
this room is low pressure and thus is not capable of generating damaging missiles. There are
no potential missile sources in this area that could affect safety functions.
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3.5.2 EXTERNALLY GENERATED MISSILES

3.5.2.1 Tornado Missiles

Ginna Station has been assessed (SEP Topic I11-4.A) to determine the ability of the plant to
withstand the impact of tornado missiles. The purpose of the assessment was to verify that
structures, systems, and components necessary to ensure (1) the integrity of the reactor cool-
ant pressure boundary, (2) the capability to shut down the reactor and maintain it in a safe
shutdown condition, and (3) the capability to prevent accidents that could result in unaccept-
able offsite consequences, can withstand the impact of a spectrum of tornado missiles.

Criteria for evaluating missile protection are in General Design Criterion 4. Additional guid-
ance on tornado missiles is contained in Regulatory Guide 1.117, Tornado Design Classifica-
tion, April 1978, and Regulatory Guide 1.78, Assumptions for Evaluating the Habitability of
a Nuclear Power Plant Control Room During a Postulated Hazardous Chemical Release, June
1974.

As noted in Section 3.3, the design-basis tornado at Ginna Station has a maximum wind
speed of 132 mph. For this wind speed, the design-basis missile is a steel rod, with 1-in.
diameter, 3-ft length, 8-lb weight, and 116 ft/sec velocity striking at all elevations. A
wooden utility pole is considered as a missile in some analyses, but is not a required
design basis missile since a study showed that wind speed of 132 mph lacks the aerody-
namic lift needed to make the pole airborne. Further discussion is found in section
3.3.5.4.1 and References 9, 10, &11.

As a result of the analysis in response to SEP Topic I1I-4.A, RG&E as part of the Structural
Upgrade Program discussed in Section 3.3, modified the facility to provide adequate tornado
protection for those systems required to perform the safety functions discussed above. The
specific modifications to provide protection from tornado missiles are discussed in Section
3.3.

3.5.2.2 Site Proximity Missiles

3.5.2.2.1 Desiign Criteria

The potential for site proximity missiles, including aircraft, was eValuated to verify that
safety-related structures, systems, and components will not be jeopardized. The acceptability
of the design of the facility for protection against site proximity missiles was based on meet-
ing the requirements of General Design Criterion 4.

3.5.2.2.2 Nearby Hazardous Activities

The potential for hazardous activities in the vicinity of Ginna Station is addressed in Section
2.2. As indicated there, little industrial activity is situated near the plant. The distances to the
nearest land transportation routes (about 1700 ft to the nearest highway, and 3.5 miles to the
nearest railroad) are far enough to result in low risk from potential missiles caused by trans-
portation accidents. Similarly, the nearest large gas pipelines (about 6 miles away) do not
pose a missile threat to the plant. Major Lake Ontario shipping routes (about 23 miles from
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the plant) are not close enough to present a credible missile hazard from lake traffic. There
are no military facilities or activities near enough to the plant to create a missile hazard.

3.5.2.2.3 Aircraft Hazards

The potential for aircraft becoming missile hazards has also been evaluated. Operation of the
Williamson Flying Club airport and commercial air traffic in and out of Rochester, New York,
via two federal airways, 2.5 and 10 miles from the plant site, were considered. Flight activity
in an Air Force restricted area in the vicinity of the plant site was also evaluated.

The Williamson Flying Club airport is a small, privately owned general aviation facility
located approximately 10 miles east southeast from the plant. The airport is used for general
aviation activities such as business and pleasure flying and for agricultural spraying opera-
tions. As of 1981, there were 5,000 operations per year at the facility. The small number of
operations is substantially less than the criteria in Section 111.3 of Section 3.5.1.5 of the Stan-
dard Review Plan (SRP), and is sufficiently small that in the SER for SEP Topic 11-1 .C (Ref-
erence 5) the NRC staff determined that these operations are not a potential hazard.

Monroe County Airport in Rochester, New York, is located about 25 miles south-west of the
plant and is the nearest airport with scheduled commercial air service. Low altitude federal
airways V2 and V2N (the current FAA designation is airway V483, vice V2N) pass about 10
miles south and 2.5 miles southwest of the plant, respectively. The low altitude federal air-
ways, V2 and V483, serve about 10 flights per day. Almost all flights use V2, with V483
being used only occasionally. The probabilities for an airline crash at Ginna from these air-
ways are 5.1 x 10-8 for airway V2 and 1.4 x 10-8 for airway V483. Because both airway prob-
abilities are less than the I x 10- 7 acceptance criteria, the NRC concluded in the Safety
Evaluation Report for SEP Topic II-1.C, dated September 29, 1981, that the probability of a
commercial air traffic crash at Ginna Station is acceptably low.

Air Force Restricted Area R-5203 is located about 8 miles north of the plant site. Whenever
flight activity is conducted by the Air Force within area R-5203, radar surveillance is main-
tained by the 174th Fighter Wing, the 108th Tactical Control Group, or possibly the Cleve-
land Air Route Traffic Control Center. Pilots rely upon on-board navigational equipment to
maintain their presence within the specified limits of the restricted area. Pilots can also be
advised if their aircraft stray beyond their limits by the radar surveillance unit covering the
area at the time. The restricted area is used daily for military flight training which includes
high-speed interceptor training maneuvers, operational flight checks, and air-to-air fueling.
The altitude ranges in 1981 were from 2,000 to 50,000 ft above the surface. There is also an
inactive slow-speed low altitude military training route (SR-826) which passes about 6 miles
west of the plant. Route SR-826 is not currently a military controlled air space. Acceptance
criterion 11.2 of SRP 3.5.1.6 states that, for military air space, a minimum distance of 5 miles
is adequate for low level training routes, except those associated with unusual activities, such
as practice bombing. Air Force Restricted Area R-5203 is about 8 miles from the site at its
closest boundary, and no unusual activities such as practice bombing take place. The inactive
slow-speed low altitude military training route SR-826 is about 6 miles from the plant.
Therefore, this criterion is met.
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3.6 PROTECTION AGAINST THE DYNAMIC EFFECTS
ASSOCIATED WITH THE POSTULATED RUPTURE OF
PIPING

This section describes the design features of Ginna Station that protect essential equipment
from the consequences of postulated piping failures both inside and outside containment.
Analyses were conducted in accordance with guidance and criteria set forth in the December
18, 1972, AEC letter (Reference 1) concerning high-energy pipe breaks outside containment
and the Systematic Evaluation Program Review for Topics I-5.A and 1II-5.B related to pipe
breaks inside and outside containment, respectively.

The analyses showed that, with certain modifications proposed by Ginna Station, 10 CFR 50,
Appendix A, General Design Criterion 4 was met, in that all structures, systems, and compo-
nents are designed to accommodate the effects of and are compatible with the environmental
conditions associated with MODES 1 and 2, maintenance, testing, and postulated accidents,
including loss-of-coolant accidents. These structures, systems, and components are protected
against dynamic effects (including the effects of missiles, pipe whipping, and dis-charging
fluids) that may result in equipment failures and from events and conditions inside and out-
side the nuclear power unit.

Pipe ruptures were postulated at arbitrary intermediate locations in addition to terminal ends
and high stress and high usage factor locations as required at the time by Branch Technical
Position (BTP) MEB 3-1 of Standard Review Plan Section 3.6.2 in NUREG 0800. Pipe whip
restraints and jet impingement shields were installed as necessary to mitigate the effects of
these arbitrary intermediate pipe ruptures. Generic Letter 87-11 (Reference 2) dated June 19,
1987, revised BTP MEB 3-1 to Revision 2 to eliminate the requirement to postulate arbitrary
intermediate pipe ruptures and permitted the elimination of pipe whip restraints and jet
impingement shields installed to mitigate the effects of arbitrary intermediate pipe ruptures.

3.6.1 POSTULATED PIPING FAILURES IN FLUID SYSTEMS INSIDE
CONTAINMENT

3.6.1.1 Evaluation Procedure

3.6.1.1.1 Pipe Selection

A list of piping lines inside containment which normally or occasionally experience high-

energy' service conditions are presented in Tables 3.6-1 and 3.6-2. These lines were evalu-
ated for the effects of potential pipe breaks (Reference 3). The tables exclude those lines
which have been recognized not to present a significant safety hazard. These exclusions are
as follows:

A. Lines which are of a 1-in. diameter or less according to Regulatory Guide 1.46 and guid-
ance from Reference 4.

a. High-energy piping is defined as piping with operating temperatures 200 'F and higher or operating
pressures 275 psig and greater.
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B. Lines which meet Branch Technical Position ASB 3-1, Standard Review Plan 3.6.1, for
protection against postulated piping failures.

C. Lines which are at reduced pressure and temperature during MODES I and 2.

3.6.1.1.2 Effects-Oriented Evaluation

An effects-oriented approach was utilized for evaluating the consequences of most potential
high-energy line breaks. This approach postulates a high- eneigy pipe break inside contain-
ment anywhere along the line and analyzes the capability of the remaining systems to safely
shut down the reactor. The following assumptions were made:

A. Pipe whip can occur only in the section of pipe which is attached to a sustained high-energy
source. Credit is taken for all closed or automatically closed valves in the piping section
which could terminate flow to the break. For example, only the segment of safety injection
piping between the reactor coolant system and the check valve closest to the reactor coolant
system is analyzed for whip. Safety injection piping upstream of the check valve will not
whip, even though pressurized, because of the lack of a sustained energy source.

B. It is acceptable for a break, which results in a loss of coolant from one of the loops, to dam-
age mitigation equipment for the broken loop because the unbroken loop is available for
Emergency Core Cooling System (ECCS) functions.

C. Pipe of a given section modulus will not cause a loss of function in pipe of equal or larger
section modulus, as a result of pipe whip or jet impingement.

Acceptance criteria for the effects-oriented evaluations are as follows:

AA. The reactor can be shut down and cooled using equipment available following the pipe
break.

BB. Analysis of the event, or a more limiting event, demonstrates that the effects of the break
yield doses less than 10 CFR Part 100 values.

A spectrum of loss-of-coolant accidents and a main steam line break have been analyzed and
shown to have acceptable consequences ( Chapter 15). Those analyses remain valid follow-
ing high-energy line breaks inside containment as long as the minimum equipment assumed
in the analyses remains operable.

3.6.1.1.3 Mechanistic Evaluation

Other evaluation techniques were considered to evaluate breaks that could not be shown to
have acceptable consequences using the effects-oriented approach alone. For example, a
mechanistic approach based upon breaks at locations of highest stress in the piping segment
may result in acceptable consequences because these breaks are remote from required equip-
ment or because the broken pipes are contained. This approach also analyzed failure mecha-
nisms to demonstrate that the consequences were acceptable. For example, a broken pipe
assumed to whip in an effects-oriented analysis may be shown to have sufficient strength to
resist whipping using mechanistic methods.
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3.6.1.2 Required Equipment

Systems, components, and equipment required for safe shutdown and to mitigate the conse-
quences of postulated piping failures were reviewed to determine their capability in perform-
ing these functions when exposed to the effects of postulated high-energy piping failures.
These systems are listed below.

High-energy line breaks inside containment result in, or have the same effect as, loss-of-cool-
ant accidents or steam or feedwater line breaks of various sizes. The engineered safety fea-
tures, including the safety injection system, are required to mitigate the effects of these
events.

This equipment includes the following:

" High-pressure safety injection.

* Low-pressure safety injection.

* Containment spray.

• Containment fan coolers and service water.

" Essential instrumentation.

" Auxiliary feedwater.

" Containment sump recirculation.

Other items to note concerning mitigation equipment are as follows:

A. Some breaks in the accumulator piping produce neither loss-of-coolant accident nor steam
or feedwater line break effects. These accumulator line breaks require only normal systems
to maintain a stable plant safe shutdown condition.

B. The low-pressure safety injection system is the portion of the residual heat removal system
used to pump water to the injection nozzles in the reactor vessel.

C. All of the pumps for required systems are located outside the containment. The entire aux-
iliary feedwater system, except for standby auxiliary feedwater (SBAFW) injection piping,
is outside containment.

D. Most lines connected to the reactor coolant system have at least one normally closed or
automatically closed valve inside a loop compartment or are routed so that the compart-
ments prevent breaks in one loop from affecting the other loop. Mitigation equipment to
the unbroken loop is, in most cases, unaffected.

3.6.1.3 Safety Analysis

3.6.1.3.1 Single-Failure Considerations

3.6.1.3.1.1 Introduction

The only active components in engineered safety feature systems inside containment which
are required to operate or change position are the containment fan coolers and the motor-oper-
ated isolation valves in the low-pressure safety injection system. Thus, these are the only
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components which must be considered as potentially being affected by high-energy pipe
breaks and which must also meet the single-active-failure criterion.

Single active failures of engineered safety feature pumps, valves, or power supplies outside
containment have been shown previously in Emergency Core Cooling System (ECCS) analy-
ses (Section 6.3) to have acceptable results. Passive failures of engineered safety feature
equipment, including the maximum pump seal leakage or failure of a check valve, will be less
limiting than the complete loss of a pump or power supply. The systems have been designed
to accommodate such passive failures.

3.6.1.3.1.2 Containment Fan Coolers

Two of the containment fan coolers are located remotely from all postulated high-energy pipe
breaks and will not be damaged by a break. The other two fan coolers are near only the 2-in.
steam generator blowdown lines but will not be damaged as explained in Section 3.6.1.3.2.

3.6.1.3.1.3 Low-Pressure Safety Injection Isolation Valves

The two low pressure safety injection isolation valves are located on opposite sides of the
reactor cavity shield wall, outside the loop compartments, and could be damaged only by a
limited number of other high-energy lines. The only sustained high-energy source lines near
the low-pressure safety injection lines are the accumulator lines. For all breaks in lines other
than the accumulators or in the low-pressure safety injection lines themselves, neither of the
isolation valves will be affected and no single failure will reduce the functioning of required
equipment to less than the required minimum. An accumulator line break outside either of
the loops (postulated using an effects-oriented approach) which could rupture a low-pressure
safety injection line, or a low-pressure safety injection line break as the initiating event, will
effectively result in a 4-in. hot-leg loss-of-coolant accident. The accumulator line break will
not be more severe because a check valve inside the loop compartment prevents reactor cool-
ant system blowdown through the accumulator line. Analysis of a 4-in. loss-of-coolant acci-
dent shows that reactor coolant system pressure remains well above the shutoff head of the
low-pressure safety injection pumps and thus the transient is terminated without the use of the
low-pressure safety injection system. Failure of one low-pressure safety injection isolation
valve following damage to the other will have an inconsequential effect since one high-pres-
sure safety injection pump delivers sufficient flow to mitigate the event. Additionally, for
long term post-LOCA cooling following a 4 inch hot leg break, the low pressure safety injec-
tion system is not required to prevent boron precipitation.

3.6.1.3.2 High-Energy Line Break Effects.

3.6.1.3.2.1 Introduction

The discussion of the effects of high-energy line breaks in this section is restricted to the
dynamic effects on mechanical and electrical equipment. The environmental effects on elec-
trical equipment is discussed in Section 3.11 concerning the environmental qualification of
electrical equipment per 10 CFR 50.49. The analyses of the high-energy lines presented in
Tables 3.6-1 and 3.6-2 are summarized below. The results have been reported in References 3
and 5 through 8.
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3.6.1.3.2.2 Alternate Charging

The line segment of interest is approximately 2 ft of 2-in. pipe in the loop A compartment
between the reactor coolant system cold leg and the check valve. Alternate charging (identi-
fied as auxiliary charging) is not normally used so isolation valves inside and outside contain-
ment are normally closed. In addition, all three charging pumps are positive displacement
pumps. For this reason, and because the design flow of a charging pump is only 60 gpm, no
sustained high-energy source exists upstream of the check valve and thus, the pipe upstream
of the valve will not whip. A break between the reactor coolant system and the check valve
will be confined to the loop A compartment and will result in a small loss-of-coolant accident.

Mitigation equipment inside containment that may be used to mitigate loop A loss-of-coolant
accidents is safety injection to loop B, low-pressure safety injection to either vessel nozzle,
containment fan coolers, and containment spray. All of this equipment is remote from the
break and is isolated by compartment walls. No unacceptable consequences will result from
the pipe break, assuming check valve operability. If it is assumed that the check valves inside
loop A were inoperable, since Ginna Station does not conduct periodic testing of these
valves, the cabling for one of the two low-pressure safety injection valves could be affected
by pipe whip upstream of the check valve. A single active failure of the other low-pressure
safety injection valve would result in a loss of low-pressure safety injection. However, high-
pressure safety injection would still be available to mitigate the small break loss-of-coolant
accident. The NRC, in the Safety Evaluation Report of June 28, 1983, found this issue to be
acceptably resolved (Reference 9).

As part of the Ginna power uprate, operation of one low pressure safety injection isolation
valve is required following a cold leg small break LOCA to prevent the possibility of boron
precipitation during the long term post LOCA recirculation phase. Consequently, pipe whip
of the alternate charging piping causing damage to the low head safety injection (SI) isolation
valve cabling is unacceptable. Based upon a review of the piping stresses in the alternate
charging piping upstream of the reactor coolant system (RCS) check valve, it has been deter-
mined that none of the piping stresses exceed the criteria specified in BTP MEB 3-1 for iden-
tifying pipe locations where pipe breaks must be postulated. Therefore, based on the relaxed
criteria presented in Generic Letter 87-11, no intermediate break locations in the vicinity of
the low head SI isolation cabling need to be postulated. Additionally, there are no piping ter-
minal ends in the vicinity of the routing of the low head S1 isolation valve cabling. Therefore,
there are no pipe break locations in the alternate charging line that would damage the low
head SI isolation valve cabling due to pipe whip. Consequently, for any break location in the
alternate charging piping that needs to be postulated per MEB 3-1, one train of low head SI
would be available to support long term cooling of the RCS following the limiting single
active failure.

3.6.1.3.2.3 Residual Heat Removal Pump Suction

Breaks in this line are considered only between the reactor coolant system and the loop A
innermost isolation valve inside containment (MOV 700) in accordance with Standard
Review Plan 3.6-1. This line segment is within the loop A compartment. Piping downstream
of the isolation valve will not whip because this piping is isolated from the reactor coolant
system and there is no sustained high-energy source connected to the piping during power
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operation and most shutdown operations. Breaks in the piping upstream of the isolation valve
would result in a loss-of-coolant accident with the potential for the piping that is attached to
the reactor coolant system to whip.

Also, the effect on containment integrity had not been analyzed for a break in this line which
could impact the component cooling water (CCW) system piping to the reactor support cool-
ers. The CCW system is considered a closed loop inside the containment. Therefore in Ref-
erence 27, Ginna Station submitted a leak-before-break analysis (Reference 28) for this line.
The NRC in Reference 29 concluded that while the results of the NRC differed from the
results obtained by Ginna Station , the NRC agreed with Ginna Station's conclusion that leak-
before-break had been demonstrated for the analyzed portions of the residual heat removal
(RHR) system. The NRC's conclusion was predicated on the leakage detection system inside
containment being able to reliably detect 0.25 gallons per minute of leakage within 1 hour.
The NRC further stated that Ginna Station may remove consideration of dynamic effects
associated with the postulated rupture of the analyzed portions of the residual heat removal
(RHR) system piping from the licensing basis.

3.6.1.3.2.4 Reactor Coolant Pump Seal-Water to Seals

The seal-water inlet lines to both reactor coolant pumps are pressurized to nominal operating
pressure from the containment wall to the reactor coolant pumps. Both lines are fed by posi-
tive displacement charging pumps and are throttled outside of containment to an 8-gpm flow.
Check valves near the reactor coolant pumps inside the loop compartments prevent backflow
in the seal-water inlet lines. Breaks in the lines between the containment wall and the check
valves will not result in pipe whip because there is no sustained high-energy source from the
positive displacement charging pump because of limited flow. Breaks in the lines between
the reactor coolant pumps and the check valves will be contained within the loop compart-
ment. Mitigation of the break effects may be accom-plished by the adjustment of charging
and letdown flow or Emergency Core Cooling System (ECCS) actuation. All of the required
piping of the mitigation systems is at least as large as the seal-water inlet lines and, particu-
larly in the absence of any pipe whip, will not be disabled by the break. No unacceptable con-
sequences will result from the pipe break.

3.6.1.3.2.5 Letdown Line

Letdown from the reactor coolant system is from loop B through the regenerative heat
exchanger and letdown orifices inside containment. The letdown is a high-energy line over
its entire length inside containment although the temperature is reduced downstream of the
regenerative heat exchanger and the pressure is reduced downstream of the orifices. A break
in the 2-in. letdown line will result in a small loss-of-coolant accident from loop B. Mitiga-
tion equipment inside containment which may be used to mitigate loop B loss-of-coolant
accidents is safety injection to loop A, low-pressure safety injection to either vessel nozzle,
containment fan coolers, and containment spray. Low-pressure safety injection, safety injec-
tion, and containment spray lines are in the vicinity of the letdown lines. The low-pressure
safety injection and containment spray lines each have a section modulus much greater than
the letdown line and therefore will not be affected by a broken letdown line. Letdown piping
between the reactor coolant system and the outermost isolation valves inside containment has
a section modulus greater than that of loop B safety injection piping in the vicinity and there-

Page 140 of 924 Revision 21 11/2008



GINNA/UFSAR
CHAPTER 3 DESIGN OF STRUCTURES, COMPONENTS, EQUIPMENT, AND SYSTEMS

fore could cause damage to loop B safety injection piping. This portion of the safety injection
system is not required to mitigate the effects of the loop B loss-of-coolant accident, however.
Letdown piping downstream of the orifices and outermost isolation valves inside containment
is routed near safety injection piping to loop A. These lines have a greater section modulus
then the letdown piping; thus, all the required mitigating equipment will remain effective fol-
lowing the break.

The letdown line is located in the basement of containment and is routed in the vicinity of
safety-related cable trays and conduit. An evaluation of the possible effects of a postulated
failure of the letdown line was performed and it was concluded that additional protection of
certain instrumentation was required. In order to ensure that safety injection is initiated and
reactor coolant system pressure can be monitored, certain instrumentation cables for pressur-
izer pressure, pressurizer level, and reactor coolant wide-range pressure were rerouted from
the basement level to the intermediate floor elevation of containment. This modification was
coordinated with the 10 CFR 50, Appendix R, fire protection review.

3.6.1.3.2.6 Charging Line

The 2-in. charging line is fed from positive displacement pumps and is a high-energy line
over its entire length inside containment. The normal charging path is through the regenera-
tive heat exchanger flow control valve and check valve near cold-leg B. An alternative path
is through the regenerative heat exchanger, flow control valve, and check valve near hot-leg
B. Breaks in the lines between the check valves and the containment wall would produce no
pipe whip or significant impingement because of the lack of a sustained high-energy source
from either end of the rupture, assuming credit is taken for check valve operability. Loss of
charging flow will result in a minor loss of reactor coolant system inventory through the reac-
tor coolant pump seals. This loss can be compensated for by alternate charging or the conse-
quences can be mitigated by the Emergency Core Cooling System (ECCS). The Emergency
Core Cooling System (ECCS) equipment would not be affected because of the lack of a sus-
tained high-energy source supplying the break to cause pipe whip or significant impingement.
The alternate charging line is remote from the break. The effects of breaks between the reac-
tor coolant system and the check valves will be a small loss-of-coolant accident with all whip-
ping pipes confined to the loop B compartment. The mitigation equipment inside the
containment which may be used to mitigate loop B loss-of-coolant accidents is high-pressure
safety injection to loop A, low-pressure safety injection to either vessel nozzle, containment
spray, and containment fan coolers. All of this equipment is remote from the break, outside
the loop B compartment walls. No unacceptable consequences will result from the break.

In order to take credit for the operability of the charging line check valves, the NRC required
that Ginna Station conduct a check valve operability testing program. In lieu of such a com-
mitment, Ginna Station chose to provide sufficient analysis or compensating measures such
that no credit for the check valves was necessary. As noted in the NRC Safety Evaluation
Report for Integrated Plant Safety Assessment Report (IPSAR), Section 4.13 (Reference 9),
the effects of a failure of the charging line check valves result in consequences identical to
those of a letdown line break. Modifications (instrument rerouting) for the postulated let-
down line break will thus also ameliorate the effects of the postulated charging line breaks
with failure of the check valves to operate.
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3.6.1.3.2.7 Steam Generator Blowdown Lines

The 2-in. steam generator blowdown lines exit from the steam generators at elevation 255 ft,
above the lower support structure for the steam generators. The lines exit from the loop com-
partments and are routed above the intermediate floor to the containment penetrations. A
break in either of the blowdown lines will result in a small feedwater line break accident.
Auxiliary feedwater is entirely outside containment. Other engineered safety feature equip-
ment which may be needed to mitigate the accident, except service water (SW) and two of the
fan coolers, is on the basement elevation and is separated from the blowdown lines by large
reactor coolant system component steel support structures and a concrete floor. The fan cool-
ers are on the same elevation as the blowdown lines. In Reference 26, a piping stress analysis
was performed, which verified that the highest pipe stresses in the blowdown lines are in
locations away from the fan coolers and service water (SW) lines. Therefore, by using the
relaxed criteria presented in Generic Letter 87-11 and its attached BTP MEB 3-1 (Revision
2), consideration of blowdown piping breaks in the vicinity of these components is not
required.

The steam generator blowdown lines were also evaluated for effects on safety-related cable
trays and conduit. The B blowdown line passes near this safety-related cable tray and con-
duit. Calculations were performed to evaluate the stresses in the B line as part of the piping
Seismic Upgrade Program. The stresses in the line are lower than 0.8 ( 1 .2 Sb + SA); thus,
breaks need only be postulated at the terminal ends and the two intermediate highest stress
locations. Neither breaks at the terminal ends nor at the intermediate high-stress locations,
which are located inside the loop compartments, will damage required safety-related instru-
mentation. No unacceptable consequences will result from a steam generator blowdown line
break.

In the early 1990s, the majority of the 2 inch steam generator (SG) blowdown piping inside
containment for SG "A" was replaced with 3-inch piping. As part of the plant modification
that replaced the original 2-inch piping with 3-inch piping, a stress analysis for the 3-inch pip-
ing was performed (Reference 36). This stress analysis included an evaluation of pipe stress
per the requirements of BTP MEB 3-1 to determine the piping locations for postulating pipe
ruptures. The results of the analysis determined that there were no intermediate pipe locations
that had stress levels that exceeded the value specified in BTP MEB 3-1 for identifying
required break locations. Therefore, based on the relaxed criteria presented in Generic Letter
87-11, no intermediate break locations were postulated in the SG "A" 3-inch blowdown pip-
ing. Only breaks at terminal ends were postulated and none of these break locations were in
the vicinity of the fan coolers or SW piping inside containment.

3.6.1.3.2.8 Main Steam and Feedwater Lines

The main steam and feedwater lines are above the operating floor and separated by at least
one concrete floor from all engineered safety feature equipment and piping inside contain-
ment, except the containment spray headers and spray rings. The containment spray headers,
rising along the containment walls, are remote enough from the main steam and feedwater
lines so as not to be struck by broken lines. The spray rings are attached to the containment
dome and are high enough above the main steam and feedwater lines that they will not be
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struck. The two steam generators are on opposite sides of the containment, far enough apart
so that a broken pipe on one steam generator will not affect the other. The feedwater lines
have a smaller section modulus than the main steam lines. A rupture of a feedwater line will
not cause the main steam line to rupture.

The main steam and feedwater lines are generally separated vertically by 20 ft or more. Rup-
tures in a main steam line which could produce pipe whip will cause motion in the plane of
the pipe that will not carry it into the feedwater line. Nevertheless, if a main steam line rup-
ture is also postulated to cause a feedwater line break, it is not expected that the consequences
would be unacceptable or even more severe than those resulting from just a main steam line
rupture. The total mass and energy release will be smaller than for a main steam break alone
because there will be no auxiliary feedwater flow to the broken loop and because the average
enthalpy of the escaping fluid will be less, due to reduced heat transfer during the transient.
Secondary fluid will escape both as steam and as liquid feedwater and will remove less heat
than the main steam line break alone.

Because an effects-oriented evaluation of the main steam and feedwater lines could not rule
out the potential for a ruptured line striking the containment wall, a mechanistic evaluation of
the main steam line was performed. The analysis methods used made evaluation of the main
steam line a conservative envelope for both main steam and feedwater line rupture effects
upon the containment wall. The thrust force applied by the escaping fluid to the pipe was cal-
culated by multiplying the initial pressure by the pipe cross-sectional area. The steam line
force calculation thus enveloped the feedwater force calculation. The evaluation of pipe whip
effect on containment wall integrity was performed for both main steam lines A and B. The
piping stress analysis results from the Ginna Station seismic upgrade program were used in
the evaluation. The piping break locations were postulated at the following locations:

a. Terminal ends of piping run.

b. Sections where Sol + SEJ > 0.8 (1.2 Sh + SA), where the occasional loads are due to normal
and upset (operating-basis earthquake) conditions.

c. A minimum of two intermediate locations of maximum stress.

Since none of the combinations S01 + SE exceeded the stress limit, circumferential breaks
were assumed at the two intermediate points of maximum stress.

The instantaneous thrust force generated by the flashing steam-water mixture was calculated
according to the methods described in "Structural Analysis and Design of Nuclear Plant
Facilities," J. D. Stevenson et al., ASCE, 1980 (Reference 10).

This thrust force results in piping moments that may exceed the ultimate plastic moment at a
local cross section. A plastic hinge may be formed and the kinetic moment of the thrust force
may accelerate the pipe toward the containment wall.

The dynamic characteristics of the pipe required to evaluate its penetration in the containment
wall for those locations where the wall is struck are:

1. The striking velocity of the pipe vo.
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2. The effective pipe diameter

d = F (Equation 3.6-1)

where: AC is the contact area.

3. The pipe weight W.

4. The pipe shape factor N.

These variables were evaluated for the postulated break cases. In the evaluation, the effect of
the existing pipe supports and the crane structure were neglected to maximize the impact
upon the wall. This is conservative since these restraints tend to decelerate the pipe motion
and, therefore, decrease the striking velocity vo.

The analyses evaluated the structural integrity of the wall considering overall wall response
and evaluated the total pipe penetration depth in the wall.

The containment liner plate was not considered in the evaluation of the containment shell
integrity. Characteristics of the wall were based upon prestressed concrete detailed drawings
for the R. E. Ginna Nuclear Power Plant. The modified National Defense Research Commit-
tee (NDRC) formula was used for penetration depth calculations. In addition, the evaluation
considered the response of the reinforced-concrete wall system to resist penetration from a
deformable missile. The characteristics of the missile were used to develop an applied force
time-history and an analysis for the overall response to the force was carried out as for an
impulsive load. The analytical methods used are outlined in Reference 10.

The analysis results for penetration depth (X in inches) using the NDRC formula were as fol-

lows:

a. For break location in main steam line A: X = 13.96 in.

b. For break location in main steam line B: X = 3.48 in.

The analysis for missile penetration into the wall considering overall wall response resulted in
Xm/Xc = 1.352. This is considerably less than the allowable ductility ratio for impulse loads
for flexure in structures. The rectangular impulse load considered

aa. Collapse load of slab = 29,649 K.

bb. Plastic hinge moment = 2360 in K/in.

cc. Duration of impulse load = 0.00098 sec.

The conclusion of the analysis was that, even neglecting the 3/8-in. steel liner plate, structural
integrity of the containment shell is ensured:

Main steam or feedwater line ruptures could result in a pipe whip which strikes the contain-
ment crane support structure. The crane is supported by eight vertical columns and horizontal
bracing. A complete loss of one support column will not cause the crane to fall.
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As part of the mechanistic evaluation discussed above, it was determined that the two highest
stress locations between the terminal ends of the B main steam line which were postulated to
break are not located along the pipe where it passes between the crane supports. Breaks at the
terminal ends also will not impact the crane supports; therefore, it was concluded that the
dynamic effects of a main steam line break will not cause crane failure.

3.6.1.3.2.9 Residual Heat Removal Pump Discharge Line

Breaks in this line are considered only between the reactor coolant system and the loop B
innermost isolation valve (MOV 721) inside containment in accordance with Standard
Review Plan 3.6.1. This line segment is within the loop B compartment. Piping upstream of
the isolation valve will not whip because no sustained high energy source is connected to the
piping during power operation and most shutdown operations. Breaks in the piping down-
stream of the isolation valve would result in a loss-of-coolant accident with the potential for
piping that is attached to the reactor coolant system to whip. Therefore, a leak-before-break
analysis was submitted to the NRC for review and approval (Reference 28). This was
approved by NRC SER dated February 25, 1999 (Reference 29), as noted in Section
3.6.1.3.2.3.

3.6.1.3.2.10 Standby Auxiliary Feedwater Lines

Breaks are considered in this line between the steam generators and the check valves inside
containment. These 3-in. line segments are attached to the feedwater lines near the steam
generators and are above the operating floor. A break in these lines will result in a small feed-
water line break. Auxiliary feedwater flow to the unbroken steam generator feedwater line
will not be affected. All of the engineered safety feature equipment is remote from these
lines. No unacceptable consequences will result from a break in these lines.

3.6.1.3.2.11 Accumulator Lines and Branch Lines

The accumulator branch lines greater than 1-in. diameter are two 2-in. level instrument taps,
one 2-in. line to the reactor coolant drain tank, and one 2-in. high-pressure safety injection
discharge line connected to each accumulator line injecting to the reactor coolant system.
During operation, when the accumulators are pressurized, the lines to the reactor coolant
drain tank are isolated approximately 5 ft from the accumulator tanks. The instrument tap
lines run vertically along the side of the accumulator tanks.

The safety injection lines discharge into the accumulator lines near the shield wall outside
each compartment with a check valve in the line 10 ft or less from the point of intersection
with the accumulator line. Breach of the accumulator line due to a safety injection line pipe
break will not result in a loss-of-coolant accident because of the check valves inside the com-
partment. The safety injection lines, if broken, could impact or impinge upon the 4-in. low-
pressure safety injection lines; however, the section modulus of the low-pressure safety injec-
tion lines, shown on Table 3.6-3, is larger than that of the safety injection lines. The low-pres-
sure safety injection lines will not be damaged to the extent that loss of function occurs and
check valves in the lines will maintain the reactor coolant system pressure boundary. Opera-
tion and shutdown of the plant can be accomplished using the normal charging and letdown
paths, which are remote from these break locations, or by charging and letdown through the
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reactor coolant pump seals. Seal injection to the reactor coolant pump A passes through the
area containing the safety injection branch line to loop A; however, the seal injection line has
a larger section modulus than the safety injection line and will not incur damage that will
cause loss of function as a result of the break.

Breaks in the 1 0-in. accumulator lines inside the loop compartments between the reactor cool-
ant system and the accumulator line check valves would result in a loss-of-coolant accident;
the effects of pipe whip or impingement will be confined to a single loop compartment. All
of the mitigation equipment, including safety injection to the unbroken loop, low-pressure
safety injection to the vessel nozzles, containment fan coolers, and containment spray, is out-
side the compartments and remote from the breaks.

Breaks in the A accumulator line between the accumulator tank skirt and the loop compart-
ment walls will not, by themselves, result in a loss of primary coolant. The check valve
located inside the loop B compartment will prevent loss of primary coolant. Only accumula-
tor fluid will be lost as a result of the break. Interaction with other equipment is acceptable,
provided the interaction does not cause loss of primary inventory or interfere with maintain-
ing the plant in a safe shutdown condition; therefore, equipment required only for mitigation
of loss-of-coolant accidents or large secondary system breaks need not remain functional for
the accumulator break. The following equipment was eliminated from consideration:

" Containment spray line.

" High-pressure safety injection line.

" Low-pressure safety injection valve control circuits.

• Fan coolers.

However, the following equipment required further evaluation and is discussed below.

" Low-pressure safety injection line.

" Residual heat removal outlet line.

" Instrumentation circuits.

The A accumulator line stresses have been determined in the Seismic Piping Upgrade pro-
gram (Section 3.9.2.1.8). Stresses in the line are low and, generally, are only 10% to 25% of
allowable. Thus, breaks need only be defined at the terminal ends and at the two highest
stress intermediate locations. The two terminal break locations are at the reactor coolant loop
and inside the accumulator skirt. As discussed earlier, breaks inside the loop compartment
will not affect the required mitigation equipment. The terminal end break inside the accumu-
lator skirt will not damage any equipment or circuits required for safe shutdown.

In order to comprehensively address potential dynamic effect concerns from the accumulators
both lines "A" and "B," Ginna elected to perform a detailed fracture mechanics analysis for
these lines and submit it to the NRC for review and approval (Reference 31 and 32).

The ASME Code Class I portion of the accumulator A piping extends from the RCS loop
cold leg nozzle to check valve 867A and motor-operated valve 721 (nodes 856 through 960).
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This portion of the accumulator A piping also serves as part of th RHR system. All the nodal
locations on the affected portion, with the exception of Node 856, were considered in the
LBB evaluation of the RHR system piping, which the staff approved in a safety evaluation
dated February 25, 1999. Therefore, the scope of the LBB evaluation for the accumulator A
line in the application involves a short pipe segment that includes only Node 856, which is
located at one end of check valve 867A.

The scope of the LBB evaluation for the accumulator B line includes only the elbow between
the cold leg nozzle of the RCS loop (node 60) to check valve 867B (node 80), excluding the
valve itself. There is no flow in the accumulator lines during normal operation, including no
possibility of cold in-leakage past the insolation valves, and complex system transients are
not involved.

The accumulator piping for both A and B is constructed from ASME Code, Section II, mate-
rial classification SA-376, Type 316, stainless steel. The welds are fabricated with stainless
steel electrodes (ASME IX filler material E316) using the SMAW process. The welds in both
accumulator lines do not contain Alloy 82/182 material, which is susceptible to stress-corro-
sion cracking. The piping is schedule 160 with a nominal diameter of 10 inches. The operat-
ing pressure is 2235 psig and the operating temperature is 550 'F.

Leak Before Break (LBB) Methodoloiy

Draft SRP 3.6.3 and NUREG-1061, Volume 3, specify that the LBB approached should not
be applied to high energy piping that has experienced stress-corrosion cracking, water-ham-
mer, or, low-and high-cycle fatigue. Ginna established that no active degradation mecha-
nisms (flow accelerated corrosion and stress-corrosion cracking) were expected in the
accumulator piping segments. Ginna referenced an NRC report, NUREG-0927, in which it
was stated that the probability of water hammer occurrence in the affected portions of the
accumulator system is very low. In addition, Ginna has implemented Electric Power
Research Institute (EPRI) guidelines TR- 106438, "Water Hammer Handbook for Nuclear
Plant Engineers and Operators"' May 1996, to prevent and mitigate water hammer events at
Ginna. As for fatigue, Ginna demonstrated by fatigue crack growth analysis as discussed
below that fatigue will not be a significant problem for the accumulator lines.

NUREG-1061, Volume 3, recommends that actual plant-specific material properties be used
in the LBB evaluations. Ginna determined that actual archival materials for the accumulator
piping is not available, therefore the least favorable material properties from the EPRI Ductile
Fracture Handbook, 1989, was used as basis for flaw acceptance criteria in the ASME Code,
Section XI.

The material properties of interest for fracture mechanics and leakage calculations are the
modulus of elasticity, the yield stress, the ultimate stress, the Ramberg-Osgood parameters for
describing the stress strain curve, the fracture toughness, and the power law coefficient for
describing the material J-Resistance curve. In the analysis, the least favorable of the base
metal and weld metal properties were used to obtain conservative results.

Considering the highest stress locations coincident with the worst material properties, Ginna
identified the following limiting locations for the LBB analysis, for the accumulator A pipe,
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the critical location is the weld between the pipe and check valve 867A (node 856). For the
accumulator B pipe, the two critical locations are the weld joint between the accumulator B
pipe and the cold leg nozzle (node 60) , and the weld joint between the accumulator pipe
elbow and check valve 867A (node 80). These nodes were considered for the analysis
because they are located at welds in a tee and elbow and consequently reflect high stresses
due to the stress intensification effects. In addition, the SMAW weld properties at these nodes
will provide the most conservative critical flaw and leakage flaw sizes because of its low
toughness and susceptibility to thermal aging.

At the three criteria locations, Ginna calculated the leakage flaw sizes using loading associ-
ated with normal operating conditions, including axial forces and moments due to pressure,
dead weight, and thermal expansion. Ginna calculated the length of a through-wall circum-
ferential flaw which would generate a leakage rate of 2.5 gpm, which is 10 times the leakage
detection capability of 0.025 gpm at Ginna.

Ginna calculated the critical flaw sizes at the critical locations using elastic-plastic fracture
mechanics with the J-integral method. The pipe loading applied to the cracks were axial
forces and moments of normal operating and faulted conditions. Including safe shutdown
earthquake and seismic anchor motion loads. Ginna used the "absolute sum" method to add
the individual axial forces and moments into the combined axial forces and moments.

Ginna performed a fatigue crack growth analysis to determine the sensitivity of the accumula-
tor lines to the postulated small cracks when subjected to the various transients. Cracks of
various depth and aspect ratios were assumed. The fatigue crack growth analysis showed that
in 60 years the fatigue crack grow this insignificant. The analysis also showed that the crack
will grow though-wall before extending in length significantly. This indicates that leakage
will occur before safety margins are exceeded.

The NRC staff confirmed that the proposed pipe segments in accumulator lines A and B can
be shown to exhibit LBB behavior consistent with the guidance in Draft SRP 3.6.3 and
NUREG-1061, Volume 3. The NRC noted that Ginna has shown that: (1) a margin of 10
exists between the calculated leak rate from the leakage flaw and the leak detection capability
of 0.25 gpm; (2) a margin of 2 or more exists between the critical flaw and the flaw having a
leak rate of 2.5 gpm; (3) fatigue crack growth in 60 years has been shown to be insignificant.;
(4) loadings are applied to postulated cracks and pipes consistent with SRP 3.6.3; and (5)
there are no active degradation mechanisms associated with accumulator lines A and B.

The effect of a break in the accumulator level measurement taps on nearby instrument circuits
has been evaluated. It had been determined that the A accumulator level tap is in the vicinity
of safety-related cable trays and conduit. A break in this 2-in. line was evaluated, and, as a
result, safe shutdown instrumentation was rerouted away from the dynamic effects of the pos-
tulated break.

3.6.1.3.2.12 Auxiliary Spray Line

The 2-in. auxiliary spray line is not normally used for pressure control and the isolation valve
is normally closed. There is a check valve inside the pressurizer compartment. Breaks in the
line between the reactor coolant system and the check valve will result in a small loss-of-
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coolant accident. The effects of the break will be limited to the pressurizer compartment.
None of the engineered safety feature equipment, including safety injection to loop B, will be
affected by the break.

Breaks in the line upstream of the check valve will have minimal effect. Reactor coolant sys-
tem blowdown is prevented by the check valve and the positive displacement charging pumps
will not provide a sustained high-energy source to cause pipe whip or significant impinge-
ment. The loss of charging flow and mitigation of the accident effects as a result of the break
are discussed in the charging line item above. Further, a failure in the check valve to operate
will have results which are bounded by the effects of the postulated letdown line break.

3.6.1.3.2.13 Reactor Coolant System

Asymmetric blowdown loads resulting from double-ended pipe breaks in the main coolant
loop piping are not considered as a design basis for Ginna Station. Reference 11 provided the
NRC safety evaluation of information submitted by Westinghouse for a group of plants that
included Ginna Station to resolve Unresolved Safety Issue A-2, asymmetric loss-of-coolant
accident loads. The evaluation concluded that the asymmetric loss-of-coolant accident loads
need not be considered as a design basis provided certain conditions were met. By Reference
12 Ginna Station submitted information regarding the capability of installed leakage detection
systems to detect a I -gpm leak within 4 hours. By Reference 13 the NRC concluded that the
leakage detection systems at Ginna Station met the criteria specified in Reference 11. See
Section 5.4.11.1.2.

3.6.1.3.2.14 Pressurizer Surge Line

A fracture mechanics analysis was performed of this line, so that the dynamic effects associ-
ated with pipe rupture would be outside the design basis of the plant. The submittals were
provided in References 31 and 32, and approved in Reference 33.

The 10-inch pressurizer surge line connects reactor coolant system (RCS) hot-leg B to the
bottom of the pressurizer. The line is run along the loop B compartment wall and an exterior
vertical wall of the refueling canal before turning upward to connect to the bottom of the pres-
surizer. Rupture of the line may require operation of the nearby low-pressure safety injection,
high-pressure safety injection, and containment spray to mitigate the loss-of-coolant accident.
These lines, although nearby, are mostly routed on the underside of the refueling canal which
is above the basement floor. The surge line and mitigating equipment pipes are on walls
which are normal to each other at an exterior corner over most of the pipe run.

The scope of the LBB evaluation for the pressurizer surge line coves the entire line from the
primary loop nozzle junction to the pressurizer shell nozzle. The surge line was fabricated
from wrought austenitic stainless steel, American Society of Mechanical Engineers Boiler
and Pressure Vessel Code (ASME Code) material classification SA-376, Type 316, and does
not include any cast materials.

The piping welds were fabricated from stainless steel using gas tungsten arc welding (GTAW)
and/or shielded metal arc welding (SMAW). None of the welds contain Alloy 82/182 mate-
rial; therefore, primary water stress-corrosion cracking (PWSCC) is not a concern for the
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welds. There is a stainless steel safe-end piece between the nozzle and reducer at the pressur-
izer, therefore, primary water stress-corrosion cracking (PWSCC) is not a concern for the
welds. There is a stainless steel safe-end piece between the nozzle and reducer at the pressur-
izer nozzle location. The outside diameter of the pipe is 10.75 inches and the minimum wall
thickness is 0.896 inch.

Leak Before Break (LBB) Methodology

Draft SRP 3.6.3 and NUREG-1061, Volume 3. Specify that the LBB approach should not be
applied to high energy piping that has experienced stress-corrosion crackling, water hammer
or low-and-high-cycle fatigue. Ginna has established that no active degradation mechanisms
(e.g., flow accelerated corrosion, stress-corrosion cracking, fatigue) were expected in the sub-
ject piping segments. Also it has been established that no unanalyzable loading events (water
hammer) would be expected to occur in the surge piping segments, and that there has been no
service-induced crackling or wall thinning in the surge lines of Westinghouse PWRs.

As part of the Ginna inservice inspection program, welds in the pressurizer surge line are
periodically inspected. During the 2003 refueling outage, based on the liquid penetrant test,
there were indication on the outer diameter surface of the weld that connects the safe-end to
the pressurizer surge nozzle. A boat sample was removed from a section containing a number
of indications and examined to determine the root cause of the indications. The root cause
was attributed to hot cracking, which developed during original construction. Similar indica-
tions were observed during the 2005 refueling outage inspection of the same weld. The indi-
cations were ground out until the linear indications disappeared. It appears that the
indications were not service-induced and not caused by any active degradation mechanism.

The mechanical properties of the surge line at room temperature were obtained from the man-
ufacturer's certified materials test reports. The minimum and average tensile properties were
calculated by using the ratio of the ASME Code, Section II properties at various operating
temperature. The representative minimum yield strength and minimum ultimate strength at
operating temperature were used for the flaw stability evaluations and the representative aver-
age yield strength was used for the leak rate predictions.

Based on consideration of the highest stress locations coincident with the worst material
properties, Ginna identified three bounding locations at nodes 1020, 1120, and 1280 for the
LBB analysis. Node 1020 has the highest stress and is located at the weld joint between the
surge line and the hot leg. Node 11220 has the second highest stress and is located at the weld
at the end of the bend of the pipe. Node 1280 has the third highest stress and is located at the
weld joint between the surge line and pressurizer nozzle.

At the three limiting locations, Ginna calculated leakage flaw sizes using loading associated
with normal operating conditions, which included axial forces and moments due to pressure,
dead weight, and thermal expansion. Ginna also calculated the length of a through-wall cir-
cumferential flaw at the three weld locations that would generate a leakage rate of 2.5 gpm.
This evaluation was based on the crack morphology parameters (surface roughness and num-
ber of turns) associated with fatigue cracks. Comparing a leak rate of 2.5 gpm to a detection
capability of 0.25 gpm within 1 hour, a margin of 10 was achieved, which satisfies the LBB
criterion in Draft SRP 3.6.3.
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In recent industry experience, improved fuel integrity and reduced RCS radioactivity levels
have caused the gaseous channel of the containment atmosphere radiation monitor to become
less effective for RCS leakage detection. The detection of RCS leakage could take longer
than is required in the plant technical specifications. In light of the experience, the NRC staff
asked Ginna (Reference 34) whether the current leakage detection capability of 0.25 gpm at
Ginna can still be maintained and satisfy Regulatory Guide (RG) 1.45, "Reactor Coolant
Pressure Boundary Leakage Detection Systems," May 1973. Ginna cited its previous LBB
application submittal and associated staff review for the residual heat removal (RHR) system
piping in 1998 (References 28 and 29). In a letter dated August 8, 1998 (References 35)
Ginna stated that the particulate monitors were demonstrated to be capable of detecting very
small leak rates, even with robust fuel. Ginna did not credit the gaseous monitors to meet the
0.25 gpm within 1 hour detection capability, although the monitors are a useful backup. The
second credited leak detection system is inventory balance. In Reference 29 the NRC staff
approved the LBB application for the RHR system piping. In the NRC staffs safety evalua-
tion, the staff found that the 0.25 gpm detection capability is acceptable because Ginna has a
relatively small containment volume, effective recirculation of air in the containment, and the
second generation of R- 11 detector. For the current LBB application on the surge line, the
staff also found that the leakage detection capability of 0.25 gpm is acceptable based on the
previous information submitted.

Ginna calculated the critical flaw sizes for the 3 bounding locations based on limit load anal-
ysis, which follows the net section collapse criterion in NUREG-1061, Volume 3. The load-
ing from the faulted conditions, which include normal operation conditions in conjunction
with safe shutdown earthquake and seismic anchor motion loads was used. The severe tran-
sients such as thermal stratification and forced cooldown (also known as pressurizer reflood)
were included. In the critical flaw calculation, the "absolute sum" method was used to add
the individual axial forces and moments into the combined axial forces and moments. When
analyzing the stainless steel weld using a limit load approach, an additional factor (Z-factor)
was incorporated to account for the generally lower toughness and low load carrying capacity
of the SMAW welds. Ginna applied the Z-factor to increase the applied loads and thus reduce
the critical flaw size, which would be conservative. The ratios between the critical flaw size
and the leakage flaw size for the bounding locations maintained a factor of 2, which satisfied
the guidance in Draft SRP 3.6.3.

Ginna also performed a fatigue crack growth analysis to determine the sensitivity of the surge
line to the postulated small cracks when subjected to the various transients. Five cracks were
assumed at the reducer between the surge line pipe and pressurizer nozzle. The initial flaws
were assumed to be 10% of the wall thickness with an aspect ratio (crack length to depth) of 6
to 1. The result showed that the maximum final crack size after 60 years was insignificant.
The flaw growth through the pipe wall is not expected to occur and it was concluded that
fatigue crack growth is not a concern.

It has thus been confirmed that the surge line can be shown to exhibit LBB behavior consis-
tent with the guidance in Draft SRP 3.6.3 and NUREG-1061, Volume 3. Ginna has shown
that: (1) a margin of 10 exists between the calculated leak rate from the leakage flaw size and
the detection capability of the leakage detection system; (2) a margin of 2 or more exists
between the critical flaw size and the leakage flaw size having a leak rate of 2.5 gpm; (3)
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loadings are applied to postulated cracks and pipes consistent with SRP 3.6.3; (4) fatigue
crack growth in 60 years has been shown to be insignificant; and (5) there are no active degra-
dation mechanisms associated with the surge line.

3.6.1.3.2.15 Pressurizer Spray Lines

The pressurizer spray nozzle is fed with 3-in. lines from each loop through isolation valves
inside the pressurizer compartment. The line from loop B is routed entirely within the loop B
compartment and the pressurizer compartment. The line from loop A passes outside the loop
A compartment near the accumulator and high-pressure safety injection lines to loop A and
near a low-pressure safety injection and containment spray line before entering the pressur-
izer compartment. A rupture in either of the pressurizer spray lines will result in a small loss-
of-coolant accident. All of these lines, with the exception of the 2-in. portion of the high-
pressure safety injection line, have a section modulus greater than that of the pressurizer spray
line and will not incur damage that will cause loss of function. For a break in either of the
spray lines, the mitigating equipment inside containment which may be required is safety
injection to the unbroken loop, containment fan coolers, and containment spray.

Safety injection to the unbroken loop and the containment fan coolers are remote from all
break locations in both loop A and loop B spray lines. The containment spray lines are
remote from breaks in the loop B line but could be affected by the loop A line. The contain-
ment spray line has a larger section modulus than the pressurizer spray line and will not incur
damage that will cause loss of function.

Reach rods for the containment sump valves to the low-pressure safety injection pump suc-
tion lines are also in the area which may be affected by the loop A spray line. These valves
are open and are inactive in the accident sequence. If breaks occur where damage can be
done to the sump valve reach rods, flow may be restricted. A mechanistic evaluation of the
pressurizer spray line from loop A, which passes near the reach rods, was performed and
showed that breaks need not be postulated near the reach rods.

3.6.1.3.2.16 Pressurizer Safety and Relief Lines

The high-energy portions of the pressurizer safety and relief piping are the lines from the top
of the pressurizer to the safety and relief valves. These lines are all less than 10 ft in length
and are contained entirely within the pressurizer compartment. Ruptures in any of the lines
will result in a small hot-leg loss-of-coolant accident. All of the engineered safety feature
equipment required to mitigate the effects of the break is outside the compartment and will
not be affected. No unacceptable consequences will result from the pipe break.
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3.6.2 POSTULATED PIPING FAILURES IN FLUID SYSTEMS OUTSIDE
CONTAINMENT

3.6.2.1 Introduction and Summary

3.6.2.1.1 Initial Evaluation

In December 1972, the NRC staff sent letters to all power reactor licensees requesting an
analysis of the effects of postulated failures of high-energy lines outside of containment (Ref-
erence 1).

In response to that letter, Ginna Station submitted an evaluation of the effects of postulated
high-energy line breaks outside of containment on November 1, 1973 (Reference 14). As a
result of that evaluation and subsequent followup evaluations, Ginna Station committed to
perform station modifications and to implement an augmented inservice inspection program
to mitigate the effects of postulated pipe breaks (Reference 15). The augmented inservice
inspection program was approved by the NRC in Amendment 7 to the Ginna operating
license (DPR- 18) by letter dated May 14, 1975 (Reference 16). The station modifications
were as follows:

1. An augmented inservice inspection program was initiated to further reduce the probability
of a main feedwater or steam line rupture.

2. A standby auxiliary feedwater system was (SAFW) added to further improve steam genera-
tor feedwater reliability and specifically to substitute for the preferred auxiliary feedwater
in the low probability that preferred auxiliary feedwater pumps are damaged due to nearby
high-energy pipe breaks within the intermediate building.

3. Check valves were added to existing preferred auxiliary feedwater lines near the connec-
tions to the main feedwater lines to minimize the preferred auxiliary feedwater piping that
is pressurized during MODES I and 2.

4. Two parallel remotely operated valves were added to a crossover line between the motor-
driven pump discharges to provide additional auxiliary feedwater makeup capability.

5. A large metal plate jet shield was installed underneath the main steam header in the inter-
mediate building to protect the service water (SW) piping from a postulated crack in the
main steam line. Jet impingement shields were added to protect vital equipment including
containment isolation valves, motor generators, transfer switches, cable trays, terminal
boxes and wiring, pressure transmitters, and reactor trip breakers. Also, jet shields were
added to protect main steam bypass valves and piping, and at other locations.

6. Instrument cabling was relocated to areas that will not be affected by postulated high-
energy pipe breaks.

7. The heating and ventilation system was modified to withstand postulated high-energy pipe
breaks without further endangering the capability to safely shut down the plant.

8. In the east end of the cable tunnel, the cable tray which connects the intermediate building
and the control building air handling room was sealed with a barrier and fire resistant mate-
rials. The cable tray which connects the control building air handling room and the relay
room was also sealed with fire resistant materials.
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9. Openings around pipes and cable trays that pass through the areas required for safe shut-
down of the plant were sealed to prevent steam leakage into these areas in the unlikely
event of steam or feedwater line breaks in the turbine building.

10. Steam generator blowdown lines were rerouted through the subbasement to minimize the
potentially detrimental effects of breaks in these lines within the intermediate building.

11. Sufficient floor grating was installed at manholes to guard against flooding of safety-related
equipment in the intermediate building resulting from an assumed feedwater line break.

12. Steam line pressure and feedwater flow transmitters were relocated away from the locations
that could be affected by postulated high- energy line breaks.

13. Pressure-shielding steel diaphragm walls were installed at the control building-turbine
building wall and at the diesel building-turbine building wall to ensure continued operabil-
ity of safety-related equipment following a postulated high-energy pipe break in the turbine
building.

3.6.2.1.2 Systematic Evaluation Program Reevaluation

In addition, certain modifications were made as a result of the Systematic Evaluation Program
reevaluation of the effects of pipe breaks outside containment. These are summarized below:

I. Hose connections from the fire water system have been installed to provide an alternate
source of cooling water for the diesel generators that is independent of the service water
(SW) system. This responded to the possible damage to the power supplies to all service
water (SW) pumps from high- or moderate-energy line breaks in the screen house.

2. The doorway between the mechanical equipment room and the battery rooms was replaced
with a watertight wall. A water relief valve was provided between the mechanical equip-
ment room and the turbine building. The evaluation had shown that a moderate-energy line
crack in the service water (SW) piping located in the mechanical equipment room could
result in the flooding of both battery rooms.

3. Pipe whip and jet impingement protection is being provided for the 6-in. heating steam line
riser located on the intermediate floor of the auxiliary building to protect safety-related
electrical equipment in the vicinity of the riser.

4. Heating steam lines have been removed from the relay room and air handling room in order
to maintain a mild environment for the purpose of environmental qualification of electrical
equipment in the rooms.

5. A spare charging pump breaker and feeder breaker for bus 16, stored in an area not subject
to a heating or process steam line break, and spare power cable which can be routed from
bus 16 to the charging pump were provided in order to restore power to the charging pump
in the event that either the breakers or power feeds fail as a result of a postulated break in
the steam heating line in the auxiliary building. The later environmental qualification of the
charging pump and power supply breakers at bus 16 eliminated the need for the spare
breakers. The spare power cable is still required, and is stored in an area outside the auxil-
iary building. See Section 3.6.2.5.1.8 for details-of these modifications.
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3.6.2.2 Evaluation Procedure

3.6.2.2.1 Initial Evaluation

The initial evaluation in response to the NRC December 1972 letter (Reference 1) was accom-
plished as discussed in the following paragraphs.

Piping lines were divided into three categories: high energy, moderate energy, and low
energy. High-energy lines were those that exceeded 200'F and 275 psig, moderate-energy
lines were those that exceeded 200'F or 275 psig, and low-energy lines were those that did
not exceed 200'F or 275 psig. Only those lines that were in the same building or in the prox-
imity of safety-related equipment required for safe shutdown were considered in the review.
The lines reviewed are listed as follows:

Lines Considered Location Energy Level

Main steam Intermediate and turbine buildings High

Feedwater Intermediate and turbine buildings High

Preferred auxiliary feedwater Intermediate building Low

Steam supply to preferred auxil- Intermediate building Low
iary feedwater pump turbine

Steam generator blowdown Intermediate and turbine buildings High

Charging line Auxiliary building Moderate

Plant steam Auxiliary, intermediate, and turbine Moderate
buildings

Residual heat removal Auxiliary building Low

The lines considered high energy were evaluated for the effects of longitudinal and circumfer-
ential (full-diameter) breaks. The lines considered moderate energy were evaluated for the
effects of crack breaks. The lines considered low energy were not postulated to break. The
effects of full-diameter breaks considered were whip, jet impingement, pressurization, envi-
ronmental, and flooding. The effects of crack breaks considered were jet impingement and
environmental.

Main steam and feedwater line postulated breaks were reviewed to determine the equipment
required to bring the plant to a safe shutdown. Should a major main steam line break occur,
reactor trip, preferred auxiliary feedwater system operation, and isolation of main steam and
main feedwater would be initiated. Following a major feedwater line break, reactor trip and
preferred auxiliary feedwater system operation would be initiated. For these postulated
breaks, cooling would be accomplished by feedwater addition through the preferred auxiliary
feedwater system. The equipment required to bring the plant to a safe shutdown following
main steam or feedwater pipe ruptures was listed.
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3.6.2.2.2 Systematic Evaluation Program Reevaluation

The reevaluations of the effects of pipe breaks outside containment, in response to SEP Topic
III-5.B, involved the comparison of Ginna Station with the then current NRC criteria for pipe
breaks outside containment as set forth in Standard Review Plans 3.6.1 and 3.6.2 and Branch
Technical Positions ASB 3-1 and MEB 3-1. Current criteria defines a high-energy fluid sys-
tem as one where the maximum operating temperature is greater than or equal to 200'F or the
maximum operating pressure is greater than or equal to 275 psig. In the initial (1972) review,
a high-energy system was one in which both temperature and pressure exceed 200'F and 275
psig, respectively. All other piping is considered moderate-energy piping in accordance with
current criteria. An effects-oriented approach to determine the acceptability of plant response
to pipe breaks, i.e., each structure, system, component, and power supply which must func-
tion to mitigate the effects of the pipe break and to safely shut down the plant was examined
to determine its susceptibility to the effects of the postulated break. Break effects considered
were compartment pressurization, pipe whip, jet impingement, spray, flooding, and environ-
mental conditions of temperature, pressure, and humidity.

The SEP reevaluation of pipe breaks outside containment considered the zones within the
plant which contain systems required for safe shutdown and/or systems required to mitigate
the effects of postulated pipe breaks. These zones were the screen house, diesel-generator
rooms, intermediate building (elevation 293, 278, and 253 ft), turbine building (elevation 289,
271, and 253 ft), control room, relay room, battery rooms, mechanical equipment room, and
auxiliary building (elevation 271, 253, and 235 ft).

The safe shutdown systems which were examined from the standpoint of protection from pipe
break effects were identified in the NRC staffs SEP Safe Shutdown Review for Ginna. These
systems included the following:

* Reactor Trip System (RTS).

* Auxiliary feedwater system.

* Main steam.safety, isolation, and atmospheric dump valves.

* Service water (SW) system.

* Chemical and volume control system.

* Component cooling water (CCW) system.

* Residual heat removal system.

* Instrumentation for shutdown and cooldown.

* Emergency power (ac and dc) and control power for the above systems and components.

The evaluations were conducted as described in Sections 3.6.2.3 and 3.6.2.4 to determine the
possible break locations and effects associated with the postulated failure of the piping.
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3.6.2.3 Analysis Criteria

3.6.2.3.1 December 18, 1972, AEC Letter Evaluation Criteria

For those lines outside containment a mechanistic analysis to determine break locations was
performed in response to the AEC letter of December 18, 1972 (Reference 1), requesting gen-
eral information related to the consideration of the effects of piping system breaks outside
containment. The criteria used in that evaluation is presented below.

The mechanistic evaluation was as follows. Design-basis breaks in straight or curved pipes of
a 4-in. diameter or greater were assumed to be either longitudinal or circumferential, with the
break area equal to the flow area of the pipe. Design-basis breaks at branch points were
assumed to be circumferential in the branch and longitudinal in the run with the break area
equal to the flow area of the branch. The criteria used to select design-basis break locations
were as follows:

A. Postulated breaks at terminal points (anchored, rigid attachment to equipment, or anchor
extensions).

B. Postulated breaks at branch points.

C. Postulated intermediate breaks between terminal points whenever the primary stress (pres-
sure, weight, operating-basis earthquake) plus secondary stress (thermal) exceeds 80% of
(Sh + SA), or where secondary stress alone exceeds 80% of SA.

D. As a minimum, two intermediate breaks between terminal points were selected at locations
of highest stress.

Crack breaks were postulated at adverse locations in moderate and high-energy piping and
were assumed to be one-half the pipe diameter in length and one-half the pipe wall thickness
in width.

3.6.2.3.2 Systematic Evaluation Program Criteria

In response to the NRC SEP review, an effects-oriented approach was used to reevaluate the
analyses and its conformance with current criteria. The criteria utilized in this approach was
selected from that used in the NRC Standard Review Plans 3.6.1 and 3.6.2 and associated
Branch Technical Positions ASB 3-1 and MEB 3-1 (Revision 1). Excerpts from that criteria
are as follows:

3.6.2.3.2.1 High-Energy Fluid Systems Piping

1. Breaks and cracks need not be postulated in those portions of piping from containment wall
to and including the inboard or outboard isolation valves provided they meet the require-
ments of the ASME Code, Section 1II, Subarticle NE-1120 and the additional design
requirements specified in MEB 3-1.

2. Breaks in Class 1 piping (ASME Code, Section III) should be

a. At terminal ends.
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b. At intermediate locations where the maximum stress range as calculated by Equation
10 and either Equations 12 or 13 of paragraph NB-3653, ASME III, exceeds 2.4 Sm.

c. At intermediate locations where the cumulative usage factor exceeds 0.1.

d. If two intermediate locations cannot be determined by b. and c. above, two highest
stress locations based on Equation 10 should be selected. If the piping run has only
one change or no change of direction, only one intermediate location should be postu-
lated. As a result of piping reanalysis, the highest stress locations may be shifted;
however, the initially determined intermediate break locations need not be changed
unless one of the following conditions exist. (Note: This requirement was changed by
Generic Letter 87-11, which eliminated arbitrary pipe break locations.)

1. Maximum stress ranges or cumulative usage factors exceed the threshold levels in
b. or c. above.

2. A change is required in pipe parameters such as major differences in pipe size,
wall thickness, and routing.

3. Breaks at the new highest stress locations are significantly apart from the original
locations and result in consequences to safety-related systems requiring additional
safety protection.

In such conditions, the newly determined highest stress locations should be the
intermediate break locations.

3. With the exceptions of those portions of piping identified in item 1 above, breaks in Class 2
and 3 piping (ASME Code, Section III) should be postulated at the following locations in
those portions of each piping and branch run.

a. At terminal ends.

b. At intermediate locations selected by one of the following criteria:

1. At each pipe fitting (e.g., elbow, tee, cross, flange, and nonstandard fitting),
welded attachment, and valve. Where the piping contains no fittings, welded
attachments, or valves, at one location at each extreme of the piping run adjacent
to the protective structure.

2. At each location where the stresses exceed 0.8 (1.2 Sh + SA) but at not less than
two separated locations chosen on the basis of highest stress. Where the piping
consists of a straight run without fittings, welded attachments, or valves, and all
stresses are below 0.8 (1.2 Sh + SA), a minimum of one location chosen on the
basis of highest stress. As a result of piping reanalysis, the highest stress locations
may be shifted from original calculations. (Note: This requirement was changed
by Generic Letter 87-11, which eliminated arbitrary pipe break locations.)

4, Breaks in non-nuclear class piping should be postulated at the following locations in each
piping or branch run. (Note: This requirement was changed by Generic Letter 87-11, which
eliminated arbitrary pipe break locations.)

a. At terminal ends of the run if located adjacent to the protective structure.
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b. At each intermediate pipe fitting, welded attachment, and valve.

5. If a structure separates a high-energy line from an essential component, that separating
structure should be designed to withstand the consequences of the pipe break in the high-
energy line which produces the greatest effect at the structure irrespective of the fact that
the above criteria might not require such a break location to be postulated.

6. Leakage cracks should be postulated in ASME Code, Section III, Class I piping where the
stress range by Equation 10 of Paragraph NB-3653 exceeds 1.2 Sm, and in Class 2 and 3 or

nonsafety class piping where the stress by the sum of Equations 9 and 10 of Paragraph NC/
ND 3652 exceeds 0.4 (1.2 Sh + SA). Non-safety class piping which has not been evaluated

to obtain similar stress information shall have cracks postulated at locations that result in
the most severe environmental consequence. (Note: This requirement was changed by
Generic Letter 87-11, which eliminated arbitrary pipe break locations.)

3.6.2.3.2.2 Moderate-Energy Fluid System Piping

1. Fluid Systems Separated from Essential Systems and Components.

A review of the piping layout and plant arrangement drawings should clearly show that the
effects of through-wall leakage cracks at any location in piping designed to seismic and
nonseismic standards are isolated or physically remote from essential systems and compo-
nents.

2. Fluid System Piping in Containment Penetration Areas.

Leakage cracks need not be postulated in those portions of piping from containment wall to
and including the inboard or outboard isolation valves, provided they meet the requirements
of the ASME Code, Section III, Subarticle NE-I 120, and are designed such that the maxi-
mum stress range does not exceed 0.4 (1.2 Sh + SA) for ASME Code, Section III, Class 2

piping.

3. Fluid Systems in Areas Other Than Containment Penetration.

a. Through-wall leakage cracks should be postulated in fluid system piping located adja-
cent to structures, systems, or components important to safety, except where exempted
by Section 3.6.2.3.2.1, item I above and item 4 below or where the maximum stress
range in these portions of Class 1 piping (ASME Code, Section 1II) is less than 1.2 Sm,

and Class 2 or 3 or nonsafety class piping is less than 0.4 (1.2 Sh + SA). The cracks

should be postulated to occur individually at locations that result in the maximum
effects from fluid spraying and flooding, with the consequent hazards or environmen-
tal conditions developed.

b. Through-wall leakage cracks should be postulated in fluid system piping designed to
nonseismic standards as necessary to satisfy that the functional capability of essential
systems and components will be maintained after the piping failure, assuming a con-
current single active failure.

4. Moderate-Energy Fluid Systems in Proximity to High-Energy Fluid Systems.
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Cracks need not be postulated in moderate-energy fluid system piping located in an area in
which a break in high-energy fluid system piping is postulated, provided such cracks would
not result in more limiting environmental conditions than the high-energy piping break.

5. Fluid Systems Qualifying as High-Energy or Moderate-Energy Systems.

Through-wall leakage cracks instead of breaks may be postulated in the piping of those
fluid systems that qualify as high-energy fluid systems for only short operational periods
but qualify as moderate-energy fluid systems for the major operational period.

3.6.2.3.2.3 Type of Breaks and Leakage Cracks in Fluid System Piping

1. Circumferential Pipe Breaks.

The following circumferential breaks should be postulated individually in high-energy fluid
system piping at the locations specified above.

a. Circumferential breaks should be postulated in fluid system piping and branch runs
exceeding a nominal pipe size of I in., except where the maximum stress range
exceeds the limits specified in Section 3.6.2.3.2.1, items 2 and 3, but the circumferen-
tial stress range is at least 1.5 times the axial stress range. Instrument lines, 1-in. and
less nominal pipe or tubing size should meet the provisions of Regulatory Guide 1.11.

b. Where break locations are selected without the benefit of stress calculations, breaks
should be postulated at the piping welds to each fitting, valve, or welded attachment.
Alternatively, a single break location at the section of maximum stress range may be
selected as determined by detailed stress analyses (e.g., finite element analyses) or
tests on a pipe fitting.

c. Circumferential breaks should be assumed to result in pipe severance and separation
amounting to at least a one-diameter lateral displacement of the ruptured piping sec-
tions unless physically limited by piping restraints, structural members, or piping stiff-
ness as may be demonstrated by inelastic limit analysis (e.g., a plastic hingedin the
piping is not developed under loading).

d. The dynamic force of the jet discharge at the break location should be based on the
effective cross-sectional flow area of the pipe and on a calculated fluid pressure as
modified by an analytically or experimentally determined thrust coefficient. Limited
pipe displacement at the break location, line restrictions, flow limiters, positive pump-
controlled flow, and the absence of energy reservoirs may be taken into account, as
applicable, in the reduction of jet discharge.

e. Pipe whipping should be assumed to occur in the plane defined by the piping geome-
try and configuration, and to initiate pipe movement in the direction of the jet reaction.

2. Longitudinal Pipe Breaks.

The following longitudinal breaks should be postulated in high-energy fluid system piping
at the locations of the circumferential breaks specified in item 1 above.

a. Longitudinal breaks in fluid system piping and branch runs should be postulated in
nominal pipe sizes 4-in. and larger, except where the maximum stress range exceeds

Page 160 of 924 Revision 21 11/2008



GINNA/UFSAR
CHAPTER 3 DESIGN OF STRUCTURES, COMPONENTS, EQUIPMENT, AND SYSTEMS

the limits specified in Section 3.6.2.3.2.1, items 1 and 2, but the axial stress range is at

least 1.5 times the circumferential stress range.

b. Longitudinal breaks need not be postulated at

1. Terminal ends.

2. At intermediate locations where the criterion for a minimum number of break
locations must be satisfied.

3. Longitudinal breaks should be assumed to result in an axial split without pipe sev-
erance. Splits should be oriented (but not concurrently) at two diametrically
opposed points on the piping circumference such that the jet reactions cause out-
of-plane blending of the piping configuration. Alternatively, a single split may be
assumed at the section of highest tensile stress as determined by detailed stress
analysis (e.g., finite element analysis).

4. The dynamic force of the fluid jet discharge should be based on a circular or ellip-
tical (2 D x 1/2 D) break area equal to the effective cross-sectional flow area of the
pipe at the break location and on a calculated fluid pressure modified by an analyt-
ically or experimentally determined thrust coefficient as determined for a circum-
ferential break at the same location. Line restrictions, flow limiters, positive
pump-controlled flow, and the absence of energy reservoirs may be taken into
account, as applicable, in the reduction of jet discharge.

5. Piping movements should be assumed to occur in the direction of the jet reaction
unless limited by structural members, piping restraints, or piping stiffness as dem-
onstrated by inelastic limit analysis.

3. Through-Wall Leakage Cracks.

The following through-wall leakage cracks should be postulated in moderate-energy fluid
system piping at the locations specified in Section 3.6.2.3.2.2 above. (Note: This require-
ment was changed by Generic Letter 87-11.)

a. Cracks should be postulated in moderate-energy fluid system piping and branch runs
exceeding a nominal pipe size of 1 in. These cracks should be postulated individually
at locations that result in the most severe environmental consequences.

b. Fluid flow from a crack should be based on a circular opening of area equal to that of
a rectangle one-half pipe diameter in length and one-half pipe wall thickness in width.

c. The flow from the crack should be assumed to result in an environment that wets all
unprotected components within the compartment, with consequent flooding in the
compartment and communicating compartments. Flooding effects should be deter-
mined on the basis of a conservatively estimated time period required to effect correc-
tive actions.

3.6.2.3.2.4 Assumptions

In analyzing the effects of postulated piping failures, the following assumptions should be
made with regard to the operability of systems and components:
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1. Offsite power should be assumed to be unavailable if a trip of the turbine-generator system
or Reactor Trip System (RTS) is a direct consequence of a postulated piping failure.

2. A single active component failure should be assumed in systems used to mitigate conse-
quences of the postulated piping failure and to shut down the reactor, except as noted in
item 3 below. The single active component failure is assumed to occur in addition to the
postulated piping failure and any direct consequences of the piping failure, such as unit trip
and loss of offsite power.

3. Where the postulated piping failure is assumed to occur in one, two, or more redundant
trains of a dual-purpose moderate-energy essential system (i.e., one required to operate dur-
ing normal plant conditions as well as to shut down the reactor and mitigate the conse-
quences of the piping failure), single failures of components in the other train or trains of
that system need not be assumed, provided the following: The system is designed to Seis-
mic Category I standards, is powered from both offsite and onsite sources, and is con-
structed, operated, and inspected to quality assurance, testing, and inservice inspection
standards appropriate for nuclear safety systems. Examples of systems that may, in some
plant designs, qualify as dual-purpose essential systems are service water (SW) systems,
component cooling systems, and residual heat removal systems.

4. All available systems, including those actuated by operator actions, may be employed to
mitigate the consequences of a postulated piping failure. In judging the availability of sys-
tems, account should be taken of the postulated failure and its direct consequences such as
unit trip and loss of offsite power, and of the assumed single active component failure and
its direct consequences. The feasibility of carrying out operator actions should be judged
on the basis of ample time and adequate access to equipment being available for the pro-
posed actions.

3.6.2.3.2.5 Effects of Piping Failure

1. The effects of a postulated piping failure, including environmental conditions resulting
from the escape of contained fluids, should not preclude habitability of the control room or
access to surrounding areas important to the safe control of reactor operations needed to
cope with the consequences of the piping failure.

2. The functional capability of essential systems and components should be maintained after a
failure of piping not designed to Seismic Category I standards, assuming a concurrent sin-
gle active failure.

3.6.2.4 Analysis in Response to December 18, 1972, AEC Letter

3.6.2.4.1 Rupture Load Analysis

In response to the December 18, 1972, AEC letter, the rupture loads for the main steam and
feedwater piping systems outside containment were generated for each postulated pipe break
location considering circumferential and longitudinal pipe ruptures. Analytical consider-
ations included the numerical solution of the continuity, momentum, and energy, and state
equations for every volume associated with the break using the computer coded solution
PRTHRUST. Furthermore, the effects of both wave and blowdown thrust components were
considered and credit was taken for flow limiters, pipe friction, and restrictions in the line.
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In the development of the thrust-time curves, it was also postulated that the break occurred
instantaneously and that the fluid condition inside the pipe was taken as the maximum pres-
surization conditions. The rupture loads were calculated up to a maximum time of 0.5 sec
after the rupture. Thrust forces on branch lines were assumed as 1.26 PA for steam and 2.0
PA for fluid where P is the initial pipe stagnation pressure and A is the pipe flow area when no
blowdown calculation is used.

3.6.2.4.2 Main Steam System Load Analysis

The transients were developed for the thrust forces during the first 0.5 sec after the longitudi-
nal and circumferential breaks in the main steam piping system. These results were generated
assuming that the stop and Main Steam non-return check valve in the steam lines remain inac-
tive during the first 0.5 sec. The results indicated that the maximum thrust force is developed
within the first 0.0005 sec after the break. This peak is the result of rapid acceleration of the
steam at the break location before the limiting condition imposed by hydrodynamic and ther-
modynamic aspects of the flow field are achieved. As the depressurization wave moves
upstream the flow rate decreases and consequently the forces decrease rapidly reaching a
state where it becomes relatively constant.

These data were used as forcing functions in investigating the dynamic response of the rup-
tured pipe.

3.6.2.4.3 Feedwater System Load Analysis

The thrust forces on the feedwater piping due to circumferential and longitudinal breaks were
calculated for the first 0.5 sec after the pipe rupture. Certain breaks were evaluated based on
two fluid conditions inside the feedwater piping, i.e., MODE 3 (Hot Shutdown) and full load,
because of the uncertainty as to which condition represents the most severe case. The most
severe loading profile was used in further developments of the investigation.

3.6.2.4.4 Jet Impingement Load Analysis

Circumferential and longitudinal breaks in the main steam and feedwater piping result in the
formation of jets which might impinge on safety-related structures, systems, or components.
The configuration of the jet arising from longitudinal and crack breaks is such that the jet
axis is perpendicular to the axis of the pipe and the orientation is about any point along the
circumference of the pipe. Forjets generated by circumferential breaks, the jet axis is parallel
to the pipe axis and the orientation is always in the direction of the axis of the ruptured pipe.

For jet impingement effects on known targets, the following factors were considered:

" Break type, geometry, and orientation of jet axis.

* Jet expansion of 25 degrees.

" Target geometry and distance from jet.

" Fluid conditions.
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3.6.2.4.5 Pipe Whip Analysis for Main Steam and Feedwater Piping

3.6.2.4.5.1 Analytical Methods

The piping dynamic response analyses were performed using the PIPERUP computer pro-
gram. This program performs nonlinear elastic-plastic pipe whip analyses of three-dimen-
sional piping systems subjected to dynamic time-history for any functions. The piping is
modeled as an assemblage of straight and curved-beam finite elements. The analysis is con-
ducted by integrating the system equations of motion with time.

Each pipe element is initially represented in the program as a combination of three subele-
ments, whose sum stiffness equals the elastic stiffness of the pipe. During the analysis, if
computed loads at a point are detected to exceed the yield capacity of the pipe, one of the
three subelements is hinged; thus, the stiffness of the remaining two subelements corresponds
to the strain hardening modulus of the material. The analysis is then continued: if the com-
puted loads are later detected to exceed the ultimate capacity of the pipe, the second subele-
ment is hinged, leaving a single subelement with a very small stiffness. Prediction of a plastic
collapse mechanism, or pipe whip, is based on detection of excessive deflections.

The material properties used in the analysis were taken from ASME Code, Section III, for the
piping materials at operating temperatures. Lower bound material property values were used
to predict piping response.

The PIPERUP program has the capability to represent a flexible support with an initial gap
between the pipe and its support. This feature was used to model conditions of pipe impact
on structural components such as walls, floors, pipe sleeves, and columns. Evaluation of
structural failure of such components was based on reaction loads computed by the program.
In cases where pipe whip would impact other safety-related equipment, such as cabling and
instrumentation, failure of that equipment was automatically assumed to occur.

For circumferential (guillotine) breaks, response of piping on both sides of the break was con-
sidered. For longitudinal breaks, loading at any critical orientation about the circumference
of the pipe was considered.

The thermal hydraulic blowdown thrust loads input to the piping dynamic response analyses
were obtained using the PRTHRUST program, as described in Section 3.6.2.4.6.

3.6.2.4.5.2 Results of Analysis

The intermediate building structure was shown to be generally incapable of resisting the pipe
whip effects of most postulated main steam and feedwater pipe breaks within the building.
Also, analyses of the main steam and feedwater anchor assemblies showed that these ele-
ments would be overstressed due to the breaks, and reactions from the anchor loading were
shown to be excessive for the basic structural steel framing of the intermediate building.

Although the control building is somewhat remote from high-energy piping, it was deter-
mined to be possibly damaged by a main steam line pipe whip because the facade columns
would not be effective in restraining the pipe whip.
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Because of these potential effects of the postulated main steam line and feedwater line breaks,
an augmented inservice inspection program was proposed by Ginna Station and implemented
to protect against potential damage. This program consisted of radiographic examination of
all welds at the design-basis break locations in the main steam and feedwater lines and at
other locations where a failure would result in unacceptable consequences. Presently, volu-
metric techniques are employed. The augmented inservice inspection program is described
within the High Energy Program section of the Inservice Inspection (ISI) Program document.
This High Energy Program is designed to preclude design bases or consequential main steam
or feedwater pipe breaks.

Certain consequential main steam and feedwater line breaks in the turbine building were also
calculated to possibly produce pipe whip damage to the intermediate building. Thus, these
break locations were included in the augmented inservice inspection program. Modifications
to systems, components, and structures to preclude damage to safety-related equipment
required for safe shutdown are discussed in Section 3.6.2.1.

3.6.2.4.6 Blowdown Analysis

3.6.2.4.6.1 Main Steam Blowdown Analysis

The thermal-hydraulic analysis of the main steam blowdown was performed utilizing the
PRTHRUST computer code. A model of the main steam analysis was constructed to repre-
sent the major pieces of equipment in the main steam system with their interconnecting pip-
ing and adjoining systems (condensate and feedwater). The model includes inventories of
steam and water, piping flows, and heat sources applied on a control volume basis. Main
steam line volumes were selected to account for segments between the elbows on either side
of the postulated break point.

The main steam system blowdown analysis was conducted for both the short-term effects
(i.e., pipe thrust) and the full duration transient (compartment differential pressures and build-
ing environment). The short-term transient blowdown (0.5 sec) is unaffected by the initiation
of trip devices to mitigate the consequences of the accident due to their reaction time. The
analysis was performed for break locations where double-ended (circumferential) guillotine
ruptures were postulated, as well as for longitudinal breaks equal to the pipe cross-sectional
flow area. In all cases, a break flow discharge coefficient of 1.0 was used for maximum
blowdown flow rates.

The long-term blowdown is a continuation of the short-term analysis considering the effect of
trip device activation. The long-term transient was carried out assuming the worst-case single
active component failure. The results of this analysis were used to determine structural load-
ings.

3.6.2.4.6.2 Feedwater Blowdown Analysis

The PRTHRUST digital computer code was used in analyzing the feedwater blowdown tran-
sients. The system was represented by an assemblage of control volumes connected by flow
paths or junctions. The effects of valves, pumps, heat exchangers, and check valves are
included in the code. In addition, the program allows the operation of active devices to be
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triggered by time or by physical signal such as pressure. The feedwater lines were divided so
that volume size and junction location would provide optimum system representation for the
particular case being analyzed.

It was assumed that for the duration of these analyses, the feedwater pumps would continue to
operate and that flow would be a function of head (until automatic trips were initiated). It was
further assumed that for the duration of these analyses, an unlimited supply of water at con-
stant pressure was available at the feedwater pump suction. Both main feedwater pumps were
combined and modeled as a single pump. The results of this analysis were used to determine
structural loadings.

3.6.2.4.7 Compartment Pressurization Analysis

3.6.2.4.7.1 Main Steam Line Ruptures

The pressure-temperature transients resulting from a rupture of a main steam line in the inter-
mediate and turbine buildings were investigated. These transients were calculated by using
the main steam blowdown model to provide mass and energy flow into control volumes rep-
resenting the intermediate building and turbine building with associated vent areas. The pres-
sure transients were used in the structural evaluation described in Section 3.6.2.5.1.

3.6.2.4.7.2 Building Pressurization for a Branch Line Rupture

Small branch connections not included in the inservice inspection program had to be consid-
ered from a building pressurization standpoint. The worst-case branch rupture would be a 6-
in. line (0.181 ft2) leading from the main steam header. The steady-state steam flow that
would issue from the postulated break (277 lbm/sec) is considered to transfer all of its latent
heat of condensation to the surrounding air within the intermediate building. The resultant
increase of air pressure would drive relief flow out of the building vent areas on an incremen-
tal steady-state basis. While this method of analysis is extremely conservative (because rela-
tive humidity is not taken into account), it provides an upper bound for intermediate building
pressure. With an intermediate building vent area of 155 ft2, this method of analysis gives
0.08 psi maximum intermediate building pressure, which is below the allowable limit. The
plant uprate to 1775 MWt slightly increases the main steam system operating pressure at full
power. This increase in pressure results in a slight increase in the steam blowdown rate and
corresponding intermediate building pressurization. However, the increase in intermediate
building pressure due to uprate is small and is still well below the allowable limits.

Building pressurization within the turbine building due to a branch line rupture is negligibly
small; therefore, no damage is predicted for the adjacent control building or intermediate
building from a branch rupture or crack break within the turbine building. See Section
3.6.2.5.1.4 for results of the structural analysis for pressurization of the turbine building.

3.6.2.4.8 Flooding Analysis

3.6.2.4.8.1 Intermediate Building Flooding

An intermediate building flooding analysis due to a postulated feed system rupture was per-
formed. With slight modifications (new drainage provided) there is no danger of damage to
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nuclear safety-related equipment due to flooding caused by a feedwater line rupture. The
NRC was also concerned about possible flooding in the intermediate building subbasement
due to a postulated high- or moderate-energy line failure. Ginna LLC considered this not to
be of concern because present routine walk-through inspections of the intermediate building
would detect a pipe leak long before there was any danger of flooding safety-related equip-
ment. If the postulated leak occurred at a level above the subbasement, leakage into the sub-
basement via the floor drains would be obvious during the routine once-per-shift walk-
throughs. Even a large secondary-side break would result in only a 2-ft depth of water in the
subbasement. If the leak were in the service water (SW) piping located in the subbasement of
the intermediate building, there would be a significant time interval between the initiation of
the crack and the flooding of safety-related equipment. The intermediate building subbase-
ment has a volume of approximately 50,000 ft3. With a service water (SW) leak rate of about
585 gpm, it would take over 10.5 hours to begin flooding the basement level. It was consid-
ered that a sizable leak rate such as this would be detected visibly or audibly by personnel
during the walkthroughs, or by personnel monitoring the control board (the 585-gpm leak
would be a significant fraction (10%) of the service water (SW) pump flow).

There are two sump pumps in the subbasement. Sump high water level alarms sound in the
water treatment room. Even if the basement elevation was flooded, safe shutdown would not
be prevented. Based on this and the other information provided above, the NRC staff con-
cluded that there are adequate means to warn of flooding conditions in the subbasement and,
therefore, no modifications are required.

3.6.2.4.8.2 Screen House and Turbine Building Flooding

Protection is provided to protect safety-related equipment in the screen house and the turbine
building from flooding because of leaks in the circulating water system. The protection con-
sists of float switches in the circulating water pump pit in the screen house and in the con-
denser pit in the turbine hall with redundant two-out-of-three logic for tripping the circulating
water pumps. Permanently installed, Seismic Category I dikes are in the screen house, and
elevated doorways are between the turbine building and the control building to contain the
water that may escape from the circulating water system. The design of these protective fea-
tures is described in Section 10.6.2.9.

3.6.2.5 Systematic Evaluation Program Analysis

3.6.2.5.1 Zone Reevaluation Performed as Part of the Systematic Evaluation Program
Review

The Systematic Evaluation Program included a review of the facility with respect to current
Standard Review Plan criteria as well as a reevaluation of the original criteria and resolutions.

3.6.2.5.1.1 Screen House

Service water (SW) system or fire system moderate energy line cracks and heating steam line
breaks could result in the loss of the service water (SW) system by damaging 480-V electrical
buses 17 and 18 or their associated electrical motor control centers and cabling. Loss of the
service water (SW) system would result in a plant trip because of the loss of several compo-
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nents cooled by the service water (SW) system such as the reactor feed pump lube-oil sys-
tems, circulating water pumps, and the component cooling water (CCW) system. In
accordance with current criteria, a pipe break that results in a reactor or turbine trip results, in
turn, in a loss of offsite power. To supply ac power following a loss of offsite power, redun-
dant emergency diesel generators are available; however, the diesel generators are supplied
with cooling water by the service water (SW) system. Therefore, the postulated pipe break
could cause the total loss of ac power at the plant, and reactor core decay heat removal would
be dependent on the turbine-driven auxiliary feedwater pump.

To conduct a plant cooldown following a fire that causes a loss of the service water (SW) sys-
tem with no offsite power available, Ginna Station has developed a procedure, which requires
the installation of fire hoses from the yard hydrant system to provide the diesel generators
with cooling water and to provide additional water to the preferred auxiliary and standby aux-
iliary feedwater pumps for steam generator makeup water. While the fire hoses are being
installed, the turbine-driven auxiliary feedwater pump (TDAFW) can be used to add water
from the condensate storage tank (CST) to the steam generators for decay heat removal.
After a diesel generator is operable, additional preferred auxiliary feedwater pumps and the
reactor coolant system charging pumps can be operated as required.

The procedure can be used for the pipe break case even if the turbine-driven auxiliary feed
pump is assumed to fail. Without feedwater addition, the steam generators can remove decay
heat for approximately 35 minutes before they are boiled dry. This time could be used to
make up the temporary diesel-generator cooling connections to start a diesel generator and a
motor-driven auxiliary feed pump.

The NRC concluded that any further modification of the screen house to provide additional
protection from pipe break effects for service water (SW) system components or for buses 17
and 18 is not required (Reference 17) (SEP Topic I1-5.B).

3.6.2.5.1.2 Intermediate Building

Flooding from pipe breaks in the intermediate building would flow via open stairways and
hatch gratings to the subbasement of the intermediate building. Sufficient drainage area is
available so that no appreciable buildup of water would occur on any floor of the intermediate
building except for the subbasement. No equipment necessary for safe shutdown or flood
mitigation is located on this level, but if the flooding condition went unchecked, the interme-
diate building 253-ft elevation could be affected. Equipment on this elevation includes the
preferred auxiliary feedwater pumps and the reactor trip breakers. If this equipment were
flooded, a reactor trip would occur and the preferred auxiliary feedwater system would be
inoperable. The standby auxiliary feedwater system, which is not located in the intermediate
building, would still be operable even if a loss of offsite power occurred.

Postulated ruptures of the main steam or feedwater lines in the intermediate building would
cause pressurization within the building. The intermediate building is a steel frame structure
with walls constructed of concrete blocks and floor slabs of 5-in.-thick reinforced concrete.
The peak pressure following the pipe break was determined by using the PRTHRUST com-
puter program. Considering the existing vent area of approximately 140 ft2, the pressure
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inside the intermediate building reaches a maximum of 15.6 psig at 1.5 sec after the 36-in.
main steam header breaks.

In analyzing the reinforced-concrete slabs subject to pressurization, yieldline theory was
employed in calculating their maximum load carrying capacity. This theory takes into con-
sideration the inelastic behavior of the reinforced-concrete elements.

The limit load capacities of the steel beams and girders were determined by plastic analysis.

The concrete block walls were analyzed as plates with an ultimate net compressive strength
of masonry (fim) of 528 psi, per ASTM C90 and a tensile strength of

(1.5x6x / 7m (Equation 3.6-2)

equal to 207 psi. The lateral uniform pressure required to fail the wall in bending with tension
controlling was determined for the block walls. The critical shear was also checked.

The roof of the intermediate building is constructed of galvanized steel decking. Local buck-
ling governs the pressure capacity of these panels.

All structural components in the intermediate building, with the following exceptions, are
capable of withstanding the internal pressures in the building caused by the postulated breaks.
The exceptions are the concrete block walls and the beams and decking of the high roof of the
intermediate building. The pressure capacities of these components are 1.0 psi and 0.85 psi,
respectively, as compared to the predicted pressure differentials of 15.6 psi and 15.47 psi.

Because of the severe consequences of postulated main steam and main feed line breaks in
the intermediate building and because plant modifications to prevent these consequences
were not practical, a two-part program to reduce the vulnerability of the plant to a high-
energy line break in the intermediate building was undertaken. The first part of the program
was the augmented radiographic inspection program to provide added assurance that postu-
lated large main steam and main feedwater line breaks would not occur. The second part of
the Ginna Station program was to move essential equipment from the intermediate building
into locations unaffected by a high-energy line break in the intermediate building, shield
equipment from the effects of the high-energy line breaks, or provide additional equipment.
The intent of this program is to preclude the large (greater than the equivalent of 6-in. diame-
ter) breaks and acceptably mitigate the small breaks.. A summary of plant modifications
installed and equipment relocated is provided in Section 3.6.2.1.

3.6.2.5.1.3 Turbine Building Main Steam and Main Feedwater Line Breaks

Postulated main steam and main feedwater system high-energy line breaks in the turbine
building could result in the 24-in. main steam lines whipping into the intermediate building at
an elevation which could result in damage to the B main steam line safety valves, the atmo-
spheric dump valves, and the turbine-driven auxiliary feedwater pump (TDAFW) steam sup-
ply line. Also, breaks in the main steam line or main feedwater lines could result in
pressurization of the turbine building itself. The pressurization of the turbine building could
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adversely affect those areas adjacent to the turbine building in which safe shutdown or pipe
break mitigating equipment is located.

In order to reduce the probability of postulated main steam and main feedwater line breaks in
the turbine building a two-part program similar to that described for the intermediate building
was undertaken.

The NRC-approved augmented inspection program was applied in the turbine building to
main steam lines larger than a 12-in. diameter and several locations on the 20-in.-diameter
main feedwater header. The inspection program limits the breaks which must be considered
to be a 12-in. main steam or 20-in. main feedwater line break, which are the largest potential
double-ended breaks in locations which are not inspected. Of these, the 20-in. main feedwa-
ter line is more limiting. To protect the areas adjacent to the turbine building from the effects
of high-energy line breaks, pressure diaphragm walls between the turbine building and the
control room, relay room, battery rooms, mechanical equipment room, and diesel-generator
rooms were installed. The design differential pressure for these walls is 0.7 psi for the control
room and 1.14 psi for the other spaces.

The pressure resulting from a 20-in. main feedwater or 12-in. main steam line break in the
turbine building is sufficient to cause failure of the turbine building/intermediate building
concrete block walls (design pressure 0.13 psid). If these walls failed, the following systems
and components could be damaged by falling cinder blocks or adverse environmental condi-
tions: one containment purge exhaust fan on the intermediate building 298-ft elevation, the
preferred auxiliary feedwater system steam supply valves on the intermediate building 278-ft
elevation, and the preferred auxiliary feedwater system turbine-driven pump, reactor trip
breakers, and reactor rod control motor-generator sets on the intermediate building 253-ft ele-
vation.

The purge exhaust fan is not required to function to mitigate a high-energy line break outside
containment. The rod control motor generators and reactor trip breakers fail safe if damaged
and would not prevent a reactor trip (core shutdown). The preferred auxiliary feedwater sys-
tem function is required for a safe shutdown; however, the standby auxiliary feedwater sys-
tem has been installed to accomplish this function if a high-energy line break disables the
preferred auxiliary feedwater system. The turbine-driven auxiliary feedwater system pump is
not specifically required to operate following a postulated high-energy line break since, even
if offsite power were assumed to be lost, the redundant emergency diesel generators would be
available to power the two standby auxiliary feedwater system pumps or the remaining two
preferred auxiliary feedwater system pumps, all of which are driven by electric motors. Only
one of these four motordriven pumps is required for a plant shutdown and cooldown.

3.6.2.5.1.4 Structural Analysis of the Turbine Building for Pressurization

The turbine building is a steel frame structure with walls constructed of girts and galvanized
sheet steel. Floor slabs are made of reinforced concrete.

The two largest high-energy lines within the turbine building are the 36-in. and the 24-in.
main steam lines. However, these pipes are covered by the augmented inservice inspection
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program which precludes all breaks except the crack break. This program reduces the maxi-

mum break area for these pipes to under 0.10 ft2 .

The two largest high-energy lines subject to a double-ended rupture are the 20-in. feedwater
line and the 12-in. main steam line, both on the mezzanine level of the turbine building.
These two lines were analyzed in detail to determine their mass and energy release following
a postulated pipe rupture (Reference 18).

The worst-case break of the 20-in. feedwater line is a double-ended rupture (1.755 ft2) while
the plant is operating at full power conditions. To maximize mass and energy release, the
break location chosen was in the 20-in. line just downstream of the No. 5 feedwater heaters.
This location maximizes the available energy and inventory for the short-term release from
the feedwater system. Determination of this mass and energy release was made using the
FLASH (References 19 and 20) computer code series assuming a 1 -msec break opening time
and Moody flow with a 1.0 multiplier.

Since the turbine building pressurization is a short-term phenomena (less than 1.0 sec), only
short-term mass and energy release from the feedwater break is required. Therefore, no pro-
vision was made for feedwater pump trip or Main Feedwater Regulating Valve (MFRV) clo-
sure. To further ensure maximizing the mass and energy release, a single failure of one
downstream check valve, 3992 or 3993, was assumed and no credit was taken for the flow
limiter just upstream of these check valves.

A double-ended rupture (0.71 ft2) of the 12-in. main steam dump to the condenser while the
plant is in the MODE 3 (Hot Shutdown) condition was analyzed as the worst main steam line
break. The break location chosen was just downstream of the 36-in. header. Mass and energy
release from this break was also determined using the FLASH computer code series assuming
a 1-msec break opening time and Moody flow with a 1.0 multiplier.

Since only short-term mass and energy release data is required, no provision for safety valve
closures was made. To maximize the available inventory from the condenser side of the
break, a steam dump isolation valve was assumed to fail.

The turbine building response to a pipe rupture within the building itself was analyzed using a
three-node model and the COMPARE (Reference 21) computer code. Both the feedwater and
the main steam breaks occur in the western half of the mezzanine level of the turbine build-
ing.

Node one of the model represented both the mezzanine and the basement levels of the turbine
building, since flow area between the two levels is large. The operating level of the turbine
building was represented by node two. The outside environment corresponded to node three.

Results of the analysis showed that the 20-in. feedwater breaks cause the most severe pressure
transients within the turbine building. Calculated pressure differentials were determined to be
0.46 psid for the operating level and 0.85 psid for the mezzanine/basement level. The plant
uprate to 1775 MWt increases the calculated turbine building peak differential pressures of
the operating floor and the mezzanine/basement floors to 0.49psi and 0.9 1psi, respectively.
Pressure differentials used for structural design of the turbine building steel diaphragm walls
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are 0.70 psid for the operating level and 1.14 psid for the mezzanine/basement levels (see
item 13 in Section 3.6.2.1). The steel diaphragm walls are at nearly opposite ends of the tur-
bine building from the high-energy piping and therefore not subject to damage from pipe
whip or jet impingement that could accompany the high-energy pipe break. The NRC con-
cluded as a result of their safety evaluation of the structural adequacy of the turbine building
steel diaphragm walls and of the results of the analysis reported in Reference 16 that the struc-
tural criteria and design methods for the steel diaphragm walls are adequate to ensure safe
shutdown of the reactor following a high-energy pipe break in the turbine building (Reference
22).

In addition to installation of the steel diaphragm walls at the control building-turbine building
wall and the diesel generator building-turbine building wall, the turbine building structure
was reinforced to withstand the pressurization resulting from the 20-in. feedwater and 12-in.
main steam dump line breaks.

3.6.2.5.1.5 Battery Room/Mechanical Equipment Room Flooding

A service water (SW) system or fire main system postulated failure in the mechanical equip-
ment room was considered capable of flooding both battery rooms and result in a loss of all
emergency dc power. No sump level or flood alarms are installed in this space or in the bat-
tery rooms, which were originally connected to the mechanical equipment room via normally
closed nonwatertight doors. The non-watertight door between the air handling room and the
B battery room has been replaced by a wall to preclude flooding the battery rooms and a
water relief valve has been installed between the mechanical equipment room and the turbine
building.

3.6.2.5.1.6 Auxiliary Feedwater Line Breaks on the 253-Ft Elevation of the Intermediate
Building

The preferred auxiliary feedwater system discharge lines from the pumps in the intermediate
building (253-ft elevation) to the B main feedwater header run along the north wall of the
intermediate building at approximately the 270-ft elevation. A break in this line, which is a
high-energy line, could result in pipe whip or jet impingement on cable trays and containment
electrical penetrations in that area. (The steam lines for the turbine-driven auxiliary feedwa-
ter system pump are also in this area but are not considered high-energy lines since they are
not pressurized during normal plant conditions.) However, since the standby auxiliary feed-
water system is routed completely separate from the preferred auxiliary feedwater system,
safe shutdown could be accomplished following postulated auxiliary feedwater line breaks.

3.6.2.5.1.7 Relay Room and Air Handling Room

Crack breaks in the plant heating steam lines could cause high temperatures and high humid-
ity in these rooms. The effects of these crack breaks were found to be acceptable because of
the existence of temperature monitors for the detection of the failure. However, RG&E
decided that it would be necessary to maintain the room as a mild environment for the pur-
pose of the environmental qualification of electrical equipment as required by 10 CFR 50.49.
Therefore, the heating steam lines were cut and capped or welded shut outside the control
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building thus removing the source of high energy from the rooms. The steam heaters in the
air handling room were replaced with electric resistance heaters.

3.6.2.5.1.8 Auxiliary Building

Postulated breaks in steam heating or process steam lines in the auxiliary building in the
vicinity of safety-related equipment, such as an electrical bus, motor control center, or cable
trays and conduit, could affect the operability of required safe shutdown equipment due to
dynamic effects (jet impingement and pipe whip). Also, the general steam environment,
although not expected to be severe throughout the entire auxiliary building, could possibly
affect additional equipment required for safe plant shutdown.

In order to maintain a safe plant shutdown, the turbine-driven auxiliary feedwater system,
which would not be affected by a high-energy line break in the auxiliary building, would be
available to maintain preferred auxiliary feedwater flow to the steam generators, and thus
maintain a safe shutdown condition. The condensate storage tanks (CST) have sufficient
capacity to maintain auxiliary feedwater flow for at least 2 hours. The other sources of auxil-
iary feedwater described in Section 3.6.2.5.1.1 would also be available, since they are located
away from the auxiliary building. Thus, auxiliary feedwater and cooling water would be
available indefinitely.

In addition to auxiliary feedwater addition, a source of charging flow would be required
within approximately 24 hours to maintain inventory. For this purpose, the charging pumps
would be used. The charging pumps are located in the basement of the auxiliary building, in
a separate concrete room, and thus are protected from the direct effects of a steam line break.
Fire protection modifications for the charging room seal off major openings in the doors, win-
dows, and ventilation penetrations. These barriers are designed for the postulated environ-
mental effects of a steam line break (150'F, 0.1 psig). Thus, no significant steam
environment would affect the charging pumps. Furthermore, the charging pump components
required to withstand the adverse environment, per 10 CFR 50.49, have margin for operation
even following exposure to these effects. Any valves required to inject flow could be manip-
ulated manually. The only equipment that might be affected by direct effects of the steam line
breaks could be the charging pump and power supply breakers at bus 16 (intermediate floor of
the auxiliary building), and power and control cabling in the basement of the auxiliary build-
ing. In order to resolve these issues, Ginna Station provided pipe whip and jet impingement
protection for the steam line risers, located on the intermediate floor of the auxiliary building.
The charging pump and power supply breakers at bus 16 were environmentally qualified for
operation in the auxiliary building environment.

Ginna LLC has a spare power cable, which could be routed from bus 16 to the charging
pump. The control wiring and the dc power source for the breakers are not required because
each breaker can be closed manually.

It is estimated that the auxiliary building could be restored to ambient conditions and the
breaker and power cabling for the charging pump could be installed in less than 8 hours.
Since charging flow is not required for approximately 24 hours, sufficient margin exists. The
NRC found the proposed method of achieving safe shutdown and the proposed actions to
counter the effects of the postulated pipe breaks in the auxiliary building to be acceptable
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(Reference 17). The qualification of the charging pump and power supply breakers at bus 16
eliminated the need for the spare breakers and implementation procedures referred to in Ref-
erence 17.

Pursuant to the environmental qualification program for electrical equipment in response to
10 CFR 50.49, the charging pump breakers have been evaluated and found to be qualified to
withstand the high-energy line break effects from a failure of a steam heating line in the aux-
iliary building. The possibility of damage to the charging pump lB power feed from bus 16
exists from direct impingement in the event of rupture of one of the 2-1/2-in. steam heating
lines in the auxiliary building basement. The spare power feed from bus 16 to charging pump
I B (which is stored in an area outside the auxiliary building) can be used to mitigate the con-
sequences of this event.

3.6.2.5.2 Main Steam Safety and Relief Valves

3.6.2.5.2.1 Pipe Failures in the Intermediate Building

Postulated main feedwater line breaks in the intermediate building could result in jet impinge-
ment on the main steam safety and relief valves. The jet from a crack in the B main feedwater
line (upstream of the check valve) could impinge on the A main steam safety valves and
atmospheric relief valves such that the valves inadvertently open. The opening of these
valves would be roughly equivalent to a 1-ft2 steam line break size, which is within the spec-
trum of steam line breaks analyzed in UFSAR Section 15.1.5. The A main feedwater line
would be isolated to limit the blowdown and the standby auxiliary feedwater system would be
actuated to provide feedwater to the B steam generator. The check valve would prevent the
flow from being diverted out the cracked portion of the feedwater line. All necessary equip-
ment to mitigate the event and reach safe shutdown is outside the intermediate building and
thus would be unaffected by either the feedwater line failure or the steam blowdown. The
cooldown could be controlled by operation of the steam safety or relief valves on the (unaf-
fected) B main steam line.

Another consideration was a postulated crack in the A main feedwater line in the Inter-
mediate Building. It is possible but not likely for the resulting jet to impinge on the
safety valves and relief valves for both the A and B steam lines. The A steam line is
closer to the A feedwater line than is the B steam line and thus could provide some
shielding of the jet from the feedwater line crack. The nearest steam relief component
associated with the B steam line is approximately 60 feet from the A feedwater line. At
this distance the jet pressure from the feedwater line based on a 10 degree half angle of
expansion for the jet is approximately 0.14 psi. This jet pressure is not sufficient to
cause a break in the 6" inlet pipes to the B steam line safety and relief valves. Therefore,
the potential damage to the main steam line from a crack in the A main feedwater line
would be limited to the A steam line safety and relief valve components. If as a bound-
ing assumption, all of the A steam line safety and relief valves are assumed to experience
a complete severance of their 6" inlet pipes, the resulting main steam header break area
would be approximately 1 ft2. Since this break area is within the spectrum of steam line
breaks analyzed in the UFSAR Section 15.1.5, the consequences of this break are
bounded by the results discussed in UFSAR Section 15.1.5. Since steam breaks in the B
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steam line header are not expected for this scenario, long term cooling of the RCS can be
performed by using the B steam generator. As with a postulated crack in the B main
feedwater line all the necessary equipment to mitigate the event and reach safe shut-
down is located outside of the Intemediate Building and thus would be unaffected by
either the feedwater line break or the steam blowdown.

3.6.2.5.2.2 Pipe Failures in the Turbine Building

Rupture of a main steam or main feedwater line in the turbine building could lead to building
pressurization in excess of the capacity of the block wall between the turbine and intermedi-
ate buildings. Failure of the wall could result in blocks falling on nearby equipment and pip-
ing in the intermediate building. The blocks could potentially cause a loss of integrity of the
main steam safety and relief valves. Damage to the main steam safety and relief valves would
not prevent safe shutdown, as long as the main steam isolation valves remained operable, and
auxiliary feedwater flow could be maintained to the steam generators. In such an event, the

total break area would be approximately 2 ft2, which is substantially smaller than the design-

basis steam line break area of 4.37 ft2. Thus, reactor coolant system pressure, temperature,
and reactivity responses would be enveloped. Auxiliary feedwater would be provided by the
standby auxiliary feedwater system (operator action time of 14.5 minutes is assumed). Other
emergency functions, such as safety injection system actuation, would be unaffected by dam-
age to the intermediate building. Auxiliary feedwater injection, with relief through the open-
ings in the steam lines, would continue until the residual heat removal system could be placed
into operation, at which time normal cooldown to MODE 5 (Cold Shutdown) could com-
mence.

In order to ensure safe shutdown capability in the event of the block wall failure in the inter-
mediate building, RG&E has performed the necessary analyses and modifications in conjunc-
tion with the Ginna Station Structural Upgrade Program to:

a. Ensure that the main steam lines and feedwater lines would not lose their structural integ-
rity.

b. Protect the main steam isolation valves and accessories, as needed, to ensure operation.

c. Protect the normal motor-driven and turbine-driven auxiliary feedwater connections to the
main feedwater lines, up to and including the check valves. This will ensure that standby
auxiliary feedwater, which connects to the feedwater lines inside containment, would be
routed to the steam generators.

As part of the Steam Generator Replacement Project, a flow venturi was installed in the
main steam outlet nozzle for each steam generator. The flow venturis were sized with a

flow area of 1.4 ft2. This decreases the maximum credible design basis steam line break

from 4.37 ft2 assumed during SEP to 1.4 ft2. This break size is smaller than the 2.0 ft2

break conservatively assumed during the SEP review to assess the impact of the failure
of the Intermediate Building masonry block walls following a steam line break in the
Turbine Building.
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Based on a review of the physical arrangement of equipment and piping in the Interme-
diate Building and an engineering assessment of the consequences of a block wall fail-
ure, the failure of the masonry block walls would not develop sufficient force to cause
complete severance of the 6" schedule 80 carbon steel piping between the 30" main
steam lines and the main steam safety valves and the atmospheric relief valves. Conse-

quently, the 2 ft2 steam line break scenario assumed during the SEP review is overly
conservative. A less conservative but still bounding scenario of the consequences of the
block wall failure is the complete severance of all main steam piping connections 3" and
smaller in both 30" main steam headers. This scenario would result in a 12" Turbine

Building Steam line break (1.lft2 ) as the initiating event; and, a subsequent 0.2 ft2 Inter-
mediate Building steam line break in each of the 30" main steam headers. The total

break area would be 1.1 ft2. The consequences of this steam line break scenario have
been analyzed consistent with the assumptions used for steam line breaks as discussed in
UFSAR Section 15.1.5; and, the RCS response for this break scenario are bounded by
the UFSAR Section 15.1.5 design basis steam line break.

3.6.2.5.2.3 Decay Heat Removal Following Blowdown from Both Steam Generators

As discussed above, postulated breaks in the turbine or intermediate buildings could, in the
worst case, result in opening steam safety and relief valves on both main steam lines. The
rate of emptying of the steam generator would depend on how many valves open, plant initial
conditions, and availability of the preferred auxiliary feedwater system.

It is possible that the steam generators could be emptied in this event. In order to depressurize
and cool the primary system sufficiently to permit operation of the residual heat removal sys-
tem, decay heat removal through the steam generators must be reestablished.

The effect of adding auxiliary feedwater to a hot, dry steam generator has been considered.
Rochester Gas and Electric presented results that showed that with 40 cycles of such feedwa-
ter addition, the usage factor on the tubes is still very low (Reference 23). This analysis pro-
vides assurance that the primary-secondary boundary will be maintained. The replacement
steam generators (RSGs) were also evaluated for a limited number of cycles of cold main
feedwater or auxiliary feedwater into a hot, dry steam generator (Reference 30). This evalua-
tion demonstrated that the stresses in the vessel as a result of this transient remained lower
than ASME Code Service Level D allowables. This evaluation did not address the tubing
since the replacement steam generator (RSG) lattice grids preclude denting and subsequent
locking at the supports and therefore do not impose a large axial restraint force on the tubes.

Should the preferred auxiliary feedwater system be unavailable due to the break effects
(steam environment in the intermediate building), the standby auxiliary feedwater system
would be manually actuated. Should the steam generator become ineffective as a heat sink,
the capability exists to establish feed and bleed through the reactor coolant system for decay
heat removal. The Westinghouse Owner's Group Emergency Response Guidelines, approved
by the NRC in Reference 24, provide for such a contingency. As part of the Three Mile Island
Action Plan, NUREG 0737, Task I.C. 1, the Ginna Station emergency procedures were modi-
fied in accordance with these guidelines.

Page 176 of 924 Revision 21 11/2008



GINNA/UFSAR
CHAPTER 3 DESIGN OF STRUCTURES, COMPONENTS, EQUIPMENT, AND SYSTEMS

3.6.2.5.2.4 Conclusions

The NRC has concluded that RG&E has demonstrated that given a postulated pipe failure in
the intermediate or turbine building that damages main steam relief and/or safety valves, the
consequences can be mitigated and a safe shutdown condition can be attained and that jet
impingement shielding or protection from the effects of block wall failure for these compo-
nents is not required (Reference 25) (SEP Topic III-5.B).
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Table 3.6-1
LINES PENETRATING CONTAINMENT WHICH NORMALLY OR OCCASIONALLY EXPERIENCE HIGH-ENERGY

SERVICE CONDITIONS

Normal Maximum Operating Conditions

Penetration Line Size in. Designation Pressure (psi) Temperature (C F) Remarks
Number

120 1 Accumulator N2  700 a Vented during normal operation.

102 2 Charging 2250 a No jet or whip upstream of check

(altemate)b valve 383A; consider only line
between reactor coolant pressure
boundary and valve 383A.

140 10 Residual heat removal, out b 360 350 Consider only reactor coolant pres-
sure boundary to valve 700; see
SRP 3.6-1.

108 3 Reactor coolant pump seal < 100 200 Normally operated < 2000 F,
water, out alarmed at 1900 F.

106 2 Reactor coolant pump seal 2250 a

water, in b

110 2 Reactor coolant pump seal 2250 a

water, in b

110 3/4 Accumulator test 1500 a Normally depressurized during test.

112 2 Letdown b 600 380 Higher pressure and temperature
upstream of orifices and regenera-
tive heat exchanger.

100 2 Charging b 2250 a Higher temperature downstream of
regenerative heat exchanger.

206 3/8 Sample, pressurizer liquid 2250 650 Eliminate because of size.

206 3/8 Sample, steam generator 1000 550 Eliminate because of size
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Normal Maximum Operating Conditions

Penetration Line Size (in.) Designation Pressure (psi) Temperature (0 F) Remarks
Number

205 3/8 Sample, reactor coolant hot 2250 650 Eliminate because of size
leg system

207 3/8 Sample, pressurizer steam 2250 650 Eliminate because of size.

207 3/8 Sample, steam generator 1000 550 Eliminate because of size.

301 2 Unit heater steam 150 340 Decommissioned and welded shut
in 1995.

303 1 Unit heater steam 150 340 Decommissioned and welded shut

in 1995.

322 2 Steam generator blowdown b 1000 550

321 2 Steam generator blowdown b 1000 550

401 30 Main steamb 1000 550

402 30 Main steam b 1000 550

403 14 Feedwater b 1000 435

404 14 Feedwater b 1000 435

111 10 Residual heat removal, in b 360 350 Consider only reactor coolant pres-
sure boundary to valve 721; see
SRP 3.6-1.

119 and 120 3 Standby auxiliary feed b 1000 435 Consider only main feedwater line
to check valves 9705A and B.

a. Indicates normal maximum temperature is less than 2000 F.

b. Indicates those lines to be considered for potential high-energy line breaks.
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Table 3.6-2
LINES INSIDE CONTAINMENT BUT NOT PENETRATING CONTAINMENT WHICH NORMALLY OR

OCCASIONALLY EXPERIENCE HIGH-ENERGY SERVICE CONDITIONS

Normal Maximum Conditions

Line Designation Size (in.) System Pressure (psi) Temperature ('F) Remarks

Primary system Reactor coolanta 2250 600 Consider safety injection branch lines
between reactor coolant pressure bound-
ary and the first check valves.

Accumulator and branch --- Safety injection 700 b Consider 2-in. branch lines to reactor
linesc coolant drain tank only up to valves

844A and B.

Auxiliary sprayc 2 Chemical volume 2250 350
and control

Pressurizer surgec 10 Reactor coolant 2250 650

Pressurizer spray 3 Reactor coolant 2250 650

Pressurizer deadweight 1/8 Reactor coolant 2250 650 Eliminate because of size.

Tester tube flange leakoff 3/8-3/4 Reactor coolant 2250 600 Eliminate because of size.

Excess letdown 3/4 Reactor coolant 2250 600 Eliminate because of size.

Reactor overpressure pro- 1 Reactor overpres- 800 b Eliminate because of size.
tection N2 lines surization

Pressurizer safety 4 Reactor coolant 2250 600 Consider only lines from pressurizer to
valves 433 and 434.

Pressurizer relief 3 Reactor coolant 2250 600 Consider only lines from pressurizer to
valves 430 and 431C.

a. Reactor coolant system piping breaks are being evaluated under NRC Task Action Plan A-2.

b. Indicates normal maximum temperature is less than 200 IF.
c. Indicates those lines to be considered for potential high-energy line breaks.
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Table 3.6-3
CONTAINMENT PIPE DATA

Pipe Line Size
quil

Safety injection

Safety injection

Safety injection

Low-pressure
safety injection

Low-pressure
safety injection

Low-pressure
safety injection

Low-pressure
safety injection

Containment
spray

Containment
spray

Containment
spray

4

2

2

10

6

6

4

6

4

3

Schedule

80

80

160

40

40

160

160

40

40

40

Section
Modulus

4.27

0.73

0.98

29.90

8.50

20.03

5.90

8.50

3.21

1.72

Penetration to T feeding hot and
cold legs.

T to motor-operated valves 878A,
B, C, and D.

Motor-operated valves 878A, B, C,
and D to reactor coolant system or
accumulator lines.

Penetration to nozzle branch lines.

Branch lines to motor-operated
valves 852A and B.

Motor-operated valves 852A and B
to reducer.

Reducer to nozzle.

All piping except spray rings.

Spray rings.

Spray rings.

Affected Portion of System
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Pipe Line

Seal water

Letdown

Letdown

Steam genera-
tor blowdown

Main steam

Feedwater

Reactor coolant

Size

8

2

2

2

30

14

3

Schedule

40

160

80

80

80

100

160

Section
Modulus

16.81

0.98

0.73

0.73

>700

118

2.88

Affected Portion of System

All piping except connections to
coolers.

Reactor coolant system to valves
200A and B and 202.

Downstream from valves 200A
and B and 202.

All.

All.

All.

All.
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3.7 SEISMIC DESIGN

3.7.1 SEISMIC INPUT

3.7.1.1 Introduction

3.7.1.1.1 Original Seismic Classification

Structures, systems, equipment, and components related to plant safety are required to with-
stand the design-basis earthquake. These structures, systems, and components are placed in
the applicable seismic category depending on their function. The original classifications of
all components, systems, and structures of Ginna Station for the purpose of seismic design
were Class I, Class II, or Class III as recommended in

1. TID 7024, Nuclear Reactors and Earthquakes, August 1963.

2. G. W. Housner, "Design of Nuclear Power Reactors Against Earthquakes," Proceedings of
the Second World Conference on Earthquake Engineering, Volume I, Japan, 1960, pages
133, 134, and 137.

Class I

Those structures and components including instruments and controls whose failure might
cause or increase the severity of a loss-of-coolant accident or result in an uncontrolled release
of excessive amounts of radioactivity. Also, those structures and components vital to safe
shutdown and isolation of the reactor.

Class II

Those structures and components which are important to reactor operation but not essential to
safe shutdown and isolation of the reactor and whose failure could not result in the release of
substantial amounts of radioactivity.

Class III

Those structures and components which are not related to reactor operation or containment.

All components, systems, and structures classified as Class I were designed in accordance
with the following criteria:

A. Primary steady-state stresses, when combined with the seismic stress resulting from the
response to a ground acceleration of 0.08g acting in the vertical and horizontal planes
simultaneously, are maintained within the allowable working stress limits accepted as good
practice and, where applicable, set forth in the appropriate design standards, e.g., ASME
Boiler and Pressure Vessel Code, USAS B3 1.1 Code for Pressure Piping, ACI 318 Building
Code Requirements for Reinforced Concrete, and AISC Specifications for the Design and
Erection of Structural Steel for Buildings.

B. Primary steady-state stresses when combined with the seismic stress resulting from the
response to a ground acceleration of 0.20g acting in the vertical and horizontal planes
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simultaneously, are limited so that the function of the component, system, or structure shall
not be impaired as to prevent a safe and orderly shutdown of the plant.

All Class 11 components were designed on the basis of a static analysis for a ground accelera-
tion of 0.08g acting in the vertical and horizontal directions simultaneously. For Ginna Sta-
tion, there were no Class II structures.

The structural design of all Class III structures met the requirements of the applicable build-
ing code which was the State Building Construction Code of the State of New York, 1961.
This code did not reference the Uniform Building Code.

3.7.1.1.2 Seismic Reevaluation

3.7.1.1.2.1 Scope of Reevaluation

The NRC conducted a seismic reevaluation of Ginna Station commencing in 1979 as part of
the Systematic Evaluation Program (SEP). The reevaluation was conducted by the Lawrence
Livermore National Laboratory for the NRC. The scope of the reevaluation was limited to
identifying safety issues and to providing an integrated, balanced approach to backfit consid-
erations in accordance with 10 CFR 50.109, which specifies that backfitting will be required
only if substantial additional protection can be demonstrated for the public health and safety.
The seismic reevaluation centered on the following:

a. An assessment of the integrity of the reactor coolant pressure boundary; i.e., major compo-
nents that contain coolant for the core and piping or any component not isolable (usually by
a double valve) from the core.

b. A general evaluation of the capability of essential structures, systems, and components to
shut down the reactor safely and maintain it in a safe shutdown condition, including
removal of residual heat, during and after a postulated safe shutdown earthquake. The
assessment of this subgroup of equipment can be used to infer the capability of such other
safety-related systems as the Emergency Core Cooling System (ECCS).

3.7.1.1.2.2 Reevaluation Criteria

Rochester Gas and Electric Corporation (RG&E) supplied a list of mechanical and electrical
equipment necessary to ensure the integrity of the reactor coolant pressure boundary and to
safely shut down the reactor and maintain it in a safe shutdown condition during and after a
postulated seismic event. Rochester Gas and Electric Corporation also listed the criteria that it
considered appropriate for evaluating the seismic classification of Ginna Station structures,
systems, and components (Reference 1). The criteria reflected plant-specific requirements,
not the more general light-water reactor standards currently in effect. They were as follows:

A. Seismic classification will be restricted to those structures, systems, and components
required for safe shutdown, and to maintain reactor coolant pressure boundary integrity, and
to prevent other design-basis accidents which could potentially result in offsite exposures
comparable to the guideline exposures of 10 CFR 100. These latter systems and compo-
nents include, for example, the steam, feed-water, and blowdown piping up to the first iso-
lation valve, and the spent fuel pool (SFP), including fuel racks. Also included are all
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structures, systems, and components not required to function, but whose failure could irre-
versibly prevent the functioning of required safe shutdown equipment or cause a design-
basis accident. Seismic design of these items will ensure a very low probability of failure in
the event of a safe shutdown earthquake.

System boundaries, for purposes of seismic reevaluation will be considered to terminate at
the first normally closed, auto-close, or remote-manual valve in connected piping.

B. Safe shutdown is defined as the capability to control residual heat removal under all plant
conditions resulting from a seismic event (with the consequential loss of function of non-
seismic equipment) and a loss of offsite power. Safe shutdown may be the maintenance of
an extended MODE 3 (Hot Shutdown) condition, or a gradual cooldown to MODE 5 (Cold
Shutdown) conditions. For Ginna Station, safe shutdown assumes gradual cooldown and
depressurization in the event of a safe shut-down earthquake.

The safe shutdown earthquake was the only earthquake level considered in the reevaluation
because it represents the limiting seismic loading to which the plant must respond safely.
Because a plant designed to shut down safely following a safe shutdown earthquake will be
safe for a lesser earthquake, investigation of the effects of the operating-basis earthquake was
deemed unnecessary.

In 1979, RG&E commenced a seismic piping upgrade program for Ginna Station to upgrade
the seismic design of certain piping systems to current industry standards for Seismic Cate-
gory I.

3.7.1.2 Design Response Spectra

The Ginna Station was originally designed for an operating-basis earthquake characterized by
a peak horizontal ground acceleration of 0.08g and for a safe shutdown earthquake with a
peak horizontal ground motion of 0.2g. Peak horizontal and vertical accelerations were
assumed to be the same. The response spectra used were those developed by Housner (Refer-
ence 2) and are shown in Figures 3.7-1 and 3.7-2. The site seismology is described in Section
2.5.2.

For the SEP reevaluation a safe shutdown earthquake with a peak horizontal ground motion
of 0.2g was used. Two-thirds of that value was used for the vertical component. The
response spectra used was that given in Regulatory Guide 1.60. It is noted that the site spe-
cific ground response spectra (Figure 3.7-3), recommended by the NRC (Reference 3) for
SEP evaluation of the seismic design adequacy of Ginna Station, indicates a peak horizontal
ground motion acceleration of 0.17g, less than the 0.2g value used.

3.7.1.3 Design Time-History

In the design of Ginna Station the seismic accelerations were computed as outlined in TID
7024 (Reference 4) and the Portland Cement publication (Reference 5). Response spectra
developed by Housner (Reference 2) were used as described in Section 3.7.1.2.

During the SEP reevaluation, a time-history method was used to generate in-structure
response spectra for the interior structures. Only horizontal excitations were included in the
analysis. The input base excitation was a synthetic time-history acceleration record for which
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the corresponding response spectra were compatible with the 0.2g Regulatory Guide 1.60
spectra. Response spectra associated with two orthogonal horizontal base excitations were
generated independently at equipment locations and then combined by the square root of the
sum of the squares method. Peaks of the spectra were broadened ±15% in accordance with
current practice.

3.7.1.4 Critical Damping Values

Table 3.7-1 lists the damping values used for the original Ginna Station seismic design
together with those from Regulatory Guide 1.61 for the safe shutdown earthquake and those
values recommended in NUREG/CR-0098 (Reference 6) for structures at or below the yield
point. The damping values used in the original design of Ginna Station are lower than current
design levels. One reason is that the design damping values were used for the operating-basis
earthquake, and the design loads were increased for the safe shutdown earthquake evaluation
in direct proportion to the ratio of the two values of Areax (0.08g and 0.2g). Because higher
response and, consequently, increased damping are expected for the safe shutdown earth-
quake, a significant degree of conservatism was typically introduced over current practice.

A comparison of the response spectrum developed by Housner for 2% damping with the 7%
spectrum from Regulatory Guide 1.60 indicates the relative magnitudes of the response of
bolted steel structures and equipment designed to Ginna versus current criteria. Similarly, the
0.5% spectrum for the original design and the 3% spectrum from Regulatory Guide 1.60 may
be used to compare expected levels of response for base-level-mounted large piping for the
two criteria. Figure 3.7-4 shows these comparisons. Similarly, expected levels of response
for base-level-mounted large piping for the two criteria can be made by comparing the 0.5%
Housner spectrum and the 3% Regulatory Guide 1.60 spectrum.

The NUREG/CR-0098 damping values are those recommended for the SEP reevaluation.
The reason for permitting higher damping values is discussed in Reference 6. Although there
are limited data on which to base damping values, it is known that the Regulatory Guide 1.61
values are conservative to ensure that adequate dynamic response values are obtained for
design purposes. The lower values in the NUREG/CR-0098 column of values in Table 3.7-1
in most cases are close to the Regulatory Guide 1.61 values. The upper values in the
NUREG/CR-0098 column are best-estimate values believed to be average or slightly above
average values; these values are recommended for use in design or evaluation for stresses at
or near yield, and when moderately conservative estimates are made of the other parameters
entering into the design or evaluation.

3.7.1.5 Supporting Media for Seismic Category I Structures

All Ginna Station Seismic Category I buildings except the control building and diesel genera-
tor building are founded on solid bedrock. The foundations of the control and diesel genera-
tor buildings were excavated to the surface of bedrock. Lean concrete or compacted backfill
was placed on the rock surface to a depth whereby the elevation of the top of the fill material
was coincident with the elevation of the bottom of the concrete foundation of that particular
building. Thus, all Seismic Category I buildings have rigid foundations. The turbine building
foundation is a concrete mat supported by compacted fill material. See Section 3.8.5.
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3.7.2 SEISMIC SYSTEM ANALYSIS

3.7.2.1 Seismic Analysis Methods

3.7.2.1.1 Original Seismic Analysis

The following method of analysis was applied to the original seismic Class I structures and
components, including instrumentation in the original Ginna Station design:

A. The natural periods of vibration of the structure or component were determined.

B. The response acceleration of the component to the seismic motion was taken from the
response spectrum curve at the appropriate period.

C. Stresses and deflections resulting from the combined influence of normal loads and the
seismic load due to the 0.08g earthquake were calculated and checked against the limits
imposed by the design standard.

D. Stresses and deflections resulting from the combined influence of normal loads and the
seismic loads due to the 0.2g earthquake were calculated and checked to verify that deflec-
tions did not cause loss of function and that stresses did not produce rupture.

The maximum response acceleration of a structure or equipment item was read from the
response spectrum for selected values of damping and a fundamental natural frequency. The
frequency was either

" Calculated from a mathematical model,

* Measured from a plastic model (the case of the reactor coolant system),

" Estimated by experience, or

* Selected to be conservative (the peak of the spectrum was used).

From the mass of the structure or equipment and the maximum response acceleration, the
equivalent static force was obtained. The equivalent static force, which represents the total
dynamic effect, was then distributed along the system according to a selected shape (an
inverted triangle for the containment) or according to the mass distribution. The static
response to this equivalent static force was taken to be the seismic response of the system.
Responses to horizontal and vertical ground accelerations were calculated separately, then
combined by direct addition in most cases.

The containment and the residual heat removal system pipe line from the reactor coolant sys-
tem loop to containment were analyzed by both the equivalent static and the response spec-
trum methods.

The seismic Class I piping systems were analyzed by a lumped mass approach. The number
of masses lumped between any two supports was based upon the spacing interval and
increases with the length of the spacing interval. Every mass was given an acceleration equal
to the maximum response from the response curve with 0.5% of critical damping, i.e., 0.8g
for 0.2g ground acceleration. Each piping system with its supports was modeled as a three-
dimensional frame and the loads given by the mass times the acceleration were applied at
each lumped mass along three directions, two horizontal and one vertical, separately. The
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moments and torque for each of the three loading directions were then obtained by stiffness
analysis. The stresses were calculated at critical points in the piping and its supports for each
loading direction. The stresses in the piping were found by using the USAS B3 1.1 formula

SM!. + m' +
Z

(Equation 3.7-1)

where: S stress

MX, My, Mz =moments about the two horizontal directions and the vertical
direction

Z section modulus

At each point the stresses obtained for the two horizontal loadings were conservatively com-
bined by the square root of the sum of the squares. This value was then conservatively com-
bined with the stress obtained for the vertical loading by direct addition.

3.7.2.1.2 Seismic Reevaluation

The seismic analysis methods changed greatly from the time of the design of Ginna Station to
the SEP reevaluation. The original seismic analysis was primarily by the equivalent static
method based on an estimated fundamental frequency of the structure. Response spectra
were used primarily to predict the peak acceleration of the fundamental mode. The check of
the static design analysis of the containment building was the only analysis that involved a
multi-mode system.

Current analytical techniques and computer models at the time of the SEP reevaluation had
increased considerably the sophistication and level of detail that could be treated. A complete
dynamic analysis of complicated structural systems such as the interconnected building com-
plex could be done conveniently and inexpensively.

For the SEP reevaluation, seismic analysis of the building complex was performed by the
finite element method using the computer program SAP4.7 A three-dimensional mathemati-
cal model of the building complex was developed. The frequencies and mode shapes of the
structural system were obtained from the computer analysis. After the frequencies and mode
shapes were obtained, the structural responses were computed by the response spectrum
method. The seismic input was defined by the horizontal spectral curve of the safe shutdown
earthquake specified in Regulatory Guide 1.60 for 10% structural damping and 0.2g peak
ground acceleration.

Two structural models were analyzed, one with half the bracing area (half-area model), one
with the full bracing area (full-area model). For each model, two analyses were performed,
one with the input excitation in the north-south direction, the other in the east-west direction.

The current licensing requirements would typically require load combinations different from
those considered when Ginna Station was designed. The seismic reevaluation concentrated
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on the original design combinations with primary attention devoted to the seismic margins.
Other current assumptions and criteria are discussed in the following sections in comparison
with those used in the design and analysis of Ginna Station.

3.7.2.2 Natural Frequencies and Response Loads

The frequencies and the ten largest modal participation factors of the full-area and half-area
models are listed in Table 3.7-2. The modes with low frequencies were those dominated by
steel parts of the structural system (i.e., the framing system) and the high-frequency modes
were dominated by the concrete structures (i.e., the control building and the basement struc-
tures of the auxiliary building). Since several high frequency modes had significant modal
participation factors, they were included in the dynamic analysis especially in computing the
in-structure response spectra.

3.7.2.3 Procedure Used for Mathematical Modeling

A three-dimensional mathematical model for the building complex was prepared for the com-
puter program SAP4 (Reference 7). All steel frames were modeled by beam elements. The
model's rigid diaphragms for all roofs and floors were represented by the rigid restraint. The
two-story concrete substructure of the auxiliary building and the control building were mod-
eled by equivalent beams. The four shear walls of the diesel-generator building were repre-
sented by four elastic springs attached to the north frame of the turbine building at the diesel-
generator building roof. The masses of the service building roof were lumped to the turbine
and intermediate buildings. All other masses were lumped to the centers of gravity of floors
or roofs.

3.7.2.4 Soil-Structure Interaction

Soil-structure interaction was not considered in the design of Ginna Station. Sophisticated
methods of treating soil-structure interaction exist; however, for structures that are founded
on competent rock, as is Ginna Station, the effects of soil-structure interaction are considered
relatively small. There is little radiation damping, and consideration of rock foundation com-
pliance results in only slight increases in the periods of response of a structure when com-
pared with the fixed-base case. It was expected that any variation in load that results from
neglecting soil-structure interaction would be well within the accuracy of the calculations.
This would be especially true for the containment structure, in which the walls are attached to
the foundation rock by rock anchors. Therefore, soil-structure interaction was not taken into
account in the seismic reevaluation.

3.7.2.5 Development of Floor Response Spectra

A direct method was applied to generate seismic input spectra for equipment at various loca-
tions in the structure (References 8 and 9). The method treated the earthquake input motions
and the response motions as random processes. The response spectrum at any location in the
structure was derived from the frequency response function of an oscillator, the frequency
response function of the structure at that location, and the input ground response spectrum.
This method avoided the troublesome task in the time-history approach of selecting the
proper corresponding time-history input for the specified spectrum. The in-structure spectra
generated from the half-area and full-area models were enveloped to give the final spectra
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(Figure 3.7-5). If peaks were still obvious at structural frequencies, spectrum-widening tech-
niques in accordance with current practice were then applied to ensure ±15% broadening to
account for modeling and material uncertainties.

3.7.2.6 Combination of Earthquake Directional Components

The original design of Ginna Station structures involved the combination of a vertical and
horizontal load, usually on an absolute basis. Current recommended practice is to combine
the responses for the three principal simultaneous earthquake directions by the square root of
the sum of the squares as described in Regulatory Guide 1.92. There is only a small differ-
ence between the two combination methods for circular plant structures like the containment
building, which is the only structure for which a dynamic analysis was originally performed.

3.7.2.7 Combination of Modal Responses

For the SEP evaluation a detailed dynamic analysis using the response spectrum method was
performed. In each analysis (east-west and north-south direction), 44 response modes were
used and the individual modal responses were combined by the square root of the sum of the
squares method.

3.7.2.8 Interaction of Nonseismic Structures with Seismic Category I Structures

A complex of interconnected buildings surrounds the containment building. Though contigu-
ous, these buildings are independent of the containment building. The auxiliary, intermediate,
control, and diesel-generator buildings are Seismic Category I structures, and the turbine and
service buildings are nonseismic structures (see Figure 3.7-6). In the original analysis, each
Class I structure was treated independently. For the SEP reevaluation the interconnected
nature of the buildings was considered an important feature, especially in view of the lack of
detailed original seismic design information. Therefore, both Class I and Class III buildings
were included in the reanalysis model. Gilbert Associates, Inc., developed separate models
for the auxiliary and control buildings in 1979. The basic assumptions and model properties
for these two buildings were adopted and incorporated into the reanalysis.

The auxiliary, intermediate, turbine, control, diesel-generator, and service buildings form an
interconnected U-shaped building complex that is mainly a steel frame structural system sup-
ported by concrete foundations or concrete basement structures. A typical steel frame is
made of vertical continuous steel columns with horizontal beams and cross bracing. The con-
nections are typically bolted. The braced frames serve as the major lateral load-resisting sys-
tem. Several such steel frames connect various parts of different buildings, which makes the
building complex a complicated three-dimensional structural system. The compositions and
interrelationships of the buildings in the complex are described in Section 3.8.4.

The principal lateral force-resisting systems of the interconnected building complex are the
braced frames. Several such systems tie all buildings together to act as one three-dimensional
structural system. It was, therefore, necessary to model these buildings in a single three-
dimensional model to properly simulate interaction effects. The results of the reevaluation
are discussed in Section 3.8.4.
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3.7.2.9 Use of Constant Vertical Static Factors

Vertical responses in the SEP evaluation were obtained by taking 13% (0.2g x 2/3) of the
dead load responses.

3.7.3 SEISMIC SUBSYSTEM ANALYSIS

3.7.3.1 Seismic Analysis Methods

3.7.3.1.1 Original Design

3.7.3.1.1.1 Piping and Tanks

Most of the original piping systems were analyzed by static methods, primarily the equivalent
static method. Seismic input for these analyses were based on the Housner ground response
spectra (Figures 3.7-1 and 3.7-2). Peak spectral accelerations were taken from the curves for
those components for which the natural frequency was estimated. If natural frequencies were
unknown, the maxima of the curves were used.

Exceptions to the static analysis approach included the analysis of

a. The residual heat removal system line from the reactor coolant system loop A to the con-
tainment penetration.

b. The main steam line from steam generator B to the containment penetration.

c. The reactor coolant system.

Two response spectrum analyses of the residual heat removal system line were performed.
One analysis used the response spectra in Figures 3.7-1 and 3.7-2 as input; the other used a
response spectrum that was a modification of the 0.5% damping spectrum in these figures to
account for building effects at the steam-line elevation.

Both static and dynamic analysis were performed on the main steam line of loop B inside the
containment. The modified response spectrum used for the residual heat removal system line
analysis was also used for this dynamic analysis.

The reactor coolant system was qualified by tests using a plastic model. Input was a sinusoi-
dal wave for the vertical direction and each of the two horizontal directions, independently.
The plastic model output (mode shapes and frequencies) was then used as input, along with
the Housner spectrum, to a three-dimensional mathematical model of the primary coolant
loop.

The piping lines of the safety injection system were analyzed by selecting the peak of the
0.5% critical damping response spectra corresponding to the 0.2g maximum potential earth-
quake. Concentrated forces at selected locations on the pipe line were applied with the force
equal to the product of the concentrated lumped mass and the maximum acceleration from the
response spectra. Combination of bending stress, Sb, and torsional stress, St, is made accord-
ing to the USAS B3 1.1 formula,

S = (Sb2 +2 4 St 2 )1/2
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The analysis of tanks was performed in the manner set forth in TID 7024, taking into account
the possible dynamic effects resulting from the sloshing of the water. The techniques are set
forth in Chapters 5 and 6 of TID 7024. Shell stresses and support stresses were limited to
those permitted in the pressure vessel codes and the structural steel standards of AISC.
Selected tanks were subsequently reanalyzed as part of the SEP (see Section 3.9.2.2.4).

Seismic Class I components were qualified on an individual and often generic basis. Qualifi-
cation of the major equipment items (Reference 1), such as the steam generator, control rod
drive mechanism, reactor internals, reactor vessel, and pressurizer, are summarized in the fol-
lowing.

3.7.3.1.1.2 Steam Generator

The original series 44 steam generators were evaluated to a set of generic loads including
seismic. The seismic loads were based on envelope horizontal response spectra for 1% equip-
ment damping shown on Figure 3.7-7 for the operating-basis and safe shutdown earthquakes.
The generic curves were based on an envelope of floor response spectra of eleven plants with
Westinghouse nuclear steam supply systems. The dynamic analyses are by the response spec-
trum method with the steam generator idealized by lumped masses inter-connected by three-
dimensional beam elements (Figure 3.7-8).In 1996, the steam generators were replaced. See
Section 5.4.2.3 for updated information.

3.7.3.1.1.3 Control Rod Drive Mechanisms

There are 29 equivalent model L- 106 control rod drive mechanisms attached to the reactor
vessel head adapters for the plant which were installed by PCR 2001-0042 during the 2003
refueling outage. The original model L-106 seismic analysis of the mechanisms consisted of
two phases. The first phase involved comparing the results of a computer analysis of the
mechanism for internal pressure and thermal loads with the ASME Section III stress allow-
ances. The results of the comparison were used to derive the allowable seismic bending
moment for the mechanism. In the second part of the analysis, a lumped mass beam model of
the control rod drive mechanism system was used to calculate the bending moments at vari-
ous locations on the assembly resulting from seismic loading. These calculated bending
moments were compared with the allowable seismic bending moment for the mechanism.

The seismic design basis used for the original drive mechanisms was 0.8g in both the horizon-
tal and vertical directions. For these loads the bending moments throughout the mechanism
were below the allowable bending moments. The results of the second phase of the analysis
were used in the design and analysis of the control rod drive mechanism seismic support
mechanism.

Equivalent L- 106 control rod drives provided by PCR 2001-0042 are evaluated for seismic
conditions in Reference 11.

3.7.3.1.1.4 Reactor Internals

The Ginna reactor internals assembly is a standard 12-ft, two-loop assembly (Figure 3.9-9)
that was qualified on a generic basis. The qualification analysis used a linear response spectra
analysis with a lumped mass beam finite element model as shown on Figure 3.7-9. The input
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for the analysis was the response spectra for the Kansai plant as shown on Figure 3.7-10.
Two cases were considered in the analysis: first, where the modal contributions were com-
bined by the square root of the sum of the squares and; second, where the modal contributions
were summed by the absolute method. Two models were evaluated, one with horizontal and
rotational stiffness representing the soil as shown on Figure 3.7-9 and the second model
where a fixed base was assumed. In both cases, 5% damping was used for the concrete and
I % for the internals. In the vertical direction, a single degree of freedom model, uncoupled
from the horizontal direction, was used. Stresses were obtained by adding horizontal and ver-
tical responses absolutely.

3.7.3.1.1.5 Reactor Vessel

Seismic analysis of the reactor vessel was performed by applying a steady-state acceleration
to the piping and calculating the resulting nozzle reactions. Stress calculations for the follow-
ing three cases were performed:

a. Design seismic plus thermal loads.

b. No loss of function seismic plus thermal loads.

c. Design seismic plus thermal plus interaction loads.

Accelerations of 0.08g and 0.2g were used for design (operating-basis) and no-loss-of-func-
tion (safe shutdown) earthquakes, respectively.

3.7.3.1.1.6 Pressurizer

A stress report for the pressurizer was completed and issued in 1969.. The report contained a
seismic analysis of the pressurizer shell, the support skirt, the support skirt flange and the
pressurizer support bolts. Loads for these evaluations were developed by combining the
internal pressure, thermal loads, weight, upper head nozzle loads (i.e., spray, safety, and relief
nozzles), and static seismic loads. The seismic analysis was conducted generically for the
heaviest Westinghouse pressurizer model. Two cases were analyzed: an operating-basis
earthquake and a safe shutdown earthquake. However, for both cases the safe shutdown earth-
quake acceleration of 0.48g horizontal and 0.32g vertical were used for evaluation. The accel-
erations were applied statically at the center of gravity of the pressurizer.

In 1973, a more detailed evaluation was performed of the pressurizer skirt and shell (Reter-
ence 10). For that evaluation the loads applied to the skirt were the equivalent of 10 times the
operating-basis earthquake loads and 14 times the safe shutdown earthquake loads outlined
above. The results contained only the primary membrane and bending stresses. The 4-in.
nozzles of the pressurizer were also evaluated. For the nozzle evaluations internal pressure
stresses were combined with the stresses resulting from the pipe loads including seismic loads
and the results were compared with ASME Code allowables. Design condition allowables
were used for analysis involving operating-basis earthquake and emergency condition allow-
ables were used for the safe shutdown earthquake.

The heaters for the pressurizer were qualified on a generic basis (Reference 10). The qualifi-
cation procedure used an equivalent load of 37.5g for the safe shutdown earthquake and 30g
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for the operating-basis earthquake. The fundamental frequency of the heater rods was greater
than 33 Hz.

3.7.3.1.2 Seismic Reevaluation

For the SEP reevaluation, the seismic input was defined by means of in-structure or floor
response spectra which were generated either by the direct method or by means of a time-his-
tory analysis. The spectra were normally smoothed and the peaks broadened to account for
modeling and material uncertainties.

In-structure response spectra were generated for both the interconnected building complex
and the containment building. In both cases, in-structure spectral curves were smoothed, and
the peaks were widened ±15% in accordance with current practice. As described in Section
3.7.2.1, two mathematical models of the interconnected building complex were analyzed to
bracket the behavior of the braced frames: a half-area model that simulated buckled bracing;
and a full-area model that simulated unbuckled bracing. Envelopes of spectra generated from
the two models by the direct method were used for reanalysis of equipment. In-structure
response spectra for the containment interior structures were generated from time-history
analyses of the mathematical model.

Response spectra were generated at the equipment locations and floor centers of gravity indi-
cated in Table 3.7-3 and shown in Figure 3.7-11. At each location, two orthogonal horizontal
spectral components were computed at three different equipment damping ratios (3%, 5%,
and 7%). Since the vertical dynamic amplification was judged to be negligible, all vertical
floor spectra were considered to be the same as the ground input spectra with 0.1 3g peak
acceleration.

The in-structure response spectra generated for equipment analysis are shown in Figures 3.7-
12 through 3.7-28. The horizontal in-structure spectra of the containment interior structure
are oriented in the directions of S62E and N28E. Spectra outside the containment building
are in the north-south and east-west directions.

For mechanical and electrical equipment, a composite 7% equipment damping was used in
the evaluation for the 0.2g safe shutdown earthquake. For piping evaluation, the equipment
damping associated with the safe shutdown earthquake was limited to 3%.

For the SEP reevaluation, components were grouped as active or passive and rigid or flexible.
Then, a representative sample of each group was evaluated to establish the seismic design
factor of safety or degree of adequacy for that group. In this way, seismic design factors
within groups of similar components were established without the detailed reevaluation of
hundreds of individual components within each group.

A representative sample of components was selected for review by one of two methods:

A. Selection based on a walk-through inspection of the Ginna facility by the NRC SEP seismic
review team which selected components as to the potential degree of seismic fragility for
components of that category.
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B. Categorization of the safe shutdown components into generic groups such as horizontal
tanks, heat exchangers, and pumps; vertical tanks, heat exchangers, and pumps; motor con-
trol centers and motors.

Based on the detailed review of the seismic design adequacy of the representative compo-
nents discussed above, conclusions were developed as to the overall seismic design adequacy
of Seismic Category I equipment installed in Ginna Station.

The seismic analysis of the components selected for the SEP review, as well as the compo-
nents that are representative of the generic groups of safety-related components is described
in Section 3.9.2.2.4 for mechanical components and Section 3.10.2.1 for electrical compo-
nents. Tables 3.9-12 and 3.10-2 contain the list of these components and the reason for their
selection.

3.7.3.2 Basis for Selection of Frequencies

The components and distribution systems were designated as flexible or rigid in developing
the magnitude of the seismic input for component evaluation. Designation of rigid or flexible
components for Ginna was complicated by the fact that many components were supported in
the auxiliary and reactor buildings by concrete structures, which had high fundamental fre-
quencies between 15 and 25 Hz, while other components were supported by steel superstruc-
tures, which had fundamental frequencies between 6 and 11 Hz. Equipment supported at or
near grade was subject to nearly the ground response, with a peak response acceleration in the
2 to 9 Hz range. Therefore, components that had fundamental frequencies greater than 20 Hz
and were located on grade or supported by structural steel could be considered rigid since
there was little amplification in this region of the applicable response spectra. Similar com-
ponents supported by concrete structures would be at or near building resonance and were
considered flexible. For flexible components whose fundamental frequencies were less than
twice the dominant building frequencies, the seismic inertial accelerations were typically 5 to
15 times the safe shutdown earthquake peak ground acceleration, depending on:

" Potential resonance with the supporting building structure.

• Structure and equipment damping levels.

" Equipment support elevations.

3.7.3.3 Use of Equivalent Static Analysis

Equivalent static analysis was used for the seismic analysis of several components. For those
components that were classified as rigid, with a fundamental frequency of 33 Hz or more,
peak floor accelerations were used. For flexible components peak response acceleration from
the appropriate in-structure response spectra were used.

3.7.3.4 Three Components of Earthquake Motion

Response spectra were generated at the equipment locations and floor centers of gravity. At
each location, two orthogonal horizontal spectral components were computed. Since the ver-
tical dynamic amplification was judged to be negligible, all vertical floor spectra were consid-
ered to be the same as the ground input spectra with 0.13g peak acceleration.
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3.7.3.5 Combination of Modal Responses

The various Seismic Category I mechanical equipments and components were seismically
qualified by analyses in which static loads equivalent to the accelerations in the response
spectra were applied. As such, the question of combining modal responses did not exist. The
same conclusion is true for those piping systems which were analyzed either using model
techniques or by using equivalent static loads. The three piping systems that were analyzed
using response spectrum are the (1) residual heat removal system, (2) main steam line, and (3)
charging system. The original analyses used the square root of the sum of the squares of
modal components. However, in response to NRC IE Bulletin No. 79-07, when a reanalysis
was performed, the absolute sum of the modal components was used. Several additional seis-
mic analyses of piping systems were performed subsequently. Either the square root of the
sum of the squares or the absolute sum method were used for combining the modal responses.
Both are acceptable.

3.7.3.6 Analytical Procedures for Piping

The original Ginna Station design did not utilize dynamic computer analyses for seismic qual-
ification of Seismic Category I piping. The reactor coolant system piping was seismically
qualified using a combination of model testing and analysis. Seismic Category I piping 2-1/2
in. nominal pipe size and larger was seismically qualified using equivalent static analyses.
Seismic Category I piping 2-in. nominal pipe size and smaller was seismically qualified using
support spacing tables. Dynamic analysis of sections of the A residual heat removal and B
main steam piping were performed solely to verify the equivalent static analysis method.

However, modifications or additions to piping systems at Ginna Station since initial operation
were seismically qualified using dynamic analyses. Some small piping was seismically qual-
ified using equivalent static analysis or spacing table techniques.

As a result of IE Bulletin No. 79-07, new dynamic analyses were performed for sections of
the A residual heat removal, B main steam, and charging system piping. The reanalyses were
based on as-built piping system isometrics and support information. The details of these anal-
yses are described below and in Section 3.9.2.1.2.

Additional analyses were also performed for the pressurizer safety and relief lines. Details of
the analytical methods and analysis are provided below and in Section 3.9.2.1.4.

Reanalysis of critical safety-related piping 2-1/2 in. and larger was performed under the Seis-
mic Piping Upgrade Program discussed in Section 3.7.3.7.

3.7.3.6.1 Residual Heat Removal System Line from Reactor Coolant System Loop A to
Containment

A sketch of this run is shown in Figure 3.7-29. Idealized lumped mass models were devel-
oped and analyzed dynamically. The analysis was made by assigning three translational and
three rotational degrees of freedom to each lumped mass point with each mass point repre-
senting a geometrically proportional amount of the total system mass. Elastic characteristics
of the system include the translational and rotational stiffnesses; the rotational elastic charac-
teristics are carried into the reduced stiffness matrix that is inverted and forms, with the mass
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matrix, the dynamic matrix. Following normal mode theory the natural frequencies, mode
shapes, and participation factors are computed to yield the dynamic system characteristics.
These characteristics are then combined with the appropriate shock spectra to yield the D'Ale-
mbert reverse effective forces on the system for each mode. The modal forces are then used
to compute the stresses per mode. The stresses are summed on a root mean square basis for
final comparison to code allowable stresses.

More than 70 modes have been analyzed for their response to earthquake excitation. The
Housner 0.5% critical damping ground response spectrum normalized to 0.2g was used. This
spectrum was considered adequate because of the location of this pipe run, low in the contain-
ment.

For the location of maximum stress, the stress values were calculated at three points on the
pipe cross section, the bottom, one side 90 degrees away, and half way between these two.
First the stresses due to the two bending moments and one torsional moment on the pipe were
calculated. Then for each of the three points, the root mean square of the stresses acting at the
point for the significant modes (first three) was calculated. To this was added the dead weight
stress, and then the result multiplied by the stress intensification factor, as the location of
maximum stress was the end of an elbow. The pressure stress was added to this result in order
to obtain the total additive longitudinal stress. The total maximum stress was calculated, con-
sidering the torsional shear stress and using the formula for maximum principal stresses.

Re-analysis of the Residual Heat Removal system piping was performed under the Seismic
Upgrade program. Additional information may be found in Section 3.7.3.7.

3.7.3.6.2 Steam Line from Steam Generator B to Containment

A dynamic modal analysis was run on the steam line of loop B on lines similar to that just
described. The lumped mass model of the piping, supports, and snubbers are shown in Figure
3.7-30.

Re-analysis of the Main Steam system piping was performed under the Seismic Upgrade pro-
gram. Additional information may be found in Section 3.7.3.7.

3.7.3.6.3 Pressurizer Safety and Relief Lines

3.7.3.6.3.1 Analytical Methods

The analytical methods used to obtain a piping deflection solution consisted of the transfer
matrix method and stiffness matrix formulation.

The piping system models, constructed for the WESTDYN computer program, were repre-
sented by an ordered set of data which numerically describes the physical system.

The spatial geometric description of the piping model was based upon the isometric piping
drawings and equipment drawings. Node point coordinates and incremental lengths of the
members were determined from these drawings. Node point coordinates are put on network
cards. Incremental member lengths were put on element cards. The geometrical properties
along with the modulus of elasticity (E), the coefficient of thermal expansion (a), the average
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temperature change from the ambient temperature (delta T), and the weight per unit length
(w) were specified for each element. The supports were represented by stiffness matrices
which define restraint characteristics of the supports. Plotted models for various parts of the
safety and relief valve discharge piping are shown in Figure 3.7-3 1, Sheets I through 5.

3.7.3.6.3.2 Transfer Matrix Method

The static solutions for deadweight and thermal loading conditions were obtained by using
the WESTDYN computer program. The fundamental transfer matrix for an element is deter-
mined from its geometric and elastic properties. If thermal effects and boundary forces are
included, a modified transfer relationship is defined as follows:

(Equation 3.7-2)

or

T I Bo + R, = B1

where the T matrix is the fundamental transfer matrix as described above, and the R vector
includes thermal effects and body forces. This B vector for the element is a function of geom-
etry, temperature, coefficient of thermal expansion, weight per unit length, lumped masses,
and externally applied loads.

The overall transfer relationship for a series of elements (a section) can be written as follows:

B1 = TIBo + R,

B2 = T2B1 + R2 = T2T1B0 + TAR1 + R2

B 3 = T3 B2 + R3 = T 3T2TIBo + T3T 2Rj -+ T3 R 2 + R3

or

n.
1. =zT B0 j *rT R,1+ ( 3-3

(Equation 3.7-3)
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3.7.3.6.3.3 Stiffness Matrix Formulation

A network model was made up of a number of sections, each having an overall transfer rela-
tionship formed from its group of elements. The linear elastic properties of a section were
used to define the characteristic stiffness matrix for the section. Using the transfer relation-
ship for a section, the loads required to suppress all deflections at the ends of the section aris-
ing from the thermal and boundary forces for the section were obtained. These loads were
incorporated in the overall load vector.

After all the sections were defined in this manner, the overall stiffness matrix, K, and associ-
ated load vector needed to suppress the deflection of all the network points was determined.
By inverting the stiffness matrix, the flexibility matrix was determined. The flexibility matrix
was multiplied by the negative of the load vector to determine the network point deflections
due to the thermal and boundary force effects. Using the general transfer relationship, the
deflections and internal forces were then determined at all node points in the system. The sup-
port loads, F, were also computed by multiplying the stiffness matrix, K, by the displacement
vector, 5, at the support point.

The lumping of the distributed mass of the piping systems was accomplished by locating the
total mass at points in the system which appropriately represented the response of the distrib-
uted system. Effects of the pressurizer motion on the piping system were obtained by model-
ing the mass and the stiffness characteristics of the equipment in the overall system model.

The supports were again represented by stiffness matrices in the system model for the
dynamic analysis. Mechanical shock suppressors which resist rapid motions were considered
in the analysis. The solution for the seismic disturbance employed the response spectra
method.

From the mathematical description of the system, an overall stiffness matrix, K, was devel-
oped from the individual element stiffness matrices using the transfer matrix, KR, associated
with mass degrees of freedom only. From the mass matrix and the reduced stiffness matrix,
the natural frequencies and the normal modes were determined. The modal participation fac-
tor matrix was computed and combined with the appropriate response spectra value to give
the modal amplitude for each mode. Since the modal amplitude was shock direction depen-
dent, the total modal amplitude was obtained conservatively by the absolute sum of the con-
tributions for each direction of shock. The modal amplitudes were then converted to
displacements in the global coordinate system and applied to the corresponding mass point.
From these data the forces, moments, deflections, rotation, support reactions, and piping
stresses were calculated for all significant modes.

The seismic response from each earthquake component was computed by combining the con-
tributions of the significant modes.
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3.7.3.7 Seismic Piping Upgrade Program

3.7.3.7.1 Program Scope

Commencing in 1979, a reanalysis of selected Class 1 piping systems was performed for the
seismic piping upgrade program, which resulted from SEP Topic 111-6.

The purpose of this program was to upgrade certain Seismic Category I Piping systems at
Ginna Station to more current requirements and to provide a seismic data base for use with
modifications, the inservice inspection program, and NRC requests for information.

Portions of the following piping systems were included in this program:

" Reactor coolant system

" Main steam

" Main feedwater

" Auxiliary feedwater

" Safety injection

" Residual heat removal

" Containment spray

* Steam generator blowdown

" Service water (SW)

" Component cooling

" Standby auxiliary feedwater

* Chemical and volume control

1. Auxiliary spray

2. Letdown

3. Seal-water

4. Charging

3.7.3.7.2 Piping Selection Criteria

The criteria for the selection of lines to be included in the program were as follows:

A. Only piping that is considered Seismic Category I as identified by the safety class and seis-
mic boundaries shown on the Ginna Station P&IDs.

B. Main runs of piping included shall be based on the following criteria:

1. Main runs of piping which are 2-1/2 in. and larger and critical 2-in. piping.

2. Main runs that provide the fluid flow path to/or from equipment required for safe shut-
down and loss-of-coolant-accident mitigation based on the Systematic Evaluation Pro-
gram. Equipment does not include instrumentation.
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3. Selected additional main runs, which are a primary part of the systems included in the
upgrade program.

C. Branch lines included shall be based on the following criteria:

1. Branch lines shall be included in the analyses as necessary to determine the local
effects of the branch lines on the main runs and to ensure adequate flexibility exists in
the branch line to prevent local overstress in the branch due to main run displace-
ments.

2. Branch lines whose section modulus is greater that 15% of the main run section mod-
ulus shall be included in the analysis for an appropriate distance and/or number of sup-
ports

3. Branch lines whose section modulus is less than 15% of the main run section modulus
do not need to be explicitly included in the analysis.

3.7.3.7.3 Selected Lines

The lines selected to be analyzed and modified as necessary are identified below.

The load combinations, associated stress limits, and conclusions for these lines are discussed
in Section 3.9.2.1.8. Pipe supports for these lines are discussed in Section 3.9.3.3.

3.7.3.7.3.1 Reactor Coolant System

a. Primary loop.

b. Surge line.

c. Pressurizer spray lines from the cold legs to the pressurizer.

3.7.3.7.3.2 Main Steam

a. The 30-in. lines from both steam generators through the penetrations and up to the main
steam isolation valves.

b. Inlet piping up to safety and relief valves.

3.7.3.7.3.3 Main Feedwater

The 14-in. lines from the steam generators through the penetrations and up to check valves
3992 and 3993.

3.7.3.7.3.4 Auxiliary Feedwater

a. The discharge lines from the two motor-driven pumps and the turbine-driven pump up to
the main feedwater connections, and branches to valves 4304, 4310, including by-pass lines
containing valves 4493 and 4494.

b. The condensate and service water (SW) suction lines from the pumps to check valves 4014,
4016, 4017, and to valves 4013, 4027, and 4028.
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3.7.3.7.3.5 Safety Injection

a. The 10-in. safety injection accumulator discharge lines to the cold legs.

b. Safety injection pump suction lines from the refueling water storage tank (RWST) through
valves 896A and B and 825A and B to the three pumps.

c. The safety injection pump discharge lines from the three pumps to the safety injection accu-
mulator discharge lines and to the two hot leg connections.

d. The boric acid lines from the boric acid storage tanks to the safety injection pump suction
line.

e. The 4-in. alternate safety injection suction line from valves 1816A and B to the pump.

f. The 10-in. low-head safety injection suction from the refueling water storage tank (RWST)
to valve 854.

g. The 6-in./8-in. header from the refueling water storage tank (RWST) to valves 857A, B,
and C.

h. The 8-in. suction lines from containment sump B to valves 850A and B and the 6-in. branch
lines to valves 1810A and B.

i. The low head safety injection lines from valves 852A and B to the reactor coolant system.

3.7.3.7.3.6 Residual Heat Removal

a. The 10-in. suction lines from the loop A hot leg to the two residual heat removal pumps.

b. From valves 850A and B to the residual heat removal pumps.

c. From valve 854 to the suction header.

d. The two pump discharge lines through heat exchangers and to the common 10-in. return.

e. The 10-in. return through penetration P I ll and to the B cold leg.

f. The discharge cross-connect including valves 709C and D.

g. The heat exchanger bypass line including valves 712A and B.

h. The two lines from the residual heat removal heat exchanger outlets to valves 857A and B
and 1816B.

i. The recirculation line from the residual heat removal return through valve 822B to the
residual heat removal suction line.

j. The two lines from the residual heat removal return to valves 852A and B.

3.7.3.7.3.7 Containment Spray

a. The two suction lines from the refueling water storage tank (RWST) header to the spray
rings.

b. The two containment spray pump discharge lines and spray rings.

c. The two eductor lines from the containment spray pump discharges to the pump suctions.

d. The spray additive lines from the tank through valves 836A and B and to the two eductors.
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3.7.3.7.3.8 Chemical and Volume Control System

a. The auxiliary pressurizer spray line from the connection at the regenerative heat exchanger
outlet line to the pressurizer spray line.

b. The letdown line from the reactor coolant system through the regenerative heat exchanger,
through the nonregenerative heat exchanger, through valve TCV 145 to the volume control
tank.

c. The 4-in. header from the volume control tank and the 3-in. suction lines to the three charg-
ing pumps.

d. The three charging pump discharge lines to the acoustic filter.

e. The 2-in. charging lines from the acoustic filter through the regenerative heat exchanger to
both the hot and cold leg connections.

f. The 3-in. seal water header from the acoustic filter and the 2-in. lines to the reactor coolant
pump seals.

g. The 2-in. seal-water return lines from the reactor coolant pump seals and the 3-in. return
header through the seal water heat exchanger to the volume control tank. This includes 3/4-
in. piping through flow transmitters 175, 176, 177, and 178.

h. The 4-in. line from the refueling water storage tank (RWST) through valves LCV 112B and
358 to the charging pump suction header.

3.7.3.7.3.9 Steam Generator Blowdown

The 2-in. and 3-in. lines from the steam generators through the penetrations to the isolation
valves.

3.7.3.7.3.10 Service Water System

a. The inlet piping to both diesel generators including the cross-connection between the die-
sels, the 16-, 14-, and 10-in. supply to the turbine building up to valve 4613.

b. The outlet piping from both diesel generators to an anchor point outside the diesel generator
room.

c. The 20-in. supply lines and header inside the auxiliary building.

d. The 18-, 14-, and 6-in. supply lines from the 20-in. header to the two component cooling
water heat exchangers and the spent fuel pool (SFP) heat exchanger.

e. The normal discharge lines from the component cooling water heat exchangers and the
spent fuel pool (SFP) heat exchangers including the 20-in. discharge line inside the auxil-
iary building.

f. The 3-in. supply and normal discharge headers to and from the safety injection system
pumps and equipment coolers in the auxiliary building (includes piping through valves
4738, 4739, and 4739A).

g. The 16-in. and 14-in. supply headers inside the intermediate building. Including piping
through valves 4640, 4623, 4639, and 4756.

h. The 10-in. supply to the turbine building up to valve 4614.
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i. The 4-in. supply lines to the preferred auxiliary feedwater pumps.

j. The 2-1/2 in. and 8-in. supply and discharge lines to and from the 1A, 1B, IC, and ID con-
tainment ventilation cooling coils and fan motors.

k. The 2-1/2 in. supply and discharge lines for the reactor compartment coolers, including pip-
ing through valves 4625, 4626, and 4624.

1. The 6 and 4-in. supply to the air conditioning water chillers up to the isolation valves 4663
and 4733.

m. The common discharge header for the ventilation coolers up to an anchor point outside the
intermediate building.

n. The service water (SW) pump discharge piping inside the screen house including the 4-in.

cross-tie.

o. The 4-in. supplies from the loop to the C and D standby auxiliary feedwater (SAFW)
pumps including the 4-in. cross-tie.

p. The 4-in. test suction line through valves 9707A and B and the I- 1/2-in. branch line

through valves 9720A and B.

q. The 1-1/2-in. supply to standby auxiliary feedwater room cooling units A and B.

r. The discharge from the standby auxiliary feedwater room cooling units to the 14-in. normal
return line and to the 20-in. alternative discharge line.

3.7.3.7.3.11 Component Cooling Water

a. The 14-in. suction header and 10-in. suction lines to the component cooling water pumps.
The component cooling water pump discharge lines to the component cooling water heat
exchangers.

b. The 4-in. and 6-in. component cooling water surge tank line.

c. The 10-in. and 14-in. supply headers out of the component cooling water heat exchangers.

d. The 10-in and 14-in. supply lines to both residual heat exchangers.

e. The 10-in. and 14-in. return lines from the residual heat exchangers to the component cool-
ing water pumps suction header.

f. The 2Lin. supply and return lines to the residual heat removal pump coolers.

g. The 14-in. and 8-in. supply and return headers servicing the reactor coolant pumps and
reactor supports.

h. The 3-in. and 4-in. supply and return lines to both reactor coolant pump motors.

i. The 6-in. supply and return lines for the reactor supports from the 2-in. headers to penetra-
tions 130 and 131.

j. The 2-in. supply and return lines for the excess letdown heat exchanger from the 8-in.
header to penetrations 124 and 126.

k. The 6-, 4-, and 2-in. supply and return lines for the nonregenerative heat exchanger and the

seal-water heat exchanger.

1. The 2-in. supply and return lines for both the containment spray and safety injection pumps.
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3.7.3.7.3.12 Standby Auxiliary Feedwater

The 3-in. discharge from standby auxiliary feedwater pumps (SAFW) C and D through the
penetrations to the A and B main feedwater lines, including the 3-in. cross-tie and the 1-1/2-
in. lines to both minimum flow orifices.

3.7.3.7.4 Codes and Standards

The original design of Seismic Category I piping at Ginna was done to USAS B31.1.

The piping code, USAS B31.1, was updated on June 30, 1973, revising the piping stress anal-
ysis formulas and stress intensification factors. The primary stress equations are similar to
those given in the ASME Section III Code of that time. The stress intensification factors
given in the 1973 version of the code were expanded to include more fittings than in the pre-
vious edition, as well as higher values for certain existing fittings. In the piping system Seis-
mic Upgrade Program, the ANSI B3 1.1 Code, Summer 1973 Addenda, was used primarily,
with the following exception. The piping criteria did not consider the B3 1.1 Summer 1973
Addenda stress intensification factors for butt and socket welds, since they are constrictively
higher than the original design basis 1967 B3 1.1 stress intensification factors.

The design, materials, fabrication, installation, and examination of piping modifications
required as a result of this reanalysis are done in accordance with ANSI B31.1.

3.7.3.7.5 Analytical Procedures

The analytical procedure used for the piping analysis is described in the following.

3. 7.3. 7.5.1 General

The piping/support systems are evaluated incorporating three-dimensional static and dynamic
models which include the effects of the supports, valves and equipment. The static and
dynamic analysis employs the displacement method, lumped parameters, stiffness matrix for-
mulation, and assumes that all components and piping behave in a linear elastic manner.

The response spectra model analysis technique is used to analyze piping.

Seismic analyses incorporate the Gilbert Associates, Inc., developed response spectra for both
the operating-basis and safe shutdown earthquake cases. Spectra are derived from buildings
and elevations applicable to the individual analysis lines.

The seismic analyses are based on the operating-basis earthquake and safe shutdown earth-
quake being initiated while the plant is at the normal full power condition.

3.7.3.7.5.2 Damping Values

The seismic pipe stresses are determined using seismic loads generated considering the pip-
ing systems to have the following damping values.

Small diameter piping systems, diameter less than 12-in.

For operating-basis earthquake the damping value is I %.
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For safe shutdown earthquake the damping value is 2%.

Large diameter piping systems, diameter equal to or greater than 12 in.

For operating-basis earthquake the damping value is 2%.

For safe shutdown earthquake the damping value is 4%.

For a coupled system with different damping and different structural elements, such as would
be the case in analysis with coupling between concrete structures and welded steel compo-
nents, the method used for damping is either to (1) use the damping that results in the highest
load, (2) inspect the mode shapes to determine which modes correspond with a particular
structural element, and then use the damping associated with that element having predomi-
nant motion, or (3) use composite modal damping value for each mode, which is calculated
by weighting the damping in each subsystem by the amount of strain energy in each sub-
system.

An acceptable alternative to the listed damping values is to apply the values given in ASME
Code Case N-4 11. These values are applicable to both Operating Basis Earthquakes and
Safety Shutdown Earthquakes and are independent of pipe diameter.

3.7.3.7.5.3 Combination of Modal Responses

For piping systems interconnected between floors of a structure and/or building, the envelope
of the respective floor response spectra is used in the seismic analysis.

The piping was analyzed for the simultaneous occurrence of two horizontal components and
one vertical earthquake input component. The response spectra associated with each earth-
quake component are applied in each direction separately. The combined modal response for
each item of interest (e.g., force, displacement, stress) resulting from each component analy-
sis will be combined by the square root of the sum of the squares method.

For each seismic analysis, the total seismic response is obtained by combining the individual
modal response (in each direction) utilizing the square root of the sum of the squares method.
The combination of modal responses is in accordance with one of the following:

a. Regulatory Guide 1.92.

b. Subsection 3.7.3.4 of Westinghouse RESAR-41, as described below.

c. NUREG 1061 Volume 4, Section 2, as described below.

For systems having modes with closely spaced frequencies, the above method is modified to
include the possible effect of these modes. The groups of closely spaced modes are chosen
such that the difference between the frequencies of the first mode and the last mode in the
group does not exceed 10% of the lower frequency. Combined total response for systems
which have such closely spaced modal frequencies are obtained in accordance with Regula-
tory Guide 1.92 or, as an acceptable alternative, the following method.

Frequency groups are formed starting from the lowest frequency and working toward succes-
sively higher frequencies. No frequency should be included in more than one group. The
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resultant unidirectional response for systems having such closely spaced modal frequencies is
obtained by the square root of (a) the sum of the squares of all modes, and (b) the product of
the responses of the modes in various groups of closely spaced modes and associated cou-
pling factors,. The mathematical expression for this method with R as the item of interest is:

7, : Rý - .+2,1
j-1 J=!

Nj-1N- 1

I=K+I
! z -Rigz,for. l:xK

(Equation 3.7-4)

where: Ri=

Ri.=

N=

S=.

Nj=

resultant unidirectional response for direction i; i=l, 2, 3

absolute value of response of direction i, mode j

total number of modes considered

number of groups of closely spaced modes

lowest modal number associated with group j of closely spaced
modes

highest modal number associated with group j of closely spaced
modes

coupling factor with

and
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Total response, RT is

frequency of closely spaced mode K (rad/sec)

fraction of critical damping in closely spaced mode K

duration of the earthquake (seconds)
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R7 , = [i R. I (Equation 3.7-8)

For "Multiple Supporting Piping Systems" utilizing the independent support motions
response spectrum method of analysis, the total response for the system is obtained in accor-
dance with NUREG 1061 Volume 4, Section 2, as summarized in the following:

aa. For inertial or dynamic components.

The inertial or dynamic component group responses for each direction are combined by
the absolute sum method. Modal and directional responses for these component groups
are combined by the square root sum of the squares method without considering closely
spaced frequencies.

bb. For pseudostatic components (e.g., anchor motion).

Calculate the maximum absolute response for each support group and then combine their
effects by the absolute sum method for each input direction. Directional responses are
then combined by the square root sum of the squares method.

cc. For the total response.

Determine the total response by combining the dynamic and pseudostatic responses by
the square root sum of the squares method. Since consideration of closely spaced fre-
quencies need not be considered when applying this analysis method, either directional or
modal components may be combined first.

dd. High frequency modes.

High frequency modes (>33Hz) are combined algebraically as described in NUREG
1061 Volume 4, Section B.2 of Appendix B. The effects of the high frequency modes are
combined with the effects of the low frequency modes (•33Hz) by the square root of the
sum of the squares method.

3.7.3.7.5.4 Safe Shutdown Earthquake Stresses

The analyses performed for piping and supports do not include stresses resulting from safe
shutdown earthquake induced differential motion. These stresses are secondary in nature,
based on ASME code rules for piping (NB-3652, NB-3656, F-1360) and component supports
(NF-323 1). The safe shutdown earthquake, being a very low probability single occurrence
event, is treated as a faulted condition. Therefore, consistent with present ASME philosophy,
the secondary stresses associated with the safe shutdown earthquake induced differential
motion are not evaluated when performing seismic analysis per the response spectrum
method. The basic characteristic of these stresses is that they are self-limiting. Local yield-
ing and minor distortions will satisfy the initial conditions that caused the stress to occur.
Operating-basis earthquake induced differential motion is considered.
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3.7.3.7.5.5 Small Piping Analysis

For small piping (2 in. and smaller) as an option to dynamic analysis, either the equivalent
dynamic or static rigid range approach can be used. If the small piping system has a low
operating temperature, then the pipe lines can be analyzed using equivalent static loads based
on spacing table techniques. The static rigid range approach is used for rigid piping systems,
which are defined as having natural frequencies greater than 33 Hz. In this case, the piping
system is analyzed with static equivalent loads corresponding to acceleration in the rigid
range of the applicable response spectrum curves. Both horizontal and vertical static equiva-
lent loads are applied to rigid piping systems. The response of the piping system for two
orthogonal horizontal directions and one vertical direction are combined on a square root of
the sum of the squares basis.

For any piping that can be shown to be rigid (lowest natural frequency greater than 33 Hz), as
an option to performing a dynamic analysis, the static rigid range approach may be used.

3.7.3.7.5.6 Branch Line Analysis,

The following branch line analytical procedure and criteria are used.

a. The branch line is not included in the run model if its section modulus is 15% or less of the
run section modulus.

b. For branch lines which have section moduli greater than 15% of the run section modulus,
the branch line is modeled initially for a distance of 15 ft 0 in. If it is later determined by
the piping analyst that additional modeling information is required, it is provided and
included within the analysis model.

c. In the run analysis where the branch line has not been included, the branch allowable bend-
ing moments are included. Using B3 1.1 Summer 1973 Addenda, Formula 12, the branch
allowable moment is expressed as follows:

oT. L .. j,

MBR = Branch Allowable Moment (Equation 3.7-9)

d. For branch lines that are not included in the model, supports within 10 ft of the run are
noted since a support near the run pipe could affect the branch line flexibility.

3.7.3.7.5.7 Piping Beyond Scope of Upgrade Program

Piping which extends beyond the scope of the seismic upgrading program effort is included
within the analysis only as it affects fluid lines within scope. In general, piping is modeled
for a distance which covers a minimum of one rigid support in each of the three global direc-
tions. Case-by-case judgments are made when the above is insufficient or infeasible.

Out-of-scope piping is analyzed to the same general guidelines and criteria as the in-scope
piping, once its inclusion has been deemed necessary. Analysis of nonseismic portions of the
out-of-scope piping may be done to allowable stresses equivalent to the ASME Code Service
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Level D allowables, providing the in-scope piping meets all seismic upgrade criteria require-
ments. Piping or support modifications are recommended for the out-of scope segments when
the qualification and/or safe operation of the upgraded piping mandates. Support load evalu-
ations comply with the above guidelines and criteria established for the piping being sup-
ported.

3.7.3.7.6 Piping System Models

Piping Modeling Techniques for Static Analysis

The piping system models are represented by an ordered set of data, which numerically
describes the physical system.

The spatial geometric description of the piping model is based upon the as-built isometric
piping drawings and equipment drawings. Node point coordinates and incremental lengths of
the members are determined from these drawings. Node point coordinates are input on net-
work cards. Incremental member lengths are input on element cards. The geometrical prop-
erties along with the modulus of elasticity, E, the coefficient of thermal expansion, a , the
average temperature change from ambient, delta T, and the weight per unit length, w, are
specified for each element. The supports are represented by stiffness matrices, which define
restraint characteristics of the supports.

A network model is made up of a number of sections, each having an overall transfer relation-
ship formed from its group of elements. The linear elastic properties of the section are used to
define the characteristic stiffness matrix for the section. Using the transfer relationship for a
section, the loads required to suppress all deflections at the ends of the section arising from
the thermal and boundary forces for the section are obtained. These loads are incorporated
into the overall load vector.

After all the sections have been defined in this manner, the overall stiffness matrix, K, and
associated load vector, to suppress the deflection of all the network points, is determined. By
inverting the stiffness matrix, the flexibility matrix is determined. The flexibility matrix is
multiplied by the negative of the load vector to determine the network point deflections due to
the thermal and boundary force effects. Using the general transfer relationship, the deflec-
tions and internal forcesare then determined at all node points in the system. The support
loads, F, are also computed by multiplying the stiffness matrix, K, by the displacement vector,
S, at the support point.

The models used in the static analysis are modified for use in the dynamic analyses by includ-
ing the mass characteristics of the piping and equipment.

The lumping of the distributed mass of the piping systems is accomplished by locating the
total mass at points in the system which will appropriately represent the response of the dis-
tributed system. Effects of the equipment motion are obtained by modeling the mass and the
stiffness characteristics of the equipment in the overall system model when required.

The supports are again represented by stiffness matrices in the system model for the dynamic
analysis. Hydraulic shock suppressors that resist rapid motions are considered in the analysis.
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From the mathematical description of the system, the overall stiffness matrix, K, is developed
from the individual element stiffness matrices using the transfer matrix, KR, associated with
mass degrees-of-freedom only. From the mass matrix and the reduced stiffness matrix, the
natural frequencies and the normal modes are determined.

The effect of eccentric masses, such as valves and extended structures, are considered in the
seismic piping analyses. These eccentric masses are modeled in the system analysis and the
torsional effects caused by them are evaluated and included in the total system response. The
total response must meet the limits of the criteria applicable to the safety class of the piping.

3.7.3.7.7 Valve Model

Valves are included in the piping system model. The model employed reflects non-rigid
behavior as well as rigid behavior. For rigid valves, the model used consists of a rigid beam
element from the center of the run pipe to the center of gravity of the valve. The mass of the
valve should be located at the valve center of gravity. For non-rigid valves, the model should
have two masses.

3.7.3.7.8 Equipment Model

Where the stiffness and mass of the equipment attached to the piping will influence the piping
system being analyzed, the piping model must include the equipment effect. This is accom-
plished by including in the piping model a model of the equipment to the detail necessary.

3.7.3.7.9 Interaction Effects

Interaction of other piping systems is considered when their response will affect the response
of the line being analyzed. The reactor coolant loop is included in the piping system model to
the extent of detail required. If the lines being analyzed are relatively small diameter and/or
low temperature, the reactor coolant loop need not be included in the model. This is because
these lines are so flexible that the reactor coolant loop deflection will not include significant
stresses in the lines, or that the reactor coolant loop response characteristics will not cause
exciting forces different from those associated with the inner containment building.

Where branch piping is attached to the piping being analyzed, its effect on the piping of inter-
est is accounted for by modeling in accordance with the criteria for branch lines given earlier.

3.7.3.7.10 Support Model

Supports are modeled as equivalent stiffness matrices within the piping analysis models (Sec-
tion 3.7.3.7.6).

3.7.3.7.10.1 Deviations

Deviations from the analyzed support design parameters are permissible from an analysis
standpoint provided the following acceptability guidelines are maintained.

a. Support stiffnesses.
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1. Increasing the stiffness of a previously rigid support is acceptable. Rigid is defined in
Section 3.9.3.3.3.3.

2. Revisions when original stiffness is below rigid are acceptable when revised values
are ±15% of original stiffness.

b. Support locations.

Acceptable Deviations:

Pipe Size Tolerancea

•_4 in. Greater of nominal pipe diameter or 3 in.

•6 in. Nominal diameter of pipe

a. Twice these tolerances permitted for spring hangers, constant force supports, and axial supports.

C.

Support directionality.

Acceptable deviation: ± 5 degrees.

Any noncompliances with these guidelines will be assessed on a case-by-case basis to
determine the effect on the analysis results.

3.7.3.7.10.2 Support-Welded Attachments

Welded lugs are permissible for use on supports that do not act perpendicular to the pipe cen-
terline and where slippage must be prevented. The design of accepfable welded attachments
or lugs must be in accordance with the following geometric restrictions.

a. The attachment material, weld material, and pipe material have essentially the same moduli
of elasticity and coefficients of thermal expansion.

_< 0.5, L _< 0.5, 2 < 0.075
b. r r r (Equation 3.7-10)

where 2LI is the width, 2L 2 is the length of the welded attachment measured along the sur-
face of the run pipe, and r is the mean pipe radius.

c. The attachment is made on straight pipe, with the nearest edge of the attachment weld
located at a minimum distance of rt from any other weld or discontinuity. The mean pipe
radius is r and t is the nominal pipe wall thickness.

d. Do/t < 100 where Do and t are the outside diameter and nominal pipe wall thicknesses of the
run pipe respectively.
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e. The use of fillet welds for pipe attachments is normally acceptable. Full penetration welds
will be specified in certain high temperature, high load situations.

Stanchions are small pipe segments welded to the run pipe and used for support. The support
must be welded to therun pipe with a full penetration weld. The "branch" portion will have a
zero pressure stress. The ratio of stanchion mean radius to pipe mean radius will govern the
choice of applicable stress intensification factors used within the piping qualification. If this
ratio is greater than 0.5, welding tee factors will be used; if it is less than or equal to 0.5, the
larger of welding tee or branch factors will be used.

Supports requiring lugs or stanchions will be designed such that stress amplification is mini-
mized. Exceptions to this criteria will be investigated on an individual basis.

An exception to the component standard supports stiffness capabilities is made in the case of
U-bolt type supports, for the Seismic Upgrade Program effort. Finite element analysis evalu-
ations provided the basis for U-bolt support stiffness values and load capabilities.

Rod hangers are generally single acting vertical supports; in the upward direction, they are
susceptible to an early buckling condition. Stiffnesses, therefore, in the upward direction are
minimal. Consideration of this condition will be made within the applicable analysis of pip-
ing systems with rod hangers included, such that the upward motion of a piping section at the
location of these supports will cause support inaction. If stress acceptability is verified with
support inactivity in the upward direction, the continued use of single acting rod hangers is
satisfactory. If it is found that double-acting support is required for piping qualification, the
replacement of rod hangers with struts will be recommended.

3.7.4 SEISMIC INSTRUMENTATION

A strong motion accelerograph is installed in the subbasement of the intermediate building at
elevation 237 ft. This location was chosen rather than the basement of the containment since
it more easily facilitates periodic surveillance of the instrument (this would be difficult should
the instrument be located in the basement of the containment) and the retrieval of the shock
record can more readily be made. The response of the accelerograph located in the basement
of the intermediate building will be virtually the same as one located in the basement of the
containment. The elevations of the basement floors of both the containment and intermediate
building are within 2 ft of one another and both basement mats are supported upon the under-
lying Queenston formation.
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Table 3.7-1
ORIGINAL AND CURRENT RECOMMENDED DAMPING VALUES

Critical Damping (%)

Structure or
Component

Ginna Regulatory Guide 1.61
(Safe Shutdown

Earthquake)

NUREG/CR-0098a
(Yield Levels)

Prestressed con-
crete

Reinforced con-
crete

Steel frame

Welded assemblies

Bolted and riveted
assemblies

Vital piping

a. See Re/erence 6.

2 5 5 to 7

5

1 or 2.5

7 7 to 10

4 or 7 10 to 15

I 4 5 to 7

2.5 7 10 to 15

0.5 2 or 3 2 to 3
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Table 3.7-2
MODAL FREQUENCIES OF THE INTERCONNECTED BUILDING MODEL

Mode Number

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Frequency (Hz)

Half-Area Model

1.8 (3.4, 12.9)

2.0 (10.2, 0.2)

2.1

2.4

2.6

2.8

2.9

3.3

3.4

3.6

4.0

4.2

4.2

4.4

4.7

5.6

6.1

6.5 (6.4, 4.5)

6.6

6.7 (8.4, 8.5)

6.9 (10.3, 7.2)

7.0

7.8

9.3

9.5 (5.4, 8.4)

10.4

10.8

Full-Area Model

2.3 (7.4, 12.6)

2.4 (8.5, 4.7)

2.8

3.1

3.2 (7.4, 0.6)

3.4

3.4

3.6

3.9

4.0 (6.3,1.4)

4.3

4.3

4.6

4.6

5.4

6.7

6.9 (12.7, 6.4)

7.0

7.3

7.4

7.5

8.0

9.7 (5.1, 8.3)

10.4

10.6

10.9

11.1

11.711.1
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Frequency (Hz)

Mode Number Half-Area Model Full-Area Model

29 11.2 12.1

30 12.2 12.8

31 13.5 14.0

32 13.8 16.4

33 16.4 16.7

34 17.8 (2.4, 6.6) 17.8 (2.3, 6.5)

35 18.5 18.6

36 19.3 19.5

37 21.1 (0.1,27.1) 21.2 (0.1, 27.1)

38 22.9 (26.9, 0.1) 22.9 (26.9, 0.1)

39 27.0 27.2

40 33.5 33.6

41 41.2 41.2

42 45.1 45.7

43 57.8 57.8

44 60.4 (6.7, 0.0) 60.4 (6.7, 0.0)

NOTE:-Numbers in parentheses are the 10 largest modal participation factors in the east-
west and north-south directions, respectively.
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Table 3.7-3
EQUIPMENT AND LOCATIONS WHERE IN-STRUCTURE SPECTRA WERE

GENERATED FOR THE SYSTEMATIC EVALUATION PROGRAM

Buildin2 Equipment

Containment interior structures Pressurizer PR- I

Control rod drive

Steam generator SG- 1 A

Steam generator SG- lB

Coolant pump RP- 1 A

Coolant pump RP- 1B

Elevation (ft)

253

253 and 278

250 and 278

250 and 278

247

247

Auxiliary building

Control building

Platform center of gravity

Heat exchanger (35)

Surge tank (34)

Boric acid storage tank (40 B)

Operating floor center of gravity

Basement floor center of gravity

Relay room floor center of gravity

Control room floor center of gravity

281.5

281.5

281.5

271

271

250

269.75

289.75
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Figure 3.7-1 Seismic Response Spectra, 8 0og Housner Model
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Figure 3.7-1

Seismic Response Spectra, 8%g
Housner Model
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Figure 3.7-2 Seismic Response Spectra, 20%g Housner Model
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Figure 3.7-2

Seismic Response Spectra, 20%g
Housner Model
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Figure 3.7-3
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Figure 3.7-3

NRC Systematic Evaluation Program
Site Specific Spectrum, Ginna Site

(5% Damping)

Page 224 of 924 Revision 21 11/2008



GINNA/UFSAR
CHAPTER 3 DESIGN OF STRUCTURES, COMPONENTS, EQUIPMENT, AND SYSTEMS

Figure 3.7-4
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Figure 3.7-4
Comparison of the Housner Response
Spectrum for 2% of Critical Damping
with the 7% Regulatory Guide 1.60

Spectrum
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Figure 3.7-5 In-Structure Response Spectra for Interconnected Building, Half-Area and Full-
Area Models
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Figure 3.7-5

In-Structure Response Spectra for
Interconnected Building, Half-Area

and Full-Area Models
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Figure 3.7-6 Containment Building and Complex of Interconnected Seismic Category I and
Nonseismic Structures, Plan View
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Figure 3.7-6

Containment Building and Complex of

Interconnected Seismic Category I and
Nonseismic Structures, Plan View

Page 227 of 924 Revision 21 11/2008



GINNA/UFSAR
CHAPTER 3 DESIGN OF STRUCTURES, COMPONENTS, EQUIPMENT, AND SYSTEMS

Figure 3. 7- 7 Horizontal Response Spectra - SEP Systematic Evaluation Program
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Figure 3.7-7

Horizontal Response Spectra - SEP
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Figure 3.7-8 Steam Generator Mathematical Model
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Figure 3.7-8

Steam Generator Mathematical Model
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Figure 3.7-9 Mathematical Model of Reactor Vessel
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Figure 3.7-9

Mathematical Model of Reactor Vessel
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Figure 3.7-10 Seismic Average Acceleration Spectrum Design Earthquake, 1% Damping
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Figure 3.7-10

Seismic Average Acceleration Spectrum
Design Earthquake, 1% Damping
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Figure 3.7-11 Locations Where In-Structure Response Spectra Were Generated in Intercon-
nected Building Complex
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Figure 3.7-11

Locations Where In-Structure Response
Spectra Were Generated in

Interconnected Building Complex
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Figure 3.7-12 SEP Response Spectra for Pressurizer PR-1 (Containment Building Elevation
253 ft) for 30o, 5%, and 7% Damping
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Figure 3.7-12

SEP Response Spectra for Pressurizer
PR-I (Containment Building Elevation

253 ft) for 3%, 5%, and 7% Damping
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Figi
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C
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ire 3.7-13 SEP Response Spectra for Control Rod Drive (Containment Building Elevation
253 ft) for 3%, 5%, 7% Damping
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Figure 3.7-13

SEP Response Spectra for Control Rod
Drive (Containment Building Elevation

253 ft) for 3%, 5%, and 7% Damping
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Figure 3.7-14 SEP Response Spectra for Control Rod Drive (Containment Building Elevation
278 ft) for 3%, 5%, and 7% Damping
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Figure 3.7-14

SEP Response Spectra for Control Rod
Drive (Containment Building Elevation

278 ft) for 3%, 5%, and 7% Damping
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Figure 3.7-15 SEP Response Spectra for Steam Generator SG-JA (Containment Building Ele-
vation 250ft)for 3%, 5%, and 7% Damping
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Figure 3.7-15

SEP Response Spectra for Steam
Generator SG-1A (Containment Building
Elevation 250 ft) for 3%, 5%, and 7%

Damping
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Figure 3.7-16 SEP Response Spectra for Steam Generator SG-1A
vation 278 ft) for 3%, 5%, and 7% Damping
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Figure 3.7-16
SEP Response Spectra for Steam

Generator SG-IA (Containment Building
Elevation 278 ft) for 3%, 5%, and 7%

Damping
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Figure 3.7-17 SEP Response Spectra for Steam Generator SG-1B (Containment Building Ele-
vation 250 fi) for 3%, 5%, and 7% Damping
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Figure 3.7-17

SEP Response Spectra for Steam
Generator SG-1B (Containment Building
Elevation 250 ft) for 3%, 5%, and 7%

Damping
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Figure 3.7-18 SEP Response Spectra for Steam Generator SG-1B (Containment Building Ele-
vation 278 ft) for 3%, 5%o, and 7% Damping
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Figure 3.7-L8

SEP Response Spectra for Steam
Generator SG-lB (Containment Building
Elevation 278 ft) for 3%, 5%, and 7%

Damping
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Figure 3.7-19 SEP Response Spectra.for Reactor Coolant Pump Rp-IA (Containment Build-
ing Elevation 247 fi) for 3 %, 5%, and 7% Damping
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Figure 3.7-19
SEP Response Spectra for Reactor
Coolant Pump RP-IA (Containment

Building Elevation 247 ft) for 3%,
5%, and 7% Damping
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Figure 3.7-20 SEP Response Spectra for Reactor Coolant Pump RP-1B (Containment Build-
ing Elevation 247ft) for 30%, 5%, and 7% Damping
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Figure 3.7-20
SEP Response Spectra for Reactor
Coolant Pump RP-1B (Containment

Building Elevation 247 ft) for 3%,
5%, and 7% Damping
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Figure 3.7-21 SEP Equipment Response Spectra for 3%, 5%, and
Building Platform (Elevation 281fi 6 in)
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Figure 3.7-21

SEP Equipment Response Spectra for 3%,
5%, and 7% Damping at Auxiliary Building

Platform (Elevation 281 ft 6 in.)

REV. 15 10/99
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Figure 3.7-22 SEP Equipment Response Spectra for 3%, 5%, and 7% Damping at Auxiliary
Building Heat Exchanger 35 (Elevation 281 ft 6 in)
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Figure 3.7-22

SEP Equipment Response Spectra for 3%, 5%,
and 7% Damping at Auxiliary Building Heat

Exchanger 35 (Elevation 281 ft 6 in.)

REV. 15 10/99
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Figure 3.7-23
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Figure 3.7-24 SEP Equipment Response Spectra for 3%, 500, and
Building Boric Acid Storage Tank 34
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Figure 3.7-25 SEP Equipment Response Spectra for 3%, 5%, and 7% Damping at Auxiliary
Building Operating Floor (Elevation 2 71 fi 6 in)
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Figure 3.7-25

SEP Equipment Response Spectra for 3%,
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Operating Floor (Elevation 271 ft 6 in.)
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Figure 3.7-26 SEP Equipment Response Spectra for 3%, 5%, and 7% Damping at Control
Building Basement Floor (Elevation 250ft 0 in)
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Figure 3.7-26

SEP Equipment Response Spectra for 3%,
5%, and 7% Damping at Control Building
Basement Floor (Elevation 250 ft 0 in.)
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Figure 3.7-27 SEP Equipment Response Spectra for 300, 5%, and 7% Damping at Control
Building Relay Room Floor (Elevation 269ft 9 in)
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Figure 3.7-27

SEP Equipment Response Spectra for 3%,
5%, and 7% Damping at Control Building

Relay Room Floor (Elevation 269 ft 9 in.)

REV. 15 10/99

Page 248 of 924 Revision 21 11/2008



GINNA/UFSAR
CHAPTER 3 DESIGN OF STRUCTURES, COMPONENTS, EQUIPMENT, AND SYSTEMS

Figure 3.7-28 SEP Equipment Response Spectra for 3%, 5%, and 7% Damping at Control
Room Floor (Elevation 289ft 9 in)
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Figure 3.7-28

SEP Equipment Response Spectra for 3%,
5%, and 7% Damping at Control Room Floor

(Elevation 289 ft 9 in.)
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.7-29 Residual Heat Removal Line Inside Containment
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Containment
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Figure 3.7-30 Lumped Mass Model - Steam Line B
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Lumped Mass Model - Steam Line B
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Figure 3.7-31 Structural Model, Pressurizer Safety and Relief Line
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Sheet 2 of Figure 3.7-31
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Sheet 3 of Figure 3.7-31
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Sheet 5 of Figure 3.7-31
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3.8 DESIGN OF SEISMIC CATEGORY I STRUCTURES

3.8.1 CONTAINMENT

3.8.1.1 General Description

3.8.1.1.1 Containment Structure

The reactor containment structure is a reinforced-concrete vertical right cylinder with a flat
base and a hemispherical dome. A welded steel liner is attached to the inside face of the con-
crete shell to ensure a high degree of leaktightness. On the inside of the liner every weld
seam has a leak test channel welded over it. The channels can be pressurized to design pres-
sure for liner leak testing whenever the containment vessel is open. Exceptions were taken
during the 1996 Steam Generator Replacement where two construction openings were created
in the dome. The perimeter closure welds for both liner plate opening repairs have leak test
channels on the outside of the liner plate. The thickness of the liner in the cylinder and dome
is 3/8 in. and in the base is 1/4 in. The containment structure is 99 ft high to the spring line of
the dome and has an inside diameter of 105 ft. The containment provides a minimum free

volume of approximately 997,000 ft 3. An elevation and details of the containment structure
are shown in Figures 3.8-1 through 3.8-5.

The cylindrical reinforced concrete walls are 3 ft 6 in. thick, and the concrete hemispherical
dome is 2 ft 6 in. thick. These shell thicknesses are established to satisfy the requirements of
the structural criteria as well as the shielding requirements. These thicknesses are nominal
values. The true relevant engineering values are dependent on the specific location in the
structure and the loading condition that is present. The concrete base slab is 2 ft thick with an
additional thickness of concrete fill of 2 ft over the bottom liner plate. The containment cyl-
inder is founded on rock (sandstone) by means of post-tensioned rock anchors which ensure
that the rock then acts as an integral part of the containment structure. The hemispherical
dome is reinforced concrete designed for all moments, axial loads, and shears resulting from
the loading conditions described in this section. The cylinder wall is prestressed vertically
and reinforced circumferentially with mild steel deformed bars. The base is a reinforced-con-
crete slab. The rock anchors are used for all vertical axial loads in the cylinder walls and
thereby avoid the transfer of an imposed shear to the base slab. The structural systems for the
containment structure are summarized as follows:

" Hemispherical dome - mild steel-reinforced concrete.

" Cylindrical walls.

1. Vertical direction - prestressed concrete.

2. Circumferential direction - mild steel reinforced concrete.

" Rock anchors - prestressed.

The design ensures that the structure has an elastic response to all loads and that it strains
within such limits that the integrity of the liner is not prejudiced. The liner participates with
the shell as it reacts to these loads and is designed to ensure the vessel vapor tightness.
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The design of the structural elements are more fully described in Sections 3.8.1.2 and 3.8.1.3.

3.8.1.1.2 Waterproofing

No drainage system was-provided under the containment structure. The maximum ground
water elevation considered during the design of Ginna Station in the vicinity of the contain-
ment structure was 252 ft. The design-basis water level has since been revised to 265 ft msl
(see Section 2.4.10.1). This compares with an elevation at the underside of the base slab of
231 ft 8 in. It is unlikely that tensile stresses will produce cracks in the outside concrete face
because significant constraint is afforded by the irregular surface of the founding rock mate-
rial. This rock has significant structural characteristics as described in Section 2.5. However,
the concrete is not totally impermeable. For this reason, the design of the liner, test channels,
backup bars (structural tees), anchors on test channels (refer to Figure 3.8-6) and the concrete
cover were based upon accommodating the full hydrostatic head of water. A significant cor-
rosion potential for embedded steel does not exist due to the close contact between the alka-
line concrete and steel which provides a highly corrosive-resistant environment for the liner.

The basement floor elevation of the containment vessel is 235 ft 8 in. The exterior of the cyl-
inder walls are covered from the edge of the ring girder to elevation 253 ft 0 in. with a mem-
brane waterproofing. No waterproofing was placed between the foundation material (rock)
and the base slab. The liner and liner anchorage at the base of the vessel were designed to
withstand a theoretical pore pressure equal to the hydrostatic head of water, 7.7 psi. The site
is not subject to significant fluctuations in the ground water elevations. Consequently, if the
base liner is subject to the assumed water pressure, this pressure should remain essentially
constant.

The net buoyant force due to the hydrostatic pressure acting on the containment base is trans-
mitted by the base slab to the cylinder walls.

3.8.1.1.3 Rock Anchors

The side walls of the containment are anchored to the foundation rock with prestressed rock
anchors. The anchors place a preload between the foundation rock and a ring beam at the
base of the side wall. The tendons in the side walls are coupled to the rock anchors and
extend to a location 12 ft 6 in. above the spring line to provide accessibility to the upper
anchorage and to permit tensioning following the completion of the dome concrete work. A
removable cover is placed over the top anchorage head for protection and to provide an
expansion reservoir for the tendon protection system. Refer to Figure 3.8-7 for details of this
enclosure.

The outer surface of the containment can be inspected, except in those limited areas where
roofs, floors, and walls of adjacent buildings preclude access.

3.8.1.1.4 Construction Sequence

The sequence for the construction of the shell of the containment structure was as follows:

A. Excavation was completed and the exposed rock examined by a soils engineer to ensure its
competence.
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B. The concrete for the portion of the ring girder at the base of the cylindrical wall was placed.

Sleeves and bearing places for the rock anchors were embedded in this concrete pour.

C. The holes for rock anchors were drilled through the embedded sleeves and into the rock.
The anchor, which was completely fabricated in the shop, was inserted and the first stage
grout placed. Following the required curing period the anchor was tensioned and the sec-
ond stage grout inserted under pressure.

D. The concrete for the base mat was placed with embedded bars for the backup of liner welds.
The outer concrete pour contains the tension bars (dowel at base of cylindrical walls). The
base slabs for the sumps and pit also were installed with embedded bars for backup of liner
welds. The liner for the walls of the sumps was then erected and used as an inner form for
the placement of concrete.

E. The liner was erected starting on the base and continuing to the knuckle, the cylindrical
wall, and the dome. All electrical and mechanical penetrations (i.e., sleeves for penetra-
tions) were installed as liner erection progressed. Essentially all electrical and mechanical
penetrations were shop assembled in the cylindrical wall plates. Provision was made to
install the equipment access hatch and personnel air locks at a later stage of construction.
Temporary openings were provided in the liner cylindrical wall for construction access
requirements.

The closure procedure for temporary openings in the liner was similar to that for steel tank
construction. Initially, special reinforcement was provided around the periphery of the tem-
porary openings. A sufficient width of plate extended beyond the limits of the concrete
placement to preclude detrimental heatup of the concrete due to the welding of the closure
plate. The welding procedures were identical to that used for all liner weld seams.

The preparation of construction joints and placement of concrete in temporary openings is
as described in Appendix 3B Attachment 1.

F. The tendon conduit was embedded in the second ring girder pour with provision made for
installing the tendon and completing the coupling of rock anchor to the sidewall tendon.
The enclosure about the coupling was welded to the anchor plate and a window removed to
permit making-up the coupling. An expansion bellows was provided where differential
motion will occur at the level of the elastomer pads.

G. The elastomer pads were installed and tendon conduit plus mild steel reinforcing placed.
The mild steel reinforcing was temporarily supported from the tendon conduit and the stiff-
eners on the liner. Concrete placement at temporary openings was delayed and provision
made to stagger reinforcement splices at these locations as well as elsewhere on the struc-
ture. For the cylindrical wall and dome, the liner was used as an inner form.

H. Where grade is adjacent to the structure, a retaining wall was erected to ensure no earth was
placed against the cylindrical wall.

1. The concrete cylindrical wall was completed and temporary openings closed after they no
longer were required for construction. The reinforcement rings about the equipment access
hatch and personnel air locks were installed. The reinforcement about the equipment
access hatch was not placed until after major components were installed.
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The cylinder walls were placed with horizontal joints spaced at approximately 11 -ft centers.
Vertical joints were spaced at approximately 42.5-ft centers (i.e., the cylinder was divided
into approximately eight equal pours). The final six lifts were poured with the spacing of
vertical joints increased to approximately 57 ft (i.e., six approximately equal pours). Form
ties consisting of 0.5-in. diameter threaded studs spaced at approximately 2-ft centers were
welded to the liner (both plate and channel anchors) for attaching the liner to the outer form.
The outer form was supported by cantilever construction from the lower pour. No attempt
was made to stagger vertical or horizontal joints. A minimum delay of 3 days was main-
tained before placing new concrete against abutting pours. Initial and final concrete curing
were by the wet method as specified in ACI 301-66.

The dome concrete (i.e., all concrete above the ledge at elevation 343 ft 2 in.) was placed as
continuous rings with a chord width of approximately 4.2 ft. The final pour (center "dollar"
section) consisted of an approximately 8-ft diameter section. All concrete was placed in
one pour for the full thickness of the concrete shell. A galvanized expanded metal mesh
located I in. inboard of the exposed face was used as an outer form on the greater sloped
portion of the dome (i.e., up to an angle of approximately 55 degrees from the spring line).
Form ties in the form of 0.5-in. diameter studs were welded to the liner plate and attached to
the cage of reinforcing bars. A minimum delay of 3 days was maintained before placing
new concrete against the previous concrete ring.

During the 1996 Steam Generator Replacement outage two construction openings were cre-
ated in the containment dome. The removed liner plate sections were reused. Stiffener
angles welded to the liner plate sections for rigging removal replaced the original 0.5 in.
diameter studs. The reinforcing bars were supported off the stiffener angles and support
chairs. The dome openings were then boarded and poured monolithically. Board form
box-outs were used to place and consolidate concrete.

J. The tendons were installed in the embedded conduits and the sidewall tendon and the rock
anchor were coupled. The remaining concrete pour in the ring girders was completed and
the wax inserted into the conduit.

K. The concrete dome was completed and the sidewall tendons tensioned.

L. Following the tensioning of the tendons, the equipment access hatch with inset personnel
air lock plus the second personnel air lock were installed. The containment was then ready
for structural and leakage testing.

3.8.1.1.5 Steel Reinforcement

The principal dome reinforcement is continuous except for the anchorage at elevation 366 ft 8
in. which is provided in the form of a mechanical connection to a continuous circumferential
plate. Additional steel to control spalling on the outer face of the shell is provided in the form
of welded wire fabric. At the dome to cylinder discontinuity additional reinforcement is pro-
vided on both faces with 180-degree hooks with total anchorage provided to satisfy the
requirements of ACI 318-63. Details are shown on Figure 3.8-5.

In the anchorage zone of the prestressing steel, the major steel provided to withstand bursting
forces consists of continuous spirals. Radial reinforcement is provided with 180-degree
hooks around the vertical flexural steel for anchorage. Vertical (meridional) reinforcement
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used for flexural and temperature resistance is lap spliced in accordance with ACI 318-63
requirements on the basis of splice requirements at points of maximum tensile stress. Details
are also shown on Figure 3.8-5.

All principal circumferential reinforcement is continuous except at the small penetrations
where mechanical anchors are provided, as shown typically on Figure 3.8-4, and for a limited
number of bars at the large openings, as described in Appendix 3B. Vertical (meridional)
reinforcement is lap spliced (except for special large size bars which are Cadweld spliced) in
accordance with ACI 318-63 requirements on the basis of splices at points of maximum ten-
sile stress. At the base of the wall all vertical (meridional) reinforcement is provided with 90-
degree hooks for anchorage. Details are shown on Figure 3.8-4.

3.8.1.2 Mechanical Design Bases

3.8.1.2.1 General

The containment safety design basis and principal design criteria are contained in Section
6.2.1.1. The containment vessel is a steel-lined concrete shell designed to ensure that it
responds elastically to all loads and strains within such limits that the integrity of the liner is
not prejudiced. The liner is anchored so as to ensure composite action with the concrete shell.

The containment structure is designed based upon limiting load factors which are used as the
ratio by which accident and earthquake loads are multiplied for design purposes to ensure that
the load/deformation behavior of the structure is one of elastic, low-strain behavior. This
approach places minimum emphasis on fixed gravity loads and maximum emphasis on acci-
dent and earthquake loads. Because of the refinement of the analysis and the restrictions on
construction procedures, the load factors primarily provide for a safety margin on the load
assumptions. Load combinations and load factors utilized in the design which provide an esti-
mate of the margin with respect to all loads are tabulated in this section.

3.8.1.2.2 Design Loads

The following loads were considered in the structural design:

* Internal pressure.

* Test pressure 69 psig.

* Live loads Roof loads plus pipe reactions.

* External pressure 2.5 psig.

* Wind load.

* Internal temperature.

1. Accident.

2. Operating - 120'F.

* Seismic ground accelerations.

* Dead loads.

* Prestressing loads.
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The thermal loads on the containment vessel and their variation with time are developed on
the basis of the transients discussed in Section 6.2.1.2. The seismic loads were evaluated as
outlined in Section 3.8.1.3. The wind and snow loads used for the design of structures were
those specified in State Building Code for the State of New York. The wind loads given in
this code are as follows:

Height Above Ground (ft) Pressure Load (psf)

0-15 12

16-25 15

26-40 18

41-60 21

61-100 24

101-200 28

The snow load specified in the code for the plant location is 40 psf for a flat roof. This value
also was used in the design of the containment.

3.8.1.2.3 Design Stress Criteria

3.8.1.2.3.1 Limiting Loads

The design was based upon limiting load factors which were used as the ratio by which acci-
dent, earthquake, and wind loads were multiplied for design purposes to ensure that the load
deformation behavior of the structure is one of elastic, low-strain response. The loads utilized
to determine the required limiting capacity of any structural element on the containment were
computed as follows:

" C = 0.95 D+ 1.5 P + 1.0 T

" C = 0.95 D + 1.25 P + 1.0 T'+ 1.25 E

" C = 0.95 D + 1.0 P + 1.0T+ 1.0 E'

Symbols used in the above equations were defined as follows:

C Required load capacity of section.

D Dead load of structure.

P Accident pressure load - 60 psig.

T Thermal loads based upon temperature transient associated with 1.5 times accident
pressure.

T= Thermal loads based upon temperature transient associated with 1.25 accident
pressure.

T Thermal loads based upon temperature transient associated with accident pressure.
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E = Seismic load based on 0.08g ground acceleration.

E= Seismic load based on 0.20g ground acceleration.

If the required resisting capacity on any structural component resulting from the wind load on
any portion of the structure exceeded that resulting from the design earthquake, the wind
load, W, was used in lieu of E in the second equation. The factor of 1.05 times dead load was
used when it controlled in determining the required load capacity. All structural components
were designed to have a capacity required by the most severe loading combination.

3.8.1.2.3.2 Load Factors

The load factors used in these equations make provision for safety of the containment struc-
ture in the same manner as does the ultimate strength design procedure in ACI 318. Because
of the refinement of the analysis and the restrictions on construction procedures, the load fac-
tors in the design primarily provide for a safety margin on the load assumptions. The load
factors utilized in the criteria were based upon the load factor concept employed in Part IV-B,
Structural Analysis and Proportioning of Members - Ultimate Strength Design, of ACI 318-
63. The load factor of 0.95 applied to the dead load represents the accuracy of dead load cal-
culations (i.e., ±5%) considering the greater severity of reduced dead loads for tension mem-
bers. The load factor applied to accident pressure loads was consistent with that suggested by
Waters and Barrett (Reqfrences 1 and 2) as the limit of low-strain behavior on prestressed
concrete pressure vessels for nuclear reactors. This factor was also consistent with the pro-
posed set of "French Regulations Concerning Concrete Reactor Pressure Vessels" wherein it
was stated that: The design pressure shall not exceed 2/5 of the pressure calculated to bring
about destruction of the structure by rupture of the cables. The load factor considering a ten-
don stress of 0.60 fu at factored load would therefore equal 0.6 divided by 2/5 or 1.5. The

load factor of 1.25 applied to the design earthquake load is consistent with that utilized in ACI
318 Part IV-B, Chapter 15.

The containment design includes the consideration of both primary and secondary stresses.
When a structure experiences only elastic strains there is only a minimal relief of restraints
causing secondary stresses. If a structure experiences increased strains beyond the elastic
range, the restraints at any point will cease to be as significant due to local yielding in these
regions and, if increased loads were applied until collapse of the structure was imminent, all
restraints would be effectively removed and only membrane forces (primary stresses) should
be experienced, unless premature shear failure were to occur. The design limit for the con-
tainment structure was conservatively established to ensure elastic, low-strain behavior at
design loads thereby requiring design consideration of all secondary stress effects.

3.8.1.2.3.3 Maximum Thermal Load

The maximum expected values of T (thermal load) at any section are based upon the follow-
ing conditions:

a. The maximum operating temperature inside the containment is 120'F and the minimum
ambient temperature outside the containment is -10°F.

b. The maximum temperature of the inner surface of the liner (inner face of insulation where
the liner is insulated) will be that temperature associated with the factored load, 1.5 times
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accident pressure. This temperature is approximately 312'F. The design of the shell where
the liner is insulated is based upon a maximum temperature rise of 10°F in the liner coinci-
dent with maximum pressure.

c. The maximum operating temperature at the basement floor elevation is 120'F and 5 ft
below the floor elevation it is 50'F. The upper 2 ft of the basement slab were designed for
a transient thermal gradient equal to 30'F. Thermal expansion of the basement slab approx-
imately balances drying shrinkage.

The steady-state operating thermal transient considered in the design for winter conditions
(external ambient temperature equals -I 0°F) is shown on Figure 3.8-8. The steady operat-
ing thermal transient for summer conditions was not developed in detail in that it was con-
cluded that such a condition would not affect the reinforcement requirements because a
lesser gradient would exist.

The transient thermal gradients through the containment shell for the insulated liner due to
the design-basis accident (factored loads) was assumed for purposes of analysis to be the
superposition of a liner increase of 10°F onto the operating thermal gradient described
above. This is conservative as compared to the expected results described in Appendix 3E.
The maximum concrete fiber temperature where the liner is uninsulated (dome) is 220'F in
the region immediately in contact with the liner. The calculated shell elongation due to the
pressure load exceeds the concrete fiber elongations due to the thermal load indicating that
no restraint of concrete thermal growth occurs.

3.8.1.2.4 Load Capacity

3.8.1.2.4.1 Reinforced Concrete

The value of Young's modulus (E,) for uncracked concrete was assumed to be 4.1 x 106 psi
calculated on the basis of the equation in Table 1002(a) of ACI 318-63. The Ec and Poisson's
ratio (vc) for cracked concrete were assumed to be zero. This latter assumption is considered
to be substantiated by test data (References 3 through 5) for reinforcement experiencing
stresses in excess of the 20,000 to 30,000 psi. (Refer to Appendix 3B regarding similar
assumptions regarding the analysis of large openings.)

This structure is prestressed vertically only and the liner is insulated in the prestressed por-
tion. The liner stresses (meridional direction) were calculated to be 4500 psi Compression
based upon a prestress force of 0.70 fs. The concrete strain due to creep and shrinkage was

established as being 320 x 10-6 in./in. This increases the liner stress to 14,100 psi compres-
sion at the end of plant life.

Concrete reinforcement is intermediate grade billet steel conforming to ASTM A15-64 and
A408-62T with a guaranteed minimum yield strength of 40,000 psi. Replacement reinforce-
ment used for the Steam Generator Replacement dome opening repairs is ASTM A615 Grade
60. This reinforcement exceeds the minimum yield strength requirements of the original rein-
forcement. The design limit for tension members (i.e., the capacity required for the factored
loads) is based upon the yield stress of the reinforcing steel. No mild steel reinforcement will
experience average strains beyond the yield point at the factored load. The load capacity so
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determined is reduced by a capacity reduction factor, 4, which provides for the possibility that
small adverse variations in material strength, workmanship, dimensions, and control, while
individually within required tolerances and the limits of good practice, occasionally may
combine to result in any under capacity. The coefficient 4 is 0.95 for tension, 0.90 for flexure,
and 0.85 for diagonal tension, bond, and anchorage. The coefficient 4 of 0.95 for tension
members compares with a coefficient of 0.90 utilized in ACI 318 for ultimate strength design
of flexured members. However, in a tension member, unlike the case of a flexural member,
only the variation of steel strength and not concrete strength is of concern. Also, the effect of
reinforcement misplacement is not as critical as it is for a flexural member. Therefore, the
capacity reduction factor of 0.95 is considered to be conservative.

The two equations developed previously for the loss-of-coolant accident and the loss-of-cool-
ant accident combined with the design (operating-basis) earthquake could be written as fol-
lows for the mild steel reinforced sections:

C = 0.95 YP. = 0.95 D + 1.0 T + 1.5 P

C = 0.95 Y.P. = 0.95 D + 1.25 P + 1.0 T' + 1.25 E

To compare these equations with a working strength design the following equations are devel-
oped:

- (D + p + T)0.95 = 63%

(0.95D + 1.5'F+ 1.0 )

(Equation 3.8-1)

X (D + P + 7' + E)0.95=f =_- = 74%
(0.95 ' D + 1.25 -. + 1.0' T+1.25' E)

(Equation 3.8-2)

The new symbol in the above equation is defined as follows:

J` Ratio of the working stress to yield stress.

3.8.1.2.4.2 Prestressed Concrete

The design for the containment provides for prestressing the concrete in the cylinder walls in
the longitudinal (vertical) direction with a sufficient compressive force to ensure that upon
application of the design load combinations there will be no tensile stresses in the concrete
due to membrane forces. In addition to the membrane stresses, there are also flexural and
shear stresses which result from discontinuity effects. On the basis of the design criteria, the
concrete stresses and the stresses on the mild steel reinforcing upon application of the com-
bined loads will then be produced by combined flexure and shear and/or compression. The
structural elements are then acting in a manner similar to those tested as a basis for ACI 318-

Page 265 of 924 Revision 21 11/2008



GINNA/UFSAR
CHAPTER 3 DESIGN OF STRUCTURES, COMPONENTS, EQUIPMENT, AND SYSTEMS

63 Chapter 17, Shear and Diagonal Tension -Ultimate Strength Design, and there is a basis for
designing shear reinforcement.

The steel tendons for prestressing consist of high tensile, bright, cold drawn and stress-
relieved steel wires conforming to ASTM A 421-59 T, Type BA, Specifications for Uncoated
Stress-Relieved Wire for Prestressed Concrete, with a minimum tensile stress of 240,000 psi.

The prestressed concrete is assumed to develop no tensile capacity in a direction normal to a
horizontal plane. The design load capacity of tension elements is based upon a resultant con-
dition of zero concrete stress due to the maximum combination of primary and secondary
membrane forces. Any nominal secondary tensile stresses due to bending will be assumed to
cause partial cracking. Mild steel reinforcing will be provided to control this cracking by lim-
iting crack width, spacing, and depth. The load capacity so determined will be reduced by a
capacity reduction factor, ý, which will be conservatively established as 0.95 which compares
with a coefficient of 0.90 utilized in ACI 318 for ultimate design of flexural members. In a
prestressed tension member only variations in the field-applied tensioning loads are of any
concern. Tendon location and concrete strength variations are not critical as they are for flex-
ural members.

Generally, if no tension stresses can be developed in the concrete, prestressed concrete ten-
sion members have a relatively low reserve strength above the point of zero stress. If crack-
ing is initiated as the very low tensile stresses are developed in the concrete, all additional
loads will be carried by the steel alone. Since the prestressing steel has a relatively small area
of cross-section, the strain at any section increases markedly after cracking begins. For this
reason, the containment design was conservatively based upon no complete cracking of any
prestressed wall section.

Tensile stresses in the concrete resulting from diagonal tension will be permitted. The nomi-
nal shear stresses as a measure of this diagonal tension will be less than the maximum value
stipulated in Chapter 17 of ACI 318.

The steel tendons are stressed during the post-tensioning operation to a maximum of 80% of
ultimate strength and locked-off for an initial stress of 70% of the ultimate strength. The
maximum effective prestress is determined, taking into consideration allowances for the fol-
lowing losses which -are deduced from the transfer prestress:

° Elastic shortening of concrete.

• Creeping of concrete.

* Shrinkage of concrete.

° Relaxation of steel stress.

* Frictional loss due to intended or unintended curvature of the tendons.

In no event does the effective prestress exceed 60% of the ultimate strength of the prestress-
ing steel or 80% of the nominal yield point stress of the prestressing steel, whichever is
smaller. The design of all prestressed concrete elements for shear, bond, and other design
considerations is in accordance with ACI 318-63 Chapter 26, Prestressed Concrete.
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The prestressing force applied in the field was determined by measuring tendon elongation
and also by checking jack pressure on a calibrated gauge or by the use of an accurately cali-
brated dynamometer. The cause of any discrepancy which exceeded 5% was ascertained and
corrected. Elongation requirements were taken from load-elongation curves for the steel
used.

With the exception of the large openings (refer to Appendix 3B) reinforcing bars are not
draped around openings. Consequently, the minimum radius is the radius of the cylinder.
The reinforcement about small openings is shown typically on Figure 3.8-4. The horizontal
reinforcement is concentrated near the hole to accommodate stress concentrations. The ten-
dons are draped only if required for clearances. The magnitude of prestress under construc-
tion and operating conditions is well within accepted limits based on ACI 318 requirements.
The initial average membrane stress is 640 psi. Even a stress concentration factor of 3 results
in acceptable stresses. The requirements for anchoring reinforcing bars are discussed in Sec-
tion 3.8.1.4.5.4, Anchorage Stresses.

3.8.1.2.4.3 Liner

The liner is carbon steel plate conforming to ASTM A442-60T Grade 60 with a minimum
yield of 32,000 psi. The liner plate thickness is 1/4 in. for the base and 3/8 in. for the cylinder
and dome. Original liner welds in general were made from both sides of the plate and there-
fore backup strips were not used. In the base where the liner was welded to structural tees,
the tees were continuous at all plate intersections.

During the 1996 Steam Generator Replacement outage, construction openings were created in
the dome. Liner plate sections were removed during the replacement, prepped on the ground,
then lifted and welded back in place. As required, ASTM A516 Grade 60 plate with a mini-
mum yield of 32,000 psi was used in the liner repair. All seam welds for removed liner sec-
tions were made from the exterior only with the use of backing bars. The backing bars were
left in place.

The load capacity is based upon the yield stress of the liner as reduced by the capacity reduc-
tion factor, ý, previously described. Sufficient anchorage is provided to ensure elastic stabil-
ity of the liner. Anchorages are in the form of stagger welded channels on the cylinder and
studs on the dome. Liner plate stiffener angles were used in lieu of studs at the locations
where dome openings were repaired following the Steam Generator Replacement in 1996.

Insulation is provided for the side walls to a point 15 ft 0 in. above the spring line so as to
limit the maximum liner temperature due to the loss-of-coolant accident and thereby avoid
excessive compressive stresses in the steel plate.

All weld seams in the liner plate are covered with a test channel to permit testing of leaktight-
ness. Except for the equipment access hatch, all penetrations provide a double barrier against
leakage and can be pressurized to permit testing of leaktightness. The equipment access
hatch contains weld seams with no test channels. The liner plate on the base of the contain-
ment is welded to backup bars. These bars are continuous, as shown in Figure 3.8-6.
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3.8.1.2.4.4 Rock

The containment is founded on rock (sandstone) for which the soils consultant recommended
an allowable bearing pressure of 35 tons per square foot. The maximum bearing pressure
occurs under the ring girder where the maximum bearing pressure was limited to 30 tons per
square foot. This bearing pressure occurs under operating conditions and is reduced under
incident conditions. The soils consultant also recommended a limit on the lateral resistance
of the rock of 25,000 psf. The maximum lateral pressure, occurring at the ring girder under
the combination of operating and incident loads is 24,000 psf. A detailed description of sub-
surface conditions is found in Section 2.5.

3.8.1.2.5 Codes and Standards

The design, materials, fabrication, inspection, and proof testing of the containment complied
with the applicable parts of the following:

I. ASME Boiler and Pressure Vessel Code, Section III - Nuclear Vessels, Section VIII -
Unfired Pressure Vessels, Section IX - Welding Qualifications.

2. Building Code Requirements for Reinforced Concrete (ACI 318-63).

3. American Institute of Steel Construction Specifications:

a. Specifications for the Design, Fabrication, and Erection of Structural Steel for Build-
ings, adopted April 17, 1963.

b. Code of Standard Practice for Steel Buildings and Bridges, revised February 20, 1963.

4. USAS N 6.2 - 1965, Safety Standard for Design, Fabrication, and Maintenance of Steel
Containment Structures for Stationary Nuclear Power Reactors.

5. ACI 306-66, Specifications for Structural Concrete for Buildings.

6. ASTM C 150-64, Specifications for Portland Cement.

7. State of New York Department of Public Works Specification.

8. ASTM C 260-63T, Specifications for Air-Entrained Admixtures for Concrete.

9. ASTM A 15-64T, Specifications for Billet-Steel Bars for Concrete Reinforcement.

10. ASTM A 305-56T, Specifications for Minimum Requirements for Deformation of
Deformed Bars for Concrete Reinforcement.

11. ASTM A408-64T, Specifications for Special Large Size Deformed Billet-Steel Bars for
Concrete Reinforcement.

12. ASTM C 94-65, Recommended Practice for Winter Concreting.

13. ACI 306-66, Recommended Practice for Winter Concreting.

14. ACI 605-59, Recommended Practice for Hot Weather Concreting.

15. ASTM A 421-65, Specifications for Uncoated Stress-Relieved Wire for Prestressed Con-
crete.

16. ASTM C29-60, Method of Test for Unit Weight of Aggregate.
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17. ASTM C 40-66, Method of Test for Organic Impurities in Sands for Concrete.

18. ASTM C 127-59, Method of Test for Specific Gravity and Absorption of Coarse Aggregate.

19. ASTM C 128-59, Method of Test for Specific Gravity and Absorption of Fine Aggregate.

20. ASTM C 136-63, Method of Test for Sieve or Screen Analysis of Fine and Coarse Aggre-
gate.

21. ASTM C 39-64, Method of Test for Compressive Strength of Molded Concrete Cylinders.

22. ASTM C 192-66, Method of Making and Curing Concrete Compression and Flexure Test
Specimens in the Laboratory.

23. ASTM A 15-62T, Specifications for Billet-Steel Bars for Concrete Reinforcement.

24. ASTM A408-64, Specifications for Special Large Sized Deformed Billet-Steel Bars for
Concrete Reinforcement.

25. ASTM A 432-64, Specification for Deformed Billet-Steel Bars for Concrete Reinforcement
with 60,000 psi Minimum Yield Strength.

26. ASTM C 31-65, Method of Making and Curing Concrete Compression and Flexure Test
Specimens in the Field.

27. ASTM C33-64, Specifications for Concrete Aggregates.

28. ASTM C42-64, Methods of Securing, Preparing, and Testing Specimens from Hardened
Concrete for Compressive and Flexural Strengths.

29. ASTM C 131-64T, Method of Test for Abrasion of Coarse Aggregate by Use of the Los
Angeles Machine.

30. ASTM C 138-63, Method of Test for Weight per Cubic Food, Yield, and Air Content
(Gravimetric) of Concrete.

31. ASTM C 143-58, Method of Test for Slump of Portland Cement Concrete.

32. ASTM C 150-65, Specifications for Portland Cement.

33. ASTM C 172-54, Method of Sampling Fresh Concrete.

34. ASTM C 231-62, Method of Test for Air Content of Freshly Mixed Concrete by the Pres-
sure Method.

35. ASTM C 260-65T, Specifications for Air-Entrained Admixtures.

36. ASTM C 494-62T, Specifications for Chemical Admixtures for Concrete.

37. ASTM C 173-58, Method of Test for Air Content of Freshly Mixed Concrete by the Volu-
metric Method.

38. ACI 214-57, Recommended Practice for Evaluation of Compression Test Results of Field
Concrete.

39. ACI 315-65, Manual of Standard Practice for Detailing Reinforced Concrete Structures.

40. ACI 347-63, Recommended Practice for Concrete Formwork.

41. ASTM D 287-64, Method of Test for API Gravity of Crude Petroleum and Petroleum Prod-
ucts (Hydrometer Method).
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42. ASTM D 97-66, Method of Test for Pour Points.

43. ASTM D 92-66, Method of Test for Flash Point by Cleveland Open Cup.

44. ASTM D 88-56, Method of Test for Saybolt Viscosity.

45. ASTM D 937-58, Method of Test for Cone Penetrations of Petroleum.

46. ASTM D 512-62T, Methods of Test for Chloride Ion in Industrial Water and Industrial
Waste Water.

47. ASTM D 1255-65T, Method of Test for Sulfides in Industrial Water and Industrial Waste
Water.

48. ASTM D 992-52, Method of Test for Nitrate Ion in Industrial Water.

49. ASTM A 442-60T, Tentative Specifications for Carbon Steel Plates with Improved Transi-
tion Properties.

50. ASTM A 300-63T, Specifications for Steel Plates for Pressure Vessels for Service at Low
Temperature.

51. ASTM A 36-63T, Specifications for Structural Steel.

52. SSPC-SP6-63, Commercial Blast Cleaning.

53. SSPC-SP8-63, Pickling.

54. SSPC-PA1-64, Shop, Field, and Maintenance Painting.

55. ASTM A 322-64A, Specification for Hot-Rolled Alloy Steel Bars.

56. ASTM A 29-64, Specification for General Requirements for Hot-Rolled and Cold-Finished
Carbon and Alloy Steel Bars.

57. ASTM D 624-54, Methods of Test for Tear Resistance of Vulcanized Rubber.

58. ASTM D 676-59T, Method of Test for Indentation of Rubber by Means of a Durometer.

59. ASTM B 412-66T, Method of Tension Testing of Vulcanized Rubber.

60. ASTM D 573-53, Method of Test for Accelerated Aging of Vulcanized Rubber by the Oven
Method.

61. ASTM D 395-61, Method of Test for Compression Set of Vulcanized Rubber.

62. ASTM D 746-64T, Method of Test for Brittleness Temperature of Plastics and Elastomers
by Impact.

63. ASTM D 1149-64, Method of Test for Accelerated Ozone Cracking of Vulcanized Rubber.

64. ASTM D 471-66, Method of Test for Change in Properties of Elastometric Vulcanizates
Resulting from Immersion in Liquids.

65. ASTM A 514-65, Specification for High-Yield Strength, Quenched and Tempered Alloy
Steel Plate, Suitable for Welding.

66. ASTM A 441-66T, Specification for High-Strength Low Alloy Structural Manganese Vana-
dium Steel.

67. ASTM A 53-65, Specification for Welded and Seamless Steel Pipe.
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68. ASTM A 435-65, Method and Specification for Ultrasonic Testing and Inspection of Steel
Plates of Firebox and Higher Quality.

69. ASTM C 177-63, Method of Test for Thermal Conductivity of Materials by Means of the
Guarded Hot Plate.

70. ASTM C 165-54, Method of Test for Compressive Strength of Performed Block-Type
Thermal Insulation.

71. ASTM C 355-64, Methods of Test for Water Vapor Transmission of Thick Materials.

72. ASTM C 273-61, Method of Shear Test in Flatwise Plane of Flat Sandwich Constructions
or Sandwich Cores.

73. ASTM D 1622-63, Method of Test of Apparent Density of Rigid Cellular Plastics.

The structural design also met the requirements established by the State Building Construc-
tion Code, State of New York, 1961.

3.8.1.2.6 Code and Standards Steam Generator Replacement (Dome Opening Repairs)

The design, materials, fabrication, inspection, and testing of the Steam Generator Replace-
ment dome opening repairs complied with the applicable parts of the following. (The latest
revision of the code in effect at the time of construction is applicable.)

1. ACI 211.1, Standard Practice for Selecting Proportions of Normal, Heavyweight, and Mass
Concrete.

2. ACI 301, Specification for Structural Concrete for Buildings.

3. ACI 304, Guide for Measuring, Mixing, Transporting and Placing Concrete.

4. ACI 305R, Hot Weather Concreting.

5. ACI 306R, Code Weather Concreting.

6. ACI 318, Building Code Requirements for Reinforced Concrete.

7. ASTM C 33, Standard Specification for Concrete Aggregates.

8. ASTM C 39, Compressive Strength of Cylindrical Concrete Specimens.

9. ASTM C 40, Standard Test Methods for Organic Impurities in Fine Aggregate for Con-
crete.

10. ASTM C 88, Standard Test Method for Soundness of Aggregates by Use of Sodium Sulfate
or Magnesium Sulfate.

11. ASTM C 94, Standard Specification for Ready-Mixed Concrete.

12. ASTM C 109, Standard Test Method for Compressive Strength of Hydraulic Cement Mor-
tars (Using 2-in. or 50-mm Cube Specimens).

13. ASTM C 117, Standard Test Method for Materials Finer than 75mm No. 200 Sieve in Min-
eral Aggregates by Washing.

14. ASTM C 123, Standard Test Method for Lightweight Pieces in Aggregates.
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15. ASTM C 127, Standard Method of Test for Specific Gravity and Absorption of Coarse
Aggregate.

16. ASTM C 128, Standard Method of Test for Specific Gravity and Absorption of Fine Aggre-
gate.

17. ASTM C 131, Standard Test Method for Resistance to Degradation of Small-Size Aggre-
gate by Abrasion and Impact in the Los Angeles Machine.

18. ASTM C 136, Standard Method for Sieve Analysis of Fine and Coarse Aggregates.

19. ASTM C 138, Standard Method of Test for Unit Weight, Yield, and Air Content (Gravimet-
ric) of Concrete.

20. ASTM C 142, Standard Test Method for Clay Lumps and Friable Particles in Aggregates.

21. ASTM C 143, Standard Test Method for Slump of Hydraulic Cement Concrete.

22. ASTM C 150, Standard Specification for Portland Cement.

23. ASTM C 151, Test Method for Autoclave Expansion of Portland Cement.

24. ASTM C 172, Standard Practice for Sampling Freshly Mixed Concrete.

25. ASTM C 173, Standard Test Method for Air Content of Freshly Mixed Concrete by the Vol-
umetric Method.

26. ASTM C 191, Test Method for Time of Setting of Hydraulic Cement by Vicat Needle.

27. ASTM C 192, Standard Method of Making and Curing Concrete Test Specimens in the
Laboratory.

28. ASTM C 231, Standard Test Method for Air Content of Freshly Mixed Concrete by the
Pressure Method.

29. ASTM C 260, Standard Specification for Air-Entraining Admixtures for Concrete.

30. ASTM C 289, Standard Test Method for Potential Reactivity of Aggregates (Chemical
Method).

31. ASTM C 295, Recommended Practice for Petrographic Examination of Aggregates for
Concrete.

32. ASTM C 311, Standard Test Methods for Sampling and Testing Fly Ash or Natural Poz-
zolan for Use as a Mineral Admixture in Portland Cement Concrete.

33. ASTM C 494, Standard Specification for Chemical Admixtures for Concrete.

34. ASTM C 535, Standard Test Method for Resistance to Degradation of Large-Size Aggre-
gate by Abrasion and Impact in the Los Angeles Machine.

35. ASTM C 566, Standard Method of Test for Total Moisture Content of Aggregate by Dry-
ing.

36. ASTM C 586, Test Method for Potential Alkali Reactivity of Carbonate Rocks for Concrete
Aggregates (Rock Cylinder Method).

37. ASTM C 617, Standard Method of Capping Cylindrical Concrete Specimens.

38. ASTM C 618, Standard Specification for Coral Fly Ash and Raw or Calcined Natural Poz-
zolan for Use as a Mineral Admixture in Portland Cement Concrete.
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39. ASTM E 4, Standard Methods of Verification of Testing Machines.

40. ASTM E 70, Standard Test Method for pH of Aqueous Solutions With the Glass Electrod.

41. Corps of Engineers - U.S. Army (CRD): CRD C 119, Method of Test for Flat and Elongated
Particles in Coarse Aggregates.

42. National Ready-Mixed Concrete Association (NRMCA): Check List for Ready Mixed
Concrete Production Facilities.

43. Occupational Safety and Health Administration (OSHA): Safety and Health Regulations
for Construction.

44. American Association of State Highway Transportation Officials (AASHTO): T-26, Stan-
dard Method of Test for Quality of Water to be Used in Concrete.

45. New York State Department of Transportation (NYSDOT): Standard Specifications, Con-
struction and Materials.

3.8.1.3 Seismic Design

3.8.1.3.1 Initial Seismic Design

The containment is a Seismic Category I structure. It was originally analyzed as a single
lumped mass cantilever beam system to determine its natural frequency. For the containment
structure, the damping factor as a percent of critical damping was assumed to be 2.0%. The
resultant load developed from the maximum horizontal response is distributed in a triangular
manner with the base of the triangle at the top of the structure. The stress criteria for the con-
tainment and all reinforced concrete members in tension were as described in Section
3.8.1.2.3 based on the response to a ground motion of 0.08g acting in the vertical and horizon-
tal planes simultaneously. Design of the containment was checked to ensure that the com-
bined stresses resulting from gravity, incident, and seismic loadings based on the response to
a ground motion of 0.20g acting in the vertical and horizontal planes simultaneously are
within the stress limits described in Section 3.8.1.2.3.

The natural period of the first harmonic was determined using an analysis consisting (for hor-
izontal motion) of a cantilever fixed at the base with the mass lumped at the centroid of the
structure. Bending stiffness was established based on a Young's modulus of 4.1 x 106 psi and
shear stiffness was established based on a shear modulus of 1.8 x 106 psi. No rotation of the
foundation material was considered. The natural period of the first harmonic was calculated
to be 0.22 sec for horizontal motion and 0.07 sec for vertical motion.

The resultant base shear was established on the basis of the maximum response acceleration
(0.46g) for the maximum hypothetical design earthquake considering 2% of critical damping.
The resultant load was conservatively assumed to be distributed in the form of an inverted tri-
angle extending the full height of the structure. The resulting maximum meridional forces are
as shown in Figure 3.8-9.

3.8.1.3.2 Seismic Reanalysis

As a check on the initial seismic design of the containment it was reanalyzed using normal
mode theory with a number of lumped masses. A check was also made on the containment
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considering the rock foundation as an elastic medium with rotation and translation of the con-
tainment considered. This flexible foundation modeling of the containment changed the total
shear and overturning moment on the structure by less than 5% as compared to the rigid foun-
dation model. The base shear for the modal analysis on a rigid foundation resulted in an
equivalent containment response acceleration of 0.26g as compared to the 0.46g used in
design. Comparable results were obtained with respect to overturning moments. As a result
of the somewhat more rigorous modal analysis, the containment design can be shown to be
highly conservative. A detailed description of the modal analysis follows:

A. The containment structure is modeled as a cantilever consisting of lumped masses con-
nected by weightless springs. This model is shown in Figure 3.8-10.

B. The normal modes are calculated using the computer program SAND. This program is a
modified version of a program developed by the Jet Propulsion Laboratory for the dynamic
analysis of lumped mass systems. Shear deformations and rotational inertia are included in
the program SAND.

C. The input required for SAND consisted of the modal coordinates, member properties, and
material properties. These are shown in Figure 3.8-10 and Table 3.8-1. The masses are cal-

culated by the program using a density of 160 lb/ft3. This is representative of heavily rein-
forced concrete.

D. The response in each mode is read from the response curves determined for the site, as
given in Section 3.7. The deflections, accelerations, and member forces are computed in
each mode and are then summed on a square root of the sum of the squares basis. This
computation is executed by the computer program SPECTA.

E. The natural frequencies and response are summarized in Table 3.8-1. The mode shapes are
plotted in Figure 3.8-11 and the shear forces and bending moments in Figure 3.8-12.

F. The effects of ground motion were investigated by considering the rock as an elastic
medium with coefficients similar to concrete:

E = 3.0 x 106 psi

r= 0.2

The fundamental frequency was reduced from 6.95 Hz to 6.28 Hz. The alterations to the
deflections, accelerations, shear forces, and moments were insignificant, being less than 5%.

3.8.1.4 Containment Detailed Design

3.8.1.4.1 Stress Analysis

3.8.1.4.1.1 Analysis Methods

The analysis of the containment structure for operating plus incident load was based upon
shell theory analogy.

The containment structure was analyzed for seismic loads as a cantilevered beam with all
mass assumed concentrated at the center of gravity. Both shear as well as bending stiffness
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were considered in determining the fundamental frequency. The total horizontal inertial load
was determined from the response curves given in Figures 3.7-1 and 3.7-2 for 2% damping
for the fundamental frequency of the cantilevered beam. This total horizontal load was dis-
tributed over the height of the containment structure in the form of an inverted triangle to
determine the inertial overturning moment. The vertical seismic component was assumed to
be unamplified due to the high axial stiffness of the containment.

Stresses induced by the horizontal and vertical components of seismic motion were combined
algebraically. The seismic shear distribution assumed was that given for a hollow thin-walled
cylinder with shear flow perpendicular to the containment radius and the maximum shear
flow equal to twice the average value.

3.8.1.4.1.2 Analysis Results

The results of this analysis for the following loading combinations are shown in Figures 3.8-
13 through 3.8-15.

a. Operating plus incident load.

b. Operating plus incident plus design earthquake loads.

c. Operating plus incident plus maximum potential earthquake.

The displacement resulting from the seismic excitation Will produce a base shear which is
transferred via the base mat to the side walls of the structure by the radial reinforcement.
During an incident these bars should be in tension. As the lateral load (i.e., earthquake shear)
is imposed, these bars will react similar to a wheel with prestressed spokes with a load applied
to the hub and the rim restrained from moving. In this design these members are assumed to
have no shear resistance. The load transfer from the radial bars, which established longitudi-
nal shear stresses in the wall, will occur by means of varying circumferential membrane
forces in the lower portion of the wall.

The side wall, at loads resulting from the factored pressure (1.5 P), will be uncracked in a hor-
izontal plane due to membrane prestress forces. The only cracking that occurs will be partial
cracking due to secondary flexure. The depth of these cracks will be limited by the mild steel
reinforcement. At the design pressure there will then be sufficient uncracked section of con-
crete to limit radial shear stresses to less than the maximum allowable value stipulated in ACI
3 18-63. Details of the radial shear analysis are provided in Section 3.8.1.4.5.1.

The amount of prestressing force provided in the meridional direction of the cylinder is deter-
mined to ensure no resultant tensile stress due to the factored load combinations described in
Section 3.8.1.2. Consequently, radial cracking is predicted to be only a result of flexure
which is similar to the basis for the derivation of concrete shear capacity and shear reinforce-
ment requirements stipulated in ACI 318-63 for flexural members. The derivation of shear
reinforcement requirements at the base to cylinder discontinuity is described in Section
3.8.1.4.4.

The capacity to resist membrane shears is affected by the concrete cracking. Refer to Appen-
dix 3B for the discussion of membrane shears in the vicinity of the large openings.
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For the cylindrical portion of the vessel resistance to the vertical shears resulting from the
earthquake, loading will be developed in the circumferential reinforcement by dowel action
(Reference 6). The resulting principal stress in the reinforcement will not exceed 0.95 x yield
stress as provided in the design criteria. This design further ensures no failure of the adjacent
concrete in bearing. Details of the longitudinal shear analysis are provided more fully in Sec-
tion 3.8.1.4.5.2.

In the dome, all membrane and shear stresses resulting from the earthquake loading will be
developed in the mild steel reinforcing.

The loading on the concrete shell of the containment following an accident must be transmit-
ted to it through the liner. The liner attempts to expand under the combined influence of the
temperature and pressure. Since the containment structure may be classed as a thin shell, (the
diameter to thickness ratio is 30), it is considered that it would have been valid to treat the
temperature rise in the liner as an equivalent pressure increase.

The analysis as performed considered an equivalent liner force occurring at the location of the
liner. Such equivalent liner forces were established based on no thermal strain relief at points
where concrete is uncracked. Where the liner is insulated, the liner temperature increase was
assumed to be 10°F due to accident conditions. Based upon no relief of thermal strains and
uncracked concrete, the effect of this temperature rise was converted to an axial force plus a
moment about the centroid of this insulated section. As a design conservatism, the elastic
expansion of the concrete shell under pressure and temperature loads was not used to reduce
the temperature induced stresses.

3.8.1.4.1.3 Analysis for Steam Generator Replacement Dome Openings

In order to support the 1996 Steam Generator Replacement, significant structural analyses
were performed to support the creation and restoration of containment dome openings. A
finite element approach was used for the structural analyses to determine the containment
shell structure's capabilities to support applicable loads during and after the dome opening
construction and restoration. The structural evaluation of the concrete shell of the dome was
based on ACI 318-63 Code Part IV-B, Ultimate Strength Design. The structural evaluation of
the liner system of the dome was based on the 1965 ASME Boiler and Pressure Vessel Code,
Section III. These codes are consistent with original design and are shown in Section
3:8.1.2.3.3 and the table in Section 3.8.2.1.1.2.

3.8.1.4.2 Rock Anchors

3.8.1.4.2.1 Rock Anchor Design

The basic criterion for the determination of anchor length was that the pull of the anchor is
resisted only by the submerged weight of rock and that the rock offers no tensile strength.
This criterion further assumes that the rock breaks out at an angle of 45 degrees to the bond
development length of the tendon. This criterion also allowed for any additional loads on the
rock imposed from the inside of the containment vessel. The hold-down capability of the rock
in the rock anchor design took into consideration the circular geometry of the vessel.
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The design of the rock anchors was based upon the simplified assumption that the rock breaks
out at an angle of 45 degrees to the axis of the tendon with the apex of the angle at mid-height
of the first stage grout. This implies that the rock failure mode is one of diagonal tension.
This assumption of a half-angle of 45 degrees for rock is supported by References 7, 8, and 9.

Further verification of the conservative nature of this assumption was demonstrated by the
rock anchor tests described in Section 3.8.1.7.

The sockets for the rock anchors are percussion drilled into the rock through steel pipe
sleeves which are welded into the underside of the bearing plates for the rock anchors and
extended through the ring girder. The sockets in the rock plus the pipe sleeves are filled with
a neat cement grout in two stages after the rock anchors are installed. Protective steel covers,
as shown on Figure 3.8-1, are welded to the bearing plates for the rock anchors to enclose the
sidewall tendon to rock anchor couplings. The tendon conduit extending above this enclosure
is 6-in. diameter schedule 40 pipe with threaded couplings. This tendon conduit is threaded
into a half coupling that is welded to the top of the protective steel cover. In order to permit
the required conduit movement, stainless steel bellows are provided. The tendon conduit,
including the protective steel cover, is bulk filled with the corrosion protection system
described in Section 3.8.1.4.3.4. This filler material is injected through a connection in the
protective steel cover. The exterior surface of the containment structure was waterproofed
from the edge of the ring girder to elevation 253 ft 0 in. to provide corrosion protection.

3.8.1.4.2.2 Preinstallation Grouting Test

Prior to installing any rock anchors, a test was performed by grouting a rock anchor in a water
filled, clear, 6-in. diameter tube. This rock anchor contained ninety 1/4-in. diameter wires
with the grout tube and bottom hardware all identical to that proposed for the permanent
installation. This test demonstrated that the grout did flow so as to completely encase the ten-
don. However, it also indicated that the use of bleeder holes near the bottom of the grout
pipe, as well as the grout pipe terminating above the bottom of the hole, tended to produce an
unacceptable dispersion of the grout. This condition was remedied by deleting the bleeder
holes and extending the grout pipe with the addition of a bevel to the bottom of the hole. No
tests could be made on the completeness of grouting of permanent rock anchors. However,
procedures used for grouting did comply with those found to be satisfactory in the test.

The side wall tendons are coupled directly to the rock anchors. Lift-off readings were made
on the side wall tendons that provide a measure of the prestress force at the fixed end (i.e.,
upper anchor head for the rock anchors). However, in the bonded tendon, it was not possible
to measure the prestress in the full rock anchor tendon.

These criteria are identical With those used for dams in the United States and Europe. Con-
firming information was also obtained from The Cementation Company Limited of Great
Britain, a specialty firm whose activity in recent years has been devoted, in large measure, to
the prestressing of both existing and new dams, especially in South Africa and Australia.
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3.8.1.4.2.3 Previous Applications

Large capacity, post-tensioned anchors designed on this basis have previously been used in a
number of dams in Europe, Africa, Australia, and the United States to provide stability for the
structures. One of the early applications was the anchoring of the Cheurfas Dam in France
1935. Similarly, prestressed rock anchors have been used for tie backs on retaining walls on a
permanent as well as temporary basis and for suspension bridge anchorages. Major structures
for which prestressed rock anchors were used are listed in Table 3.8-2. A list of some major
applications of the BBRV ninety 1/4-in. diameter wire prestressed rock anchor assemblies is
given below.

" Wanapum Dam, Washington: Mayfield Dam, Washington: Rock anchors and trunnion
anchors; rock anchors for penstock slope stabilization.

* Boundary Dam, California: Rock anchors for rock stabilization.

" John Hollis Bankhead Dam, Alabama: Rock anchors for dam stabilization.
" Ice Harbor Dam, Washington: Rock anchors.

" Mangla Dam, West Pakistan: Trunnion girder anchorage, main spillway.

The design is based upon the use of the BBRV system developed originally in Switzerland
and used extensively for rock anchor applications.

3.8.1.4.2.4 Rock Hold-Down Capacity

Laboratory tests on core representative of rock in the approximate area and depth of the rock
anchor installation indicate a bulk specific gravity of the rock of 2.54. Since the rock partici-
pating with the rock anchors is below the ground water table, the submerged weight of rock of
96 lb/ft3 (2.54-1.0) x 62.45) is used in determining the hold-down capability.

The bond development length (first stage grout) for the ninety 1/4-in. diameter wire tendons
is computed as follows:

For 0.60 fu = 635 kips

(3GI.4 X 635000)
' =- =22.0fi..

6x 170x 12

(Equation 3.8-3)

Each rock anchor was initially tensioned to 80% of ultimate strength and the jacking force
was then reduced at lock-off to 70% of ultimate. The bond stress assumed between rock and
grout is 170 psi. This value was determined to be conservative as demonstrated during the
test performed on reduced scale rock anchors and also as reported by the Swiss Federal Labo-
ratory for the Testing of Material (Reference 10) and as documented in Grolversuchemit
Spannankern an Talsperran der Asterreichen Bunderbahnen und die Anwendung der Vorspan-
nbouweise auf den Talsperrenban, Von A. Ruttner, Wien, Austrian Engineering Journal, 1964.
Test data obtained for the John Hollis Bankhead Dam, Warrior River, Alabama, also confirm
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the conservatism of a bond development length developed on the basis of the average bond
stress of 170 psi between grout and rock.

The diameter of the drilled hole for each rock anchor is 6 in. The assumed breakout angle of
45 degrees to the vertical is most conservative as demonstrated during the reduced scale rock
anchor test and in Reference 7.

Weight of rock in kips/fi circumference = 0.096d2

0072' pd(2r - d)
Internal pressure in kips/ft circumference r

(Equation 3.8-4)

The depth, d = 26.5 ft, was established based on preliminary design. No surcharge beyond
the internal pressure of the containment vessel was considered to be effective in determining
the rock anchors hold-down capability. Therefore, for varying internal pressures the rock
hold-down capacity uniform around the circumference of the vessel, was as follows:

Rock Hold-Down Capacity (Kips per ft Internal Pressure (psig)

circumference)

0 67.4

60 240.4

69 266.4

75 283.7

90 327.0
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3.8.1.4.2.5 Hold-Down Factor of Safety

For the combination of operating plus incident loads (i.e., load combination a) in Section
3.8.1.2.3, the uplift per foot circumference is constant at 259.0 kips/ft which is less than the
assumed rock anchor capacity of 327.0 kips/ft. Therefore, the factor of safety on pull-out
against the factored load is 1.26. For the structural proof test, uplift per foot circumference
was constant at 182.0 kips/ft which was less than the rock anchor capacity of 266.4 kips/ft for
a factor of safety of 1.47.

For the combination of operating plus incident plus design earthquake loads (i.e., load combi-
nation b), the maximum uplift per foot circumference is 274.1 kips/ft and the minimum is
150.5 kips/ft. This considers horizontal and vertical components of ground motion occurring
simultaneously and their effects added algebraically. Due to the group action of anchors, the
overcapacity of the rock against lateral loads can be represented by the factor of safety against
overturning. This factor, using the rock hold-down capacity based on the pressure load of 75
psig, is 2.38.

For the combination of operating plus incident plus maximum potential earthquake loads (i.e.,
load combination c), the maximum uplift per foot circumference is 289.2 kips/ft and the min-
imum is 25.4 kips/ft. The factor of safety against overturning, using the same consideration,
is 1.96.

Consideration was also given for seismic loading without internal pressure. For the 0.1g
ground motion (vertical and horizontal components considered to occur simultaneously and
the effects added algebraically) there is no uplift.

Minimum downward component is 0.9 kips/ft. The factor of safety against overturning is
4.62. For the 0.2g ground motion (vertical and horizontal components considered to occur
simultaneously and the effects added algebraically) the maximum uplift is 69.2 kips/ft. The
factor of safety against overturning is 2.31.

3.8.1.4.2.6 Installation

The tendons are anchored into the rock socket with an expanding grout. The grout contained
an additive designed to reduce the water requirement of the cement, to have a slightly expand-
ing action, and to retard the initial set. The expansion based upon original grout volume is
8% ± 2%. This expansion is accomplished by the reaction of aluminum powder with the
alkalies of the cements. This reaction results in liberation of hydrogen gas in the form of
small bubbles which have an expanding effect. Tests have verified that the molecular form of
the hydrogen in the alkaline medium will not adversely affect the steel.

The top (movable) anchor head for the rock anchor is coupled to the bottom (fixed) anchor
head of the side wall tendon, as shown in the fully engaged position in Figure 3.8-16. Dimen-
sions and material are as shown. The bushing provides for coupling the smaller diameter
fixed head to the larger movable (i.e., tensioning) head. The coupling has right-hand threads
on each end.
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During construction, after the rock anchors were tensioned, the coupling was set in place on
the top head of the rock anchor. When the sidewall tendon was inserted in the conduit, the
coupling was threaded onto the bottom head of the sidewall tendon to the end of thread. The
coupling was then turned down onto the top head of the rock anchor resulting in all threads on
both anchor heads being fully engaged as shown in Figure 3.8-16. The design of the tendon
hardware ensures that the hardware remains elastic up to the ultimate capacity of the wires.
Therefore, at the effective prestress force of 60% of the ultimate strength of the tendon, aver-
age strains in the coupling are designed to be no greater than 60% of the yield strain of the
coupling material.

3.8.1.4.3 Tendons

3.8.1.4.3.1 General Design

The design for the containment provides for prestressing the concrete in the cylinder walls in
the longitudinal (vertical) direction with a sufficient compressive force to ensure that upon
application of the design load combinations there will be no tensile stresses in the concrete
due to membrane forces. In addition to the membrane stresses there are also flexural and
shear stresses which result from discontinuity effects. On the basis of the design criteria, the
concrete stresses and the stresses on the mild steel reinforcing upon application of the com-
bined loads will then be produced by combined flexure and shear and/or compression. The
structural elements are then acting in a manner similar to those tested as a basis for ACI 318-
63 Chapter 17, Shear and Diagonal Tension - Ultimate Strength Design, and there is a basis
for designing shear reinforcing.

The design also provides for anchoring the cylindrical walls to rock with anchors which will
be post-tensioned tendons anchored into grouted sockets in the rock. The anchors are
designed to resist all membrane stresses in the cylindrical wall. A sufficient physical separa-
tion is provided between wall and base slab to ensure that there is no transfer of vertical reac-
tion to the base slab.

In order to produce minimum practical base restraint and to most effectively use the rock
anchors (i.e., no moment applied to the ring girder), the design provides for the development
of a hinge at the cylinder to base transition using an elastomer pad. The elastomer pad per-
mits a predictable rotation of the hinge with the only restraint to rotation being a minimal
resistance due to compression on the pad. The elastomer (neoprene) pad was selected for the
hinge because of its predictability of behavior, maintenance-free properties, and ability to
withstand environmental conditions far more severe than that associated with the Ginna
design. Detailed background data on the use of neoprene bearing pads is included in Section
3.8.1.4.4.3.

Under the dead load of the containment and the application of the prestress force, the elas-
tomer pad will compress vertically approximately 0.08 in. Upon being subjected to the most
severe loading combination, the tendon elongates and the pad reverts back to essentially its
original thickness (i.e., pre-stress force equals or is slightly greater than membrane forces due
to this loading combination). This elongation must extend over a sufficient length of tendon
to ensure no yielding of the steel. In an effort to minimize the increase in wire stresses under
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load, the tendon is unbonded for the entire length from coupling between rock anchor and
anchorage of tendon at the top of the side wall.

A large amount of vertical reinforcement is provided near the outer surface of the wall at the
lower elevations. This steel is provided to resist bending moments which occur in the wall
due to the base restraint. Mild steel reinforcement provided for flexure is shown in Figures
3.8-4 and 3.8-5. Since the wall has a steel liner on the inside, the minimum mild steel rein-
forcement required for crack control has been provided on the outside only, in the amount of
0.19% of the concrete cross-sectional area. The prestressing tendon is positioned at the center
of the wall section, thus causing the participation of the prestress force to be minimal in resist-
ing bending moments. The design requires all bending or shear stresses to be resisted by mild
steel reinforcement, thus making the design quite conventional in the region of bending and
shear.

Due to the initial tendon force (0.6 f's) the maximum average concrete membrane (meridi-
onal) stress is 640 psi compression and the liner (meridional) stress is 4500 psi compression.

Considering a concrete creep and shrinkage of 320 x 10-6 in./in., the final average concrete
membrane (meridional) stress is 550 psi compression and the liner (meridional) stress is
14,100 psi compression. This implies that a linear temperature gradient of 39°F through the
concrete shell (i.e., a temperature on the liner side 39°F below the exterior fiber temperature)
would result in a zero stress on the inner fiber. This situation is not considered credible. Dur-
ing MODE 6 (Refueling), the refueling and purge system which has no cooling coils, could
not reduce the interior temperature below the external ambient temperature. The containment
recirculation fan coolers (CRFC) could possibly reduce the internal ambient temperature but
not to the extent required to exceed the foregoing gradient. Therefore a reversal of stresses is
not possible and no concern exists regarding crack control on the inner face. As noted above,
a minimum mild steel reinforcement has been provided on the outside face in the amount of
0.19% of the concrete cross-sectional area. This amount exceeds the frequently used mini-
mum amount of steel for crack control of 0.15%. The structure has liner insulation (except
for a region of the dome) and will consequently not be subject to rapid temperature changes
due to fluctuations in the interior ambient temperature.

The sole purpose of prestress is to balance vertical tensile membrane forces in the wall thus
allowing confidence in the use of the provisions of ACI 318, Section 1701 and 1702, for shear
reinforcement design. Therefore, the prestressing requirements would be those of a tension
member rather than of a bending member.

All side wall tendons, can be removed or retensioned. Two tendons are permanently accessi-
ble for either operation, while the remainder can be reached by removing concrete at approxi-
mately elevation 228 ft (see Figure 3.8-2) to obtain access to the coupling enclosure. Any
tendon can be uncoupled from the rock anchor for removal by opening a window in the cou-
pling enclosure.

The two permanently accessible tendons are located on the south side of the containment ves-
sel, and have the coupling enclosure exposed in the auxiliary building sump (Figure 3.8-2). A
bolted door on the coupling enclosure permits removal and inspection of the tendons without
removing concrete.
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A failure of an unbonded tendon or tendons in the upper portion of the wall would result in a
loss of prestress in the section of the wall subjected to bending and shear; however extensive
failures of this type would cause a tensile failure in the wall, thus making a secondary shear
failure at the base of little consequence.

3.8.1.4.3.2 Seismic Considerations

In evaluating the relative safety of a tendon for a prestressed concrete structure subject to
seismic loads, consider-ation was given to the stresses in the tendon (the ninety 1/4-in. diam-
eter wires) and to the tendon anchorage.

The design for Ginna is based upon a dynamic analysis using a basic ground acceleration of
0.2g. The design does not consider the ultimate strength and plastic deformation of the struc-
ture but considers only an elastic response with damping selected on the basis of such a
response.

Other considerations that are generally recommended for seismic design and are incorporated
in the design are (1) to provide a symmetrical structure thereby avoiding the torsional effect
produced by structure rigidity and (2) include sufficient rattle space between the containment
shell and adjacent structures, including the structures within the containment, to avoid any
possible physical interaction as the structures deflect independently under the seismic load.

By using unbonded tendons, high local strains or elongations can be distributed over the
length of the tendons. Another problem is the control of cracking in the concrete. In Refer-
ence I, T. C. Waters and N. T. Barrett state that an adequate amount of bonded reinforcement
or the bonding of a portion of the prestressing tendons will ensure that cracking of the con-
crete is uniformly distributed and that concentrations of large local tensile strains at particular
points will be avoided. In the Ginna design where cracking might occur due to flexure pro-
duced by discontinuities, bonded mild steel reinforcement is used to control crack spacing
and width. Where flexural stresses are minimal, bonded mild steel reinforcement is also pro-
vided to control the spacing and width of cracks, thereby serving to increase the ultimate
capacity of the structure. The concrete containment is not susceptible to a low temperature
brittle fracture. This conclusion is consistent with information provided in the First Supple-
ment to the PSAR.

For a flexural member, there may be merit in localizing a wire failure in that the loss of pre-
stress force might not extend over a region where maximum flexural capacity is required.
This would be especially true for a failure at or near an anchorage. However, the design pro-
vides for prestressing tension, not flexural, members and there is no similar advantage in
localizing the failure of a tendon in a tension member.

The behavior of the anchorage hardware is of prime importance when the element is sub-
jected to reversal of loading produced by the dynamic loads from an earthquake. The anchor-
age system for this design, the BBRV (buttonhead) system, was chosen because of its positive
anchorage and excellent properties when subjected to cyclic loadings. The BBRV system
used parallel wires with cold formed buttonheads at the ends which bear upon a perforated
steel anchor head, thus providing a positive mechanical means for transferring the prestress
force. The buttonheads on the wire are formed by cold upsetting to a nominal diameter of 3/8
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in. on the 1/4 in. diameter wire. Professor Fritz Leonhardt (Reference 11) reports that "Exten-
sive tests show that this BBRV 'buttonhead' provides a reliable anchorage, even under
dynamic loading conditions, if an anchor of softer steel (ST 52 to ST 90), provided with an
appropriate bore (opening for wire) is employed." The anchor heads for the Ginna design are
fabricated from C 1141 steel, which is a softer steel than the wire heads approximately equiv-
alent to ST 70 covered under the German Specification DIN 17 100.

Fatigue tests were conducted by the Swiss Federal Testing Station (EMPA) in 1960 on indi-
vidual 7-mm wires with upset heads and on tendons consisting of eighteen 7-mm wires each.
The anchorage heads for the tendons were for 22-wire units but the number of wires was lim-
ited by the capacity of the testing apparatus. The tests on individual wires indicate that 7-mm
wire with upset heads is capable of sustaining 2,000,000 stress application cycles with an

upper limit of about 1301 kg/mm 2 (180 ksi) when the lower limit is 95 kg/mm 2 (135 ksi).
Several tests were conducted on the 18-wire tendons. The results of the one test with stress
limits most similar to that used for design of prestressed concrete are summarized below.

With a lower limit of 95 kg/mm 2 (135 ksi), the tendon withstood over 2,040,000 stress appli-

cation cycles to an upper limit of 111 kg/mm2 (158 ksi) without any of the wires fracturing.

Only after the upper limit was raised to 113 kg/mm 2 (160 ksi), did one of the wires break after
an additional 113,000 stress application cycles. The rate of stress applications was 350 cycles
per minute.

Cutting tolerance for the test tendon was plus or minus 0.5 mm. The ratio of tolerance to total
wire length for the test tendon is 1/2377, which compares with 1/3210 for the rock anchors
and 1/4800 for the side wall tendons. The ultimate strength of the wire being tested was 160

kg/mm2 (225 ksi).

Therefore, it is concluded that dynamic loads, considering especially pulsating loads resulting
from an earthquake, do not jeopardize the buttonhead anchorage.

The tendon bearing plates are 18.5 in. in diameter with a 5.5 in. center hole. Considering uni-
form bearing, the concrete bearing pressure due to the initial tendon force (742 kips) is 3040
psi. This compares with an allowable stress (ACI 318-63, Equation 26-1) of 3720 psi. The
maximum splitting force (Reference 11) due to the initial tendon force considering no con-
crete tension is 58.0 kips, based upon tension extending from 6 in. to 30 in. below the bearing

plate. The required reinforcing is 1.45 in.2/ft compared with the furnished 5/8-in. diameter

spiral at 2-in. pitch with an area of 1.86 in.2 /ft. The calculated spalling force (Reference 12) is
22.2 kips/tendon for which No. 7 reinforcing bars were provided at 12.75-in. centers.

Bond development of the spiral reinforcement is not considered relevant. The reinforcement
for spalling is anchored in excess of ACI 318-63 requirements. Experience indicates that
long-term loadings will not degrade the integrity of the anchorage zone.

A Seismic Committee was established by the Prestressed Concrete Institute to develop guide-
lines for the design of prestressed concrete structures for seismic loads. In their report (Refer-
ence 13), the Prestressed Concrete Institute provides detailed guidelines for the design of
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prestressed concrete structures for seismic loads., These guidelines apply to bonded and
unbonded tendons. The Ginna design has been reviewed in light of this report and has been
found to comply with all guidelines.

3.81.4.3.3 Stressing Procedure

Stressing of tendons is accomplished by hydraulic jacks and pumping units which are
equipped with dial gauges that indicate the pressure in the system within plus or minus 2%.
The stressing procedure is as follows:

a. Stress by pumping until the required overstressing force is reached with backup provided
by direct measurement of differential displacement of the tendon head and bearing plate
made to the nearest 1/32 of an inch.

b. Insert shims, filling the space as completely as possible.

c. Reduce pressure to seat the anchor head on the shims.

d. Take lift-off reading and record.

e. Adjust shims as necessary.

The pattern and sequence of post-tensioning was established so as to provide basically for ini-
tially tensioning every 40th tendon of the total 160 tendons and then in a systematic manner
to tension the tendons approximately midway between previously tensioned tendons. This
approach minimizes the loss due to elastic shortening. The elongation of the side wall ten-
dons during the stressing operation was approximately 8 in.

The philosophy behind this sequence of post-tensioning was as follows:

aa. To provide in each stage of stressing an essential symmetric loading on the containment
cylindrical wall and neoprene pad at the base.

bb. The prestress load was to be applied as far as practical symmetrically with respect to the
two large access openings.

cc. The curved tendons around the large access openings were to be retensioned after 1000
hours in order to counteract the time dependent losses due to shrinkage, creep and steel
relaxation. The retensioning was required in order to fulfill minimum prestress require-
ments up to the end of plant life, which is 40 years.

The highest tendon stresses occur during the jacking operation which, in effect, pretests the
tendon including all hardware prior to the application of a pressure load. The effective pre-
stress considering all losses (i.e., 60% of ultimate stress) is 144,000 psi. Upon subjecting a
tendon to the most severe loading combination (design-basis accident plus maximum earth-
quake), the tendon stress increases by 4.6%, i.e., 6,600 psi.

The effective prestress forces were developed in all tendons in accordance with normal indus-
try practice. All tendons were initially tensioned to 80% of ultimate stress and then locked-
off at 70% of ultimate stress. Basically all tendons are straight. A limited number have a
minor curvature where they are draped around small penetrations. The tendons in all cases
are located in a relatively large (6-in. diameter) rigid conduit which was sized to permit the
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bottom anchor head to pass through. Any wobble and friction losses will be less than 24,000
psi or 10% of the ultimate stress. The remaining losses consist of elastic shortening, concrete
shrinkage and creep, creep of the elastomer pads, and steel relaxation. Anchorage losses are
negligible for the length of tendon being used. The tendons are protected to ensure that there
are no loss of wires due to corrosion.

The tendon temperature never sufficiently exceeds that resulting from plant operation and
high ambient temperatures external to the containment. The average daily temperature of the
tendon will, therefore, never exceed approximately 90'F.

The prestressing sequence for the rock anchors was generally as follows:

i. Initially, every fourth anchor was tensioned. Horizontal spacing of anchors, as shown in
Figure 3.8-2 is 2 ft 1 9/16 in.

ii. Secondly, every second tendon not included in item I was tensioned.

iii. Finally, all remaining anchors were tensioned.

The tensioning of side wall tendons was done using a minimum of four jacks spaced gener-
ally about the circumference of the structure. Stressing positions were alternated to prevent
concentrations of multiple stressed tendons adjacent to multiple unstressed tendons. This was
accomplished by tensioning tendons in a sequence wherein the tensioned tendon was approx-
imately equidistant between previously tensioned tendons. The four jacks were used so that
the resultant of the prestress force remains approximately symmetrical around the circumfer-
ence of the structure.

3.8.1.4.3.4 Corrosion Protection

A steel conduit (6-in. diameter Schedule 40 pipe) is embedded in the side wall concrete to
permit insertion of the prestressing steel tendon and in addition provide electrical shielding
against stray ground currents. The conduit is specially designed where it passes through the
elastomer pads so as not to jeopardize the action of the hinge by using a bellows-type expan-
sion joint.

The 6-in. 4 threaded pipe is screwed on to a 6-in. 4 half coupling. This connection meets the
criteria specified in the standard code for Power Piping, USAS B31.1.0 - 1967, and as such
provides a leak-proof joint.

The wire was protected prior to fabrication to ensure that the surface was free from any
imperfections other than a light oxide film. Prior to shipment, the tendon was protected with
a coating of NO-OX-ID "490," manufactured by the Dearborn Chemical Division of W. R.
Grace and Company. The NO-OX-ID "490" provides a light coating satisfactory for tempo-
rary protection. Following insertion of the tendons in the conduit, the conduit was filled with
NO-OX-ID "CM" so as to provide bulk filling of the void in the conduit. An expansion reser-
voir is provided at the top anchorage as shown on Figure 3.8-7. Access to this reservoir is
provided as shown on Figure 3.8-17. The tendon conduit is filled by pumping the NO-OX-ID
"CM" in at the level of the tendon coupling and venting from the top anchorage.
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The water table is approximately 16 ft above the bottom of the tendons. The tendon and its
conduit are approximately 110 ft high. This leaves a hydraulic head of filler material of 94 ft
which is equivalent to about 36 psi above the highest point of the water table. This ensures
that there is no water seepage into the conduit.

This is an underestimation of the pressure required to displace the filler material in that it is
based upon the material having the viscosity of water with no friction loss and a specific grav-
ity of 0.9. During the actual placement of the filler material, a pressure of 42 to 45 psi was
required to pump the material after it was agitated.

The radial tension bars, as shown on Figure 3.8-2, are protected against corrosion as follows:

a. In the cylinder wall the bars are coated with grease. (The grease ensures there is no bond
development).

b. In the base slab, the bars are inserted in a pipe sleeve for a length of 2 ft 10 in. The annular
space between bar and pipe sleeve is filled with the corrosion protection system described
above for the side wall tendons.

c. The remaining length of the bars in the base slab are in intimate contact with the concrete.

The buttonheads at the rock anchor heads are encased in grout to provide continuity of envi-
ronment along the full length of the wire. The movable (top) anchor heads for the side wall
tendons are protected by covering the head with the NO-OX-ID "CM" made to prevent rain
water from entering the conduit by the expansion reservoir. The top anchor heads can be
inspected for corrosion by unbolting the cover on the expansion reservoir shown on Figure
3.8-7 and removing the wax covering the heads. The wax can also be sampled by this
method.

NO-OX-ID "CM" casing filler is composed essentially of a selected paraffin-base refined
mineral oil, blended with a microcrystalline petroleum-derived base (petrolatum) of definite
melting point and penetration range. Additives consisting of lanolin, and sodium petroleum
sulphonates are incorporated as water-displacing surface-active agents and corrosion inhibi-
tors. The proportion of oil to microcrystalline wax in the formulation is adjusted to give a
pour or gelling point within the range of 110 to 120'F. The oil and wax are highly refined
long-chain saturated paraffinic petroleum derivatives, resistant to oxidation and chemical or
physical degradation, within the temperature ranges to which they will be exposed in this ser-
vice. The lanolin is a polar substance which enhances inhibitor performance and wetting of
the metal surface by the microwax blend. The petroleum sulphonate is a surface-active, water
displacing corrosion inhibitor of long tested merit. (See Table 3.8-3.)

Quality Control Tests

Quality control determinations on required raw materials and on the finished NO-OX-ID
"CM" protective coating included those tests already being done in the standard raw material
inspection procedures, plus additional controls requested on chloride, sulfide, and nitrate con-
tent. The latter tests included the following:

aa. Chlorides - The initial screening test on both raw materials and finished produce was the
sensitive Beilstein Test. This is a flame determination using an oxidized copper carrier.
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A green or blue-green color appears in the flame if chlorides (halides) are present. This
test detects as little as 0.5 ppm halide. If a positive Beilstein indication is obtained, a con-
firming test is made on water extracts of the product, using standard titration or colorn-
metric procedures described in ASTM D-512-62T. (Note: A positive Beilstein test may
be obtained when halides are not present, because of interferences from traces of
pyridines, thiourea, thiocyanate, etc. This is the reason for a confirming titration on water
extracts, following a positive Beilstein indication).

bb. Sulfides - The method used was a water extraction followed by a total sulfide determina-
tion. Zinc acetate was added to the extraction water to precipitate sulfides. Sulfides
present were then measured in accordance with Paragraph 8 of ASTM D-1255. This
method detects as little as 0.1 ppm sulfide. An alternate colon-metric procedure also was
available in which sulfides are volatilized from an acidified extraction solution, to create
a colored spot on zinc acetate paper. Spot intensity is measured to determine sulfide. The
extraction procedure is described in ASTM D-1255.

cc. Nitrates - The method used was a water extraction followed by colorimetric measure-
ment, based on ASTM D-992-52. Either the Brucine or phenoldisulfonic acid procedures
were used. Either can detect as little as 0.01 mg/l nitrate.

dd. Cathodic Protection - All of the tendons are connected to the liner of the containment and
then to the copper grounding system. Also, electrically connected to the grounding sys-
tem is the mild steel reinforcement below the high ground water level. Permanent and
stable potential reference cells are installed at significant locations to measure the corro-
sion potential.

At the time of containment construction, Durichlor anodes were installed around the
perimeter of the vessel. Protective current can be applied from these anodes and regu-
lated as needed to maintain a protective potential if cathodic protection is found neces-
sary by measurements from the reference cells.

In addition, sacrificial steel cable has been installed next to all bare copper cables. Also,
four potential bridge pipe test stations were installed on the rock anchor system to mea-
sure the magnitude of the earth potential current gradient caused by current flow into or
out of the rock anchors and to provide a basis for regulating any applied current from the
anodes.

A British study of the problem indicates that cold drawn perlitic wire of the type employed in
the Ginna containment is not susceptible to stress corrosion cracking failure (Reference 14).

3.8.1.4.4 Hine Design

3.8.1.4.4.1 Tension Bars

A hinge was developed at the base of the cylinder wall by supporting the wall vertically on a
series of elastomer bearing pads and anchoring the wall horizontally into the base mat with
radially positioned, high-strength steel bars. The bars are approximately 20 ft long and 1-3/8
in. in diameter with two anchor plates and with a minimum ultimate tensile strength of
145,000 psi and a yield strength of 130,000 psi. The bars conform to ASTM A322-64a and
ASTM A29-64 and are spaced approximately I ft-I in. on centers at the centerline of the side-
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wall. The anchor plates conform to AISI C-1040 and can develop 100% of the bars' ultimate
strength. The bars are unbonded over a predetermined length to provide for an elongation of
the bar under load consistent with that required for the rotation of the wall with the elastomer
pad acting as a hinge. The only rotational restraint on the base of the wall is that produced by
the resistance of the elastomer pads to deformation. Actual tension bar stresses resulting from
the factored loads are as follows:

Loading Bar Force, kips Bar Stress, ksi % Yield Strength

Combination

a 130 87.5 67

b 149 100.0 77

c 170 114.3 88

The effect of the base to cylinder discontinuity is based upon equations developed for the
analogy of a semi-infinite beam on an elastic foundation (References 15 and 16) in which the
spring constant for the circumferential bars and liner is taken as the foundation modulus. As
such, the hoop stiffness is generated independently of the concrete. The elastic modulus of
the uncracked concrete is assumed to be equal to

4.1 x 106 psi (E = 15'3f', froom AC1 318-63)

(Equation 3.8-5)

The assumption on a single elastic modulus, which is considered to be a reasonable upper
limit, is conservative in that it results in the highest discontinuity stresses.

Except for participation in anchoring the radial tension bars at the base of the cylinder, the
base slab is not an integral part of the containment shell for this design. The loads on this
slab, which is more properly described as a cap on the rock, are those from the interior struc-
tures.

A simple. check was made, based on an assumed 45-degree bearing distribution, to ensure that
rock bearing pressures do not exceed the limits listed in Appendix 2C.

The means for transferring the radial reaction at the base of the cylinder into the foundation
rock is shown in Section 1-1 of Figure 3.8-2. The base reaction is transferred from the radial
dowels into the ring girder and thickened portion of the base slab and thence, as a lateral load,
on the rock outboard of the ring girder. The concrete for the ring is placed directly against the
rock. The load is transferred to the rock on the interface from elevation 231 ft 8 in. to eleva-
tion 224 ft 8 in. The maximum allowed lateral pressure is 25,000 pounds per square foot as
stipulated in Appendix 2C. Where no lateral rock support is available at the auxiliary build-
ing sump, a special beam and struts are required to span this area as shown in Sections 2-2
and 3-3 of Figure 3.8-2.
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The details of the expansion joint in the tendon conduit at the hinge are shown in Figure 3.8-
18. This is a stainless steel bellows as conventionally used onprocess piping for expansion
joints. The bellows are 6-in. diameter, stainless steel pipe bellows complying with require-
ments of the ASA B31.1 Code for Pressure Piping. They provide movement capability for
the rigid tendon conduit at the hinged joint to ensure a sealed tendon enclosure which retains
the grease corrosion protection around the tendon and also seals against contaminants gaining
access to the tendons. The bellows also provide essentially no resistance across the hinged
joint to the movements. The inside diameter of the bellows is approximately 5.6 in. and the
diameter of the tendon bundle is approximately 3 in. With 1.3 in. clearance and maximum
predicted horizontal movement at design loads of 0.2 in., margin is available to preclude con-
tact.

3.8.1.4.4.2 Liner Knuckle

The liner design at the hinge provides for a base to cylinder transition in the form of a knuckle
with a 10-in. radius. This detail provides sufficient flexibility as the sidewall moves with
respect to the base during the tensioning of the sidewall tendons and under the application of
the design loads.

The stresses in the liner base to sidewall transition knuckle have been determined for the fol-
lowing cases. The analysis was based on the method described in Reference 17.

a. Under the application of the prestress force plus the dead weight of the vessel, the sidewall
moves vertically downward 0.08 in. with respect to the base. The maximum bending stress
in the knuckle due to this motion is 25 ksi.

b. Under loading combination a, the sidewall moves vertically upward 0.08 in. with respect to
the base, and radially outward 0.08 in. The maximum bending stress in the knuckle follow-
ing the movement is 10 ksi and membrane stress is 1.2 ksi. This loading combination rep-
resents the most severe loading on the knuckle.

The calculated stress for the tension bars at the base of the cylinder listed in Section
3.8.1.4.4.1 were based upon the assumption that the stiffness of the base is a function only of
the tension bars. A study was made to validate this assumption. It was found that the liner
knuckle offers negligible restraint to radial motions but does offer very significant restraint to
lateral (horizontal earthquake) motions.

The dimensions of the liner knuckle are shown on Figure 3.8-19. The method of solution
involved the use of a shell computer program based on the solution described in Reference 17,
wherein stresses were determined on the basis of a lateral translation of Point A (Refer to Fig-
ure 3.8-19). It was conservatively assumed that the support lines for the knuckle remain cir-
cular. For the lateral motion the calculated spring constant of the knuckle is 785,000 k/in.
Based upon a maximum earthquake shear force at the base of the cylinder of 12,080 k it is
determined that the maximum shear stress in the knuckle is 16.4 ksi. Bending stresses are
small.
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