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EPA CONDUCTOR AMPACITY AT t=41 YR IS 25.9 AMPS
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EPA CONDUCTOR AMPACITY AT t=41 YRS 25.9 AMPS
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EPA CONDUCTOR AMPACITY AT t=41 YR IS 25.9 AMPS
EPA CONDUCTOR AMPACITY AT t=41 YR IS 36.7 AMPS
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EPA CONDUCTOR AMPACITY AT t=41 YR IS 36.7 AMPS
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THERMAL MAGNETIC CIRCUIT BREAKER RATINGS WHICH PROTECT THE EPA CONDUCTOR AT TIME
t=41 YEARS UNDER LOW LEVEL LONG TERM FAULT (OVERCURRENT) CONDITION:

EPA CONDUCTOR AMP  MAX. THERMAL MAGNETIC BREAKER TRIP

EPA CONDUCTOR AT TIME t=41 YR.; EPA RATING IN AMPERES
SIZE MAX. TEMPERATURE OF 120°C TO PROTECT EPA CONDUCTOR
AWG AT EPA CONDUCTOR SEAL PER REG. 1.63
16 18.4 Not Applicable
14 25.9 20 (25) (NOTE 8)
12 36.7 30 (35) (NOTE 8)
10 36.7 (46.0) (NOTE 6) 20 (40)
8 51.9 (60.6) (NOTE 6) 40 (50)
= 73.4 (80.7) (NOTE 6) 60 (70)
4 103.8 70
2 146.8 125
2/0 247.4 125
500 667.3 NOTE 2
750 636.6 (NOTE 5) NOTE 2
NOTES:

1. EPA CONDUCTOR SIZES 16, 14 AND 12 AWG ARE NOT USED FOR POWER SERVICE LEVEL
CIRCUITS. THESE SIZES HAVE BEEN ANALYZED ON AN INITIAL CONDUCTOR TEMPERATURE
(NORMAL OPERATING TEMPERATURE) OF 60°C. CONDUCTOR SIZES 10 AWG OR LARGER ARE
USED FOR POWER SERVICE LEVEL CIRCUITS AND HAVE BEEN ANALYZED ON THE BASIS OF
90°C INITIAL CONDUCTOR TEMPERATURE.

2. EPA CONDUCTOR SIZES 500 AND 750 MCM ARE USED FOR CIRCUITS WHICH ARE PROTECTED
BY OVERCURRENT RELAY PROTECTIVE DEVICES.

3. THE THERMAL OVERLOAD RELAY (TOR) CHARACTERISTICS SHOWN ON THE GRAPHS ADDRESS
MORE CONSERVATIVE (HIGHER RATED) HEATER ELEMENTS THAN ARE TYPICALLY USED FOR
THESE CIRCUITS. THESE TORS ARE USED IN CONJUNCTION WITH MAGNETIC ONLY (MO)
BREAKERS WHOSE CHARACTERISTICS ARE DRAWN AT THE MAXIMUM SETPOINT FOR
PENETRATION PROTECTION. ACTUAL MO BREAKER SETPOINTS ARE TYPICALLY LOWER.

4. BREAKERS USED TO PROTECT THE EPA CONDUCTORS SHALL HAVE TRIP RATINGS IN
ACCORDANCE WITH THE RATINGS SHOWN ABOVE.

5. CONDUCTOR SIZE 750 MCM HAS BEEN ANALYZED FOR A MAXIMUM TEMPERATURE OF 90°C IN
LIEU OF 120°C DUE TO A DIFFERENT EPA DESIGN.

6. IN SOME CASES, 10 AWG EPA CONDUCTORS HAVE BEEN PROTECTED WITH 40 AMPERE
THERMAL MAGNETIC BREAKERS, 8 AWG EPA CONDUCTORS HAVE BEEN PROTECTED WITH 50
AMPERE THERMAL MAGNETIC BREAKERS, AND 6 AWG EPA CONDUCTORS HAVE BEEN
PROTECTED WITH 70 AMPERE THERMAL MAGNETIC BREAKERS. THESE CONDUCTORS HAVE
BEEN ANALYZED AND DEMONSTRATED TO BE CAPABLE OF CONTINUOUSLY CARRYING 46
AMPERES, 60.6 AMPERES, AND 80.7 AMPERES RESPECTIVELY BASED ON LOWER INITIAL
OPERATING TEMPERATURES.

7. AMPACITIES SHOWN ARE FOR A SINGLE TWO OR THREE CONDUCTOR CIRCUIT UNDER
OVERCURRENT CONDITIONS FOR THE 41 YEAR LIFETIME OF THE PLANT WITH THE REMAINING
CONDUCTORS IN THE EPA OPERATING AT RATED CURRENT.

8. IN SOME CASES 14 AWG EPA CONDUCTORS HAVE BEEN PROTECTED WITH 25 AMPERE
THERMAL MAGNETIC BREAKERS, 12 AWG EPA CONDUCTORS HAVE BEEN PROTECTED WITH 35
AMPERE THERMAL MAGNETIC BREAKERS. THESE BREAKERS FEED MULTIPLE LOADS AT THE
SAME TIME. THE MAXIMUM EPA CURRENT FOR ANY ONE CIRCUIT BEFORE THE BREAKER TRIPS
WILL BE BELOW THE MAXIMUM EPA CONDUCTOR AMPACITY.
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8.4 STATION BLACKOUT (SBO)

8.4.1 INTRODUCTION

Section 50.63 (Station Blackout Rule) of 10 CFR 50 requires that each light-water-cooled
nuclear power plant be able to withstand and recover from a station blackout (SBO) of a
specified duration. Utilities are expected to have the baseline assumptions, analyses, and
related information used in their SBO evaluation documented and available for NRC review. It
also identifies the factors that must be considered in specifying the SBO duration. Section
50.63 requires that, for the SBO duration, the plant be capable of maintaining core cooling and
appropriate containment integrity.

The objective of the SBO rule is to reduce the risk of severe accidents resulting from SBO by
maintaining highly reliable ac electric power systems and, as additional defense-in-depth,
assure that nuclear plants can cope with an SBO for a specific period of time.

The governing criteria for station blackout is 10 CFR 50.63. The term "station blackout" is
defined as the loss of offsite ac power to the essential and nonessential electrical buses
concurrent with turbine trip and the unavailability of the redundant onsite emergency ac power
systems. However, ac power to buses fed by station batteries through inverters is considered
available along with the dc power to buses fed by the batteries.

8.4.1.1 SBO Coping Evaluation

Regulatory Guide (RG) 1.155 "Station Blackout" describes a means acceptable to the NRC for
meeting the requirements of 10 CFR 50.63. Regulatory Guide 1.155 states that the NRC has
determined that the Nuclear Management and Resource Council (NUMARC) document
NUMARC 87-00 "Guidelines and Technical Bases for NUMARC Initiatives Addressing Station
Blackout At Light Water Reactors" also provides guidance that is in large part identical to the
RG 1.155 guidance and is acceptable to the NRC for meeting these requirements. When
reference to NUMARC 87-00 is made, it also includes reference to the supplemental NUMARC
letter of January 4, 1990 (references 1 and 2).

The reactor core and associated systems have been reviewed to determine that in the event of
an SBO there is sufficient capacity and capability to ensure that the core is cooled, reactor
coolant system is isolated, and appropriate containment integrity is maintained for the required
duration.

Systems required for decay heat removal have been reviewed to ensure that those portions of
the systems which are required to cope with the consequences of an SBO are available.
Effects of nonavailability of support systems such as instrument air, HYAC, and ac power are
considered. Condensate storage tank and battery capabilities have been reviewed for
adequacy.

Station blackout coping equipment (with the exception of emergency lighting) has been
procured as safety-related; therefore, it is covered by an appropriate quality assurance (QA)
program. For nonsafety-related emergency lighting equipment utilized by plant operators during
an SBO, surveillance procedures are in place and performed to verify its continued operability.
Therefore, the QA requirements of Regulatory Guide 1.155 are met with SBO coping
equipment.
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8.41.11 SBO Coping Duration

Regulatory Guide 1.155 and NUMARC 87-00, Section 3 were used to determine an SBO coping
duration of 4 hours for VEGP Units 1 and 2. The specific SBO duration is based on the
redundancy of the onsite emergency ac power sources, the reliability of the onsite emergency
ac power sources, the expected frequency of loss of offsite power, and the probable time
needed to restore offsite power. The coping duration is based on the following design
characteristics using NUMARC 87-00 methodology:

A. Offsite power design characteristic group is classified "P1".
B. Emergency power configuration group is classified "C".
C. Emergency diesel generator (EDG) target reliability is 0.95.

8.41.1.2 SBO Coping Analysis Assumptions (Nonalternate ac analysis)

The assumptions used in the coping analysis are as follows:

A. In general, RG 1.155 and NUMARC 87-00 provide consistent guidance for the
SBO coping analysis. In the case of any conflict between the two documents,
RG 1.155 was considered the governing document.

B. Initial plant conditions are 100 percent rated thermal power of 3579 MWt for at
least 100 days.

C. Initiating conditions will be loss of offsite power to both units. Station blackout,
however, is assumed only for one unit due to the independence of emergency ac
sources. No design basis events or additional single failures are assumed prior
to or during the station blackout event, other than the loss of one emergency
diesel generator on the nonblacked-out unit.

D. Reactor coolant system inventory losses are limited to normal system leakage
and reactor coolant pump seal leakages (25 gpm pump maximum assumed).
Letdown is isolated. Under these conditions the core stays covered and natural
circulation continues.

Credit will be taken for operator actions where appropriate.

F. Equipment needed (both permanent and portable) for the station blackout coping
duration will be available at the site.

84113 SBO Coping Capabilities

Applicable plant systems/functions, as identified in RG 1.155 and the NUMARC 87-00
guidelines, are available to successfully cope with the SBO event to the extent required by
RG 1.155 for the required SBO duration.

The SBO coping evaluation concludes that the various systems and components required for
reactor core cooling are available. With some operational limitations, as discussed below, the
battery capacity has been found to be adequate for the 4-hour coping duration. The ability to
maintain RCS inventory and containment integrity has been evaluated and confirmed. The
effects of the loss of ventilation on SBO have been evaluated. The plant can successfully cope
with the SBO event for the required 4-hour duration with negligible impact on the equipment
qualified life and with no impact on the operability of the equipment.
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The plant has the capability to cope with an SBO for the coping duration of 4 hours as

discussed below:
A.

Capability to provide core cooling is demonstrated by the following:

1.

Reactor coolant system isolation

RCS isolation is provided to prevent loss of inventory through the letdown
or any other normally open lines.

Main steam system isolation and steam generator pressure control

Main steam isolation can be achieved by closing the main steam isolation
valves and closure of main steam bypass isolation valves. Controlled
steam release capability will be available to remove decay heat via the
atmospheric relief valves (ARV). Atmospheric relief valves will be
operated manually such that the auxiliary feedwater flow and steam flow
are matched and the required water level is maintained in at least two
steam generators.

Auxiliary feedwater (AFW) system availability

During SBO, a steam flow path from the steam generators to the turbine
driven auxiliary feedwater (TDAFW) pump will be available. A flow path
from one of the condensate storage tanks to the TDAFWP suction will be
available. Auxiliary feedwater discharge from the TDAFW pump to the
steam generators will be available. Only one AFW pump discharge valve
to the steam generators will be operated at a time to meet the battery
load requirements.

Condensate storage tank capacity

Adequate condensate inventory is available for the required coping
duration without additional water supply. The inventory of one
condensate storage tank (CST) is adequate for the required SBO coping
duration of 4 hours.

Station battery capacity

To maintain the electrical and instrumentation components needed for
core cooling and decay heat removal following SBO, the station 125-Vdc
Class 1E batteries are capable of powering the required loads for the
SBO coping duration. Adequate battery capacity also exists to provide
field flashing to one of the emergency diesel generators and closing of all
required breakers in the final minute of the SBO coping duration.

Vital ac/dc system availability
The station batteries power the Class 1E dc buses and inverters. The
inverters supply ac power to the Class 1E 120-volt vital instruments. The

vital 120-volt ac equipment and Class 1E dc equipment are available to
supply power during the required SBO coping duration.
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7. Compressed air system requirements

Those pneumatically operated valves which are required for SBO all
assume a fail-safe position upon loss of air pressure. The loss of the
compressed air system during SBO would have no impact on maintaining
both decay heat removal capabilities and reactor coolant system
inventory.

8. Instrumentation requirements

Adequate instrumentation is provided to assess the core reactivity, RCS
inventory, core cooling capability, decay heat removal capability, and
availability of Class 1E 125-Vdc and vital 120-Vac systems.

The ability to maintain adequate RCS inventory

There will not be any unisolatable paths that exist during SBO that would allow
loss of RCS inventory. All boundary valves will be either closed or fail closed
during SBO. As allowed by NUMARC 87-00 guidelines, the RCP seal leakage is
assumed not to exceed 25 gpm per pump.

The ability to maintain appropriate containment integrity

Appropriate containment integrity will be provided during the required duration of
the SBO.

The effects of loss of ventilation

Those areas of VEGP which contain equipment required to operate during an
SBO to achieve and maintain safe shutdown have been evaluated to determine
their average ambient steady state temperatures occurring during the SBO
duration. This evaluation was performed in accordance with the guidelines
established in NUMARC 87-00, Appendix F and as supplemented by the
NUMARC January 4, 1990, letter to the NUMARC Board of Directors. This
evaluation has established reasonable assurance of operability of equipment in
these areas during an SBO event.

Equipment environmental evaluation

Areas of the plant housing components required for SBO coping have
environmental conditions which are either below the component environmental
qualification design or are only slightly above design and are well below the
minimum generic limit established in NUMARC 87-00. To maintain a reasonable
assurance for operation of the safety-related inverters, certain room doors within
the control building must be opened within 30 minutes and remain open during
an SBO. These rooms and doors are identified in reference 3.

Weather hazards such as extreme temperatures, wind, and flooding will not
impact components required for an SBO.

Normal plant operating conditions for the areas containing SBO components
have been reviewed and indicate that the initial temperatures at the beginning of
the SBO event are maintained at acceptable levels to support the conclusions of
the SBO coping analysis.

It has been demonstrated that there is reasonable assurance that the equipment
will remain operable during and subsequent to an SBO event.

8.4-4 REV 14 10/07



VEGP-FSAR-8

F. Identification of access to plant areas requirements

Applicable plant procedures which include operator actions necessary to cope
with an SBO have been completed. Included in these procedures is
consideration for the effects of ac power loss on area access, as well as the
need to gain entry to other locked (secured) areas where remote equipment
operation may be necessary.

G. Emergency lighting requirements

Emergency lighting for the main control room will provide minimum acceptable
illumination levels. (NUREG 0700 section 6.1.5.4.c defines the minimum
emergency lighting level at a control room work station to be 10 foot-candles.)
Adequate emergency lighting will be available for those areas of the plant where
operator actions and/or ingress or egress are required. The ingress and egress
routes from the main control room to these areas will also be illuminated. Manual
transfer switches and power feeders from the nonblacked-out unit diesel backed
distribution panels have been added to ensure lighting in the main control room
for the duration of the SBO.

H. Identification of required operator actions

Operator actions that are required, inside and outside the control room, to cope
with the SBO event have been identified in plant procedures.

l. Procedures interface considerations

Regulatory Guide 1.155 provides the guidance that procedures and training
should include all operator actions necessary to cope with an SBO for at least the
duration determined according to Regulatory Position 3.1 and to restore normal
long-term cooling/decay heat removal once ac power is restored. Procedures
have been integrated with plant-specific technical guidelines and emergency
operating procedure upgrade program established in response to Supplement 1
of NUREG-0737.

J. Diesel generator reliability program requirements

Elements of the emergency diesel generator program are contained in RG 1.155.
These elements or their equivalent) have been addressed in the applicable plant

procedures.
8.41.2 References
1. NUMARC 87-00 "Guidelines and Technical Bases for NUMARC Initiatives Addressing

Station Blackout At Light Water Reactors," Revision 1, August 1991.

2. NUMARC supplemental letter to the NUMARC Board of Directors, "Station Blackout
(SBO) Implementation: Request for Supplemental SBO Submittal to NRC," dated
January 4, 1990.

3. Letter to NRC, "Response to Station Blackout Questions," ELV-2867, dated June 7,
1991.
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9.0 AUXILIARY SYSTEMS

9.1 FUEL STORAGE AND HANDLING

9.1.1 NEW FUEL STORAGE

Special nuclear material (SNM) in the form of fuel is stored in three locations. These are: (1) the
new fuel storage area; (2) the spent fuel pool; and (3) the independent spent fuel storage
installation (ISFSI). Storage of new fuel is described in FSAR subsection 9.1.1. Wet spent fuel
storage in the spent fuel pool is described in FSAR subsection 9.1.2. Dry spent fuel storage is
described in FSAR subsection 9.1.6.

9.1.1.1 Design Bases

New fuel is stored in racks. (See figure 9.1.1-1.) Each rack is composed of individual vertical
cells which can be fastened together in any number to form a module that can be firmly bolted
to anchors in the floor of the new fuel storage area. The new fuel storage racks are designed to
include storage for 162 fuel assemblies at a center-to-center spacing of 21 in. This spacing
provides a minimum separation between adjacent fuel assemblies of 12 in., which is sufficient to
maintain a subcritical array even in the event the building is flooded with unborated water or
during any design basis event. All surfaces that come into contact with the fuel assemblies are
made of annealed austenitic stainless steel, whereas the supporting structure may be painted
carbon steel.

The requirements of ANS 57.1 are addressed in subsection 9.1.4. The racks are designed to
withstand nominal operating loads as well as safe shutdown earthquake and operating basis
earthquake seismic loads. (See table 3.2.2-1.) The new fuel storage racks are designed to
meet Seismic Category 1 requirements of Regulatory Guide 1.29. The racks are also designed
to withstand the maximum uplift force of the fuel handling machine.

9.1.1.2 Facilities Description

One storage pit, located within the fuel handling building, satisfies the new fuel storage
requirements for both Units 1 and 2. The storage pit is protected from the effects of natural
phenomena, including earthquakes, winds, tornadoes, floods, and external missiles, by the
Seismic Category 1 fuel handling building. See section 3.8 for a discussion of the structural
design of the new fuel storage area.

The dry, unlined, approximately 14-ft-deep, reinforced concrete vault is equipped to provide
storage volume for 10 new fuel storage racks. Nine of the racks hold 16 new fuel assemblies,
and the tenth rack is designed to hold 18 new fuel assemblies.

The storage racks are supported by the walls and floor of the vault. Access platforms covered
with grating form walkways between the fuel storage racks to allow inspection of the new fuel
storage facility. The vault is covered to prevent objects from falling on the racks. Drawings
1X4DE317, 1X4DE318, and 1X4DE322 show the relationship between the new fuel storage
facility and other aspects of the fuel handling building.
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The security measures taken for the protection of the new fuel against industrial sabotage and
theft are discussed in section 13.6.

9.1.1.3 Safety Evaluation

The design of the new fuel storage racks is such that the effective multiplication factor, kes, will
not exceed 0.95 with new fuel of the highest anticipated enrichment (5.0 weight% U-235) in
place, assuming the storage area is flooded with pure water. The design is such that kes will not
exceed 0.98, assuming possible flooding of the new fuel storage facility by sources of
moderation such as those that can arise during firefighting operations. Consideration is given to
the inherent neutron absorbing effect of the materials of construction.

The new fuel storage racks are located in the new fuel storage area, which has a protective
cover that protects the racks from dropped objects. Administrative controls are utilized when a
section of the protective cover is removed for handling of the new fuel assemblies.

The new fuel assemblies are stored dry, and the 21-in., center-to-center spacing ensures a safe
geometric array. Under these conditions, a criticality accident during refueling and storage is
not considered credible.

Consideration of criticality safety analysis is discussed in paragraph 4.3.2.6.

9114 Tests and Inspections

Prior to use, the new fuel storage racks and modules are inspected and functionally tested by
inserting a dummy fuel assembly into the racks to ensure that no binding occurs when the
actual fuel assembilies are installed. Thereafter, the new fuel storage racks are periodically
inspected visually for structural integrity.

9.1.1.5 Instrumentation

As discussed in subsection 12.3.4, two area radiation monitors are provided within the fuel
building to provide warning to the occupants of a deteriorated radiological condition. The
monitors have an intermediate alarm setting of 1.0 mR/h and a high radiation alarm setpoint of
2.5 mR/h to give warning of high radiation if accidental criticality should occur.

9.1.2 WET SPENT FUEL STORAGE

9.1.2.1 Design Bases

Spent fuel is stored in high density racks. Each rack in the Unit 1 spent fuel pool consists of
several cells welded together to form the rack top grid. The cells are welded at the bottom to a
supporting grid structure. The Unit 2 spent fuel pool consists of an assemblage of cells
interconnected to each other along their contiguous corners to produce a honeycomb cellular
structure. All of these modules are free-standing, neither anchored to the floor nor braced to the
wall. The rack arrays in the Unit 1 pool (figure 9.1.2-1, sheet 1), have a center-to-center
spacing of 10.25 in., as shown in figure 9.1.2-2, sheet 1. The spent fuel storage racks include
storage locations for 1476 fuel assemblies in the Unit 1 pool (figure 9.1.2-3). In the Unit 2 pool
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(figure 9.1.2-1, sheet 2) rack arrays have a center-to-center spacing of 10.40 inches in the east-
west direction and 10.58 in. in the north-south direction (figure 9.1.2-2, sheets 2 and 3). There
are a total of 2098 storage locations in the Unit 2 pool. Spent fuel pool cooling is discussed in
subsection 9.2.2, fuel handling building ventilation in subsection 9.4.2, and fuel handling building
fire protection in appendix 9A, fire area 1-AB-LD-B.

9.1.2.2 Facilities Description

The wet spent fuel storage facility is designed to the guidelines of ANS 57.2. The wet spent fuel
storage facility is located within the Seismic Category 1 fuel handling building. The facility is
protected from the effects of natural phenomena such as earthquakes, winds, tornadoes, floods,
and external missiles. The facility is designed to maintain its structural integrity following a safe
shutdown earthquake and to perform its intended function following a postulated hazard such as
fire, internal missiles, or pipe break. Each unit is provided with its own spent fuel pool. The
units share a common cask loading and washdown area.

The spent fuel pool provides storage space for irradiated spent fuel. New fuel may be moved
from the new fuel racks to the spent fuel racks in preparation for a refueling outage. Each
nuclear unit has a separate pool. The pool is approximately 41 ft deep, constructed of
reinforced concrete, and lined with 1/4-in. thick stainless steel plate. The normal water volume
of the pool is about 447,030 gal of borated water with a nominal boron concentration of

2000 ppm. Drawings 1X4DE317, 1X4DE320, and 1X4DE322 show the spent fuel pools and the
cask loading area.

The spent fuel racks are vertical modules designed to hold Westinghouse 17-by-17 fuel
assemblies in various arrays. A total of 3574 storage locations will be provided. The Unit 2 pool
will initially contain at least two racks with storage space for 198 fuel assemblies. The design
allows the addition, during or before plant operation, of any number of racks up to a total of 20
racks in the Unit 2 pool as shown in figure 9.1.2-5.

Contiguous to each spent fuel pool is a short canal leading to the fuel transfer canal. The fuel
transfer canal is connected to the refueling canal inside the containment by the fuel transfer
tube. All portions of the spent fuel transfer operation are completed underwater, and the
waterways are of sufficient depth to maintain a nominal 10 ft of shielding water above the active
fuel. A metal gate with gasket assembly separates the short spent fuel pool canal from the fuel
transfer canal. This allows the transfer canal to be drained without interfering with the water
level in the fuel pool. Subsection 9.1.3 further addresses the minimum water level in the spent
fuel pool. In the event that fuel is damaged and fuel fragments or pellets are collected on filters
or other devices, the shielding requirements for the movement of the filters govern rather than
the requirements on the submergence of spent fuel.

Common to the spent fuel pools and accessible by small canals is an approximately 47-ft-deep
cask loading pit. The canals are separated from the spent fuel pools by metal gates with gasket
assemblies. The cask washdown enclosure is an epoxy-coated internal structure of the fuel
handling building provided for decontamination of spent fuel casks before movement outside the
auxiliary building.

The spent fuel bridge crane traverses the spent fuel pools and the new fuel storage facility. It is
used in the movement of both new and spent fuel assemblies. This crane also has access to
the adjoining canals.

The cask handling bridge crane traverses the auxiliary building and a portion of the fuel handling
building. The cask handling crane's path is perpendicular to the path of the spent fuel bridge
crane and is designed such that the cask crane cannot pass over the spent fuel pools. This
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precludes the movement of heavy loads (other than those associated with the spent fuel bridge
crane) over the spent fuel pools, in accordance with Regulatory Guide 1.13. The cask handling
crane is used for operations involving spent fuel casks.

During fuel handling operations, a controlled and monitored ventilation system removes
gaseous radioactivity from the atmosphere above the spent fuel pools and processes it before
discharge through the plant vent. Refer to subsection 9.4.2 for a detailed discussion of the fuel
handling building heating, ventilation, and air-conditioning system and section 11.5 for process
radiation monitoring.

The spent fuel pool is provided with a Seismic Category 1 backup water supply. Water can be
either pumped or gravity-fed to the pool from the reactor makeup water storage tank. The
reactor makeup water pumps are nonsafety-related Seismic Category 1 pumps which can be
aligned to the emergency non-1E buses. In the event that the pumps fail to function, water can
flow through the nonfunctioning pumps to provide makeup to the pool. All intervening piping is
designed to Seismic Category 1 requirements.

9.1.2.21 Spent Fuel Rack Design

A. Applicable Codes, Standards, and Specifications

The racks are designed and fabricated to applicable portions of the following
Nuclear Regulatory Commission (NRC) Regulatory Guides, Standard Review
Plan Sections, and published standards.

1. April 14, 1978, NRC Position for Review and Acceptance of Spent Fuel
Storage and Handling Applications, as amended by the NRC letter dated
January 18, 1979.

2. NRC Regulatory Guides
1.13, Rev. 1, Dec. 1975, Spent Fuel Storage Facility Design Basis

1.25, March 1972 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

1.26, Rev. 3, Feb. 1976 Quality Group Classifications and
Standards for Water Steam and
Radioactive Waste Containing
Components of Nuclear Power Plants

1.29, Rev. 3, Sept. 1978 Seismic Design Classification

1.92, Rev. 1, Feb. 1976 Combining Modal Responses and Spatial
Components in Seismic Response
Analysis

1.124, Rev. 1, Jan. 1978 Service Limits and Load Combinations for

Class 1 Linear-Type Component
Supports
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3. Standard Review Plan - NUREG-0800

Rev. 2, August 1989 Section 3.7, Seismic Design (Unit 1)

Rev. 1, July 1981 Section 3.7, Seismic Design (Unit 2)

Rev. 1, July 1981 Section 3.8.4, Other Seismic
Category | Structures

Rev. 3, July 1981 Section 9.1.2, Spent Fuel Storage

Rev. 1, July 1981 Section 9.1.3, Spent Fuel Pool
Cooling System

NRC Branch Technical ASB 9-2, Residual Decay Energy for

Position, Rev. 2, July 1981 Light Water Rectors for Long Term
Cooling

4. Industry Codes and Standards

ANSI N16.1-75 Nuclear Criticality Safety in Operations with
Fissionable Materials Outside Reactors

ANSI N16.9-75 Validation of Calculational Methods for
Nuclear Criticality Safety

ANSI N210-76 Design Obijectives for Light Water Reactor
Spent Fuel Storage Facilities at Nuclear
Power Stations

ASME Section I11-95 Nuclear Power Plant Components (Unit 1)

ASME Section 111-83 Nuclear Power Plant Components (through
Summer 1984 Addendum) (Unit 2)

ACI 318-63 Building Code Requirements for Reinforced
Concrete (Unit 1 & 2)

ACI 318-71 Building Code Requirements for Reinforced
Concrete (Unit 1)

Seismic and Impact Loads

The spent fuel racks are designed using the seismic loading described in this
section.

Seismic analysis of the fuel storage racks is performed by the time-history
method. The time histories and response spectrum utilized in these analyses
represent the responses of the pool structure to the specified ground motion.
The seismic analysis of the racks is performed with a damping value of 4% for
safe shutdown earthquake (SSE) and 2% for operating basis earthquake (OBE).

Maximum dynamic forces and stresses are calculated for the worst condition as
determined by combination with forces and stresses computed in accordance
with paragraph C.
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Deflections or movements of racks under earthquake loading are limited by
design such that, in the active fuel region, the racks do not touch each other or
the spent fuel pool walls, the racks are not damaged to the extent that nuclear
parameters provided in paragraph 9.1.2.3 are exceeded, and the fuel assemblies
are not damaged.

The interaction between the fuel elements and the rack is considered, particularly
gap effects. The resulting impact loads are of such magnitude that there is no
structural damage to the fuel assemblies.

Loads and Load Combinations

Table 9.1.2-1 shows loads and load combinations that are considered in the
analyses of the spent fuel racks include those given in the NRC, OT Position for
Review and Acceptance of Spent Fuel Storage and Handling Applications, dated
April 14, 1978, as amended by the NRC letter dated January 18, 1979.

It is noted from the seismic analysis that the magnitude of stresses varies
considerably from one geometrical location to the other in the model.
Consequently, the maximum loaded major rack components are analyzed. Such
an analysis envelops the other areas of the rack assembly.

For both the Unit 1 and Unit 2 pool racks, the margins of safety for the multi-
directional seismic event were evaluated by applying statistically independent
acceleration time histories in three orthogonal directions concurrently.
Simultaneous application of the seismic slab motion dispenses with the need to
perform statistical summations (square-root-of-the-sum-of-squares).

Design and Analysis Procedures for Spent Fuel Storage Racks

The seismic and stress analyses of the spent fuel rack modules considers the
various conditions of full, partially filled, and empty fuel assembly loadings for the
wet pool case. The Unit 2 analysis includes conditions of partially filled and
empty fuel assembly loadings for the dry case. In addition, an analysis of a Unit
2 pool rack in the dry condition and fully loaded with new fuel was performed.
The racks are evaluated for both operating basis earthquake (OBE) and safe
shutdown earthquake (SSE) conditions and meet Seismic Category |
requirements. A detailed stress analysis is performed to verify the acceptability
of the critical load components and paths under normal and faulted conditions.
The racks rest freely on the pool floor and are evaluated under all loading
conditions to determine if rack-to-rack or rack-to-wall impact occurs.

The dynamic response of the fuel rack assembly during a seismic event is the
condition which produces the governing loads and stresses on the structure. The
seismic analysis of a free-standing fuel rack is a time-analysis performed on a
nonlinear model.

1. Unit 1 Spent Fuel Pool Rack Analysis

The details of the structural models and the structural analyses of the Unit 1
spent fuel racks are described in the following paragraphs:

The analyses performed to confirm the structural integrity of the racks to
demonstrate compliance with the USNRC Standard Review Plan(") and the
OT Position Paper® are as follows:
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3-D transient analyses of the spent fuel racks individually and as an
assemblage acting as free-standing submerged bodies subjected to
seismic excitations applied as synthetic acceleration time-histories.

Evaluation of the primary stresses in the rack structure to establish
compliance with the stress limits for ASME Section Il Subsection
NF(3).

Evaluation of the secondary and peak stresses amplitudes in the most
severely loaded rack sections to ensure that failure from cyclic fatigue
will not occur.

The spent fuel racks are designed as Seismic Category | as required
by USNRC Standard Review Plan®. The response of a free-standing
rack module to seismic inputs is highly nonlinear involving a complex
combination of motions (sliding, rocking, twisting, and turning),
resulting in impacts and friction effects. An accurate simulation of the
structural response is obtained by direct integration of the nonlinear
equations of motion using pool slab acceleration time-histories as the
forcing function.

Particulars of modeling details and assumptions for the 3-D single
rack analysis for the fuel racks are given in the following:

a. The fuel rack structure motion is captured by modeling the rack as
a 12 degrees-of-freedom structure. Movement of the rack cross-
section at any height is described by 6 degrees of freedom of the
rack base and 6 degrees of freedom at the rack top. In this
manner, the beam-like response of the module, relative to the
baseplate, is captured in the dynamic analyses once suitable
springs are introduced to couple the rack degrees of freedom.
Rattling fuel assemblies within the rack are modeled by five
lumped masses located at H, .75H, .5H, .25H, and at the rack
base (H is the rack height measured above the base). Each
lumped fuel mass has 2 horizontal displacement degrees of
freedom. Vertical motion of the fuel assembly mass is assumed
equal to rack vertical motion at the base.

b. Seismic motion of a fuel rack is characterized by random rattling
of fuel assemblies in their individual storage locations. All fuel
assemblies are assumed to move in-phase within a rack. This
exaggerates computed dynamic loading on the rack structure and,
therefore, yields conservative results.

c. Fluid coupling between the rack and the fuel assemblies, and
between the rack and the wall, is simulated by appropriate inertial
coupling in the system kinetic energy. Fluid coupling terms for
rack-to-rack coupling are based on either in-phase or opposed-
phase motion of adjacent modules.

d. Fluid damping and form drag are conservatively neglected.

e. Sloshing is negligible at the top of the rack and is therefore
neglected in the analysis of the rack.

f. Potential impacts between the cell walls of the racks and the
contained fuel assemblies are accounted for by appropriate
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compression-only gap elements between masses involved. The
possible incidence of rack-to-wall or rack-to-rack impact is
simulated by gap elements at the top and bottom of the rack in
two horizontal directions. Bottom gap elements are located at the
rack base.

g. Pedestals are modeled by gap elements in the vertical direction
and as "rigid links" for transferring horizontal stress. Each
pedestal support is linked to the pool liner by two friction springs.
The spring rate for the friction springs includes any lateral
elasticity of the stub pedestals. Local pedestal vertical spring
stiffness accounts for the floor elasticity and the local rack
elasticity just above the pedestal.

h. Rattling of fuel assemblies inside the storage locations causes the
gap between fuel assemblies and cell wall to change from a
maximum of twice the nominal gap to a theoretical zero gap. Fluid
coupling coefficients are based on the nominal gap dimension.

Figure 9.1.2-4, sheet 1, shows a schematic of the dynamic model
where pi (i = 1,2,3,7,8,...,19) represents the translational degrees of
freedom, and q; (i = 4,5,6,20,21,22) represents the rotational degrees
of freedom. Translational and rotational degrees of freedom 1
through 6 and 17 through 22 describe the rack motion; the rattling fuel
masses, which are located at nodes 1*, 2*, 3*, 4%, and 5 in figure
9.1.2-4, sheet 1, are described by translational degrees of freedom 7
to 16.

The single rack 3-D model handles the array of variables as follows:
¢ Interface Coefficient of Friction

Parametric runs are made with upper bound and lower bound
values of the coefficient of friction. The limiting values are based
on experimental data which have been found to be bounded by
the values 0.2 and 0.8.

e Impact Phenomena

Compression-only gap elements are used to provide for opening
and closing of interfaces such as the pedestal-to-bearing pad
interface, and the fuel assembly-to-cell wall interface.

o Fuel Loading Scenarios

The fuel assemblies are conservatively assumed to rattle in
unison which obviously exaggerates the contribution of impact
against the cell wall. The different patterns of possible fuel
assembly loadings in the rack are simulated by orienting the
center of gravity column of the assemblage of fuel assemblies with
respect to the module geometric center of gravity in an
appropriate manner.
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e Fluid Coupling

The contribution of fluid coupling forces is ascertained by
prescribing the motion of the racks (adjacent to the one being
analyzed).

The whole pool multi-rack (WPMR) analysis methodology is the vehicle
available to establish the presence or absence of specific rack-to-rack
impacts during the seismic event.

In WPMR analysis, a 16 degrees of freedom discretization is used to model
each rack plus contained fuel. The rack structure is modeled by 12
degrees of freedom, and the contained fuel is modeled by 4 horizontal
degrees of freedom. The only difference between the single rack model,
which is described in paragraph 9.1.2.2.1.D.2, and the WPMR model is the
number of rattling fuel masses. The WPMR model has two fuel masses
which are located at nodes 3* and 5 in figure 9.1.2-4, sheet 1. Thus, the
WPMR model involves all racks in the spent fuel pool with each individual
rack and its fuel modeled as a 16 degrees of freedom structure.

The WPMR model includes gap elements that represent compression-only
pedestals, impact potential at fuel assembly-fuel rack interfaces, and impact
potential at rack-to-rack and rack-to-wall locations. The rack-to-rack and
rack-to-wall impact springs are located at the top and bottom corners of the
rack. Each pedestal has two friction elements associated with the force in
the vertical compression element.

The spring constants are equal to the corresponding values from the 22
degrees of freedom single-rack model.

The WPMR dynamic model is of all rack modules in the pool, and includes
all fluid coupling interactions among them, as well as fluid coupling
interactions between racks and pool walls.

The 3-D WPMR analyses demonstrate that all kinematic criteria for the
spent fuel rack modules are satisfied, and that resultant structure loads
confirm the validity of the single rack structural qualification. The results of
the analyses indicate that (1) there is no rack-to-pool wall impact, and (2)
no rack-to-rack impact in the cellular region of the racks containing active
fuel.

Unit 2 Spent Fuel Pool Rack Analysis

The details of the structural model and the structural analysis are described
in the following paragraphs:

The seismic analysis is performed in three steps:

a. Development of a nonlinear dynamic model consisting of inertial mass
elements and gap and friction elements.

b.  Generation of the equations of motion and inertial coupling and
solution of the equations using the "component element time
integration scheme" to determine nodal forces and displacements.

c.  Computation of the detailed stress field in the rack (at the critical
location) and in the support legs using the nodal forces calculated in

9.1-9 REV 23 3/21



VEGP-FSAR-9

the previous step. These stresses are checked against the design
limits given in Table 9.1.2-1.

Since the racks are not anchored to the pool floor or attached to the pool
walls or to each other, they can execute a wide variety of rigid body
motions. For example, the rack may slide on the pool floor (so-called
"sliding condition"); one or more legs may momentarily lose contact with the
liner ("tipping condition"); or the rack may experience a combination of
sliding and tipping conditions. The structural model permits simulation of
these kinematic events with inherent built-in conservatisms. Since these
rack modules are designed to preclude the incidence of interrack impact, it
is also necessary to include the potential interrack impact phenomena in
the analysis to demonstrate that such impacts do not occur. Lift-off of the
support legs and subsequent liner impacts must be modeled using
appropriate impact elements, and Coulomb friction between the rack and
the pool liner must be simulated by appropriate piecewise linear springs.
These special attributes of the rack dynamics require a strong emphasis on
the modeling of the linear and nonlinear springs, dampers, and stop
elements.

These considerations lead to the following attributes of the analysis model:

a.  The fuel rack structure is a folded metal plate assemblage welded to a
baseplate and supported on a minimum of four legs. The rack
structure itself is a very rigid structure. Dynamic analysis of typical
multicell racks has shown that the motion of the structure is captured
almost completely by the behavior of a six degrees-of-freedom
structure. Therefore, the movement of the rack cross-section at any
height is described in terms of the six degrees-of-freedom of the rack
base. The rattling fuel is modeled by five lumped masses located at
H, .75H, .5H, .25H, and at the rack base. (Figure 9.1.2-4, sheet 2 and
Figure 9.1.2-4, sheet 3).

b.  The seismic motion of a fuel rack is characterized by random rattling
of fuel assemblies in their individual storage locations. Substituting
the assemblage of rattling masses by an effective dynamic mass
group greatly reduces the required degrees-of-freedom needed to
model the fuel assemblies which are represented by five lumped
masses located at different levels of the rack. The centroid of each
fuel assembly mass can be located relative to the rack structure
centroid at that level, so as to simulate a partially loaded rack
(Figure 9.1.2-4, sheet 3).

c.  The local flexibility of the rack-support interface is modeled
conservatively in the analysis (spring KR in Figure 9.1.2-4, sheet 2).

d.  The rack base support may slide or lift off the pool floor.

e.  Fluid coupling between rack and assemblies, and between rack and
adjacent racks, is simulated by introducing appropriate inertial
coupling into the system kinetic energy.

f. Potential impacts between rack and assemblies are accounted for by
appropriate "compression only" gap elements between masses
involved.
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g. Fluid damping between rack and assemblies, and between rack and
adjacent rack, is conservatively neglected.

h.  The supports are modeled as "compression only" elements for the
vertical direction and as "rigid links" for horizontal displacement. The
bottom of a support leg is attached to a frictional spring as shown in
figure 9.1.2-4, sheet 2. The cross-section inertial properties of the
support legs are computed and used in the final computations to
determine support leg stresses.

i. The possible incidence of interrack impact is simulated by a series of
gap elements at the top and bottom of the rack in the two horizontal
directions. The most conservative case of adjacent racks movement
is assumed; each adjacent rack is assumed to move completely out of
phase with the rack being analyzed.

J- The form drag opposing the motion of the fuel assemblies in the
storage locations is conservatively neglected in the results reported
herein.

k.  The form drag opposing the motion of the fuel rack in the water is also
conservatively neglected in the results reported herein.

l. The rattling of the fuel assemblies inside the storage locations causes
the "gap" between the fuel assemblies and the cell wall to change
from a maximum of twice the nominal gap to a theoretical zero gap.
Therefore, the fluid coupling coefficients utilized are based on
nonlinear vibration theory. Studies in the literature show that inclusion
of the nonlinear effect (viz. vibration amplitude of the same order of
magnitude as the gap) provides a more accurate characterization of
the equipment response.

m. The cross coupling effects due to the movement of fluid from one
interstitial (interrack) space to the adjacent one is modeled using
potential flow and Kelvin's circulation theorem.

Figure 9.1.2-4, sheet 4 shows a schematic of the model. Six degrees-of-
freedom are used to track the motion of the rack structure. Figure 9.1.2-4,
sheet 3 shows the fuel assembly/storage cell impact springs at a particular
level.

An important feature of the rack analysis is incorporation of the fluid
coupling effects. The fluid coupling forces are a strong function of the
interbody gap, reaching large values for very small gaps. The lateral
motion of a fuel assembly inside the storage location encounters the fluid
coupling effect. So does the motion of a rack adjacent to another rack.
These effects are included in the equations of motion. Furthermore, the
rack equations contain coupling terms which model the effect of fluid in the
gaps between adjacent racks. The coupling terms modeling the effects of
fluid flowing between adjacent racks are computed assuming that all
adjacent racks are vibrating 180° out of phase from the rack being
analyzed. Therefore, only one rack is considered surrounded by a
hydrodynamic mass computed as if there were a plane of symmetry located
in the middle of the gap region.
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The fluid virtual mass is included in the vertical direction vibration equations
of the rack; virtual inertia is also added to the governing equation
corresponding to the rotational degree-of-freedom (See figure 9.1.2-4,
sheet 4).

Damping of the rack motion arises from material hysteresis (material
damping, relative intercomponent motion in structures structural damping),
and fluid drag effects (fluid damping). In the analysis, a maximum of 4%
structural damping is imposed on elements of the rack structure during SSE
seismic simulations, and 2% for OBE simulations. Material and fluid
damping are conservatively neglected. The dynamic model constructed in
this manner is employed to evaluate the rack module structural response
for limiting values of the interface coefficient of friction (u = 0.2 and 0.8),
and a number of conditions of rack loading.

Structural Acceptance Criteria for Spent Fuel Storage Racks

The fuel racks are analyzed for the normal and faulted load combinations of
paragraph C in accordance with the NRC, OT Positions for Review and
Acceptance of Spent Fuel Storage and Handling Applications.

The major normal and upset condition loads are produced by the operating basis
earthquakes. The thermal stresses due to rack relative expansion are calculated
and combined with the appropriate seismic loads in accordance with the NRC,
OT Position for Review and Acceptance of Spent Fuel Storage and Handling
Applications®.

The faulted condition loads are produced by the safe shutdown earthquakes and
a postulated fuel assembly drop accident.

The computed stresses are within the acceptance limits identified in the NRC, OT
Position for Review and Acceptance of Spent Fuel Storage and Handling
Applications®.

In summary, the results of the seismic and structural analysis show that the
VEGP spent fuel storage racks meet all the structural acceptance criteria
adequately.

Fuel Handling Crane Uplift Analysis

An analysis is performed to demonstrate that the rack can withstand a maximum
uplift load of 5000 Ib. This load can be applied to a postulated stuck fuel
assembly without violating the criticality acceptance criterion. Resulting stresses
are within acceptable stress limits, and there is no change in rack geometry of a
magnitude which causes the criticality acceptance criterion to be violated.

Fuel Assembly Drop Accident Analysis

In the unlikely event of dropping a fuel assembly, accidental deformation of the
rack does not cause the criticality acceptance criterion to be violated.

Analysis of radiological consequences considers the case of a dropped spent,
irradiated fuel assembly in a flooded pool. The criticality analysis takes credit for
dissolved boron in the water but takes no credit for burnup.

For the analysis of a dropped fuel assembly, two accident conditions are
postulated. The first accident condition conservatively assumes that the weight
of a fuel assembly, control rod assembly, and handling tool (2300 Ib total)

9.1-12 REV 23 3/21



VEGP-FSAR-9

impacts the top of the fuel rack from a drop height of 3 ft. Calculations show that
the impact energy is absorbed by the dropped fuel assembly, the cells, and rack
base plate assembly. Under these faulted conditions, credit is taken for
dissolved boron in the water, and the criticality acceptance criterion is not
violated.

The second accident condition assumes that the dropped assembly and tool
(2300 Ib) falls straight through an empty cell and impacts the rack base plate
from a drop height of 3 ft above the top of the rack. The results of this analysis
show that the impact energy is absorbed by the fuel assembly and the rack base
plate.

The accident condition of an inclined drop of a fuel assembly on top of the rack is
bounded by the above two accidents. No additional analysis was performed for
this condition.

Criticality calculations show that ke < 0.95 and the acceptance criterion is not
violated.

H. Fuel Rack Sliding and Overturning Analysis

Consistent with the criteria of the NRC, OT Position for Review and Acceptance
of Spent Fuel Storage and Handling Applications, the racks are evaluated for
overturning and sliding displacement due to earthquake conditions.

The nonlinear models described in paragraph D are used in this evaluation to
account for fuel-to-rack impact loading, hydrodynamic forces, and the
nonlinearity of sliding friction interfaces.

The fuel rack nonlinear time-history analyses show that the fuel rack slides a
minimal distance. The factor of safety against overturning is well within the
values permitted by Section 3.8.5.11.5 of the Standard Review Plan.

9.1.2.3 Safety Evaluation

The design and safety evaluation of the spent fuel racks is in accordance with the Nuclear
Regulatory Commission position paper, Review and Acceptance of Spent Fuel Storage and
Handling Applications.®?

The racks, being Nuclear Safety Class 0 and Seismic Category 1 structures, are designed to
withstand normal and postulated dead loads, live loads, loads resulting from thermal effects,
and loads caused by the operating basis earthquakes and safe shutdown earthquake events.

The design of the racks is such that ke remains less than or equal to 0.95 under all conditions,
including fuel handling accidents. Because of the close spacing of the cells, it is impossible to
insert a fuel assembly in other than design locations. Inadvertent insertion of a fuel assembly
between the rack periphery and the pool wall or placement of a fuel assembly across the top of
a fuel rack is considered a postulated accident, and as such, realistic initial conditions such as
boron in the water can be taken into account. This condition has an acceptable kef Of less than
0.95. Should the spent fuel storage be used for new fuel storage in the dry condition, kes will be
less than or equal to 0.98.

The racks are also designed with adequate energy absorption capabilities to withstand the
impact of a dropped fuel assembly from the maximum lift height of the fuel handling machine.
Handling equipment (fuel building crane) capable of carrying loads heavier than a fuel assembly
is prevented by interlocks or administrative controls, or both, from traveling over the fuel storage
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area. The fuel storage racks can withstand an uplift force greater than or equal to the uplift
capability of the fuel handling machine (4000 Ib).

All materials used in construction are compatible with the storage pool environment, and all
surfaces that come into contact with the fuel assemblies are made of annealed austentic
stainless steel. All the materials are corrosion resistant and will not contaminate the fuel
assemblies or pool environment. Venting of the boraflex and boral can be accomplished
through the holes in the corners of the wrapper.

Design of the facility in accordance with Regulatory Guide 1.13 ensures adequate safety under
normal and postulated accident conditions.

A discussion of the methodology used in the criticality analyses is provided in paragraph 4.3.2.6.

9.1.24 References

USNRC Standard Review Plan, NUREG-0800 (SRP 3.7.1, Rev. 2, 1989).

2. Nuclear Regulatory Commission, letter to All Power Reactor Licensees, from B. K.
Grimes, "OT Position for Review and Acceptance of Spent Fuel Storage and Handling
Applications", April 14, 1978.

ASME Boiler & Pressure Vessel Code Section lll, Subsection NF (1980).
USNRC Standard Review Plan, NUREG-0800 (SRP 3.8.4, Rev. 1, July 1981).

9.1.3 SPENT FUEL POOL COOLING AND PURIFICATION SYSTEM (SFPCPS)

The SFPCPS is designed to remove the decay heat generated by stored fuel assemblies from
the spent fuel pool water. This cooling is accomplished by taking high temperature water from
the pool, pumping it through a heat exchanger, and returning the cooled water to the pool. A
secondary function of the SFPCPS is to clarify and purify the spent fuel pool, transfer canal, and
refueling water. A portion of the hot water discharged by the pump can be diverted through a
water cleanup system and returned to the pool.

The SFPCPS is manually controlled and is capable of maintaining the pool water at a low
enough temperature to prevent excessive vapor formation or evaporation from the water surface
or to cause excessive discomfort to personnel during fuel handling operations. The SFPCPS is
shown in drawing 1X4DB130. The SFPCPS for the two units are identical. From a heat load
standpoint, the difference between the two pools is the capacity of the fuel storage racks, 1476
fuel assemblies for Unit 1 and 2098 fuel assemblies for Unit 2. However the expected heat
removal requirements are greater for the Unit 2 pool than for the Unit 1 pool.

The normal refueling for each unit is a full-core (193 fuel assemblies) offload into its associated
pool. A portion of these fuel assemblies will remain in the pool while some, along with new fuel
assemblies, are reloaded into the core. The placement of the fuel assemblies is administratively
controlled.

For the power uprate, governing design cases were reanalyzed. Values which represent power
uprate conditions are so designated throughout this section.

9.1.3.1 Design Bases

A. Spent Fuel Pool Cooling System (SFPCS)
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The SFPCS design capability to remove the decay heat generated by the spent
fuel assemblies for the normal refueling and emergency offloading cases has
been evaluated. The results of the evaluations are applicable to both Unit 1 and
Unit 2 spent fuel pools.

When a unit is operating, its bulk pool temperature limit is 140°F with a single
train of spent fuel pool cooling in operation. Prior to transferring fuel into the pool
of an operating unit, a heat load evaluation will be performed to assess the
impact of the additional fuel on the total pool heat load. The requirement for
performing a heat load evaluation is in the applicable procedures. By ensuring
that the total heat load from fuel currently in the pool and the fuel to be
transferred does not exceed 28.61 x 10 BTU/h, the bulk pool temperature will
not exceed 140°F with a single train of spent fuel pool cooling in operation.

For a normal refueling, a full core (193 fuel assemblies) is offloaded into its
associated spent fuel pool. The bulk pool temperature limit is 170°F with a single
train of spent fuel pool cooling in operation. Prior to offloading a core to its
associated pool, a heat load evaluation will be performed to assess the impact of
the offload on the total pool heat load. The requirement for performing a heat
load evaluation is in the applicable procedures. By ensuring that the total heat
load from fuel currently in the pool and the core to be offloaded does not exceed
51.87 x 108 BTU/h, the bulk pool temperature will not exceed 170°F with a single
train of spent fuel pool cooling in operation.

If, shortly following a refueling outage, the core has to be offloaded to its
associated spent fuel pool, the heat load and pool temperature will be greater
than that for a normal refueling because the fuel discharged from the recently
completed refueling has had a relatively short decay time. This is considered to
be an emergency offloading. For an emergency offloading, the bulk pool
temperature limit is 182°F with a single train of spent fuel pool cooling in
operation. Prior to emergency offloading a core to its associated pool, a heat
load evaluation will be performed to assess the impact of the emergency offload
on the total pool heat load. The requirement for performing a heat load
evaluation is in the applicable procedures. By ensuring that the total heat load
from fuel currently in the pool and the core to be offloaded does not exceed
58.13 x 108 BTU/h, the bulk pool temperature will not exceed 182°F with a single
train of spent fuel pool cooling in operation.

A heat load evaluation will also be performed to demonstrate that at the time of
criticality following a refueling, and prior to transferring fuel into the pool of an
operating unit:

1. The average heat load from the spent fuel pool of the operating unit must
be less than or equal to 20.66 E+6 Btu/h for the 30 days following
criticality to ensure adequate NSCW basin inventory following a LOCA,
and

2. The heat load from the spent fuel pool of the operating unit must be less
than or equal to 23.64 E+6 Btu/h to limit the maximum NSCW basin
temperature following a LOCA.

The determination of operational heat loads is discussed in paragraph 9.1.3.4B.
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B. Spent Fuel Pool Dewatering Protection

System piping is arranged so that failure of any pipeline cannot drain the spent
fuel pool below the water level required for radiation shielding.

C. Water Purification
The system's demineralizer and filters are designed to:
1. Provide adequate purification.
2. Permit unrestricted access for plant personnel.

3.  Minimize pool surface dose rate during fuel handling operations in the spent
fuel storage area.

4, Maintain optical clarity of the spent fuel pool water by use of the system's
skimmers, strainers, and skimmer filter.

The water cleanup circuit contains a filter vessel with a disposable cartridge filter
and a mixed bed demineralizer upstream of the filter. The cleanup system is
designed for a flowrate of 100 gal/min while the demineralizer is in service and
up to 250 gal/min while it is bypassed. This design flowrate is based on being
sufficient to ensure adequate circulation of the pool water volume and to maintain
the specified water chemistry.

The boron concentration in the pool water is maintained at approximately

2000 ppm by weight boron. Provisions are made to add makeup water to the
pool, both as demineralized water to compensate for evaporation and as borated
water corresponding to the refueling water concentration.

Sampling and analysis of spent fuel pool water for gross activity and particulate
concentration is conducted on a weekly basis when the spent fuel pool cleanup
system is in continuous operation. Analytical instrumentation used for
measurement of boron and other chemical parameters is described in the plant
chemistry procedures manual. For iodine, a decontamination factor of less than
or equal to 10 is used to indicate a depleted or saturated demineralizer. In
addition, gamma radiation is continuously monitored by the fuel handling building
area monitor. In the event the area monitor alarms or the particulate or iodine
airborne activity is greater than or equal to 0.3 derived air concentration (DAC)
based on a 1-hour time period, additional sampling is conducted to initiate
corrective actions. A differential pressure of 50 psid across the spent fuel pit filter
indicates a clogged filter that should be replaced.

9.1.3.2 System Description

The Safety Class 3, Seismic Category 1 SFPCPS shown in drawing 1X4DB130 consists of two
complete cooling trains. The SFPCPS conforms to the guidelines of Regulatory Guide 1.13,
pertaining to the cooling and purification of the spent fuel storage facility. The Seismic Category
1 SFPCPS (piping, pumps, valves, and heat exchangers) is designed to remain functional
during and following a safe shutdown earthquake. The nonsafety-related, Seismic Category 2
portion of the SFPCPS is not designed to remain functional during and following a safe
shutdown earthquake.

There are three sources of makeup water available. The reactor makeup water storage tank
serves as the Seismic Category 1 makeup water source for the spent fuel pool; makeup water
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can be pumped or gravity-fed into the discharge line from spent fuel pool pump A. Borated
refueling water can be pumped or gravity-fed into the nonsafety-related purification loop.
Opening of the manual isolation valve between the Seismic Category 1 RWST and the
nonsafety-related Seismic Category 2 purification loop in operation Modes 1-4 is prohibited.
Demineralized water can be pumped directly into the Safety Class 3 return lines of each spent
fuel cooling loop. The cooling water return lines of the cooling loops transport the reactor
makeup water, refueling water, or demineralized water into the spent fuel pool.

During equipment maintenance, water from the transfer canal is transferred to the recycle
holdup tanks for temporary holdup. The borated water is returned to the transfer canal directly
by the recycle evaporator feed pump. Interconnecting piping between the evaporator feed
pumps and the spent fuel pool is nonnuclear safety related.

Each cooling train incorporates one heat exchanger and pump. One purification loop,
with demineralizer and filter and associated piping, valving, and instrumentation, services
both cooling loops. One surface skimmer loop is also provided. Each cooling train is
designed to service the spent fuel pool with the temperatures and heat loads described in
paragraph 9.1.3.1.

The SFPCPS removes decay heat from fuel stored in the spent fuel pool. Spent fuel is placed
in the pool during the refueling sequence and stored there until it is shipped offsite. Heat is
transferred from the SFPCPS through the heat exchanger to the component cooling system.

When either cooling train is in operation, water flows from the spent fuel pool to the spent fuel
pool pump suction, is pumped through the tube side of the heat exchanger, and is returned to
the pool. The suction line, which is protected by a strainer, is located at an elevation 4 ft below
the normal spent fuel pool water level, while the return line contains an antisiphon hole near the
surface of the water to prevent gravity drainage of the pool.

While the heat removal operation is in process, a portion of the spent fuel pool water may be
diverted through a demineralizer and a filter to maintain spent fuel pool water clarity and purity.
Transfer canal water may also be circulated through the same demineralizer and filter by
opening the gate between the canal and the spent fuel pool. This purification loop is sufficient
for removing fission products and other contaminants which may be introduced if leaking fuel
assemblies are transferred to the spent fuel pool.

The demineralizer and filter can be isolated from the heat removal portion of the SFPCPS
to allow purification and cleanup of the refueling water while spent fuel pool heat removal
operations proceed. Connections are provided to the isolated loop such that the refueling
water may be pumped from the refueling water system through the demineralizer and filter
and discharged either to the refueling cavity, the refueling water storage tank, or the recycle
holdup tanks.

To assist further in maintaining spent fuel pool water clarity, the water surface is cleaned by a
skimmer loop. Water is removed from the surface by two skimmer strainers, pumped through a
filter, and returned to the pool surface at three locations remote from the skimmers.

The spent fuel pool is initially filled for use with water that has a boron concentration of
approximately 2000 ppm. Demineralized water from an external source could be tanked to the
plant and transferred to the pool by temporary connections. Boron may be added to the fuel
transfer canal from the chemical and volume control system and then pumped to the spent fuel
pool by temporary connections. However, a more direct way to initially fill the spent fuel pool
would be to add water from the reactor makeup storage tank or borated water from the RWST.
Demineralized water can be added for makeup purposes, i.e., to replace evaporative losses,
through a connection in each cooling train's purification return loop. In addition, demineralized
water provides a dilution source for the RWST.

9.1-17 REV 23 3/21



VEGP-FSAR-9

The pool water may be separated from the water in the transfer canal by a gate. The gate is
installed so that the transfer canal may be drained to allow maintenance of the fuel transfer
equipment. The water in the transfer canal may be transferred to the recycle holdup tanks in
the boron recycle system. When required, the water may then be returned directly to the
transfer canal by the recycle evaporator feed pumps (boron recycle system).

9.1.3.3

Component Description

Codes and classifications for the SFPCPS are given in table 3.2.2-1. Equipment design
parameters are given in table 9.1.3-1.

A

Spent Fuel Pool Pumps

Two identical pumps are installed in parallel in the heat removal portion of the
SFPCPS. Each pump is sized to deliver sufficient coolant flow through its
associated spent fuel pool heat exchanger to meet the system cooling
requirements. In addition to the spent fuel pool heat removal duty, the pumps
may also be used in the transfer and clarification of the transfer canal water.

The pumps are horizontal, centrifugal units, with all wetted surfaces being
stainless steel or an equivalent corrosion-resistant material. The pumps are
controlled manually from a local station.

Spent Fuel Pool Skimmer Pump

The 100-gal/min spent fuel pool skimmer pump circulates surface water through
two skimmer strainers and a filter and returns it to the pool.

Spent Fuel Pool Heat Exchangers

Heat exchangers are the shell and U-tube type. Spent fuel pool water circulates
through the tubes while component cooling water circulates through the shell.
The tubes and other surfaces in contact with the pool water are austenitic
stainless steel; the shell is carbon steel. The tubes are welded to the tube sheet
to prevent leakage of pool water. The heat exchangers for the Unit 1 and Unit 2
spent fuel pools are identical.

Spent Fuel Pool Demineralizer

The flushable, mixed bed demineralizer is designed to provide adequate fuel pool
water purity for unrestricted access to the pool working area while maintaining
visual clarity. Design flow is 100 gal/min.

Overtemperature protection is not required for the spent fuel pool demineralizers.
For the normal refueling case, the pool temperature, with failure of one train of
spent fuel pool cooling, may reach 170°F. The ion removal capacity of the resins
is significantly reduced at this temperature. An alarm in the control room is
provided to warn the operator of the increase in spent pool temperature to take
corrective action.

Spent Fuel Pool Cartridge Filter

The spent fuel pool filter is designed for a flow of approximately 250 gal/min. A
disposable cartridge filter is used to improve the pool water clarity by removing
insoluble particles which obscure visibility.

Spent Fuel Pool Skimmer Filter
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The spent fuel pool skimmer filter is designed for a rated flow of 100 gal/min. A
5-um filter cartridge is used to remove insoluble particles.

Spent Fuel Pool Strainers

Strainers are located in each spent fuel pool pump suction line for removal of
relatively large particles which might otherwise clog the spent fuel pool
demineralizers or damage the spent fuel pool pumps.

Spent Fuel Pool Skimmer/Strainers

Two spent fuel pool skimmer/strainers are designed to remove debris and
recirculate water from the surface of the spent fuel pool. The elevation of the
skimmers is limited over a range of 2 ft by means of lanyards.

Valves

Manual stop valves are used to isolate equipment; manual throttle valves provide
flow control. Valves in contact with spent fuel pool water are austenitic stainless
steel or equivalent corrosion-resistant material.

Piping
All piping in contact with spent fuel pool water is austenitic stainless steel. The
piping is welded except where flanged connections are used to facilitate

maintenance. The SFPCPS return line within the refueling cavity is constructed
of welded pipe with a threaded 90 degree elbow.

System Operation

Startup, Normal Operation, and Cooldown

The SFPCPS is not directly associated with plant startup, normal operation, or
shutdown but is operated when there is need to cool, clarify, or purify the pool
water. All situations are dependent upon the pool fuel loading and upon the
elapsed time that the spent fuel has been in the pool.

One spent fuel pool pump is started manually on or before a high water
temperature alarm, after assurance that cooling water is being furnished to the
associated spent fuel pool heat exchanger.

The spent fuel pool water chemistry may then be checked at local sample points.
If purification is required, a portion of the system flow is diverted through the
spent fuel pool demineralizer and filter and returned to the pool. However, if only
undissolved solids are to be removed, this flow may be circulated directly through
the filter. A local sample connection is provided in the purification return line so
that the effectiveness of either the filter or the demineralizer may be checked as
well as the boron concentration.

The spent fuel pool pump may also be used to transfer water from the fuel pool
to the recycle holdup tanks. This capability may be used to transfer water from
the spent fuel pool for temporary holdup or to recycle and reuse the water at a
later time.

To maintain water surface clarity, a separate cleaning loop, the spent fuel pool
skimmer/strainer loop, is also provided. This subsystem, which is started
manually, collects surface water from the pool, strains and filters it, and returns it
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to the pool at three remote locations. By proper location of the two
skimmer/strainers and the three return lines, cleaning of the complete pool
surface is accomplished.

Refueling

The SFPCPS has its maximum duty during the refueling operation when the
decay heat from the spent fuel is the highest. The system is normally placed in
operation prior to the transfer of any fuel and continues in operation as long as
required to maintain temperature and water purity within prescribed limits.

Operational Limitations

Prior to transferring irradiated fuel into either spent fuel pool, or prior to criticality
following a refueling outage, a heat load evaluation is performed as described in
paragraph 9.1.3.1. Operational heat loads may be determined using a decay
heat formulation that has been demonstrated to be conservative.

Safety Evaluation

Availability and Reliability

The SFPCPS has no emergency function during an accident. A cooling train may
be shut down for limited periods of time for maintenance or replacement of
malfunctioning components. In the event of the failure of a spent fuel pool pump
or loss of cooling to a spent fuel pool heat exchanger, the second cooling train
provides backup capability which ensures continued cooling of the spent fuel
pool. A failure mode and effects analysis for the cooling portion of the SFPCS is
provided in table 9.1.3-2.

The SFPC system was evaluated to determine the effects of the power rerate on
the SFPC system capability to maintain fuel pool temperatures with one train in
operation. For a normal refueling, the temperature of the pool will not exceed
170°F with only one train of spent fuel pool cooling in operation. For an
emergency offloading, the pool temperature remains below boiling with only one
train of cooling in operation even though a single failure is not required to be
postulated for this case. Therefore, the analyzed cases are in accordance with
NUREG 0800 (SRP 9.1.3).

The result of the unlikely failure of both spent fuel cooling loops would be a rise in
pool water temperature followed by an increase in evaporative losses. These
losses could be made up indefinitely from the reactor makeup water system, the
refueling water system, or the demineralized water system.

Each of the above sources can supply makeup water to the spent fuel pool via
the cooling water return lines. In addition, the boron recycle evaporator feed
pumps can pump from the recycle holdup tanks directly into the spent fuel pool
via the transfer canal when the gate between the pool and canal is open.

Spent Fuel Pool Dewatering

The most serious failure of this system would be complete loss of water in the
storage pool. In accordance with Regulatory Guide 1.13, the design of the
SFPCPS limits the loss of coolant that could be caused by maloperation or failure
of system components such that spent fuel does not become uncovered.
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The spent fuel pool cooling pump suction connections are located near the
normal water level so that the pool cannot be gravity drained. Each return line
contains an antisiphon hole to prevent the possibility of gravity draining of the
pool via these lines. Finally, the lines to and from the skimmer/strainers are
located near the normal water level and the skimmer/strainers are limited in their
vertical travel.

The accidental opening of the gate between the spent fuel pool and the transfer
canal, if the canal is dry, would lower the water level approximately 6 ft, leaving
about 18 ft of water over the top of the spent fuel assemblies.

Prior to refueling, verification of proper operation of the fuel transfer machine will
be made as discussed in paragraph 9.1.4.4. This operation may necessitate
opening the transfer tube while leaving the transfer canal and refueling cavity dry.
Before the transfer tube is opened, the refueling cavity openings will be sealed to
mitigate the loss of SFP water should a leak in the SFP occur due to failure of the
gate or seal. The lowest water level that could result from accidental opening or
failure of the SFP gate or seal would be approximately 11 ft above the spent fuel
assemblies. The radiation dose rate at the operating floor of the FHB would be
less than 25 mR/h at this lowest water level. This dose rate allows adequate
time and accessibility for operator action to terminate or limit leakage and then
recover the spent fuel pool level. If this verification operation is performed during
mid-loop conditions, procedures and administrative controls will be implemented
to reasonably assure that containment closure will be achieved prior to the time
that core uncovery could result from loss of decay heat removal capability.

Makeup water sources are provided to replace evaporative and minor leakage
losses. These sources include the refueling water storage tank, the reactor
makeup water storage tank, the demineralized water storage tank, and the
recycle holdup tanks. Makeup to the spent fuel pit should be started upon a low-
level alarm signal from the spent fuel pool level instrumentation.

The spent fuel pool, transfer canal, and spent fuel cask loading pit have stainless
steel liners welded to embedments in the walls and floors. At every liner weld
seam continuous drains are provided for leak detection. These are
interconnected and drain to a collection point which is monitored to determine
whether leakage is occurring.

Water Quality

Only a very small amount of water is interchanged between the refueling canal
and the spent fuel pool, as fuel assemblies are transferred in the refueling
process. Whenever a fuel assembly with defective cladding is transferred from
the fuel transfer canal to the spent fuel pool, a small quantity of fission products
may enter the spent fuel cooling water. The purification loop removes fission
products and other contaminants from the water. By maintaining radioactivity
concentrations, excluding tritium, in the spent fuel pool water at or below

5 x 103 uCi/g for dominant gamma-emitting isotopes, the dose rate at the surface
of the pool is 2.5 mrem/h or less.
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Tests and Inspections

Active components of the SFPCPS are in either continuous or intermittent use during normal
system operation. Periodic visual inspection and preventive maintenance are conducted using
normal industry practice.

No special equipment tests are required, since system components are normally in operation
when spent fuel is stored in the fuel pool.

Sampling of the fuel pool water for gross activity and particulate matter concentration is
conducted periodically. The layout of the components of the SFPCPS is such that periodic
testing and inservice inspection of this system are possible. Details of the inservice inspection
program are outlined in section 6.6.

A.

Instrumentation Application

The instrumentation provided for the SFPCPS is discussed in the following
paragraphs. Alarms and indications are provided as noted.

Temperature

Instrumentation is provided to measure the temperature of the water in the spent
fuel pool and to give local indication as well as annunciation in the control room
when normal temperatures are exceeded.

Instrumentation is also provided to give local indication of the temperature of the
spent fuel pool water as it leaves either heat exchanger.

Pressure

Instrumentation is provided to measure and give local indication of the pressures
in the spent fuel pool pump suction and discharge lines and in the skimmer pump
suction and discharge lines. Local annunciation is provided to indicate the
skimmer pump has tripped on low suction pressure. Instrumentation is provided
to trip the skimmer pumps on low suction pressure. Instrumentation is also
provided at locations upstream and downstream from the skimmer filter and the
spent fuel pool filter so that pressure differential across these filters can be
determined. High differential pressure across the spent fuel pool filter is
annunciated locally and in the control room.

Flow

Instrumentation is provided to measure and give local indication of the
purification loop flow downstream of the spent fuel pool filter.

Level

Instrumentation is provided to give an alarm in the control room when the water
level in the spent fuel pool reaches either the high-level or low-level setpoint. A
local alarm is also provided for low-level setpoint.

Radiation

Gamma radiation is continuously monitored in the fuel handling building. A high-
level signal is alarmed locally and annunciated in the control room. This is
described in detail in subsection 12.3.4.
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9.1.3.7 Standard Review Plan Evaluation

Design heat loads were calculated by the method stated in NRC Branch Technical Position ASB
9-2, Revision 2, dated July 1981.

9.1.4 LIGHT LOAD HANDLING SYSTEM (RELATED TO REFUELING)
9.1.4.1 Design Bases

The light load handling system (LLHS) consists of equipment and structures used for conducting
the refueling operation in a safe manner; this system conforms to General Design Criteria 61
and 62 of 10 CFR 50, Appendix A. The LLHS meets the guidelines of American Nuclear
Society (ANS) 57.1. The maximum kinetic energy developed by some loads, such as fuel
handling tools, which may be handled above stored spent fuel exceeds that developed by a
spent fuel assembly and its associated handling tool if dropped. However, it has been
demonstrated by analysis that such an event would not lead to unacceptable damage to the
stored spent fuel or the spent fuel storage racks.

The following design bases apply to the LLHS:

A. Fuel handling devices have provisions to avoid dropping or jamming of fuel
assemblies during transfer operation.

B. Handling equipment has provisions to avoid dropping of fuel handling devices
during the fuel transfer operation.

C. Handling equipment used to raise and lower spent fuel has a limited maximum lift
height so that the minimum required depth of water shielding is maintained.

D. The fuel transfer system (FTS), where it penetrates the containment, has
provisions to preserve the integrity of the containment pressure boundary.

E. Criticality during fuel handling operations is prevented by the geometrically safe
configuration of the fuel handling equipment.

F. In the event of a safe shutdown earthquake (SSE), handling equipment cannot
fail in such a manner as to damage Seismic Category 1 equipment.

G. The inertial loads imparted to the fuel assemblies or core components during
handling operations are less than potential damage causing loads.

H. Physical safety features are provided for personnel who operate handling
equipment.

9.1.4.2 System Description

The LLHS consists of the equipment needed for the refueling operation on the reactor core.
This equipment is comprised of fuel assemblies, core component and reactor component
hoisting equipment, cranes, handling equipment, and an FTS. The structures associated with
the fuel handling equipment are the refueling cavity, the refueling canal, the fuel transfer tube,
the spent fuel pool, the cask loading pool, the cask washdown area, the new fuel storage pool,
and the new fuel pool receiving and inspection area.
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The elevation and arrangement drawings of the fuel handling facilities are provided by figures
and drawings in subsection 1.2.2.

9.1.4.21 Fuel Handling Description

The fuel handling equipment is designed to handle the spent fuel assemblies underwater from
the time they leave the reactor vessel until they are placed in a container for temporary storage
pending shipment from the site. Underwater transfer of spent fuel assemblies provides an
effective, economic, and transparent radiation shield, as well as a reliable cooling medium for
removal of decay heat. The boric acid concentration in the water is sufficient to preclude
criticality.

The associated fuel handling structures may be generally divided into two areas: the refueling
cavity and refueling canal, which are flooded only during plant shutdown for refueling, and the
fuel pools, which are kept full of water and are always accessible to operating personnel. The
refueling canal and the fuel storage area are connected by a fuel transfer tube which is fitted
with a blind flange on the canal end and a valve on the fuel storage area end. The blind flange
is in place except during refueling to ensure containment integrity. Fuel is carried through the
tube on an underwater transfer car.

Fuel is moved between the reactor vessel and the containment fuel storage area by the
refueling machine. The FTS is used to move fuel assemblies between the containment building
and the fuel handling building. After a fuel assembly is placed in the fuel container, the lifting
arm pivots the fuel assembly to the horizontal position for passage through the fuel transfer
tube. After the transfer car transports the fuel assembly through the transfer tube, the lifting arm
at that end of the tube pivots the assembly to a vertical position so that the assembly can be
lifted out of the fuel container.

In the fuel handling building, fuel assemblies are moved about by the fuel handling machine.
When lifting fuel assemblies, the hoist uses a long-handled tool to ensure that sufficient
radiation shielding is maintained. Initially, a shorter tool is used to handle new fuel assemblies,
but the new fuel elevator must be used to lower the assembly to a depth at which the fuel
handling machine, using the long-handled tool, can place the new fuel assemblies into or out of
the fuel storage racks.

The RCCA change tool and the thimble plug change tool are located on the east wall of the
Unit 1 spent fuel pool. These tools are capable of removing and reinstalling individual RCCAs
or thimble plugs utilizing the fuel handling machine. Burnable poison rod assemblies (BPRA)
and Wet Annular Burnable Absorbers (WABA) can also be relocated within the pool using the
BPRA or WABA handling tool. All four tools are long handled to ensure that sufficient radiation
shielding is maintained during movement of the inserts.

Decay heat, generated by the spent fuel assembilies in the fuel pools, is removed by the spent
fuel pool cooling and cleanup system. After a sufficient decay period, the spent fuel assemblies
are removed from the fuel racks and loaded into spent fuel casks for storage pending removal
from the site.

9.1.4.2.2 Refueling Procedure
New fuel assemblies received for refueling are removed one at a time from the shipping

container and moved into the new fuel assembly inspection area utilizing the monorail on the
cask handling crane. After inspection, the accepted new fuel assemblies are initially stored in
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the new fuel storage racks. The new fuel assemblies may be moved to the spent fuel pool in
preparation for a refueling outage.

The refueling operation follows a detailed procedure which provides safe and efficient refueling.
Prior to initiating the refueling operation, the reactor coolant system (RCS) is borated and
cooled down to refueling shutdown conditions as specified in the Technical Specifications.
Criticality protection for refueling operations, including a requirement for checks of boron
concentration, once per 72 hours is also specified in the Technical Specifications. The following
significant points are ensured by the refueling procedure:

A. The refueling water and the reactor coolant contain approximately 2000 ppm
boron. This concentration, together with the negative reactivity of control rods, is
sufficient to keep the core approximately 5% Ak/k subcritical during the refueling
operations. It is also sufficient to maintain the core subcritical in the unlikely
event that all of the rod cluster control assemblies (RCCAs) are removed from
the core.

B. The water level in the refueling cavity is high enough to keep the radiation levels
within acceptable limits when the fuel assemblies are being removed from the
core.

The refueling operation is divided into these four major phases: preparation, reactor
disassembly, fuel handling, and reactor assembly. Fuel assembly reconstitution may also be
performed. A general description of a typical refueling operation through the phases is given as
follows.

9.1.4.2.21 Phase | - Preparation. The reactor is shut down, borated, and cooled to
refueling conditions (< 140°F) with a final kest < 0.95 (all rods in less the most reactive rod).
Following a radiation survey, the containment building is entered. At this time, the coolant
level in the reactor vessel is lowered to a point slightly below the vessel flange. Then, the
fuel transfer equipment and refueling machine are checked for proper operation
(paragraph 9.1.4.4).

9.14.22.2 Phase Il — Reactor Disassembly. All cables are disconnected at the patch
panels to allow removal of the vessel head. The refueling cavity is then prepared for flooding by
checking the underwater lights, tools, and FTS; closing the refueling canal drain lines; and
removing the blind flange from the fuel transfer tube. With the refueling cavity prepared for
flooding, the vessel head is unseated, raised to just above the operating deck level, and placed
on its storage pedestal using the containment polar crane (dry cavity lift method).

After the head is raised from the vessel, water from the refueling water storage tank is
transferred into the RCS by gravity draining or by the residual heat removal pumps, causing the
water to fill the refueling cavity. When the water level reaches a sufficient depth to provide
adequate radiation protection, the control rod drive shafts are disconnected. When the water
reaches the safe shielding depth for spent fuel transfer (paragraph 9.1.4.3.4), the upper
internals are removed from the vessel. The fuel assemblies and RCCAs are now free from
obstructions, and the core is ready for refueling.

An alternative method that may be used in lieu of the above is to maintain the vessel head just
above the water as the water level is raised while the refueling cavity is being filled. When the
water reaches the safe shielding depth for spent fuel transfer (paragraph 9.1.4.3.4), the head is
taken to the storage pedestal (cavity fill/slow lift method). The remaining sequence of the vessel
disassembly after the head lift is as discussed above.
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Phase lll — Fuel Handling. All fuel assemblies are offloaded and transferred to

the spent fuel pool. While in the spent fuel pool, the fuel inserts are shuffled. After the inserts
are shuffled, the fuel assemblies are to be reused, and the new fuel assemblies are transferred

to the core.

The general fuel handling sequence is as follows:

A.
B.

mmoo

©

Z

P.

9.14.224

The refueling machine is positioned over a fuel assembly in the core.

The refueling machine withdraws a fuel assembly from the core and raises it to a
predetermined height sufficient to clear the vessel flange and still leave sufficient
water covering the fuel assembly. An in-mast sipping test may be performed at
this time that will determine if the fuel assembly contains leaking fuel rods.

The FTS car is moved into the refueling canal from the fuel storage area.
The fuel assembly container is pivoted to the vertical position by the lifting arm.
The refueling machine is moved to line up the fuel assembly with the FTS.

The refueling machine loads a fuel assembly into the fuel assembly container of
the transfer car.

The FTS container is pivoted to the horizontal position by the lifting arm.

The FTS container is moved through the fuel transfer tube to the fuel building by
the transfer car.

The FTS container is pivoted to the vertical position. The fuel assembly is
unloaded by the spent fuel handling tool attached to the fuel handling machine.

The fuel assembly is placed in the spent fuel storage rack. This process is
continued until the core is offloaded.

The fuel inserts are shuffled inside the spent fuel pool. The RCCA change tool
and the thimble plug change tool are capable of removing and reinstalling
individual RCCAs or thimble plugs utilizing the fuel handling machine. BPRA and
WABA can also be relocated within the pool using the BPRA or WABA handling
tool. All four tools are long handled to ensure that sufficient radiation shielding is
maintained during movement of the inserts.

A fuel assembly is taken from a spent fuel storage rack and loaded into the fuel
assembly container by the spent fuel tool suspended from the fuel handling
machine.

The FTS container is pivoted to the horizontal position and moved back into the
containment building.

The FTS container is pivoted to the vertical position.

The fuel assembly is withdrawn from the fuel container by the refueling machine
and placed in the location prepared for it in the reactor core.

This process is continued until the core is loaded.

Phase IV — Reactor Assembly. Reactor assembly, following refueling, is

achieved essentially by reversing the operations given in Phase Il - Reactor Disassembly. The
water is lowered to just below the flange and then the vessel head is lowered onto the flange.
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An alternative method that may be used in lieu of the above is to lower the vessel head and
water simultaneously until the vessel head engages the guide studs. Then the water is lowered
to the top of the reactor vessel flange, and the placement of the head on the vessel is resumed.

914225 Fuel Assembly Reconstitution. The fuel assemblies have mechanical features
that permit the replacement of damaged fuel rods with filler rods which contain stainless steel or
natural uranium instead of enriched uranium. Fuel reconstitution is performed in the northeast
end of the Unit 1 fuel transfer canal using the new fuel elevator fitted with a reconstitution
basket.

During fuel assembly reconstitution, the affected assembly will be located in the new fuel
elevator reconstitution basket, which replaced the new fuel elevator basket. The fuel assembly
in the reconstitution basket will have a minimum water depth of 10 feet above the top of the
assembly. The gate between the Unit 1 spent fuel pool and the fuel transfer canal will be kept
open during fuel reconstitution. With this gate open, the spent fuel pool low water level alarm
will also monitor the fuel transfer canal, and increase the effective water volume above the fuel
assembly. The fuel transfer tube gate valve (1-1213-U6-086) will be kept closed if the fuel
transfer tube blind flange is not in place. This will limit the amount of water that could be lost
into containment if a leak were to occur.

The fuel handling accident described in subsection 15.7.4 envelopes any fuel handling accident
during reconstitution because only one fuel assembly can be damaged, and administrative
controls will limit reconstitution to fuel assemblies with at least 249 hours of decay time.

9.1.4.2.3 Spent Fuel Cask Handling

The spent fuel assemblies are stored onsite, in the spent fuel pool, until fission product activity
is low enough to permit shipment. A general procedure for preparing spent fuel for temporary
storage pending shipping fuel offsite is detailed below:

A. An empty multipurpose canister (MPC) is placed inside the HI-TRAC 125D
transfer cask that is placed on a specially designed low profile cart prior to
movement into the auxiliary building.

B. The transfer cask is pushed into the auxiliary building using a fork lift or similar
device. Floor loads are distributed using the existing rails embedded in the
auxiliary building floor.

C. The spent fuel cask bridge crane (SFCBC) is used to lift the transfer cask off of
the cart and place the transfer cask into the cask washdown area (CWA) where it
is prepared for loading.

D. The spent fuel pool gates to the cask loading pit are closed for defense-in-depth
while moving the cask into the cask loading pit.

The transfer cask containing an empty MPC is placed into the cask loading pit.

F. The spent fuel pool gates to the cask loading pit are opened to allow fuel transfer
from the storage racks to the spent fuel transfer cask.

G. The fuel handling machine is positioned over the specific spent fuel assembly to be
removed from the spent fuel storage rack. The assembly is then picked up and
transported into the cask after the gate between the spent fuel pool and the cask
loading pool is opened. During transfer from pool to cask loading pool, the fuel
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assembly is maintained with the top of the active fuel at least 10 ft (nominal) below
the pool water surface. This ensures that the direct radiation from the fuel at the
surface of the water will be maintained below 2.5 mrem/h. In the event that fuel is
damaged and fuel fragments or pellets are collected on filters or other devices,

the shielding requirements for the movement of the filters govern rather than

the requirements on the submergence of spent fuel.

When the cask is fully loaded and still in the cask loading pool, the MPC lid is
placed on top of the cask to provide the required shielding. The gate to the spent
fuel pool is closed.

The cask is then lifted out of the cask loading pool to the cask washdown area.
Water is drained from the cask as necessary to maintain the weight of the loaded
transfer cask to less than 125 tons and facilitate canister lid welding.

Swipes are taken to check the surface for radiation level. When the swipes are
found to be below the specified limits of 49 CFR 173.397, Contamination Control,
the cask is placed on the specially designed low-profile cart.

The cask is hooked up to the cooling system, if required, and readied for
transport to the cask transfer facility (CTF) for transfer to the HI-STORM 100S,
Version B, storage overpack.

Following transfer of the MPC to the storage overpack, the loaded storage cask
is lifted from the CTF and transported to a designated area on the ISFSI pad.

The storage overpack is subsequently recovered from the ISFSI and the MPC
transferred to a transportation cask for shipment offsite.

During all operations, sufficient water is maintained between plant personnel and fuel
assemblies that are being moved to limit dose levels to those acceptable for continuous
occupational exposure. The cask loading pool walls are sized to provide sufficient shielding for
personnel who are working in the cask decontamination area at the same time that spent fuel is
being loaded in the cask loading pool.

9.1.4.2.4

A

Component Description

Refueling Machine

The refueling machine (figure 9.1.4-1) is a rectilinear bridge and trolley system with
a vertical mast extending down into the refueling water. The bridge spans the
refueling cavity and runs on rails set into the edge of the refueling cavity. The
bridge and trolley motions are used to position the vertical mast over a fuel
assembly in the core. A long tube with a pneumatic gripper on the end is lowered
down out of the mast to grip the fuel assembly. The tube is long enough so that
the upper end is still contained in the mast when the gripper end contacts the fuel.
Mounted on the trolley, a winch raises the gripper tube and fuel assembly up into
the mast tube. While inside the mast tube the fuel is transported to its new
position.

Fuel may be checked for leaking rods by the telescoping sipping system. The
sipping system detects fission products that are released from a defective fuel rod
as the fuel assembly is raised and transported during offload or fuel shuffle.

All controls for the refueling machine are mounted on a console in the trolley. The
bridge is positioned on a coordinate system laid out on one rail. A television
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monitor on the console indicates the position of the bridge and trolley. The drives
for the bridge, trolley, and winch are variable speed and include inching controls for
the bridge and trolley. The approximate maximum speeds for the bridge and trolley
are 60 ft/min and 20 ft/min, respectively. The hoist travels at an approximate
maximum speed of 40 ft/min. The auxiliary monorail hoist on the refueling machine
has hoisting speeds of approximately 7 and 20 ft/min.

Electrical interlocks and limit switches on the bridge and trolley drives prevent
damage to the fuel assemblies. The winch is also provided with limit switches to
prevent a fuel assembly from being raised above a safe shielding depth should
the limit switch fail. In an emergency the bridge, the trolley, and the winch can be
operated manually using a handwheel.

The refueling machine is also provided with a bypass interlock switch. This
switch will bypass all electrical interlocks associated with the bridge and trolley
boundaries, the hoist overload and underload, and the upper and lower limits
associated with the encoders. The switch will not override the normal up limit
switch that prevents lifting the fuel above a safe shielding depth. The bypass
interlock switch is a key operated switch, which must be turned and held for
operation. Control of this key is maintained in accordance with the key control
program.

Fuel Handling Machine

The fuel handling machine (figure 9.1.4-2) is a wheel-mounted walkway spanning
the spent fuel pools; it carries a trolley-mounted electric hoist on an overhead
structure. This machine is used for handling fuel assemblies within the fuel
storage area by means of a long-handled tool suspended from the hoist. A load
monitoring device, an integral part of the hoist, is used to monitor all loads. The
hoist travel and tool length are designed to limit the maximum lift of a fuel
assembly to a safe shielding depth.

The bridge trolley and hoist speeds are variable. The approximate maximum
speed for the bridge and trolley is 30 ft/min and for the hoist is 20 ft/min.

New Fuel Elevator and Reconstitution Basket

The new fuel elevator (NFE) (figure 9.1.4-3) consists of a box-shaped elevator
assembly with its top end open and sized to house one fuel assembly. It is used
to transfer new fuel assemblies between the new fuel storage area and the spent
fuel pool. It is also used in the process of placing ancillary equipment in spent
fuel storage rack locations (e.g., failed fuel rod storage basket, debris basket,
etc.). The elevator winch has a load sensing device which prevents a fuel
assembly from being raised in the elevator. The NFE is located at the northwest
end of the Unit 2 transfer canal.

The new fuel elevator reconstitution basket (NFERB) is located at the northeast
end of the Unit 1 transfer canal. The NFERB interchanges with the site spent
fuel pool new fuel elevator basket. The NFERB is designed to rigidly support the
repair fuel assembly and accept all removable top nozzle (RTN) tooling required.
This basket is designed to sit and ride on the spent fuel pool new fuel elevator
tracks. The basket is made with a bottom section specifically designed to
provide fuel assembly holddown during RTN reconstitution. The track has a
mechanical hard stop installed as a safety precaution to ensure a safe shielding
depth in the case of a limit switch failure. The NFERB is installed in a manner
that allows for conversion back to the NFE if needed.
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Fuel Transfer System

The FTS (figures 9.1.4-4 and 9.1.4-5) includes an underwater, electric motor-
driven transfer car that runs on tracks extending from the refueling canal, through
the transfer tube, and into the fuel storage area; a hydraulically actuated lifting
arm is at each end of the transfer tube. The fuel container in the refueling canal
receives a fuel assembly in the vertical position from the refueling machine. The
fuel assembly is then lowered to a horizontal position for passage through the
transfer tube. After passing through the tube, the fuel assembly is raised to a
vertical position for removal by a tool suspended from a hoist mounted on a fuel
handling machine in the fuel storage area. The fuel handling machine then
moves to a storage loading position and places the spent fuel assembly in the
spent fuel storage racks.

During reactor operation, the transfer car is stored in the fuel storage area. A
blind flange is bolted on the containment end of the transfer tube to seal the
reactor containment. The terminus of the tube outside the containment is closed
by a valve.

Spent Fuel Assembly Handling Tool

The spent fuel assembly handling tool (figure 9.1.4-6) is used to handle new and
spent fuel assemblies in the fuel storage area. It is a manually actuated tool,
suspended from the fuel handling machine, which uses four cam-actuated
latching fingers to grip the underside of the fuel assembly top nozzle. The
operating handle for actuating the fingers is located at the top of the tool. When
the fingers are latched, a pin is inserted into the operating handle, which prevents
the fingers from being accidentally unlatched during fuel handling operations.

New Fuel Assembly Handling Tool

The new fuel assembly handling tool (figure 9.1.4-7) is used to lift and transfer
fuel assemblies from the new fuel shipping containers to the new fuel storage
racks or new fuel elevator. A manually actuated tool, suspended from the cask
crane or fuel handling machine, it uses four cam-actuated latching fingers to grip
the underside of the fuel assembly top nozzle. The operating handle which
actuates the fingers is located at the side of the tool. When the fingers are
latched, the safety screw is turned in to prevent the accidental unlatching of the
fingers.

Integrated Head Package

The integrated head package is a system which combines the head lifting rig,
seismic platform, lift columns, reactor vessel missile shield, control rod drive
mechanism (CRDM) forced air-cooling system, and electrical and instrumentation
cable routing into an efficient, one-package reactor vessel head design. A
permanent reactor vessel head radiation shield (PHS) is installed on the
integrated head package. The PHS protects refueling and maintenance
personnel from the major sources of radiation emanating from the reactor vessel
head area and the CRDM coil stacks and is designed to allow access for
maintenance and inspection activities.

1. Cooling Shroud Structure

The cooling shroud structure provides support for the CRDM cooling system
fans and the stud tensioner hoists. Cooling air is directed through openings
in the shroud, down along the mechanisms, back up the shroud through the

9.1-30 REV 23 3/21



VEGP-FSAR-9

CRDM cooling fans; it is finally exhausted upward into the containment
atmosphere. Four fans are provided: two provide the design flowrate, while
the other two are held in reserve. The shroud structure is bolted to a support
ring on the reactor vessel head and is also attached to the three lift columns.
The shroud also provides support for the CRDM power and instrumentation
(reactor protection instrumentation and thermocouple) cables. Cables are
routed from the mechanisms to the connector plate which is attached to the
shroud. Connectors are provided on the connector plate so that the cable
tray bridge with the cables may be easily removable. Access is also provided
through the shroud for use of a thermocouple (T/C) column loading tool.

2. Missile Shield

The reactor vessel missile shield is used to prevent any postulated missiles
from the reactor vessel head appendages from penetrating other reactor
coolant system pressure boundaries and/or containment structures. In
addition to this function, the missile shield also transfers the reactor vessel
head load to the lifting rig. The missile shield also provides seismic support
for the CRDMs. Attached to the three lift rods during plant operation, the
missile shield can be properly leveled for the lift operation and can be easily
detached from the lift rods to provide access to the CRDMs.

3. Cable Tray Bridge

The cable tray bridge is a structure which is attached to the cooling shroud
and pivots on the steam generator wall or another appropriate support
structure. The cable tray bridge serves to support the power and
instrumentation cables from the shroud to the terminal boxes. It also
provides a method of easily disassembling and storing the cables in
preparation for head removal.

4. Stud Handling System

By providing the capability of handling studs independently of the main polar
crane, the stud handling system permits more efficient and smoother stud
handling. Studs and stud tensioners are handled by the hoists supported
from a monorail on the shroud structure. Radial travel of studs and stud
tensioners is also provided through transfer beam assemblies to improve the
flexibility of stud movement. The stud handling hoists are only installed for
stud handling activities.

Reactor Vessel Head Assembly Lifting Device

The reactor vessel head assembly lifting device consists of a welded and bolted
structural steel frame with suitable rigging to enable the crane operator to lift the
head and store it during refueling operations. The lifting device is permanently
attached to the reactor vessel head.

Reactor Internals Lifting Device

The reactor internals lifting device (figure 9.1.4-8) is a structural frame

suspended from the overhead crane. The frame is lowered onto the guide tube
support plate of the internals and is mechanically connected to the support plate
by three breech-lock- type connectors. Bushings on the frame engage guide
studs in the vessel flange to provide guidance during removal and replacement of
the internals package.
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Reactor Vessel Stud Tensioner

The stud tensioners are employed to secure the head closure joint at every
refueling. The stud tensioner is a hydraulically operated device that uses oil as
the working fluid. The device permits preloading and unloading of the reactor
vessel closure studs at cold shutdown conditions. Stud tensioners minimize the
time required for the tensioning or unloading operation. Tensioners are provided
and are applied simultaneously to reactor vessel closure studs. Hydraulic
pumping unit(s) operate tensioners which are simultaneously operated to provide
equal loading. The studs are tensioned to their operational load in sequences to
prevent high stresses in the flange region and unequal loadings in the studs.
Relief valves on each tensioner prevent overtensioning of the studs due to
excessive pressure.

Rod Control Cluster Assembly (RCCA) Change Tool

The rod control cluster assembly (RCCA) change tool is a device used to remove
an RCCA from one assembly and transfer it to another assembly in the spent fuel
pit or to an insert fixture in the spent fuel racks. The RCCA change tool is
portable and is lowered by the fuel handling machine bridge hoist until it rests on
the nozzle of the desired fuel assembly. The gripper actuator is then lowered
and latched onto the RCCA spider which allows the entire RCCA to be drawn up
inside the guide tube of the tool. Once this operation is completed, the tool may
be repositioned over another fuel assembly. The above process is then reversed
for reinsertion of the RCCA.

Thimble Plug Change Tool

The thimble plug change tool is a device used to remove a thimble plug from a
fuel assembly, and transfer it to another assembly in the spent fuel pit or to an
insert fixture in the spent fuel racks. The thimble plug change tool is portable and
is lowered by the fuel handling machine bridge hoist until it rests on top of the
desired fuel assembly. The gripper actuator is then lowered and latched onto a
thimble plug. The thimble plug is then drawn up into the tool, and the tool may
be repositioned over another fuel assembly.

The above process is then reversed for reinsertion of the thimble plug.
Burnable Poison Rod Assembly (BPRA) Handling Tool

The BPRA handling tool is used to transfer BPRA between fuel assemblies or to
or from a fuel assembly, and a rack insert fixture in the spent fuel pit. The BPRA
handling tool is portable and is lowered by the fuel handling machine bridge hoist
until it rests on the top of the desired fuel assembly. The gripper actuator is then
lowered and latched onto a BPRA, and the BPRA is drawn up inside the tool.
The tool may then be repositioned over the location to which it is to be
transferred and the process is reversed to reinsert the BPRA.

Wet Annular Burnable Absorber (WABA) Handling Tool

The WABA handling tool is used to transfer WABA between fuel assemblies or to
or from a fuel assembly and a rack insert fixture in the spent fuel pit. The WABA
handling tool is portable and is lowered by the fuel handling machine bridge hoist
until it rests on the top of the desired fuel assembly. The tool employs a gripper
sleeve and the WABA is drawn up inside the handling tool. The tool may then be
repositioned over the location to which it is to be transferred and the process is
reversed to reinsert the WABA.
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Applicable Design Codes

The design codes and standards used for the LLHS are given in table 3.2.2-1 and paragraph

9.1.4.3.

9.1.4.3

9.1.4.31

Safety Evaluation

Safe Handling

Design criteria for the LLHS are as follows:

A.

The primary design requirement of the equipment is reliability. A conservative
design approach is used for all load bearing parts. Where possible, components
are used that have a proven record of reliable service. Throughout the design,
consideration has been given to the fact that the equipment spends long idle
periods stored in an atmosphere of 120°F and high humidity.

Except as otherwise specified, the refueling machine and fuel handling machine
are designed and constructed in accordance with Crane Manufacturers
Association of America, Inc. (CMAA), Specification 70 for Class A-1 service.

The static design loads for the crane structures and all lifting components are
normal dead and live loads plus three times the fuel assembly weight with an
RCCA.

The allowable stresses for the refueling machine and fuel handling machine
structures supporting the weight of a fuel assembly are as specified in the
American Society of Mechanical Engineers Boiler and Pressure Vessel (ASME
B&PV) Code Section Ill, Appendix XVII, Subarticle 2200.

The design load on the wire rope hoisting cables does not exceed 0.20 times the
average breaking strength. Two independent cables are used, and each is
assumed to carry one half the load.

All components critical to the operation of the equipment or located so that parts
can fall into the reactor are assembled with the fasteners restrained from
loosening under vibration.

Industrial codes and standards used in the design of the fuel handling equipment are as follows:

A.

B.

The refueling machine and fuel handling machine: Applicable sections of CMAA
Specification 70.

Structural equipment: ASME B&PV Code, Section Ill, Appendix XVII, Subarticle
2200.

Fuel transfer tube: ASME Code, Section Ill, Class MC.

Electrical equipment: Applicable standards and requirements of the National
Electric Code, and National Fire Protection Association (NFPA) 70 for design,
installation, and manufacturing.

Materials: Main load bearing materials conform to the specifications of the
American Society of Testing Materials (ASTM) standards.
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Safety: Occupational Safety and Health Administration (OSHA) standards, 29
CFR 1910 and 1926, including load testing requirements, the requirements of
American National Standards Institute (ANSI) N18.2, Nuclear Regulatory
Commission (NRC) Regulatory Guide 1.29, and General Design Criteria 61 and
62.

Refueling Machine. The refueling machine design includes the following

provisions to ensure safe handling of fuel assemblies:

A

Safety Interlocks

Operations which could endanger the operator or damage the fuel or RCCA,
designated below by an asterisk (*), are prohibited by mechanical or fail-safe
electrical interlocks or by redundant electrical interlocks. All other interlocks are
intended to provide equipment protection and may be implemented either
mechanically or by electrical interlock, not necessarily fail-safe. Fail-safe
electrical design of a control system interlock is applied according to the following
rules:

¢ Fail-safe operation of an electrically operated brake is such that the brake
engages on loss of power.

o Fail-safe operation of an electrically operated clutch is such that the clutch
engages on loss of power.

¢ Fail-safe operation of a relay is such that the de-energized state of the relay
inhibits unsafe operation.

o Fail-safe operation of a switch, termination, or wire is such that breakage or
high resistance of the circuit inhibits unsafe operation. The dominant failure
mode of the mechanical operation of a cam-operated limit switch is sticking of
the plunger in its depressed position. Therefore, use of the plunger-extended
position (on the lower part of the operating cam) to energize a relay is
consistent with fail-safe operation.

o Fail-safe operation of an electrical comparator or impedance bridge is not
defined.

Those parts of a control system interlock required to be fail-safe which are not or
cannot be operated in a fail-safe mode as defined in these rules are
supplemented by a redundant component or components to provide the requisite
protection.

1. The refueling machine can only place a fuel assembly in the core or FTS.

2. When the refueling machine gripper is supporting a fuel assembly, the
machine can traverse in the run mode after the fuel assembly is withdrawn
into the stationary mast.

3.  When the refueling machine gripper is not supporting a fuel assembly, the
machine can traverse in the run mode after the gripper is withdrawn to a safe
height above the fuel assembly.

Simultaneous traversing and hoisting operations are prevented.

The refueling machine is restricted to raising a fuel assembly or core
component to a height at which the water provides a safe radiation shield.
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When a fuel assembly is raised or lowered, interlocks ensure that the refueling
machine can only apply loads which are within safe operating limits.

7.  The fuel gripper is monitored by limit switches to confirm operation to the fully
engaged or fully disengaged position. An audible and visual alarm is actuated
if both engage and disengage switches are actuated at the same time or if
neither is actuated.

Lowering of the guide tube is not permitted if slack cable exists in the hoist.
The guide tube is prevented from lowering completely out of the mast.

10. Before the fuel gripper can release a fuel assembly, the fuel gripper must be in
its down position in the core or in the FTS.

11. The weight of the fuel assembly must be off the gripper before the fuel gripper
can release a fuel assembly.

12. The FTS container is prevented from moving unless the engaged gripper is in
the full up position or the disengaged gripper is withdrawn into the mast or
unless the refueling machine is out of the fuel transfer zone. An interlock is
provided from the refueling machine to the FTS to accomplish this.

Bridge and Trolley Hold-Down Devices

Both refueling machine bridge and trolley are horizontally restrained on the rails
by two pairs of guide rollers, one pair at each wheel location on one truck only.
The rollers are attached to the bridge truck and contact the vertical faces on
either side of the rail to prevent horizontal movement. Vertical restraint is
accomplished by antirotation bars located at each of the four wheels for both the
bridge and trolley. The antirotation bars are bolted to the trucks and extend
under the rail head. Both horizontal and vertical restraints are adequately
designed to withstand the forces and overturning moments resulting from the
SSE.

Main Hoist Braking System

The main hoists are equipped with two independent braking systems. A solenoid
release, spring-set electric brake is mounted on the motor shaft. This brake
operates in the normal manner to release upon application of current to the motor
and to set when current is interrupted. The second brake is a mechanically
actuated load brake internal to the hoist gear box that sets if the load starts to
overhaul the hoist. It is necessary to apply torque from the motor to raise or
lower the load. In raising, this motor cams the brake open; in lowering, the motor
slips the brake allowing the load to lower. This brake actuates upon loss of
torque from the motor for any reason and is not dependent on any electrical
circuits. Both brakes are rated at 150% of the hoist design load.

Fuel Assembly Support System

The main hoist system is supplied with redundant paths of load support such that
failure of any one component will not result in free fall of the fuel assembly. Two
wire ropes are anchored to the winch drum and carried to a load equalizing
mechanism on the top of the gripper tube.

The working load capacity of fuel assembly gripper is approximately 3000 Ib.
The gripper itself has four fingers gripping the fuel, any two of which will support
the fuel assembly weight.
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During each refueling outage and prior to removing fuel, the gripper and hoist
system are routinely load tested to 125% of the maximum setting on the hoist
load limit switch.

Fuel Transfer System. The following safety features are provided for in the

Fuel Transfer System. The FTS is a programmable logic controller (PLC)

based control system that uses a combination of inputs from limit switch, proximity switch,
position encoder, and load cell devices to provide control and interlock functions. The following
safety features are provided for the FTS:

A

Transfer Car Emergency-Stop (E-Stop) Switch

The transfer car controls are located in both the fuel building and the containment
building. Remote control stations are also located on the refueling machine in
containment and on the north spent fuel pool (SFP) wall in close proximity to the
fuel handling machine. Transfer car movement can be manually initiated from
either console or initiated via an autorun sequence from either console or from
the remote stations.

The transfer car E-Stop switch allows an operator at either the containment or
fuel building control consoles or the remote stations to stop car movement
quickly if conditions warrant such control. Transfer car operation is possible only
when both lifting arms are in the down position as indicated by the proximity limit
switches.

Lifting Arm - Transfer Car Position

Two redundant interlocks allow lifting arm operation only when the transfer car is
at the end of its travel and therefore can withstand a single failure. Of the two
redundant interlocks which allow lifting arm operation only when the transfer car
is at the end of its travel, one interlock is a position limit signal in the PLC control
circuit. The backup interlock is a mechanical latch device on the lifting arm that is
opened by the car moving into position.

Transfer Car - Valve Open

An interlock on the transfer tube valve permits transfer car operation only when
the transfer tube valve position switch indicates the valve is fully open and
therefore can withstand single failure.

Transfer Car - Lifting Arm

The transfer car lifting arm is primarily designed to protect the equipment from
overload and possible damage if an attempt is made to move the car while the
fuel container is in the vertical position. This interlock is redundant and can
withstand a single failure. The basic interlock is a position limit switch in the
control circuit. The backup interlock is a mechanical latch device that is opened
by the weight of the fuel container when in the horizontal position.

Lifting Arm - Refueling Machine

The containment side lifting arm is interlocked with the refueling machine.
Whenever the transfer car is located in the refueling canal, the lifting arm cannot
be operated unless the refueling machine mast is inside the stationary mast, the
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refueling machine is over the core, or the gripper is released and inside the
stationary mast.

Lifting Arm - Fuel Handling Machine

On the spent fuel pool side, the lifting arm is interlocked with the fuel handling
machine. The lifting arm cannot be operated unless the fuel handling machine is
not over the lifting arm area.

Fuel Handling Machine. The fuel handling machine includes the following

safety features:

A

B.

9.143.14

The fuel handling machine controls are interlocked to prevent simultaneous
operation of bridge drive and hoist.

Bridge drive operation is prevented except when the hoist is in the full up position
when supporting a fuel assembly.

An overload protection device is included on the hoist to limit the uplift force
which could be applied to the fuel storage racks.

The static design load on the hoist is the weight of one fuel assembly (1600 Ib)
and the weight of the tool (400 Ib), which gives it a total weight of approximately
2000 Ib.

Restraining bars are provided on each truck to prevent the bridge from
overturning.

Fuel Handling Tools and Equipment. All fuel handling tools and equipment

handled over an open reactor vessel are designed to prevent inadvertent decoupling from
machine hooks; i.e., lifting rigs are pinned to the machine hook, and safety latches are provided
on hooks supporting tools.

Tools required for handling internal reactor components are designed with fail-safe features that
prevent disengagement of the component in the event of operating mechanism malfunction.
These safety features apply to the following tools:

A

Air Operated Control Rod Drive Shaft Unlatching Tool

The air cylinders actuating the gripper mechanism are equipped with backup
springs which close the gripper in the event of loss of air to the cylinder. Air-
operated valves are equipped with safety locking rings to prevent inadvertent
actuation.

Electrically Operated Control Rod Drive Shaft Unlatching Tool

The drive shaft latch mechanism is manually engaged by rotating the outer mast
assembly of the tool and positively maintained in latch position by a mechanical
device. The three latch toes will stay engaged with the CRDS until manually
disengaged by the operator.

Spent Fuel Handling Tool

When the fingers are latched, a pin is inserted into the operating handle that
prevents inadvertent actuation. The tool weighs approximately 400 Ib and is
preoperationally tested at 125% of the weight of one fuel assembly.

9.1-37 REV 23 3/21




VEGP-FSAR-9

D. New Fuel Assembly Handling Tool

When the fingers are latched, a safety screw is screwed in, preventing
inadvertent actuations. The tool weighs approximately 100 Ib and is
preoperationally tested at 125% of the weight of one fuel assembly.

E. RCCA Change Tool

The gripper assembly for the RCCA change tool will only operate when the
gripper is in the full-down position. Failure of the air supply to the gripper locks
the gripper mechanism in the latched position.

F. Thimble Plug Change Tool

Once the gripper mechanism is engaged, it is securely locked in place with a
manual lock. This will prevent the thimble plug from being accidentally released
during transfer.

G. BPRA Handling Tool

The slotted gripper sleeve assembly can only be latched and unlatched when the
lower latch tube is in the full down position and is securely locked in place with a
manual lock. This prevents the BPRA from being accidentally released while it is
being transferred.

H. WABA Handling Tool

The tool is guided into the two large guide holes of a fuel assembly top nozzle or
rack insert. The tool employs a gripper sleeve to engage the hold-down bar at
the top of the WABA. The gripper shaft telescopes in and out of the cage of the
tool as the WABA is raised and lowered. The gripper shaft interacts with the four
comb assemblies by means of cables which raise and lower in opposing motion
to the gripper shaft. The gripper shaft locks into the outer upper shaft of the tool.
This prevents the WABA from being accidentally released while it is being
transferred.

9.1.4.3.2 Seismic Considerations

The safety classifications for all fuel handling and storage equipment are listed in section 3.2.
These safety classes provide criteria for the seismic design of the various components. Safety-
related equipment is designed to withstand the forces of the operating basis earthquake (OBE)
and SSE. For normal conditions plus OBE loadings, the resulting stresses are limited to
allowable working stresses as defined in the ASME B&PV Code, Section Ill, Appendix XVII, for
normal and upset conditions. For normal conditions plus SSE loadings, the stresses are limited
to within the allowable values given by Subarticle NA 2110 for critical parts of the equipment
which are required to maintain the capability of the equipment to perform its safety function.
Permanent deformation is allowed for the loading combination, which includes the SSE to the
extent that there is no loss of safety function.

For Safety Class 3 fuel handling and storage equipment, consideration is given to the OBE only
insofar as failure of the Safety Class 3 equipment might adversely affect other safety-related
equipment.

For nonnuclear safety equipment, design for the SSE is considered if failure might adversely
affect safety-related equipment. Design for the OBE is considered if failure of the nonnuclear
safety component might adversely affect safety-related equipment.
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9.1.4.3.3 Containment Pressure Boundary Integrity

The fuel transfer tube which connects the refueling canal (inside the reactor containment) and
the fuel storage area (outside the containment) is closed on the refueling canal side by a blind
flange at all times except during refueling operations. Two seals are located around the
periphery of the blind flange with leak-check provisions between them.

9.1.4.3.4 Radiation Shielding

During all phases of spent fuel transfer, the gamma dose rate at the surface of the water is
2.5 mrem/h or less. This is accomplished by maintaining a nominal 10 ft of water above the top
of the active fuel height during all handling operations.

The two fuel handling devices used to lift spent fuel assemblies are the refueling machine and
the fuel handling machine. The refueling machine contains positive stops which prevent the fuel
assembly from being raised above a safe shielding height. The hoist on the fuel handling
machine and the containment fuel storage area crane moves spent fuel assemblies with a long-
handled tool. Hoist travel and tool length likewise limit the maximum lift of a fuel assembly to
within this safe shielding height. In the event that fuel is damaged and fuel fragments or pellets
are collected on filters or other devices, the shielding requirements for the movement of the
filters govern rather than the requirements on the submergence of spent fuel.

9.1.44 Inspection and Testing Requirements?®

The test and inspection requirements for the equipment in the LLHS are as follows:
A. Fuel Handling Machine, Refueling Machine, and New Fuel Elevator
The minimum acceptable tests at the shop include the following:
1. Hoist and cable are load tested at 125% of the rated load.
2.  The equipment is assembled and checked for proper functional and
running operation.

The following maintenance and checkout tests will be performed prior to use of
the equipment:

1. Visual inspection for loose or foreign parts; maintenance to keep free of
dirt and grease.

Lubrication of exposed gears with proper lubricant.
Inspection of hoist cables for worn or broken strands.

Visual inspection of all limit switches and limit switch actuators for any
sign of damaged or broken parts.

5.  Inspection of the equipment for proper functional and running operation.

B. Head Lifting Rig and Internals Lifting Rig

@ Inspections credited for license renewal are summarized in the Overhead and Refueling Crane
Inspection Program description in subsection 19.2.20.
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The minimum acceptable tests at the shop include the following:
1.  The rigs are load tested to 125% of the rated load.
2.  Therigs are assembled to ensure proper component fit-up.

The following maintenance and checkout tests are recommended to be
performed prior to use of the tools:

1. Visual inspection for loose or foreign parts or damaged surfaces.

2. Visual inspection of all engagement surfaces and lubrication with
proper lubricant.

3. Inspection on the internals lifting rig for the proper functioning of the
engagement and protective rig operators.

New Fuel Assembly Handling Tool and Spent Fuel Assembly Handling Tool
The minimum acceptable tests at the shop include the following:

1. The tools shall be load tested to 125% of the rated load.

2. The tools are assembled and checked for proper functional operation.

The following maintenance and checkout tests are recommended to be
performed prior to use of the tools:

1. Visual inspection of the tools for dirt and loose hardware and for any
signs of damage such as nicks and burrs.

2.  Check of tools for proper functional operation.
Fuel Transfer System

The minimum acceptable test at the shop is that the system is assembled and
checked for proper functional and running operation.

The following maintenance and checkout tests will be performed prior to use of
the tools:

1. Visual inspection for loose or foreign parts; maintenance to keep free of
dirt and grease.

Lubrication of exposed gears with proper lubricant.

Visual inspection of all limit switches and limit switch actuators for any
sign of damaged or broken parts.

4.  Check of system for proper functional and running operation.
Reactor Vessel Stud Tensioner

The minimum acceptable test at the shop is that the tensioner be assembled and
checked for proper functional and running operation.

The following maintenance and checkout tests are recommended to be
performed prior to use of the equipment:

1. Visual inspection for loose or foreign parts.
2.  Inspection of hydraulic lines for wear or damage.

3.  Check of the hydraulic unit for proper pressurization and for any leaks
occurring at operating pressure.
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9.1.4.5 Instrumentation Requirements

The control systems for the refueling and fuel handling machines and FTS are discussed in
paragraph 9.1.4.2.4. Additional electrical controls, such as the interlocks and main hoist braking
system for the LLHS, are discussed in paragraph 9.1.4.3.

9.1.4.6 Standard Review Plan Evaluation

Kinetic energy of a dropped fuel handling tool lifted to the maximum height exceeds the kinetic
energy of the tool and an assembly lifted to the normal height.

It has been demonstrated by analysis that this causes no adverse safety impact.

9.1.5 OVERHEAD HEAVY LOAD HANDLING SYSTEMS

Overhead heavy load handling systems (OHLHS) are those systems which lift loads whose
weight is greater than the combined weight of a single spent fuel assembly and its handling tool.
For VEGP, the weight of a fuel assembly is approximately 1600 Ib, and the weight of a handling
tool is approximately 400 Ib; therefore, for the purpose of the heavy loads evaluation, a heavy
load is defined as one which is greater than 2000 Ib.

The OHLHS are located throughout the plant. The principal OHLHS are the spent fuel cask
bridge crane and containment polar crane. Other OHLHS include miscellaneous monorail
mounted hoists and bridge cranes, jib cranes, ceiling hook mounted hoists, and floor-mounted
tripod hoists.

9.1.5.1 Design Bases
9.1.5.1.1 Safety Design Bases
A. The spent fuel cask bridge crane and the polar crane are designed to withstand

the effects of earthquakes in compliance with General Design Criterion (GDC) 2.

B. The spent fuel cask bridge crane is designed to prevent a load from being
dropped, in the event of a single failure, in compliance with GDC 4.

C. The sharing of the spent fuel cask bridge crane between Units 1 and 2 does not
impair the safety of the plant in compliance with GDC 5.

D. The design of the spent fuel cask bridge crane complies with GDC 61 regarding
safety of fuel handling and storage under normal and postulated accident
conditions.

E. The recommended guidelines of NUREG-0612, section 5.1, are followed for the
OHLHS. Table 9.1.5-6 tabulates the specific guidelines of NUREG-0612 and the
specific sections where compliance is discussed.

F. OHLHS conform to the applicable sections of the Crane Manufacturer's
Association of America (CMAA) Specification 70 and 74, American National
Standards Institute (ANSI) B30.2-1976, and Hoist Manufactures Institute (HMI)
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100-1974. Administrative controls applicable to OHLHS will be specified in the
load handling procedures.

G. OHLHS are designed to minimize the potential for heavy load drops on spent fuel
and systems required for safe shutdown and decay heat removal.

9.1.5.1.2 Power Generation Design Bases

The following power generation design bases are applied to OHLHS

A. The OHLHS are used for a variety of lifts during construction, refueling, and
maintenance.

B. The OHLHS are designed with adequate lifting capacity to perform identified
routine maintenance activities.

9.1.5.2 System Description

9.1.5.2.1 General Description

Principal codes and standards applicable to the OHLHS are identified in tables 9.1.5-1 through
9.1.5-4.

9.1.5.2.2 Spent Fuel Cask Bridge Crane

The spent fuel cask bridge crane (SFCBC) is used to transfer new fuel containers and the spent
fuel cask from the shipping/receiving area to the cask loading pit and back. In addition, the
crane is used for equipment movement in the auxiliary building as required. The loads expected
to be lifted by the spent fuel cask bridge crane are listed in table 9.1.5-4. By means of a laser
positioning system, weigh scale system, and a programmable logic controller, the crane is
restricted from traveling near or over the spent fuel pools when the main hoist is handling loads
in excess of 15 tons, as shown on drawing AX4DE501. The SFCBC has a main hoist with a
design rated load (DRL) capacity and a maximum critical load (MCL) capacity of 125 tons. The
SFCBC is designed to be single failure proof in accordance with NUREG-0554; therefore, a
spent fuel cask drop is not evaluated. A 15-ton auxiliary hoist is provided on the same trolley,
and a 2-ton monorail hoist is provided on the bridge. The auxiliary hoist and the monorail hoist
are used in new fuel handling and maintenance tasks and are not involved with handling of the
spent fuel cask. The path of the crane does not pass over either of the spent fuel storage pools.
A section view of the spent fuel cask bridge crane hook travel is shown on drawing AX4DE502.
Positive restraints are provided on the crane to prevent the bridge, trolley, or any other part
from becoming dislodged and falling on structures or equipment situated below the crane in the
event of a safe shutdown earthquake (SSE). The crane is capable of retaining the maximum
design load during an SSE, although the crane is not qualified to operate after the SSE. The
spent fuel cask bridge crane is an all steel constructed, electric overhead, top running, double
box girder, motorized dual drive bridge crane with a 42-ft 6-in. span. The crane is mounted on
two parallel 175-lb runway rails traversing between the auxiliary and fuel handling buildings.
The bridge consists of two identical welded plate box girders with full-depth diaphragms. The
bridge girders are held together by structural end tie girders. Supporting each end tie girder are
two dual-wheeled trucks (drive truck and idler truck) that travel on top of the runway rail and
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drive the bridge. The bridge drive consists of two 5-hp, 460-V, 3-phase, 1800-rpm induction
motors; each motor is powered by a separate variable frequency drive (VFD) unit with integrally
mounted disc brakes rated at 125% of motor full-load torque and a reducer (ratio 254.4 to 1)
which is coupled to each drive motor. A 2-ton monorail hoist with festoon is mounted on the
bridge. A seismic restraint is mounted at each corner of the bridge to prevent the bridge from
derailing during an earthquake. The crane is shown in figure 9.1.5-1.

The trolley provides the structural frame support for the crane main hoist, auxiliary hoist, and
trolley drive machinery. The trolley travels on a single set of rails (22-ft 3-in. span) secured to
the top of the bridge girders. Two wheels with an 11-ft 8-in. wheel base are mounted on each
trolley end truck. The trolley drive consists of a two 3-hp, 460-V, 3-phase, 1800-rpm induction
motors; each motor is powered by a separate VFD unit with integrally mounted disc brakes
rated at 125% of motor full-load torque and a reducer (ratio 317 to 1) which are connected to
the drive wheels at each trolley end truck. The main hoist design capacity is 125 tons and the
auxiliary hoist design capacity is 15 tons. The main hoist is single failure proof. The main hoist
is equipped with one drive unit. The single drive unit consists of a 60-hp, 460-V, 3-phase, 1200-
rpm induction motor powered by a single VFD unit coupled to a spiral bevel gear box (ratio 1 to
1), with two independent self adjusting electric holding brakes rated at 125% of full-load torque
at the point of brake application, two hydraulic holding brakes per drum with a total combined
capacity of 125% full hoisting load, and a dynamic electric brake rated at 150% motor full-load.
The spiral bevel gear box is coupled to two independent right angle gear boxes (ratio 438 to 1)
that attach to the main hoist drums. The auxiliary hoist is equipped with a 20-hp, 460-V, 3-
phase, 1200-rpm induction motor powered by a single VFD unit with an integrally mounted self-
adjusted holding brake rated at 125% of full-load torque coupled to a reducer (ratio 370 to 1)
with two self-adjusting electric holding brakes rated at 125% full-load torque, and a dynamic
electric brake at 150% of motor full load torque.

Seismic restraints are provided at the trolley end trucks to prevent the trolley from becoming
dislodged during an earthquake. The electric motor-driven hoists raise and lower their loads via
wire rope cable that is reeved through upper and lower sheaves. The main hoist dual reeving
system uses two drums with two ropes and the auxiliary hoist dual reeving system has a single
drum with two ropes. The lower sheaves are an integral part of the load block. Each hoist
includes a hook that is attached to the load block. The design parameters for the spent fuel
cask bridge crane are listed in table 9.1.5-1.

The spent fuel cask bridge crane includes the features described below.

9.1.5.2.21 Structural Components. All of the structural components of the crane are
designed for a full capacity of 125 tons. Structural members are designed in accordance with
ANSI B30.2.0., American Institute of Steel Construction (AISC) specifications, and CMAA
Specification No. 70. Load carrying structural steel is impact-tested at or below 40°F by the
Charpy V-notch method according to paragraph ND-2300 of the American Society of
Mechanical Engineers (ASME) Code, Section Ill, 1977 edition with addenda through summer
1978. The structural members are designed for dead load plus live load plus impact load plus
longitudinal and horizontal forces, with an allowable stress of 0.5 yield for the base material and
the weld joints. The cross-girts on the trolley are designed with an allowable stress of 0.4 yield.
Structural design of the crane conforms with the following seismic loading combinations and
criteria:

A. Dead load plus live load plus impact load plus horizontal loads in two directions
and vertical load due to an SSE. With all of these loads acting simultaneously,
the allowable stress is 0.9 yield for the base material and weld joints.
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B. Dead load plus live load plus impact load plus seismic loads due to an operating
basis earthquake (OBE). With these loads acting simultaneously, the allowable
stress is in accordance with AISC specifications.

The earthquake motion considered consists of two horizontal and one vertical component. The
total structural response is predicted by combining the applicable maximum codirectional
responses, calculated from the three (two horizontal and one vertical) analyses, using the
square root of the sum of the squares method. Damping values used for seismic analyses are
4% for SSE and 2% for OBE. The crane is classified as a moderate duty Class C crane in
accordance with CMAA Specification No. 70. The structural members of the crane are
designed for a fatigue loading of 100,000 to 500,000 cycles, with each completed lift
representing one cycle. The rotating machinery is designed for a fatigue life expectancy of
2,000,000 cycles, with each rotating component cycle represented by one revolution. The
estimated number of lifts remaining in the plant life? is 11,000 for the main and auxiliary hoists
and 40,000 for the monorail hoist.

915222 Mechanical Components. The main hoist consists of two balanced, eight-part
reeving systems to provide redundancy. The arrangement consists of two separate and
redundant wire rope cables on two separate drums reeved through the upper and lower
sheaves. Each cable passes through an equalizer unit that adjusts for unequal cable length and
to equalize cable load in the total 16-part system. In the event of the failure of one reeving
system, the full hoisted load is transferred to the second reeving system. The kinetic energy
created during the load transfer is absorbed by the buffer system that is mounted within the
main hoist upper block with the equalizer unit. Also, the hoisted load does not swing during the
load transfer because each cable is reeved to both sides of the upper and lower sheaves. The
main hoist cable is a 1 1/8-in. diameter, 9 x 25 extra improved plow steel with independent wire
rope core (IPS-IWRC). The cable is rated 97.9 tons minimum breaking strength.

The auxiliary hoist mechanical drive components are designed for a DRL of 15 tons. The
auxiliary hoist consists of a single drum and two ropes that are balanced by a dual reeving
system to provide redundancy. The arrangement consists of two separate and redundant wire
rope cables reeved through a lower sheave and terminates at the equalizer. The equalizer unit
adjusts for unequal cable length and to equalize cable load in the system. The auxiliary hoist
cable is a 7/8-in. diameter, 9 x 25 IPS-IWRC that is rated 49.2-tons minimum breaking strength.

The primary functions of the main hoist equalizer system are to continually adjust the hook load
so that any load under normal operation is shared equally by the redundant reeving systems
and to transfer the lifted load from one reeving system to the other in the event of a cable break.
The shock of a cable break is absorbed by the buffer system. The main hoist uses a dual load
path equalizer system; each is designed to support the full load in the event that either one
should fail. If there is an excessive displacement due to either a broken cable or unequal cable
length, a limit switch for the unbalanced load will cut off power to the hoist motor and set the
hoist brakes, thus stopping the hoisting motion. This safety protection system prevents the
broken cable from becoming entangled with the other reeving system and also prevents hoist
operation with unequal cable length. Before making a series of lifts, the equalizer assembly can
be visually inspected and adjusted, if necessary, so that an unnecessary power shutoff does not

@ The operating licenses for both VEGP units have been renewed and the original licensed operating
terms have been extended by 20 years. Since the spent fuel cask bridge crane bridge and trolley have
been replaced, the additional years of operation remain much less than the design capabilities of the
spent fuel cask bridge crane. In accordance with 10 CFR Part 54, appropriate aging management
programs and activities have been initiated to manage the detrimental effects of aging to maintain
functionality during the period of extended operation (see chapter 19).
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occur. If the equalizer assembly needs to be adjusted during a lift, the load can be lowered and
the adjustment made at the cable drum anchors. If the equalizer assembly reaches the limits of
its travel, which should occur only if one of the cables had already failed, the load can be safely
lowered with the remaining cable so that the broken cable can be replaced.

The main hook is a two-pronged single load path sister hook and pin hole with a safety latch
and a cored bail hole provided for each prong. The main hook is designed to meet the 10-to-1
safety factor on the average ultimate strength of the material consistent with NUREG 0612
Appendix C. The sister hook is supported by the crosshead and bearings that are supported by
the side plate of the load block. The sister hook is load tested at twice its rated load with each
side equally loaded at rated load. The hook cannot show any deformation after the load test
and must pass the magnetic particle or liquid penetrant examination in accordance with
American Society of Testing Materials (ASTM) A-275, E709, or E165.

The auxiliary hook is a single-pronged hook with a safety latch. The hook is designed for a
rated capacity of 15 tons. The hook and attachment points are designed to support the static
load of 15 tons based upon a 10-to-1 safety factor on the average ultimate strength of the
material consistent with NUREG 0612 Appendix C. The auxiliary hook is load tested similarly to
the main hook. Both the main hook and auxiliary hook are of forged steel construction. Each
hook is equipped with a roller thrust bearing with dust ring and grease fitting. Both hooks are
capable of 360° rotation.

The main hoist is equipped with two holding brakes and two redundant holding brakes (one
redundant brake on each drum). The main hoist load control brake is a dynamic control brake.
The dynamic control brake regulates load lowering and raising speed of the hoist. The holding
brakes are electric, self-adjusting, shoe-type. The main hoist redundant brakes are hydraulic
and can allow manual lowering of the load. The dynamic brakes are used to stop the hoisting
motion and then the holding brakes are applied. The holding brakes for the main hoist are
automatically applied when electric power is interrupted or the control is in neutral. The brakes
are automatically released when the dynamic control brake is energized. Each holding brake is
provided with a manual release that permits controlled brake release in the event of power
failure.

The auxiliary hoist has three holding brakes and a dynamic brake. The dynamic brake
regulates load lowering and raising speed of the hoists. The holding brakes are electric, self-
adjusting, shoe-type. The dynamic control brake is used to stop the hoisting motion and then
the holding brakes are applied. The holding brakes on the auxiliary hook are automatically and
sequentially applied when electric power is interrupted or the control is in neutral. The brakes
are automatically released when the dynamic load brake is energized. Each holding brake is
provided with a manual release that permits controlled brake release in the event of power
failure.

The following features highlight the mechanical equipment design incorporated in the main hoist
system.

A. Hook

The sister hook and pin hole provide a 10-to-1 safety load factor for the
attachment points, either of which is designed to support the rated load.

B. Trunnion

The trunnion supports the hook thrust bearing and nut. In the event of failure, the
trunnion is supported by lugs on the hook block side plates. Redundant side
plate construction is used in the hook block.
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C. Hook Block Sheaves

The sheaves are contained by a structural housing over the sheaves. The
structural housing and sheave pin have been designed with a 10-to-1 safety
factor which holds the sheaves in place.

D. Crown Sheaves

The crown sheaves are supported above the trolley load girt, and the load girt
itself will support the crown sheaves in the event of failure of the crown sheave pin.

E. Reeving

The main hoist consists of two drums and two ropes. Reeving system to reeving
system equalization is provided by fully equalized rope loads in the 16-part
system. In the event of the failure of one reeving system, the full hoisted load is
transferred to the second reeving system with only a slight settling of the load.
The kinetic energy created during the load transfer is absorbed by the buffer
system.

F. Drum

In the event of failure of the drum shaft, bearings, or pillow blocks, drum bearing
stands are provided to support the drum and to maintain the drum gear meshes.

G. Gearing

Two gear trains are provided, with each gear train designed for the rated load.
Each gear train is provided with a self-adjusting electric holding brake rated at
125% of the full-load torque.

9.1.5.2.2.3 Crane Controls. Two separate control systems are provided for controlling the
crane motors. One is a pendant control unit and the other is a portable radio remote control
unit. The pendant control system is equipped with a fixed cable length that is manually lowered
from the bridge to ground level when required. The pushbutton pendant station is supported in
such a manner as to be readily handled by a single operator. The pushbutton pendant station
provides control for all bridge, trolley, main hoist, auxiliary hoist, and monorail hoist/trolley
functions. Power on-off selector switch and push-pull emergency stop switch are also provided
at the pushbutton pendant station. The pushbutton pendant station has a watertight, heavy-duty
enclosure with oiltight, heavy-duty switches. All pushbuttons are spring-return to the "off"
position when released.

The radio remote control unit is a battery-powered, three-channel solid-state transmitter which is
capable of operating any of the three frequencies. The maximum control range is 300 ft and
can be adjusted down to 50 ft. The radio remote control unit provides control for all bridge,
trolley, main hoist, auxiliary hoist, and monorail hoist/trolley functions. The radio control unit
performs a battery test upon startup which precludes the operation of the crane with a low
battery. The switches provided in the radio remote control unit are:

e Frequency selector switch.

e Main hoist/auxiliary hoist selector switch.

e Main hoist inching selector switch.

e Push-pull emergency stop switch.
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o Key-operated on-off switch with key removable in off position.

e Gong silencer switch.

The radio remote control receiver/decoder electronics, interface relays, and power supply are
housed in a National Electrical Manufacturers Association (NEMA) 12 cabinet mounted on the
crane. The cabinet is equipped with thermostatically controlled heaters. One receiver is
provided to permit reception on three different radio frequency carrier frequencies. The radio
remote control system is designed so that it will not interfere with other systems in the plant or
be interfered with by electrical noise or extraneous radio signals.

9.1.5.224 Safety Limit Devices. The extent of travel for both the main hoist and the
auxiliary hoist is limited for both the raising and lowering directions by a combination of limit
switches. Redundant limit switches are provided for both hoists in the raising and lowering
direction. Contacts on a rotary limit switch will trip at the normal upper stop position and at the
extreme lowered position of the hook. A block-operated overhoist limit switch, which serves as
a backup to the rotary limit switch, will trip at uppermost hook position. Both the main hoist and
the auxiliary hoist are equipped with an overspeed limit switch set to trip at 110% of the hoisting
speed. Tripping of any one of the above limit switches will interrupt power to the respective
hoist motor and set the corresponding brakes. The limit switch and control system are designed
so that the motor can only be used in the reverse direction after the limit switch has been
tripped. A load sensing system is provided for the main hoist, using a weigh scale mounted in
the equalizer sheave assembly. The weight of the load is displayed on a readout display unit
mounted on one of the crane’s bridge side girders. Overload protection is provided by
automatic tripping of the hoist motors and setting the holding brakes. Each cable and drum is
equipped with a photo eye that monitors misspooling of the hoisting cable. Overload tripping is
set at 110% of the rated load.

The bridge and trolley are equipped with a programmable logic controller that limits travel. The
design of the programmable logic controller prohibits movement of loads in excess of 15 tons on
the main hook outside of the shaded area, as shown on drawing AX4DE501. A selector switch
is provided to allow for the movement of reactor coolant pumps, stands, and shielding in the
auxiliary building between column lines Ac and Ars and Ag and A1o for maintenance, temporary
storage, and shipping. This switch allows the operator to bypass the trolley programmable logic
controller limits, which restricts movement of loads greater than 15 tons toward the west wall in
the auxiliary building. If any travel limit is activated, the programmable logic controller will
interrupt power to the respective drive motors and set the brake. The programmable logic
control is designed in such a way that the motors can only be energized in the reverse direction
after the limit has been exceeded. End of travel limit switches are also provided for the bridge
and trolley. End of travel limit switches are set to trip just before the bridge or trolley comes into
contact with their respective bumper stops. The bridge and trolley bumpers are designed with
sufficient energy absorbing capacity to stop the crane or the trolley in an unloaded condition
when traveling at 40% of full-load rated speed. The bumper stops are backups for the end-of-
travel limit switches.

The main hoist motor and the auxiliary hoist motor are each equipped with two temperature
sensors. The temperature sensors are used to protect hoist motors from thermal overload.
Once the temperature sensor limit is achieved, the normally closed sensor is opened. When
open, the power to the motor will be interrupted and set the holding brakes. The main hoist,
auxiliary hoist, trolley drive, and bridge-drive motors are provided with thermal overload
protection and space heaters to prevent condensation inside the motors. These motors are a
totally enclosed, nonventilated type and are rated for 60-min duty.
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Phase loss, phase reversal, undervoltage, and imbalance load protection is provided for the
main power supply to the crane. This protection system is provided to protect the main hoist,
the auxiliary hoist, the trolley drive, and the bridge drive motors.

9.15.225 Monorail Hoist. The monorail hoist is a 2-ton capacity standard commercial,
electric, wire rope, close- headroom hoist with motorized trolley mounted on a runway rail
installed on the underside of the crane bridge girder. The wire rope is 1/4-in. diameter steel with
a design safety factor of 5. The reeving is two-part double with true vertical lift. The monorail
hoist has an induction motor powered by a single VFD unit, mechanical load brakes, variable
dynamic braking, hoist limit switches, trolley track limit switches, motor space heaters, and
motor thermal overload protection. The monorail hoist is equipped with an overload cutoff
switch which protects the load, hoist, and operator by interrupting the hoisting circuit when an
overload occurs. The monorail hoist and trolley motors are rated for 60-min duty. The monorail
hoist and trolley movements are controlled from the main pushbutton pendant station.

9.1.5.2.2.6 Special Lifting Devices. As identified in table 9.1.5-4, there are three lifting
devices associated with the use of the OHLHS in the fuel handling systems. The cask lifting
device will meet the requirements of NUREG 0612 and ANSI N14.6. The VEGP design allows
for the use of the HOLTEC HI-TRAC 125D transfer cask which employs a single load path lift
yoke to protect against cask-drop accidents and has a safety factor of 6 as required by Section
4.6 of NUREG 0554.

9.1.5.2.3 Containment Polar Crane

The containment building polar bridge crane is an all steel constructed, electric, overhead, top
running, double box girder, motorized bridge crane with a 134-ft span. The crane is mounted on
a circular 175-Ib runway rail that is supported by the containment building superstructure. The
bridge consists of two asymmetrical, welded plate box girders with full-depth diaphragms. The
bridge girders are held together by structural end tie girders. Four-wheeled, box-section, bogie-
end trucks that travel on top of the runway rail support each end of the bridge girders and drive
the bridge. The bridge drive consists of four drive trains, one for each end truck. Each drive
train is equipped with one 15-hp wound rotor motor, one 1/3-hp gear-type microdrive motor, one
self-adjusting, dc magnet-operated, electric shoe-type holding brake, and one hydraulic-
operated shoe-type control brake. The holding brake is rated at 125% of motor full-load torque.
A pendant hoist frame is mounted on the bridge supporting the pendant tractor drive, the
pendant cable reel, and the pendant festooned cable. The pendant control system was
abandoned in place and replaced by a radio remote control system. An enclosed operator's cab
is located at one corner of the crane and is mounted beneath one of the bridge girders. The
trolley provides the structural frame support for the crane main hoist, auxiliary hoist, and trolley-
driven machinery. The trolley travels on a single set of rails (29-ft 6-in. span) secured to the top
of the bridge girders. Two wheels with a 45-in. wheel base are mounted at each corner of the
trolley end trucks. The trolley drive consists of one 15-hp, 460-V, 3-phase, 1200-rpm wound
rotor motor and one 1/3-hp, gearhead-type microdrive motor. The main hoist drive consists of a
100-hp, 460-V, 3-phase, 1200-rpm wound rotor motor and a 7 1/2-hp gear-type microdrive
motor. The auxiliary hoist is driven by a 100-hp, 460-V, 3-phase, 1200 rpm wound rotor motor.
Both the main hoist and the auxiliary hoist are equipped with two self-adjusting, dc electric
magnet-operated, shoe-type holding brakes and one dc-actuated, eddycurrent, control-type
brake. The main hoist and the auxiliary hoist holding brakes are rated at 200% of motor full-
load torque each. The two holding brakes on each hoist are automatically and sequentially
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applied with a 2-s time delay when electric power is interrupted or the control is in neutral. They
are automatically released when the eddycurrent load brake is energized or when power is
available. Each holding brake is provided with a manual release lever that permits controlled
brake release in the event of power failure. The electric motor-driven hoists raise and lower
their loads via wire rope cable that is reeved through upper and lower sheaves. The main hoist
is capable of rigging for a 225-ton normal plant operation lift. The main hoist cable is a 1 1/4-in.
diameter, 6 x 37 IPS-IWRC. The cable is rated at 87.9 tons minimum breaking strength. For
225-ton normal operation, the main hoist has a single 16-part reeving. The auxiliary hoist cable
is 5/8-in. diameter, 6 x 37 IPS-IWRC. The cable is rated at 22.7 tons minimum breaking
strength. The auxiliary hoist has a single eight-part reeving. The lower sheaves are an integral
part of the load block for both the main hoist and the auxiliary hoist. The main hook is a two-
pronged sister hook with a safety latch and a cored bail hole provided for each prong. The
sister hook is bored out to accommodate a lifting shaft for additional attachment points for the
load. The auxiliary hook is a single-pronged hook with a safety latch. The main hook and the
auxiliary hook are attached to their respective load block. The 25-ton auxiliary hook is equipped
with a roller thrust bearing with dust ring and grease fitting. It is capable of 360° rotation. The
225-ton sister hook is equipped with a 1/4-hp hook rotation drive motor, timing belt, pulleys,
roller thrust bearing, reducers, and grease fittings. The hook is capable of 360° rotation at a
speed of 1/4 rpm. The design parameters for the containment polar bridge crane are listed in
table 9.1.5-1.

9.1.5.2.3.1 Structural Components. All the structural components of the crane are
designed in accordance with ANSI B30.2.0, AISC, and CMAA Specification No. 70. The
following maximum hoist loads are considered in the design of the 225-ton capacity crane for
normal plant operation.

Seismic forces are included with the design operational load. The seismic forces in combination
with other loads are as follows:

1. Dead load plus live load plus seismic loads due to an SSE. With all of these loads acting
simultaneously, the allowable stresses will not exceed 0.9 yield for tension and compression
and 0.5 yield for shear.

2. Dead load plus live load plus seismic loads due to an OBE. With all of these loads acting
simultaneously, the allowable stresses will not exceed 0.66 yield and 0.6 yield for tension
and compression for compact sections and noncompact sections, respectively, and 0.4 yield
for shear.

The earthquake motion considered consists of two horizontal and one vertical component. The
total structural response is predicted by combining the applicable maximum co-directional
responses, calculated from the three (two horizontal and one vertical) dynamic analyses, using
the square root of the sum of the squares method.

The crane design includes fatigue considerations based on the plant operation duty
requirements.

The estimated variety of lifts for plant operation are indicated in the following schedule:

9.1-49 REV 23 3/21



VEGP-FSAR-9

Total Crane
Operating Time
over 40 Years?
Reactor head - 225 tons 800 h
Upper internals - 70 tons 800 h
Lower internals - 175 tons 250 h
Miscellaneous lifts - 50 tons and less 5000 h

The crane structural welding is in accordance with American Welding Society (AWS) DI.1
applicable requirements. Preheat and interpass temperatures are in accordance with AWS
DI.1, table 4.2. Load-carrying structural steel welds and finished hooks are magnetic particle
inspected. Butt type splice welds of the main bridge girder bottom cover plates are radiographic
inspected. Machinery components such as shafts, gears, etc., which support the hook load, are
liquid penetrant examined. The acceptance criteria for magnetic particle inspection of hooks is
in accordance with ASTM A-654, paragraph 18.1.3.

9.1.5.2.3.2 Crane Controls. The crane is controlled either from the operator's cab or from
the radio remote control. The pendant control function was replaced by a portable radio control
transmitter. The cab and radio controls have a singularly selective interlock, such that only one
method of control, either from the cab or radio remote, is operable at a time. The crane can be
operated by the radio remote control, from the operating deck at el 220 ft. The following
functions are provided at the radio remote control:

Power "on"/"Battery Monitor” indicating light (red).
o Key selector power on-off switch.

e Start pushbutton.

e On-off selector switch.

e Auxiliary hoist up and down joystick.

e Bridge clockwise and counterclockwise joystick.

e Crane light on-off selector switch.

e Main hoist restricted mode bypass selector switch.

e Horn button.

@ The operating licenses for both VEGP units have been renewed and the original licensed operating
terms have been extended by 20 years. An evaluation determined that for a conservative number of lifts
and crane operating time for the heaviest lifts estimated for 60 years of operation are low enough to
preclude fatigue concerns for the Containment Polar Crane. In accordance with 10 CFR Part 54,
appropriate aging management programs and activities have been initiated to manage the detrimental
effects of aging to maintain functionality during the period of extended operation (see chapter 19).

9.1-50 REV 23 3/21



VEGP-FSAR-9

e Main hoist, bridge, and trolley fast-slow selector switch.
e Main hoist up and down joystick.
e Trolley in and out joystick.

e Main hook clockwise and counter clockwise selector switch.

In addition to the control functions provided at the radio remote control, the operator's cab is
provided with the following functions:

e Dead-man foot switch.

o Foot-operated brake pedal.

e Cab-floor selector switch.

e Horn silencing switch.

e Main hook clockwise and counter clockwise push buttons.
e Manual main line power disconnect.

o Two brake bleeder pushbuttons.

o Telephone jack.

The ac static stepless nonspeed regulated control is provided for the bridge and trolley normal
speed drive. Single-speed reversing continuous duty-clutch coupled microdrive is provided for
the main hoist, bridge, and trolley. The ac static stepless regulated thyrister control is provided
for the main hoist normal speed drive and for the auxiliary hoist.

9.1.5.2.3.3 Safety Limit Devices. The extent of travel for both the main hoist and the
auxiliary hoist is limited for both the raising and lowering directions by a combination of limit
switches. Redundant limit switches are provided for both hoists in the raising direction and a
single limit switch is provided for each hoist in the lowering direction. Contacts on a screw-type
limit switch, coupled to the hoist drum, will trip at the normal upper stop position and at the
extreme lowered position of the hook. A block-operated overhoist weight-type limit switch,
which serves as a backup to the screw limit switch, will trip at the uppermost hook position.
Both the main hoist and the auxiliary hoist are equipped with an overspeed limit switch.
Tripping of any one of the above limit switches will interrupt power to the respective hoist motor
and set the corresponding brakes. Each limit switch is wired so that the motor can be manually
energized in the reverse direction after the limit switch has been tripped.

For critical lifts (reactor integrated head and internals), a portable load cell is used to monitor
crane loading and load hang up.

Overspeed limit switches are provided for the bridge and trolley. Tripping of the overspeed limit
switch will interrupt power to the respective driving motor and set the brake. Each limit switch is
wired so that the motor can be manually energized in the reverse direction after the limit switch
has been tripped.
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Temperature detectors are provided for the main hoist motors, the auxiliary hoist motor, the
bridge drive motors, and the trolley motors. When an overtemperature condition exists, the
power to the motor will be interrupted and the holding brakes will be set. The condition also
causes the motor overheat warning indicator to light at the cab.

The main hoist, auxiliary hoist, trolley drive, and bridge drive motors are provided with thermal
overload protection, undervoltage protection, and space heaters. These motors, except for the
microdrive motors, are totally enclosed, nonventilated-type wound rotor motors rated for 60-min
duty. The microdrive motors are totally enclosed, fan-cooled type squirrel-cage motors rated for
continuous duty.

Phase loss protection is provided for the main power supply to the crane. Crane structural box
sections are provided with pressure vents with splash shields.

The crane and its components are capable of withstanding the containment internal test
pressure without damage with the exception of some components in the radio control receiver.
These components will be removed during ILRT testing. The general arrangement of the
containment polar crane is provided in figure 9.1.5-2.

9.15.2.34 Special Lifting Devices. As identified in table 9.1.5-3, there are nine lifting
devices associated with the polar crane. The head lifting rig and internals lifting rig are supplied
by the NSSS vendor and were designed prior to the issuance of NUREG 0612 and the
requirement to meet ANSI N14.6-1978 "Special Lifting Devices for Shipping Containers
Weighing 10,000 Pounds or More for Nuclear Materials." These devices were designed to the
requirement that the resulting stress in the load-carrying members when subjected to the total
combined lifting weight would not exceed the allowable stresses specified in the AISC code.
Table 9.1.5-7 provides a discussion on the detailed comparison of the lifting devices to the
requirements of ANSI N14.6 as supplemented by NUREG 0612. The reactor coolant pump
motor lifting device, the refueling machine maintenance lifting device, and heat exchanger lift
rigs will meet the intent of NUREG 0612 and ANSI N14.6-1978. The refueling machine gripper
mast is an integral part of the refueling machine which is discussed in paragraph 9.1.4.2.4A.
The lifting devices associated with the stud turnout tool and stud tensioner are integral to the
turnout tool and tensioner. A failure of these lifting devices would lead to the same acceptable
consequences as a hoist failure.

9.1.5.2.3.41 Integrated Head Package Lifting Rig. The integrated head package lifting rig
is a three-legged carbon steel structure, approximately 42-ft high and 15 ft in diameter, weighing
approximately 12,000 Ib. Itis used to handle the assembled reactor vessel head. The lift
assembly consists of a tripod-shaped steel structure that attaches to the missile shields and lift
rods which attach to the reactor vessel head.

9.1.5.2.34.2 Internals Lifting Rig. The internals lift rig is a three-legged carbon and
stainless steel structure, approximately 30 ft high and 14 ft in diameter, weighing approximately
17,850 Ib. It is used to handle the upper and lower reactor vessel internals packages. Itis
attached to the main crane hook for all internals lifting, lowering, and traversing operations. A
load cell linkage is connected between the main crane hook and the rig to monitor loads during
all operations. When not in use, the rig is stored on the upper internals storage stand. The rig
may be temporarily stored on the operating deck or the structural steel at el 261 ft during
maintenance activities.

The internals lift rig attaches to the internals package by means of three rotolock studs which
engage three rotolock inserts located in the internals flange. These rotolocks studs are
manually operated from the internals lift rig platform using a handling tool which is an integral
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part of the rig. The studs are normally spring retracted upward and are depressed to engage
the inserts. Rotating the mechanism locks it in both positions.

9.1.5.234.3 Load Cell and Load Cell Linkage. The load cell is used to monitor the load
during lifting and lowering of the integrated head package or internals to ensure that no
excessive loadings are occurring. The unit is a load-sensing clevis type, rated at 500,000 Ib.

This load cell is a part of the load cell linkage, which is an assembly of pins, plates, and bolts
that connect the polar crane main hook to the lifting blocks of both the reactor vessel head and
the internals lift rigs.

9.1.5.234.4 Other Cranes Inside Containment. Table 9.1.5-3 lists the OHLHS housed
inside containment. The system description and safety evaluation of the refueling machine is
discussed as a part of the light load handling system in paragraphs 9.1.4.2.4 and 9.1.4.3.1.1.
The radial arm stud tensioner hoist assemblies are provided as a part of the integrated head
package and are discussed in paragraph 9.1.4.2.4.G. Only the assemblies are part of the
integrated head package. The hoists are not permanently installed plant equipment. A 2-ton
monorail with hoist is provided to remove the steel hatch plugs which provide access to the fuel
transfer blind flange. A 3-ton, wall-mounted, cantilever jib crane is provided above the operating
deck in the vicinity of each reactor coolant pump to remove the grating and perform any
miscellaneous maintenance activities associated with the reactor coolant pumps. Two 3-ton,
wall-mounted, cable bridge winches are provided for each of the integrated head cable bridges.
Paragraph 9.1.4.2.4.G.3 provides a discussion of the cable bridge. A 1-ton "6" shaped
monorail is provided in the pressurizer compartment to remove the pressurizer relief valves. A
20-ton hoist is provided for opening and closing the equipment hatch cover.

9.1.5.2.4 Miscellaneous Cranes and Hoists

Miscellaneous cranes and hoists are provided to service and maintain mechanical equipment.
Hoists and cranes have adequate capacity to perform lifting of components necessary for
maintenance and are designed to industry standards as listed in table 9.1.5-2. The associated
monorails are designed per the applicable AISC specifications.

Table 9.1.5-2 lists equipment that may be lifted and includes hoist/crane capacity, load weight,
maximum lift height, and reference to figures showing the load paths.

9.1.5.2.5 Lifting Devices Not Specifically Designed

The slings associated with the OHLHS will be selected based on the criteria established by
NUREG 0612 and ANSI B30.9 with the clarification that the dynamic loadings associated with
the acceleration and deceleration of the load (based on maximum hoisting speeds) are a small
fraction of the static load and that revising the selection criteria stated in ANSI B30.9 to
accommodate them would not have a substantial effect on the load handling reliability. The
slings will be marked in accordance with ANSI B30.9 requirements. Load handling procedures
will specify the slings and other devices used with the slings to make a complete lifting device,
that are required for handling the load.
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9.1.5.3 Safety Evaluation

A. The spent fuel cask bridge crane and the polar crane are designed as Seismic
Category | to ensure they withstand the effect of an SSE.

B. The spent fuel cask bridge crane is designed to be single failure proof to prevent
a load from being dropped in the event of a single failure.

C. The spent fuel cask bridge crane is shared between Units 1 and 2 to the extent
that spent fuel cask handling is performed in a common area of the fuel handling
building. The sharing of the spent fuel cask bridge crane does not impair the
safety of the plant.

D. The safety-related Seismic Category | spent fuel cask bridge crane and fuel
handling building ensures that fuel handling and storage systems, structures, and
components are designed for adequate safety during normal and accident
conditions.

E. The design and operation of the OHLHS is such that the design features of the
OHLHS; i.e, single failure proof, or the consequences of a failure are acceptable
to ensure the capability to safely shut down the plant, remove decay heat, and
maintain doses within prescribed limits.

F. The OHLHS conforms with the applicable portions of codes and standards
invoked for the OHLHS design, operation, inspection, testing, and maintenance.

G. For the purposes of operator qualification, a heavy load is a load whose weight is
greater than the combined weight of a single spent fuel assembly and its
handling tool.

Heavy load crane operators shall be trained and qualified and conduct
themselves in accordance with Chapter 2 and 3 of ANSI B30.2 1976 "Overhead
and Gantry Cranes."

H. Spent fuel, safe shutdown equipment, and decay heat removal equipment are
separated and evaluated to ensure that potential load drops from OHLHS will not
jeopardize the safety of the plant. Sufficient redundancy has been designed into
safety-related systems to ensure that potential load drops will not preclude safe
shutdown or decay heat removal.

A review of OHLHS was performed in accordance with NUREG-0612 and following the
guidelines of enclosure 3 to the Nuclear Regulatory Commission generic letter dated
December 22, 1980, as amended on February 3, 1981. The OHLHS in the following buildings
were reviewed:

e Auxiliary building.

e Fuel handling building.

e Containment building.

e Control building.

o Diesel generator building.

o Auxiliary feedwater pumphouse.
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e Nuclear service cooling water pumphouse.

e Alternate radwaste building.

The turbine and radwaste transfer buildings do not house spent fuel, safe shutdown equipment,
or decay heat removal equipment and therefore was not reviewed.

A review of plant arrangements was performed to evaluate load drops from OHLHS. The
results of the review are shown in tables 9.1.5-2 through 9.1.5-4. Table 9.1.5-2 provides an
evaluation of OHLHS with the exception of those used in the containment and fuel handling
systems. Table 9.1.5-3 provides a listing of containment building overhead load handling
systems. The fuel handling building spent fuel cask bridge crane and fuel handling systems are
listed in table 9.1.5-4. The location and envelope of load handling devices are shown on
drawings 1X4DE502, 1X4DE503, 1X4DE504, 1X4DE505, 1X4DE506, 1X4DE507, 1X4DE508,
1X4DE509, 1X4DE510, 1X4DE511, 1X4DE512, 1X4DE513, 1X4DE514, 1X4DE515,
1X4DE516, 1X4DE517, 1X4DE518, 1X4DE519, 1X4DE520, 1X4DE521, 1X4DE522,
2X4DES02, 2X4DES03, 2X4DES04, 2X4DES05, 2X4DES5S06, 2X4DES507, 2X4DES508,
2X4DES509, 2X4DE510, 2X4DE511, 2X4DE512, 2X4DE514, 2X4DE515, 2X4DE516,
2X4DES517, 2X4DE518, 2X4DES519, 2X4DES520, 2X4DE521, 2X4DE522, AX4DES00,
AX4DES503, AX4DE504-1, AX4DES504-2, and AX4DE504-3.

The OHLHS were evaluated to identify interactions which could damage safety-related
equipment. For those loads that do not pass over safety-related equipment, no further
evaluation is performed. Other loads are excluded based on separation of safety-related
equipment. In addition, selected load drops were excluded from further evaluation based on
certain lifts being performed only during plant operating modes which, if the load were dropped,
would not affect decay heat removal.

For those OHLHS where interactions could unacceptably damage fuel or affect safe shutdown
equipment, as defined in tables 9.1.5-2 through 9.1.5-4, safe load paths and heights have been
defined and will be under administrative controls as discussed in paragraph 9.1.5.6. Drawings
1X4DE600, 1X4DE601, 1X4DE602, 1X4DE603, 1X4DE604, 1X4DE605, 1X4DEG06,
1X4DE607, 2X4DE600, and 2X4DE601 define each of the safe load paths and load heights (as
applicable) specifically for the OHLHS where an unacceptable interaction was found. The
specified safe load heights were obtained by analysis and, by administratively controlling the
height, a postulated drop will not cause unacceptable interactions.

9.1.5.3.1 Postulated Loads Inside Containment

The effects of heavy load drops inside containment have been evaluated. Table 9.1.5-3 lists
each of the loads and the basis for satisfying the NUREG 0612 criteria.

9.1.5.3.1.1 Polar Crane Postulated Loads. When in use, the polar crane is under
administrative controls. During cold shutdown, polar crane heavy load drop outside of the
secondary shield wall would not affect the safe shutdown or continued decay heat removal due
to the physical separation of the RHR system and its power supplies. Should the operating
RHR supply or return lines be ruptured, RCS fluid would discharge to the containment floor;
however, it would be a nonflashing break, and adequate ECCS would be available to maintain
decay heat removal. Any break could be remotely isolated.

Heavy load drops inside of the secondary shield walls could potentially impact a Class | branch
line. Should the impacted line break, the RCS fluid would be nonflashing. Since the RHR
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would already be in operation, core cooling would not be affected unless the operating RHR line
was the one impacted. Switchover of the RHR suction from the RWST to the containment sump
could be required during the long-term recovery period and would be done manually.

During hot standby and hot shutdown, it is anticipated that the polar crane will be used to
minimize critical path outage times for cold shutdowns and refuelings, and to assist with
maintenance that can be performed in a hot plant condition. Planned usage includes activities
such as crane inspections, operability checks, and movement of tools and equipment required
for the cold shutdown/refueling outage. The anticipated loads would not be required to be lifted
in the vicinity of the reactor vessel.

The significance of crane operation and the restricted load movement around the reactor vessel
will be stressed to those involved with heavy load lifts. Anticipated heavy load movements have
been analyzed (as required by NUREG 0612) and safe load paths defined. However, all
specific loads and load paths cannot be defined prior to the operations. For these cases, safe
load path considerations will be based on comparison with analyzed cases, previously defined
safe movement areas, and previously defined restricted areas and reviewed by the plant review
board as discussed in paragraph 9.1.5.6. The particular analyzed cases are discussed in the
following sections. The analyses are in accordance with Appendix A of NUREG 0612. See
paragraph 9.1.5.3.1.1.4 for discussion of concurrent refueling operations and use of the polar
crane.

9.1.5.3.1.1.1 Upper Internals. The most limiting scenario for the postulated drop of the
upper internals assembly, lifting device, and crane load block was determined to be the lift of the
upper internals assembly from the reactor vessel to the point that the upper support plate
reaches the height of water level in the refueling cavity and dropped concentrically onto the
vessel flange. It is assumed that the bushings engage the vessel guide studs. The concentric
drop configuration is the limiting condition for loading the reactor vessel nozzles and supports
because in a nonconcentric drop most of the impact would be taken by the refueling cavity floor
liner plate. The assembly weight of 174,000 Ibs falls 24.5 ft through water and impacts on the
top of the core hold-down spring and core barrel flange assembly which is supported at the
vessel ledge. The idealized spring-mass system of the struck body (i.e., core hold-down spring,
barrel flange, vessel and nozzle supports) is able to absorb all the kinetic energy of the dropped
assembly without overstressing the system. The calculated impact load at each nozzle is 5.967
x 108 Ib, resulting in vessel nozzle pad bearing stress to be 20,435 psi, which is well below the
code allowable of 2 sy, = 100,000 psi.

The reactor upper internals will follow the safe load path defined on drawing 1X4DEG0O.

9.1.6.31.1.2 Reactor Vessel Head. The vessel head drop accident in the dry cavity lift
method is postulated to occur during refueling when the head is manipulated over the reactor
vessel. The polar crane is postulated to fail resulting in a direct, concentric drop of the head
(including polar crane load block) onto the reactor vessel, which analysis has shown is the most
limiting scenario for the head impact on the vessel. The limiting drop distance assumed in the
analysis is 31 ft through air.

The total dropped weight assumed in the analysis was 450,000 Ibs, which includes the
integrated head package with the permanent head shield. The vessel studs, nuts, washers, and
collars are not included in the assumed weight. The results of the analysis indicate that
permanent deformation would occur in the reactor vessel support structures, but the stresses in
the nozzles are below the allowable faulted stress of 1.05 Sy which is within the ASME Code
allowable values. The results indicated that the vessel supports would deform vertically a total
of 1.3934 in. under these loadings. This deflection corresponds to a material strain of about
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5.5%. This strain is within the ultimate capability of the material, i.e. 18%. Shield wall concrete
response to the impact loading remains elastic. The reactor vessel head will follow the safe
load path defined on drawing 1X4DE601.

The results of the reactor vessel head drop analysis with the stated assumptions demonstrate
that vessel integrity and the capability to cool the core will be maintained in the event of a drop
of the reactor vessel head. Because of these acceptable results, the head can be raised
promptly upon removal of studs, nuts, washers, and collars, which allows the duration for which
the reactor vessel is vulnerable to a polar crane failure to be minimized.

For the alternative method of raising the head slowly as the cavity is filled, maintaining the head
just above the water for the duration of the fill (cavity fill/slow lift method), a reactor vessel head
drop has been postulated to occur during refueling when the head is manipulated over the
reactor vessel. Engineering analysis has been performed to support the acceptability of this
alternative method. The polar crane is postulated to fail resulting in a concentric drop of the
head (including polar crane load block) onto the reactor vessel. The drop distance found to be
most limiting for this evaluation was a 6.5-ft drop through air followed by a 24.4-ft drop through
water. The total dropped weight assumed in the analysis for the alternative method was 440,000
Ibs.

The results of the analyses indicate that the reactor vessel nozzles would not be stressed above
allowable limits. The reactor vessel supports, however, would experience a load in excess of
the faulted condition allowable load. A detailed support evaluation was performed. The results
indicated that the vessel supports would deform vertically a total of 0.90 in. under these
loadings. The total allowable deformation of these supports, considering plastic deformation
and strain hardening, was found to be 0.92 in. This indicates that under loadings from a head
drop accident in which the alternative method for head lift was being used, the supports would
be damaged, but would not fail. The subsequent effects of the reactor vessel head drop on the
primary shield wall was evaluated, and it was determined that the primary shield wall would
deform elastically. The reactor vessel head will follow the safe load path defined on drawing
1X4DEG601.

In response to industry initiative NEI 08-051, an analysis was performed with similar methods to
evaluate the 35-ft drop of a reactor vessel head weighing 410,000 Ibs through air and impacting
the reactor vessel flange. The purpose of the analysis is to provide additional assurance
regarding the ability of the reactor vessel, nozzles, and loop piping to provide cooling to fuel in
the reactor in the unlikely event of a reactor vessel head drop event.

In the NEI 08-05 analysis, the mass of the impacted system was modeled conservatively low by
neglecting the vessel mass below the nozzles and modeling only the RV flange, upper shell and
nozzles. The response of the impacted system with assumed reduced mass results in
increased system response which conservatively increases the calculated nozzle stresses. The
resulting stress intensities in the RV nozzles were determined to be within the allowable ASME
limit. Therefore, the previous conclusion that vessel integrity and the capability to cool the core
will be maintained in the event of a head drop determined in accordance with the methods and
assumptions of NUREG-0612 described above, remains valid.

It should be noted that the assumptions contained in NEI 08-05 are not consistent with NUREG-
0612. For example, the NEI 08-05 analysis is based on the weight of the vessel head package
without inclusion of the weight of the lifting device as required by NUREG-0612. Accordingly,
administrative controls for movement of the reactor vessel head are based on the NUREG-0612
analysis described above.
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9.1.53.1.1.3 Polar Crane Main Hoist Load Block Drop onto the Core. The worst case
scenario for the postulated drop of the main hoist load block was determined to be a drop
through 102.5 ft in air and then 35.5 ft in water flat into the core. Based on the main hoist load
block projected area, a 6 x 6 array of fuel assemblies could be impacted. When the main hoist
load block is traveling over the exposed core, administrative controls prohibit the polar crane
main hoist from functioning, except during removal or installation of the vessel head or upper
internals. This essentially eliminates the risk of the empty load block dropping onto the core.

9.1.5.3.1.14 Reactor Coolant Pump. Normal maintenance of the reactor coolant pump and
motor does not require movement of the motor to the operating deck. However, it is postulated
that the pump motor is lifted to the operating deck approximately once every 5 years. Since a
drop from less than the maximum required lift height could cause a significant impact on the
pump casing with a potential for structural deformation of the pump supports and loop piping,
these lifts are under strict administrative controls and follow a specific load handling procedure.
RCP motor load lift can be performed in the following manner based on the plant operating
mode:

A. Mode 5 (cold shutdown with loops filled) requires that one RHR train shall be
operable and in operation, and either one additional RHR train shall be operable
or at least two steam generators shall be capable of being used for decay-heat
removal. The RCP motor load could travel within the RCP safe load path to the
north-south center line of the reactor over an inoperable RHR train as long as the
alternate RHR train is operable and in operation, or over an operating RHR train
as long as the other train is operable and in standby.

B. Mode 5 (cold shutdown with loops not filled), requires that two RHR trains shall
be operable and at least one RHR train shall be in operation. Under these
conditions, there are no additional restrictions on the movement of the RCP
motor load within the designated RCP safe load path.

C. Mode 6 (refueling mode when the water level above the reactor vessel flange is
greater than or equal to 23 ft) requires that one RHR train shall be operable and
in operation. The RCP motor load could travel within the RCP safe load path to
the north-south center line of the reactor over an inoperable RHR train (or other
project class 111 large bore pipe) as long as the alternate RHR train is operable
and in operation, or over an operating RHR train as long as the other train is
operable and in standby. During the lift, there shall not be any fuel movement in
progress.

D. Mode 6 (refueling mode when the water level above the reactor vessel flange is
less than 23 ft) requires that two RHR trains shall be operable and one RHR train
in operation. The RCP motor load may be moved anywhere within the
designated RCP safe load path as long as no fuel movement is in progress.

The specific load path is defined on drawing 1X4DEG02.

During refueling operations a postulated load drop in the vicinity of the reactor coolant pump
hatches could result in water leakage from the RCS that could uncover in-transit fuel in the
refueling canal or spent fuel pool (via the transfer tube). To preclude this occurrence, the
restrictions described below shall be placed on using the reactor coolant pump jib cranes and/or
the polar crane above the reactor coolant pump hatches while irradiated fuel is being moved
inside containment, or while the transfer tube isolation valve is open and irradiated fuel is being
moved in the fuel handling building:
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A. Maximum lift weights and heights shall be limited to the values given in figure
9.1.5-3 for lifted loads traveling over the reactor coolant pump hatches with the
grating for the platform at el 220 ft 0 in. in place.

B. The reactor coolant pump jib crane and the polar crane shall not be used directly
above or inside the reactor coolant pump hatches when the grating at el 220 ft 0
in. is removed.

9.1.53.1.1.5 Internals Lifting Rig. Anticipated heavy load movements have been analyzed
and safe load paths defined, as discussed in paragraph 9.1.5.3.1.1.1. When not in use, the rig
is normally stored on the upper internals storage stand. However, movement of the rig to the
operating deck or el 261 ft structural steel floor is required for temporary storage during
maintenance activities. For these temporary storage cases, safe load path considerations are
based on administrative controls and comparison with analyzed cases, previously defined safe
movement areas, and previously defined restricted areas.

The specific load path for the temporary storage location is defined on drawing 1X4DE604.

9.153.1.1.6 Carbon Bed Containers. It is expected that the carbon in the containment
building pre-access filtration units will need to be replaced several times over the life of the
plant. As part of this activity, two special temporary containers will be brought into containment,
lifted and placed on the floor at el 261 ft-0 in. with the polar crane. Each container weighs
approximately 18,000 Ib when filled with carbon. When the carbon bed replacement is
completed, the containers will be removed from containment. For the temporary placement of
these containers, safe load considerations are based on administrative controls and comparison
with analyzed cases, previously defined safe load movement areas, and previously defined
restricted areas.

The specific load path for these temporary containers is defined on drawing 1X4DE608.

9.1.6.31.2 Other Cranes Inside Containment. The safety evaluation of the refueling
machine is discussed in paragraph 9.1.4.3.1.1. The effect of dropping a load from the reactor
coolant pump maintenance jib crane onto the pump motor stand was evaluated. A drop from 37
ft will not cause buckling of the pump support columns nor yielding of the primary coolant piping.
A load drop from the radial arm stud tensioner hoist assemblies could occur only when the
integrated head is in place. When in its fully extended position on the radial arm, a postulated
drop would land on the seal ring and would not damage the reactor vessel or decay heat
removal capability. As shown in table 9.1.5-3, the postulated load drops from the remaining
monorails will not preclude decay heat removal capability or damage fuel. See paragraph
9.1.5.3.1.1.4 for discussion of concurrent refueling operations and use of the reactor coolant
pump maintenance jib crane.

9.1.5.3.2 Postulated Loads Inside Fuel Handling Building

There are two OHLHS associated with the fuel handling building: the cask lifting device jib crane
and the spent fuel cask bridge crane (SFCBC). A drop from the cask lifting device jib crane
from its maximum possible height was analyzed and determined not to impact safety-related
equipment or compromise the integrity of the spent fuel pool. Because of the 8-ft proximity of
the jib crane to the spent fuel pool, minimum lift heights will be utilized for the use of the jib
crane to preclude the potential for a load to tip or roll into the spent fuel pool.

9.1-59 REV 23 3/21



VEGP-FSAR-9

The spent fuel cask bridge crane operates in the fuel handling and railroad car bay of the
auxiliary building. It is anticipated that the number of lifts made by the spent fuel cask bridge
crane associated with the spent fuel cask, new fuel shipping containers, and new fuel
assemblies will be small compared to the miscellaneous equipment and maintenance lifts that
will occur in the auxiliary building. For those SFCBC loads which are handled in the fuel
handling building, specific procedures will be utilized. The SFCBC main hoist conformance with
NUREG 0554 is shown in table 9.1.5-5.

A postulated load drop of 5 tons from the auxiliary hoist of the SFCBC has been analyzed and
determined not to compromise the integrity of the spent fuel pool. The movement of the new
fuel containers is governed by a specific procedure that defines the safe load path in the fuel
handling building (drawing 1X4DEG603) to maximize the distance between the load and the
spent fuel pool. The analysis of a postulated load drop from the monorail hoist of the SFCBC is
enveloped by the auxiliary hoist analysis discussed above. The movement of the new fuel
assemblies from the new fuel containers does not qualify as a heavy load. If heavy loads other
than those specified in table 9.1.5-4 are to be moved within the fuel handling building, the safe
load paths to maintain maximum distance between the load path and the spent fuel pools will be
reviewed and approved by the plant review board. In addition, if the safe load path is within 15
ft of the spent fuel pool, the review board will review any special equipment (safety cables, etc.)
or geometric arguments that would preclude the load from rolling or tipping into the spent fuel
pool. Periodically, it will be necessary to replace the seals associated with the spent fuel pool
gates between the pool and the cask loading pit and the pool and the fuel transfer canal. The
gate seal removal for both the transfer canal and cask loading pit seal will utilize the fuel
handling machine to remove the seal and transport it to the cask loading pit. The seal will then
be transferred to the monorail hoist of the SFCBC and placed in an acceptable work area. The
seal frame weighs approximately 1500 Ib, which classifies it as a light load. Administrative
controls and safety cables will ensure that minimum lift heights will be followed and minimum
drop heights would occur. Movement of the seal over fuel assemblies will be minimized
whenever possible.

9.1.5.3.3 Postulated Loads Inside Other Buildings

The effects of postulated load drops in the auxiliary building, lower levels of the fuel handling
building, diesel generator building, auxiliary feedwater pumphouse, and nuclear service cooling
water pumphouse have been evaluated. Table 9.1.5-2 lists each of the loads and the bases for
satisfying the NUREG 0612 criteria.

All loads, except nine, postulated in table 9.1.5-2 can be excluded from the NUREG 0612
requirements based on not compromising the ability of safety-related equipment to perform its
safety function or preclude decay heat removal.

A postulated drop of 6000 Ib and 18 ft from the backflushable filter/hatch covers/resin charging
tank hoist on level B of the auxiliary building was analyzed. It was determined that a drop from
this height could cause sufficient secondary missiles on level D that the ability to safely shut
down could be compromised. The only safe shutdown equipment/components that would be
affected are located under the mezzanine area. By analysis, a safe load height was determined
such that a postulated drop would not compromise components on level D. The safe load
height of 3 ft is incorporated into the safe load path shown on drawing 1X4DE605. This safe
load path will be administratively controlled and will be a part of the load handling procedures
described in paragraph 9.1.5.6.

A postulated load drop of a filter transfer cask (4890 Ib) over an out-of-service CVCS seal
injection filter during maintenance activities to replace the filter cartridge has been analyzed.
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The analysis concludes that a postulated load drop of the transfer cask from a height of 3 ft
above the auxiliary building level B mezzanine slab will be contained within the filter's level B
chamber and would not generate secondary missiles on level C. Load restrictions during CVCS
seal injection filter cartridge replacement are administratively controlled and incorporated into
the safe load path drawing 1X4DE605.

A postulated load drop of a filter transfer cask (4890 Ib) over an out-of-service reactor coolant
filter during maintenance activities to replace the filter cartridge has been analyzed. The
analysis concludes that a postulated load drop of the transfer cask from a height of 3 ft above
the auxiliary building level B mezzanine slab will be contained within the filter's level B chamber
and would not generate secondary missiles on level C. Damage to the filter and piping resulting
from a load drop may affect the seismic qualification of the upstream and downstream piping
systems; however, the load drop itself will not cause a failure of the upstream and downstream
piping that could affect safe shutdown or decay heat removal capabilities as long as the filter is
bypassed and isolated. Load restrictions during a reactor coolant filter cartridge replacement
are administratively controlled and incorporated into the safe load path drawing 1X4DE605.

The analysis of a postulated drop of 8000 Ib and 9 ft 8 in. from the cartridge filter hatch cover
and filter cask hoist on level D of the auxiliary building determined that a drop in the area of the
boric acid filter on level D from a height greater than 1 ft would compromise the ability of the
boric acid filter to function. The safe load path for the OHLHS is shown on drawings 1X4DE606
and 2X4DEG601.

A postulated load drop of the residual heat removal (RHR) heat exchanger would compromise
the redundant train of residual heat removal and the redundant train of the nuclear service
cooling water system. In addition to crane operator qualification load handling procedures and
conformance of lifting devices (sling and associated devices) with ANSI B30.9-1971, an
inspection of the monorail, hoist, lifting device (sling and associated devices), and lifting lug
attached to the heat exchanger will be performed prior to the lift.

The analysis of a postulated drop of the equipment hatch cover (4000 Ibs) on the 6-inch slab at
the roof of Unit 2 control building, level 3, determined that a drop from a height greater than 6
feet could cause the roof to collapse and compromise the ability to shut down Unit 2. The safe
load path for the OHLHS is shown on drawing 2X4DE600.

The analysis of a postulated drop of the auxiliary feedwater pumphouse sump pump hatch
cover (approximately 25,000 Ibs), on the auxiliary feedwater pumphouse roof, determined that a
drop in this area from a height greater than 2 feet might cause the roof to collapse and
compromise the ability to safely shut down. The safe load path for the OHLHS is shown on
drawing 1X4DEG07.

The analysis of a postulated drop of 3100 Ib at a maximum height of 7 ft from the floor plugs on
the level A corridor of the auxiliary building determined that a drop in the area of the waste
decay tanks on level B from a drop height greater than 6 inches may affect decay heat removal
and radiological release exceeding 10 CFR 100 limits. The safe load path for the OHLHS is
denoted on drawings 1X4DES503 and 2X4DES503.

The analysis of a postulated load drop of the floor plug (approximately 5000 Ib) on the level A
concrete floor determined that a drop in the area of the seal water heat exchanger greater than
6 inches may cause the floor to collapse and compromise the ability to safely shutdown Unit 1.
The safe load path for the OHLHS is denoted on drawing 1X4DE503.
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9.1.54 Tests and Inspections?

Selected load carrying mechanical components subject to repeated stress undergo
nondestructive examination in the shop.

Preoperational testing is performed in the field to demonstrate acceptable performance of
mechanical and electrical components. The cask crane and polar crane main hook and
auxiliary hook are load tested to 125% of hoist rating in accordance with ANSI B30.2. The
ability of these cranes to handle loads smoothly within the design speed range is demonstrated
by testing in accordance with Occupational Safety and Health Administration (OSHA) P 1910.

Prior to use, components and interfacing portions of the components are checked to ensure
proper matchup and verify they are free of foreign or loose parts.

Test, inspection, and maintenance of OHLHS are performed in accordance with the
manufacturer recommendations and will be consistent with ANSI B30.2 or with appropriate
ANSI standards with the clarification that when the crane use frequency is less than the
specified test or inspection frequency, the test or inspection will be done prior to crane use.

9.1.5.5 Instrumentation Applications

Mechanical and electrical interlocks are provided when required to ensure the proper and safe
operations of OHLHS.

The OHLHS are equipped with limit switches as appropriate to prevent improper travel and
ensure safe operation of OHLHS. Specific details and descriptions of OHLHS are provided in
paragraph 9.1.5.2.

9.1.5.6 Load Handling Procedures

Load handling operations for heavy loads that are or could be handled over or in proximity to
irradiated fuel or safe shutdown equipment are controlled by written procedures. As a minimum,
procedures will be used for handling loads listed in table 3-1 of NUREG 0612, with the
exception of the polar crane main hoist load block. ASME NML-1 states “the running rope and
lower block of an overhead crane are considered part of the overhead crane”. Therefore, the
polar crane main hoist load block is not considered a load or heavy load. Each procedure will
address:

e The specific equipment required to handle load (e.g., special lifting device, slings,
shackles, turnbuckles, clevises, load cell, etc.).

e The requirements for crane operator and riggers qualification.

e The requirements for inspection prior to load movement and acceptance criteria for
inspection.

o The defined safe load path and provisions to provide visual reference to the crane
operator and/or signal person of the safe load path envelope.

@ Inspections credited for license renewal are summarized in the Overhead and Refueling Crane
Inspection Program description in subsection 19.2.20.
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e Specific steps and proper sequence to be followed for handling load.

e Precautions, limitations, prerequisites, and/or initial conditions associated with
movement of the load.

Slings and other devices used with the sling to make a complete lifting device that are specified
in the load handling procedures will conform to NUREG 0612 and ANSI B30.9 as described in
paragraph 9.1.5.2.5.

Equipment layout drawings showing the safe load path will be used to define safe load paths in
load handling procedures. Deviation from defined safe load paths will require a written
alternative procedure approved by the Plant Review Board.

9.1.6 DRY SPENT FUEL STORAGE

In order to provide additional temporary spent fuel storage capacity, Southern Nuclear
Operating Company (SNC) has chosen to exercise the general license provisions 10 CFR Part
72, Subpart K, for temporary storage of spent fuel in an ISFSI pending removal from the site by
the U.S. Department of Energy. As described in 10 CFR 72.212, the general license is limited
to storage of spent fuel which SNC is authorized to possess at the site under its Part 50 specific
license and is restricted to use of spent fuel casks that have been revised and approved by the
NRC for use under the general license provisions of Part 72. Operation of the ISFSI and
corresponding analyses is described in the Vogtle 10 CFR 72.212 Report.

9.1.6.1 Facility Description

The ISFSI is located south of the auxiliary building inside the protected area and east of the
ISFSI support building outside of the protected area for the Part 50 facility as described in
paragraph 1.2.10.6. The ISFSI consists of three concrete storage pads designed to
accommodate 136 spent fuel casks and support equipment. Security fencing and radiological
postings are provided consistent with the VEGP physical security plan and radiation protection
program, respectively. A list of acceptable spent fuel casks for use at VEGP and an evaluation
for each is provided in table 2.2-1 of the Vogtle 10 CFR 72.212 Report.

SNC selected the HI-STORM 100 cask system by HOLTEC International and granted
Certificate of Compliance (CoC) 1014 by the NRC, for dry storage of spent fuel under the
general license provisions of 10 CFR 72, Subpart K, at Vogtle. The HI-STORM 100 cask
system is a canister-based system with a capacity of up to 32 pressurized water reactor fuel
assemblies for temporary onsite storage pending removal to a federal repository and consists of
the following:

e Storage overpack (HI-STORM 100S, Version B).
e Multipurpose canister (MPC-32).
e Transfer overpack (HI-TRAC 125D).

The HI-STORM 100 cask system utilizes a transfer cask for the purpose of placing an empty
canister into the cask loading pit, shielding during canister closure operations, and transfer of
the canister to the storage overpack. The HI-TRAC 125D carrying a loaded MPC-32 canister
weighs approximately 125 tons during removal from the spent fuel cask loading pit and
represents the heaviest load associated with spent fuel cask loading operations. Water is
removed from the canister as necessary to assure the lifted weight remains less than the 125-
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ton maximum critical load of the spent fuel cask bridge crane. Handling of heavy loads
associated with spent fuel cask loading operations is described in subsection 9.1.5.

To facilitate transfer of the canister from the transfer cask to the storage overpack, and
ultimately transfer of the canister to a transportation cask for shipment offsite, a cask transfer
facility (CTF) is provided in the existing protected area in close proximity to the ISFSI. A vertical
cask transporter is used for transporting the loaded transfer cask from the auxiliary building to
the CTF and the loaded storage overpack to the ISFSI. The vertical cask transporter is also
used at the CTF as the lifting mechanism for transfer of the MPC from the transfer cask to the
storage overpack as part of loading operations and the storage overpack to the transfer cask
should recovery and unloading be required.
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TABLE 9.1.2-1

LOADS AND LOAD COMBINATIONS

Loading Combination Stress Limit

D+L Level A service limits

D+L+T,

D+L+T,+E

D+L+T,+E Level B service limits

D+L+Fy The functional capability of the fuel racks should be

demonstrated

where:
D = Dead weight-induced stresses (including fuel assembly weight)
L = Live load (0O for the structure, since there are no moving objects

in the rack load path)

Fq = Force caused by the accidental drop of the heaviest load from
the maximum possible height

Ps = Upward force on the racks caused by postulated stuck fuel
assembly
E = Operating Basis Earthquake
E' Safe Shutdown Earthquake
To = Differential temperature induced loads (normal or upset
condition)
Ta = Differential temperature induced loads (abnormal design
conditions)
NOTES:
1. The abbreviations in the table above are those used in the Standard Review Plan,

subsection 3.8.4.
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TABLE 9.1.3-1 (SHEET 1 OF 3)

SPENT FUEL POOL COOLING AND PURIFICATION SYSTEM
COMPONENT DESIGN PARAMETERS

Spent Fuel Pool Pump

Number

Design pressure (psig)
Design temperature (°F)
Design flow (gal/min)
Material

Spent Fuel Pool Skimmer Pump

Number

Design pressure (psig)
Design temperature (°F)
Design flow (gal/min)
Material

Refueling Water Purification Pumps

Number

Design pressure (psig)
Design temperature (°F)
Design flow (gal/min)
Material

Spent Fuel Pool Heat Exchangers®

Number

Type

Design heat transfer (Btu/h)
Required capacity (Btu/h/°F)

2

150

200

2300
Stainless steel

1

150

200

100

Stainless steel

1

120

140

250

Stainless steel

2
Shell and U tube
17.38 x 10°

2.0 x 10°
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TABLE 9.1.3-1 (SHEET 2 OF 3)

Shell Tube
Design pressure (psig) 150 150
Design temperature (°F) 200 200
Design flow (Ib/h) 1.98 x 10° 1.14 x 10°
Inlet temperature (°F) 105 128
Outlet temperature (°F) 114 113

Shell Tube
Fluid circulated Component Spent fuel

cooling water pool water

Material

Spent Fuel Pool Demineralizer

Carbon steel

Number 1

Type Flushable
Design pressure (psig) 300
Design temperature (°F) 250
Design flow (gal/min) 100
Resin volume (ft%) 30®)

Material

Spent Fuel Pool Cartridge Filter

Stainless steel

Number 1

Design pressure (psig) 350
Design temperature (°F) 200
Design flow (gal/min) 250

Filtration requirement
Material, vessel

Spent Fuel Pool Skimmer Filter

98% retention of particles above 5 um
Stainless steel

Number 1

Internal design pressure (psig) 300
Design temperature (°F) 250
Design flow (gal/min) 100

Stainless steel

Filtration requirement
Material, vessel

98% retention of particles above 5 um
Stainless steel
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TABLE 9.1.3-1 (SHEET 3 OF 3)

Spent Fuel Pool Strainer

Number 2

Design temperature (°F) 200

Rated flow (gal/min) 2300

Perforation (in.) Approximately 0.2
Material Stainless steel

Spent Fuel Pool Skimmer/Strainer

Number 2

Design temperature (°F) 200

Design flow (gal/min) 68

Perforation (in.) 1/2 x1/2
Material Stainless steel

(@)  The heat exchanger design and sizing is based on the parameters as shown.
The spent fuel pool temperature analyses utilize the same physical parameters
for the heat exchanger. However, the heat exchanger performance is calculated
based on the maximum heat load for each case and the overall performance of
the heat removal systems that transfer the heat from the spent fuel pool to the
ultimate heat sink.

(b)  This is the design maximum loading. Smaller volumes may be used based on

operational needs and type of resin used. Media loaded into demineralizer is
evaluated through the VEGP Chemical Control Program.
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VEGP-FSAR-9

TABLE 9.1.5-1 (SHEET 1 OF 3)
SPENT FUEL CASK BRIDGE CRANE
AND POLAR CRANE DATA

Spent Fuel Cask Bridge Crane

Main hoist
Maximum full-load capacity (outside restricted area) @ 15 tons
Maximum full-load capacity (inside restricted area) 125 tons

Full-load hoisting speed (normal)(raising and lowering)  0.25-5.0 ft/min

Hook lift 70 ft
Main/auxiliary hoist trolley

Traveling speed 1-30 ft/min

Trolley traverse 27 ft 10 in.
Auxiliary hoist

Maximum full-load capacity 15 tons

Full-load hoisting speed

0.25-15 ft/min

Hook lift 140 ft
Bridge

Traveling speed 1-40 ft/min

Maximum travel 153 ft 10 in.
Monorail hoist

Maximum full-load capacity 2 tons

Full-load hoisting speed 0-22 ft/min

Hook lift 40 ft 6 5/8 in.
Monorail trolley

Trolley speed 30 ft/min

Trolley traverse 33 ft

a. Restricted area is the shaded portion of drawing AX4DES501.
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Pendant
Fixed cable length
Design standards
General
Electrical
Others

OSHA Section

Main hoist

Maximum full-load capacity

Full-load hoisting speed (normal)
Full-load hoisting speed (inching)

Hook lift

Main/auxiliary hoist trolley
Traveling speed (normal)
Traveling speed (inching)
Trolley traverse

Auxiliary hoist
Maximum full-load capacity
Full-load hoisting speed
Hook lift

Bridge

Traveling speed (normal)
Traveling speed (inching)

VEGP-FSAR-9

TABLE 9.1.5-1 (SHEET 2 OF 3)

45 ft

CMAA No. 70 (1975)
ANSI B30.2.0 (1976)
NFPA Vol. 5, Article 610 (1978)

1910.179 (2010)

Containment Polar Crane

225 tons

0-5.3 ft/min

4 in./min (max.)
150 ft

0-55 ft/min
12 in./min
106 ft 6 in.

25 tons
0-43 ft/min
150 ft

0-150 ft/min
40 in./min (max.)
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VEGP-FSAR-9

TABLE 9.1.5-1 (SHEET 3 OF 3)

Design standards

General CMAA No. 70 (1975), AISC
ANSI B30.2 (1976)

Electrical NFPA Vol. 5, Article 610 (1978)

Others OSHA Section 1910.170 (1971)
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VEGP-FSAR-9

TABLE 9.1.5-5 (SHEET 1 OF 8)

SINGLE FAILURE PROOF CRANE CONFORMANCE TO NUREG-0554

NUREG-0554 VEGP Position

Section 2.1 The spent fuel cask bridge crane will not be used during
construction; therefore, no separate specifications were prepared.

Section 2.2 The spent fuel cask bridge crane is designed with a maximum
critical load and design rated load of 125 tons. The wearing
components in the main hoist including the wire ropes, sister hook,
brakes, reducers, and bearings have been designed with an
increased design margin of at least 15% above the maximum
critical load.?

Section 2.3 All identified parameters, except maximum rate of pressure
increase and emergency corrosive conditions, were specified. A
maximum rate of pressure increase was not specified because it
was judged not to be significant to safe design of the crane.
Because it is located outside of containment, the crane will not be
subjected to the high accident pressure possible inside
containment. Emergency corrosive conditions were not specified
because none were identified that would prevent safe crane
operation.

Section 2.4 The minimum specified operating temperature is 40°F. Materials
for load carrying structural members essential to structural integrity
are impact-tested at or below the minimum operating temperature
by the charpy V-notch method according to paragraph ND-2300 of
the ASME Code, Section Ill, 1977 edition, with addenda through
summer 1978. The hoist drums are considered as members
essential to structural integrity, and the drum barrel material is
impact tested as required for load carrying structural members.
Material traceability and certified material test reports are provided
for the following components:

e Main hoist reducer and gears.

e Main hook, block plates, and shafting.

e Drum and drum shaft.

e Holding brakes, except electrical components.

e Trolley structure, rope anchors, crown sheaves, uplift and lateral
restraint structures.
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TABLE 9.1.5-5 (SHEET 2 OF 8)

NUREG-0554 VEGP Position

e Girders, end ties, uplift and longitudinal restraint structures.

The crane is not subjected to coldproof testing because impact
testing was performed for structural members essential to structural
integrity. Cast iron was not used for any load bearing components.
The use of cast iron is limited to parts of a nonstructural nature.

Section 2.5 The crane structures and components in the main load path are
designed to the requirements of Seismic Category 1 equipment.
The design rated load plus operational and seismically induced
pendulum and swinging load effects are considered in the design of
the trolley, and they are added to the trolley weight for the design of
the bridge. The response spectra technique is used in the modal
analysis to establish inertia forces as in NRC Regulatory Guide
1.92, Combining Modal Responses and Spatial Components in
Seismic Response Analysis. The crane is designed to withstand
loads and load combinations so that it is able to retain the maximum
lifted load and preserve the structural integrity during and following
an SSE or an OBE. Positive seismic restraints are provided on the
crane to prevent bridge, trolley, or any other part from falling on
structures or equipment situated below the crane in the event of an
earthquake.

Section 2.6 Appropriate nondestructive examinations, such as ultrasonic
testing, radiographic testing, liquid penetration testing, and
magnetic particle testing are performed to qualify all critical weld
joints whose failure could cause the dropping of a critical load or the
degradation of the integrity of the crane structure. The design of the
crane eliminates lamellar tearing since heavy plates were not used.
Structural welding requirements for the crane are in accordance
with AWS Structural Welding Code D1.1.

Section 2.7 A structural fatigue analysis is not part of the design requirements
for the spent fuel cask bridge crane due to the low number of lifts
expected for the crane. The structural fatigue design requirements
are in accordance with CMAA Specification No. 70. The crane is
classified as a moderate duty Class C crane per CMAA
classification.

Section 2.8 All trolley and bridge preheat temperature and post-weld heat

treatment is per AWS D1.1.

Section 3.1 Quality inspections and checks for the primary or principle load
bearing components have been defined and performed during the
manufacturing of the trolley and bridge.
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NUREG-0554 VEGP Position

Section 3.2 Only the main hoist is used to handle the spent fuel cask. The main
hoist is designed so that failure of the main hoist components will
not cause the load to drop. The auxiliary hoist and the monorail
hoist are used for normal plant maintenance only and are not single
failure proof.

Section 3.3 A push-pull emergency stop switch is provided on the radio remote
control unit and pendant control unit. Pendant control pushbuttons ar
momentary-contact type that return to the off position when released.
Motion switches on the radio remote control transmitter are sealed
spring lever switches that return to the off position when released.
Release of the pushbutton or lever switch will stop the particular
controlled motion and set the corresponding braking mechanism.
When the emergency stop switch is pushed in, it will stop power to all
motors. Power shutoff will automatically set the holding brakes.

Section 3.4 Manual operation of the holding brakes is provided for the main
hoist and auxiliary hoist so that the lifted load can be lowered in a
safe manner in an emergency situation. Trolley and bridge are
made with attachment points for manual operation and movement.

Section 4.1 A dual rope reeving system, with load balance on the upper and
lower blocks, is provided for the main hoist. In the event of main
hoist rope failure, the resulting stresses due to load transfer to the
redundant rope will not exceed 34% of the manufacturer's
published breaking strength. Under seismic loads, the maximum
load in the rope will not exceed 90% of the manufacturer's
published breaking strength, with one of the redundant ropes
carrying the load. Under normal operation, the maximum load in
the ropes in the dual reeving system is less than 10% of the
manufacturer's published breaking strength. Fleet angles of 3-1/2°
or less will be maintained when the load block is 10 ft below its
highest point.

Section 4.2 The drum bearing stands are steel structures which ensure that a
shaft or bearing failure will not allow the main drums to disengage
from the brakes.

Section 4.3 The head and load blocks are designed to use a dual reeving
design to maintain a vertical load balanced about the center of the
lift. The design provides an equivalent margin of safety by
providing a single load path and attachment points with a 10-to-1
safety factor on ultimate strength. The sister hook is load tested at
twice its rated load with each side equally loaded at rated load.
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NUREG-0554 VEGP Position

Section 4.4 The main hoist and the auxiliary hoist are each provided with
induction motors; each motor is powered by a single variable
frequency drive unit. The maximum speed of the main hoist is
5 ft/min (raising or lowering), and the auxiliary hoist speed is
15 ft/min. Both the main hoist and the auxiliary hoist are provided
with overspeed limit switches. The maximum line speed of the
main and auxiliary hoist is less than 50 fit/min.

Section 4.5 Redundant limit switches are provided for both the main hoist and
the auxiliary hoist in the raising and lowering direction. A rotary limit
switch is mounted on each drum shaft which senses both the upper
and lower positions of the load block and stops the motion by
deenergizing the hoist controls. The secondary lever-operated
power limit switch is tripped by the load block making contact with
the switch which directly breaks the power to the hoist motor at the
uppermost load block position. A load sensing system is provided
for the main hoist. Hoist overload will automatically trip the hoist
motor and set the brakes. Each limit switch allows the hoist motor
to be operated in reverse after it has tripped.

Section 4.6 See paragraph 9.1.5.2.2.6.

Section 4.7 The crane will not be used for hoisting loads at angles. In the event
of an excessive off-center lift with the main hoist, an unbalanced
load limit will be tripped and the hoisting motion will be stopped.

Section 4.8 The main hoist design used dual gear trains between the holding
brakes and hoisting drum, but also includes additional hydraulic
drum brakes. The redundancy provides assurance that the load will
be safely held in case of a single failure. In addition, drum retaining
stands are provided to support the drum and to maintain the drum
gear meshes in the event of failure of the drum shaft, bearings, or
pillow blocks. Also, deflection calculations were performed under
load to confirm the frame deflection does not affect machinery
alignment.

Section 4.9 The main hoist braking systems are fail-safe. There are two main
hoist brakes designed with a minimum capacity of 125% developed
during the hoisting operation. The main hoist is also controlled with
a dynamic braking through the flux vector drive. The holding brakes
are activated when power is off and are automatically set when any
one of the following abnormal conditions exist:

e Broken hoisting cable or unequal cable length.

e Upper and lower overtravel of the load block.
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NUREG-0554 VEGP Position
e Drive motor overspeed.

e Lifting load exceeds 110% of the rated load.

In addition to the two hoisting brakes, each drum has an emergency
brake that can be used through a controlled brake release and
safely lower a lifted load during an emergency situation.

Section 5.1 The bridge and trolley drive consists of two identical induction
motors; each motor is powered by a single variable frequency drive
unit with integrally mounted disc brakes rated at 125% of motor full-
load torque and a reducer which is coupled to each bridge drive
wheel located at each end of the bridge. The bridge and trolley are
equipped with travel limit switches. The bridge and trolley motors
are provided with spring set, electrically released holding brakes
that are automatically applied when power is interrupted. For an
overspeed situation, the frequency drives will sense any
overvoltage condition and transverse brakes would be set and
prevent further travel. The programmable logic controller prohibits
movement of loads in excess of 15 tons on the main hook outside
of the predesignated area for additional safety operation of the
crane. End-stop compression bumpers are provided for the bridge
and trolley as backups for the bridge and trolley end-of-travel limit
switches. Both the bridge and trolley drives are equipped with
variable frequency drives. Maximum bridge travel speed is 40
ft/min. Maximum trolley travel speed is 30 ft/min. Tripping of travel
limit switches and end-of-travel limit switches will interrupt power to
the respective drive motors and set the brakes.

Section 5.2 In the event of tripping of the limit switches mentioned in Section
5.1, the particular movement of the bridge or trolley will stop. The
programmable logic controller will prevent all movement in that
direction and only allow movement in the opposite direction.
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NUREG-0554 VEGP Position

Section 6.1 Both the main hoist and the auxiliary hoist are equipped with
overspeed limit switches, upper travel limit switches, and lower
travel limit switches. Hoist driving motors are selected so that they
are compatible with other components in the hoisting system. The
main hoist speed is 0.25 ft/min to 5 ft/min. The auxiliary hoist
maximum speed is 15 ft/min. The electric brakes provided for the
main hoist and the auxiliary hoist will set at 115% of the maximum
hoisting speed. A load sensing system is provided that is
independent from a weigh scale system to stop the hoist motion in
the event of a sustained overload. Tripping of overtravel,
overspeed, or overload devices will interrupt power to the driving
motors and set the brakes. An emergency stop switch is provided
at the pendant and at the radio remote control to shut off power to
the crane and set the brakes. In addition, an emergency circuit
breaker is located at the operating floor (el 220 ft O in.) of the
auxiliary building to cut off the power supply to the crane
irrespective of the crane controls.

Section 6.2 The control system design consists of a combination of electrical
and mechanical systems. The crane will not be used to lift spent
fuel assemblies.

Section 6.3 Thermal overload devices, undervoltage devices, phase loss
protection, and overtemperature detectors are included in the main
hoist control circuit in addition to overspeed, overtravel, and
overload protection. The auxiliary hoist has similar protection, as
provided for the main hoist. Thermal overload and undervoltage
devices are included in the bridge and trolley control circuits, in
addition to overtravel protection.

Section 6.4 Frequency drives are provided for the main hoist, the auxiliary hoist,
and the bridge and trolley. The frequency drives provide the crane
motion, control acceleration and deceleration of the motor, and
eliminate abrupt motion changes. Drift point is not provided for
bridge or trolley movement.

Section 6.5 Safety devices and backup systems are provided for the crane to
preclude any foreseeable inadvertent operator action.

Section 6.6 Crane motions are controlled either from the pendant unit or from
the radio remote unit. No other operator stations are provided for
the crane. An interlock switch is provided between the pendant
control and radio remote control.

Section 7.1 Operating instruction and maintenance manuals prepared by the
crane manufacturer are provided.

Section 7.2 The crane will not be used for construction.
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NUREG-0554 VEGP Position

Section 8.1 A preoperation test will be performed after the crane has been
installed to verify proper installation of various components,
including alignment, clearance, electrical wiring, and connections.
In addition, a running test will be performed prior to putting the
crane into a permanent operational status.

Section 8.2 Prior to completion of the preoperational and running testing of the
crane, a load test is performed on the main hook and the auxiliary
hook, which will be loaded to 125% of the hoist rating in accordance
with ANSI B30.2. The deflection of the bridge at its center will be
measured to confirm that it is within the limits stated in CMAA No.
70. However, manual lowering of the maximum critical load is
included in the operational testing of the crane.

Section 8.3 The main hoist and the auxiliary hoist are provided with two
redundant overhoist travel limit switches. In addition, the main hoist
is equipped with load sensing for load hangup protection. Proper
functioning of all these devices will be verified during the
preoperational and running testing of the crane. Two blocking and
load hangup tests are performed during preoperational testing.

Section 8.4 The integrity of all control, operating, and safety systems will be
verified as to satisfaction of installation and design requirements.

Section 8.5 Recommended inspection and maintenance procedures for various
components of the crane are furnished by the manufacturer in the
maintenance manual. The inspections encompass the
requirements necessary to assure degradation of the critical
wearing components does not affect the crane’s MCL rating. An
operating manual is provided for the crane.

Section 9 The manufacturer provided a manual of information to use for
checking, testing, and operating the crane. The manual also
describes preventive maintenance program based upon the
requirements of OSHA 1910.179 and ASME B30.2. The
preventive maintenance program provided the information required
to service, repair, and replace all major components.

Section 10 The crane is procured under a quality assurance program that
conforms to 10 CFR 50 Appendix B. Field installation, testing,
operator qualification, and crane operation will conform to ANSI
B30.2 as appropriate.
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®The operating licenses for both VEGP units have been renewed and the original licensed
operating terms have been extended by 20 years. Since the spent fuel cask bridge crane
bridge and trolley have been replaced, the additional years of operation remains much less than
the design capabilities of the spent fuel cask bridge crane. In accordance with 10 CFR Part 54,
appropriate aging management programs and activities have been initiated to manage the
detrimental effects of aging to maintain functionality during the period of extended operation
(see chapter 19).
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9.2 WATER SYSTEMS

9.2.1 NUCLEAR SERVICE COOLING WATER SYSTEM

The nuclear service cooling water (NSCW) system provides cooling water for the containment
coolers, control building essential chiller condensers, various engineered safety features (ESF)
pump coolers, standby diesel generator jacket water coolers and the component cooling water
(CCW) and auxiliary component cooling water (ACCW) heat exchangers and transfers the heat
removed from these systems to the ultimate heat sink. The ultimate heat sink is described in
subsection 9.2.5. Site features are described in chapter 2.

The heat removal requirement is greater for Unit 2 than for Unit 1 due to the larger spent fuel
storage capacity of the Unit 2 pool. This results in some differences in the system performance
and available inventory for each unit. These differences, where they are significant, are outlined
in the following paragraphs. When a single value is presented, it represents the upper bound
for both Units.

9.2.1.1 Design Bases

Protection of the NSCW system from wind and tornado effects is discussed in section 3.3.
Missile protection is discussed in section 3.5. Protection against the dynamic effects associated
with postulated rupture in piping is discussed in section 3.6. Environmental design is discussed
in section 3.11.

9.21.1.1 Safety Design Bases

A. The NSCW system, containing the plant ultimate heat sink, is designed to
remove heat from plant auxiliaries that are required for a safe reactor shutdown.

B. The NSCW system is designed to detect and preclude leakage to the
environment of radioactive contamination that may enter the NSCW system from
the CCW system, ACCW system, or the containment coolers.

C. The NSCW system is designed to meet Seismic Category 1 requirements.
Nonseismic pipe, ductwork, and components are evaluated to ensure that their
physical collapse during a safe shutdown earthquake (SSE) will not adversely
affect essential components.

D. The NSCW system excluding the NSCW tower fans is protected from extreme
natural phenomena and missiles.

E. The NSCW system is protected from the effects of pipe whip, jet impingement,
and water spray damage from high- and moderate-energy line breaks.

n

The NSCW system is protected from the effects of freezing.

The NSCW system is designed to perform its cooling function following a loss-of-
coolant accident (LOCA), automatically and without operator action, assuming a
single failure coincident with a loss of offsite power.
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H. The NSCW system is designed such that boiling does not occur in the
containment coolers during LOCA conditions.

. The NSCW system is designed so that system pressure is greater than the
containment building maximum calculated pressure during accident conditions to
preclude leakage to the environment via the NSCW system.

J. The NSCW system is designed to minimize the effects of water hammer forces.
9.2.1.1.2 Power Generation Design Bases
The NSCW system provides cooling to plant components, as required, during normal operation

and normal shutdown.

9.2.1.2 System Description

9.2.1.21 General Description

The NSCW system consists of separate, redundant, 100%-capacity trains comprised of cooling
towers, pumps, piping, valves, and instrumentation, as shown in drawings 1X4DB133-1,
1X4DB133-2, 1X4DB134, 1X4DB135-1, and 1X4DB135-2. The system components are
designed to the codes and standards in table 3.2.2-1.

The locations of the cooling towers with their pumphouse are shown in drawing AX4DD300.
The locations of the components that are cooled by the NSCW system are shown in drawings
1X4DE317, 1X4DE320, 1X4DE322, 1X4DE315, 1X4DE318, 1X4DE321, 1X4DE323,
1X4DE324, 1X4DE325, 1X4DE316, 1X4DE327, and 1X4DE330. The NSCW towers and pump
and fan locations are shown in drawing 1X2D05E001. Required system flows and heat loads
are given in table 9.2.1-1. [Drawings 1X4DB149-1, 2X4DB149-1, 1X4DB149-2, 2X4DB149-2,
1X4DB149-3, 2X4DB149-3, 1X4DB149-4, and 2X4DB149-4 show a flow diagram for the
NSCW, CCW (subsection 9.2.2), and ACCW (subsection 9.2.8) systems.] [Historical]

Cooling water for each unit is normally pumped from the cooling tower basins, one for each
train, by two of three NSCW pumps provided in each train to the essential components coolers,
through the two main redundant NSCW supply headers (trains A and B). After removing heat
from the components, the coolant is piped back to the cooling towers where the heat is rejected
through direct contact with ambient air. Each tower basin is provided with a transfer pump to
effect water transfer between the two basins to permit full utilization of the water inventory in the
two basins, even with the loss of one NSCW train.

Each unit is serviced by its own dual train NSCW system. There is no sharing of components
between the two units on the site.

9.2.1.2.2 Component Description

Table 9.2.1-3 summarizes the design parameters of the major components in the NSCW
system.
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A. Pumps

The NSCW pumps and NSCW standby pump are each rated at 8600 gal/min at
230-ft head. Each pump is driven by a 700-hp motor. The transfer pump is
driven by a 30-hp motor and is rated at 600 gal/min at 110-ft head.

B. NSCW Towers

The cooling towers are vertical cylindrical structures. A detailed description of
the NSCW towers is provided in subsection 3.8.4.

C. NSCW Tower Fans

A detailed description of the NSCW tower fans is provided in subsection 9.2.5.

9.2.1.2.3 System Operation

Two separate, 100% redundant NSCW trains are provided, one of which is in service at all
times with or without offsite power available. During power generation, at least one NSCW train
is in operation. During the other plant operating modes, including post-accident coincident with
a loss of offsite power, both NSCW trains may be operating, if available, although one train is
sufficient to reject 100% of the heat loads associated with bringing the plant to and holding the
plant at a safe shutdown condition.

The NSCW pumps each provide 50% of the cooling water requirements for each train. Two
pumps are operated, with the third pump on standby, and automatically started on low pressure
in the pump discharge manifold.

As discussed in subsection 9.2.5, a transfer pump, powered from the opposite emergency
power train, is provided in each basin to allow transfer of water between basins and thus permit
full use of the total water inventory in both basins, assuming loss of offsite power and the most
limiting single active failure.

The NSCW system supplies water at a higher pressure than the fluid in the cooled safety-
related component. Therefore, if leakage occurs, it will be into the system being cooled.
However, as further protection against radioactivity release to the environment, radiation
monitors are installed in the return line to each NSCW cooling tower to alert the operators that a
radioactive leak into the NSCW has occurred. Alerted to radioactive inleakage, the operator
may identify the leaking component by selective isolation of heat exchangers and determination
of the rate of decrease of NSCW radioactivity while the suspect component remains isolated.
Once the source is determined, the component may be isolated and repaired.

During the period such testing is being performed, the backup redundant NSCW train may be
activated to provide the required cooling.

System leaks can be detected by flooding level alarms in the drain sumps associated with the
various tunnels and compartments through which the NSCW system piping is routed. In
addition, system leaks from the NSCW to the CCW will be indicated by a high alarm of the CCW
surge tank. Flow alarms are provided to detect high leakage from an idle NSCW train. High
temperature alarms for the CCW heat exchanger and the diesel generator jacket water cooler
will indicate reduction in flow due to a large system leak.

The NSCW system is designed to minimize the effects of water hammer forces. The NSCW
pumps start with the pump discharge valve closed. A 4-in. bypass line with an orifice around
the pump discharge valve allows slow filling of the NSCW system. The NSCW pumps,
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discharge valves, and tower valves are sequenced to minimize water drainage and to ensure
that full NSCW flow is established within the time assumed in the safety analyses.

Because the NSCW system is an open-loop system with components located as much as 56 ft
above and 100 ft below the pump and the system discharges, voiding may occur in an idle train
or upon loss of offsite power and subsequent pump trip. In order to preclude water hammer on
pump restart, the NSCW system incorporates the following design features (these features are
shown on drawings 1X4DB133-1, 1X4DB133-2, 1X4DB134, 1X4DB135-1, 1X4DB135-2,
2X4DB133-2, and 2X4DB134):

A. Interlocks to close both tower valves (spray header HV-1668A and HV-1669A
and cold weather bypass HV-1668B and HV-1669B) whenever the NSCW
pumps in the same train are not operating and to allow normal process controlled
valve operation when the pumps are in service.

B. Motor operators on the NSCW pump discharge valves, with interlocks to close
the valve if the respective pump is not running and to prevent pump start unless
the valve is closed. The valve starts to open after a delay of approximately 45 s
when the respective pump starts, thus, limiting the rate of system
repressurization.

C. Check valves in the NSCW supply line to all components located above grade to
limit the extent of system voiding resulting from draining back to the basins.

D. Keep-full system, consisting of interties between the two trains, with control room
alarm on high flow and manual isolation capability. The locations of the branch
takeoff and injection points have been chosen such that above atmospheric
pressures will be maintained in all portions of the idle train without
overpressurizing the components located 100 ft below grade. The manual
isolation valve can be closed within 30 min after receipt of high flow alarm to
prevent unacceptable loss of basin inventory.

E. Interlocks to close the NSCW tower blowdown valves, if in auto, unless at least
one NSCW pump in the respective train is operating.

F. For Unit 2 only, the inlet and outlet isolation valves for the containment auxiliary
air cooling coils and reactor cavity cooling coils are interlocked so that the outlet
valve partially opens for 3 seconds, delays 60 seconds, then fully opens. The
inlet valve then opens. This design serves to limit the hydraulic transients in
these coolers to prevent water hammer.

G. For Unit 2 only, there are vacuum breakers installed at the high points of the
system, (e.g., the control building essential chiller and the component cooling
water heat exchanger). These vacuum breakers serve to mitigate the pressure
reduction in these portions of the system when the train is shut down for
maintenance or during post accident response.

The tower temperature controls are designed to provide automatic start of the tower fans on
increasing water temperature in the return header. The first fan to start in each NSCW tower is
interlocked to start when the tower's spray valve opens and will stop when the spray valve
closes. The spray valve begins to open when the NSCW return temperature is above 75°F and
begins to close when the temperature falls below 65°F. The other three fans in each NSCW
tower are controlled by independent temperature switches set to start sequentially through a
range of 79°F to 87°F. Automatic trip of these tower fans will occur on decreasing temperature
with each fan set to trip sequentially through a range of 77° to 71°F. To protect against tower
icing in the event of low ambient temperature, two interlocked valves function to bypass the
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cooling tower spray headers and return the water directly to the cooling tower basin whenever
the return water temperature is below 65°F. When necessary due to low ambient temperatures,
freezing of an idle NSCW train or tower basin will be prevented by operating both NSCW trains
and/or both NSCW transfer pumps, and by periodically operating all three NSCW pumps in
each train. Idle piping, stagnant lines, and instrument sensing lines will be protected from
freezing by either insulation, electric heat tracing, space heaters, or other means. The heat
tracing is controlled by ambient sensors located outdoors in a location not exposed to sun or
other heat sources so as to accurately measure the ambient temperature. The sensors are
NEMA 4 rated for outdoor locations and are set to actuate at 38+5°F. A drain hole is provided
in each of the four 12-in. supply headers to the tower spray nozzles to promote self-draining.
Those portions of the spray header supply piping which will not self-drain are protected from
freezing.

During freezing rain, enough heat is present from the basin water to prevent a heavy ice
buildup.

Makeup for each NSCW tower is normally provided by a connection with the plant makeup
water wells. The backup source of makeup water is the Savannah River. NSCW tower basin
water is the source of supply to the NSCW system and does not perform any other function.
The makeup supply to the tower basins and provisions to ensure adequate net positive suction
head (NPSH) for the NSCW pumps are discussed in paragraph 2.4.11.5.

The impact of long-term corrosion on the NSCW piping is compensated for by appropriate
corrosion allowances and addition of a corrosion inhibitor.

Each NSCW cooling tower is provided with chemical treatment that employs biocide to prevent
biological fouling, and a corrosion inhibitor. Chemical treatment is added to each tower basin as
required. A portion of the system coolant is blown down, when makeup water is available, to
prevent the accumulation of fouling agents. The blowdown rate may be controlled by
conductivity or manually. Upon a safety injection signal or loss of external makeup, the tower
blowdown is terminated and the concentration of total dissolved solids is allowed to increase.
However, during the postulated 30-day design accident case (subsection 9.2.5), the solids
buildup will not prevent acceptable operation of the cooling tower or associated NSCW
equipment.

Air-operated valves CV-9446 and CV-9447 modulate NSCW tower blowdown to limit the buildup
of total dissolved solids in the NSCW system. The valves close automatically upon receipt of a
safety injection signal and are designed to fail closed upon a loss of offsite power. Thus, the
valves will close automatically whenever required to conserve NSCW tower basin inventory.
The valves also close whenever the respective NSCW train is not in service as part of the keep-
full system.

Failure of a tower blowdown valve to close when required will be indicated by valve position
lights on the main control board and by a high flow alarm in the keep-full intertie. Additionally,
this condition will be identified by basin level verification required by the Technical Specifications
or, in a post-accident situation, by the valve status verification required by the emergency
instructions. Isolation of the blowdown line can be effected by closing manual valves 047 and
048 (CV-9446) or 049 and 050 (CV-9447). See drawings 1X4DB133-1, 1X4DB133-2,
1X4DB134, 1X4DB135-1, and 1X4DB135-2.

Failure of the valve to close will have negligible effect on NSCW system operability. The most
limiting case is for the valve to stay open coincident with a loss of offsite power (and resultant
loss of basin makeup) with or without a simultaneous accident. Assuming 30-min operator
response time, the loss of basin inventory is less than 1 hour in capacity.
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The tower blowdown sample line class break is at the flow orifice with the nonsafety-related
isolation valve downstream of the orifice. The orifices will limit basin inventory loss in the event
of a seismic failure of the downstream piping. Over the postulated 30-day period without offsite
power and tower makeup, the combined loss from the two sample lines (one on each NSCW
train) is equivalent to approximately 0.3 days or 1% of the total available capacity. This can be
reduced to approximately 0.2 days by closing the keep-full intertie isolation valves (492 and
497) during such conditions as only one NSCW train need be operable.

The NSCW system is protected from overpressure conditions resulting from pump shutoff
pressures by using relief valves on individual component flowpaths and a large relief valve on
the NSCW system return header to the cooling tower. Specifically, the following component
flowpaths are protected with individual pressure relief valves: centrifugal charging pump motor
and lube oil coolers, safety injection pump motor and lube oil coolers, containment spray pump
motor coolers, and residual heat removal pump motor coolers. Also, a pressure relief valve in
the NSCW tower area protects the diesel generator, control building essential chiller, and
reactor cavity cooling coil from overpressure conditions. All other components in the NSCW
system have a design pressure greater than their respective pressures at pump shutoff
conditions. Thermal relief valves protect other components cooled by NSCW, should NSCW
flow be terminated for any reason.

The NSCW corrosion coupon racks allow for continuous monitoring of corrosion rates in the
NSCW system. These racks are located in the NSCW chemical addition room.

The chlorine sample lines from the NSCW cooling tower supply headers supply flow to the
NSCW corrosion racks. The class break for these lines is downstream of a manual isolation
valve. Operator action to close these valves within 8 hours will be taken to limit potential flow
loss due to a failure of the downstream piping.

9.2.1.3 Safety Evaluation

A. The volume of NSCW maintained in the tower basins is sufficient to perform
required cooling. The normal source of makeup water is the makeup wells. In
the event of failure of these wells, a backup source is available from the river.
Required flows are shown in table 9.2.1-1. Refer to subsection 9.2.5 for a
discussion of conformance with Nuclear Regulatory Commission Regulatory
Guide 1.27, Revision 2.

B. Paragraphs 9.2.1.2 and 9.2.1.5 describe provisions for identifying and isolating
leakage from the system.

C. The system is designed and constructed as Seismic Category 1, as indicated in
table 3.2.2-1. All NSCW system piping is contained within Seismic Category 1
structure.

D. Section 3.5 provides the basis for missile protection. The NSCW pumps are
protected by a series of concrete barrier walls and slabs in a pumphouse.

E. Section 3.6 provides the basis for protection from high- and moderate-energy line
breaks. Sections 3.3 and 3.4 provide the basis for protection from natural
phenomena.

External hazards and fires are evaluated in subsection 2.2.3 and the Fire
Hazards Analysis, respectively.
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The lowest ambient temperature anticipated at the site will result in minimal or no
freezing of the NSCW in the basin because of the following factors:

1. The cooling towers are bypassed on low system return temperature, with
the water being returned directly to the basin. Freezing of an idle tower
basin is avoided by either operating both trains or both NSCW system
transfer pumps.

2. Since the basin water level is below ground and the basin depth is
approximately 80 ft, the surrounding nonfreezing ground temperature and
the convection currents in the basin due to pump operation will be factors
tending to prevent freezing.

3. The NSCW pumps' shaft and impellers are located within a concrete
casing, which is surrounded by soil. The pumps and motors are further
protected by a concrete pumphouse.

Two 100%-capacity, redundant trains are provided by the NSCW system. Three
50%-capacity pumps are provided in each train. In the event of failure of one
pump, the train will still be operable, since two 50%-capacity pumps remain in
that train. This allows maintenance to be performed on any pump without a plant
shutdown. In event of a second pump failure or failure of some other portion of
the train, the redundant train ensures a safe and orderly plant shutdown. A
failure modes and effects analysis is provided in table 9.2.1-2.

The NSCW pressure in the containment coolers and return piping exceeds the
vapor pressure corresponding to the maximum calculated fluid temperature, thus
preventing boiling (flashing) during post-accident conditions.

The NSCW pressure in the containment coolers exceeds the containment
building maximum internal pressure during accident conditions, thus preventing
leakage of the containment atmosphere to the environment via the NSCW
system.

Paragraph 9.2.1.2.3 describes the design provisions to minimize the effects of
water hammer.

Tests and Inspections

Hydrostatic testing will be done prior to initial startup. Preoperational testing is described in
section 14.2. Proper system performance during operation will be verified by monitoring system
pressures, temperature, and flows.

Inservice inspection of piping is performed in accordance with the requirements of American
Society of Mechanical Engineers Section XI, as discussed in section 6.6.

Inservice testing of pumps and valves is performed to ensure operational readiness as
described in subsection 3.9.6.

The Generic Letter 89-13 Program describes the activities credited as part of the license
renewal aging management program. See subsection 19.2.12.
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9.2.1.5 Instrumentation Applications

The water makeup to the NSCW system is controlled by a level instrument in the tower basin
which opens and closes an automatic valve in the makeup line on low and high level,
respectively.

Temperature instrumentation in the return line functions, on low temperature, to operate
interlocked valves so as to bypass the cooling tower spray header and return the system flow
directly to the basin.

Flow and temperature instruments and alarms are located throughout the system, sufficient to
allow the operator to monitor the system and verify adequate performance.

A radiation detector is mounted in the return line to the tower to ensure that no radioactivity is
present in the system and to preclude the possibility of radioactive blowdown being discharged.

9.2.2 COMPONENT COOLING WATER SYSTEM

The component cooling water (CCW) system provides cooling for the spent fuel pool (SFP)
during all plant operating modes and for the residual heat removal system (RHRS) during
normal shutdown and emergency conditions. The CCW system also serves as an intermediate
system or barrier between the reactor coolant system and the nuclear service cooling water
(NSCW) system which is open to the atmosphere.

9.2.2.1 Design Bases

Protection of the CCW system from wind and tornado effects is discussed in section 3.3. Flood
design is discussed in section 3.4. Missile protection is discussed in section 3.5. Protection
against dynamic effects associated with the postulated rupture of piping is discussed in

section 3.6. Environmental design is discussed in section 3.11.

For the power uprate, governing design cases were reanalyzed. Values which represent power
uprate conditions are so designated within this section.

9.2.21.1 Safety Design Bases

A. The CCW system is designed to transfer reactor heat energy from the RHRS to
the NSCW system at a rate sufficient to avoid fuel or core damage following a
loss-of-coolant accident (LOCA). This safety design basis is in accordance with
10 CFR 50, General Design Criterion 44, Cooling Water.

B. The CCW system is designed to provide the cooling waterflow for removal of
heat from the seal coolers for the RHR pumps and from the spent fuel pool heat
exchangers.

C. The CCW system is designed so that a single failure of any component,

assuming the loss of offsite power, cannot impair the system's capability to
comply with its safety-related heat removal function.

D. The CCW system is designed to remain functional during and after a safe
shutdown earthquake (SSE).
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E. Active components of the CCW system are capable of being periodically
inspected and tested during plant power generation operation. Provisions are
made for suitable inspection of important components at appropriate times.
Design is pursuant to 10 CFR 50, General Design Criteria 45, Inspection of
Cooling Water System, and 46, Testing of Cooling Water System.

F. The CCW system is designed to remove reactor decay heat at a sufficient rate to
bring the reactor to a cold shutdown condition in 36 h with a loss of offsite power
and assuming the most limiting single active failure in accordance with
Regulatory Guide 1.139.

9.2.2.1.2 Power Generation Design Bases

A. The CCW system provides a continuous supply of cooling water to the SFP heat
exchanger during all normal operating and normal shutdown conditions and
during refueling with one or two pumps running, depending on system load.
However, during the first fuel cycle of power generation, neither train of the CCW
system is required to provide cooling to the SFP heat exchanger.

B. The CCW system is designed with lower pressures than the NSCW system to
prevent potentially radioactive leakage into the NSCW system.

C. The CCW system is designed in a manner which prevents long-term corrosion
that may degrade system performance.

D. The CCW system is equipped with radiation monitoring capability.

9.2.2.1.3 Codes and Standards

Codes and standards applicable to the CCW system are listed in table 3.2.2-1. The CCW
system is designed and constructed in accordance with American Society of Mechanical
Engineers (ASME) Section lll, Class 3, except for the CCW chemical addition tank and
associated piping.

9.2.2.2 System Description

9.2.2.2.1 General Description

The CCW system is shown in drawings 1X4DB136 and 1X4DB137. The system consists of two
separate 100% redundant trains. Each train supplies cooling water to one spent fuel pool heat
exchanger, to one RHR heat exchanger, and to the seal cooler of the RHR pump aligned with
that RHR heat exchanger.

Each CCW train consists of one heat exchanger, three 50% capacity pumps, one CCW surge
tank, one chemical addition tank, and associated piping, valves, and instrumentation.

9.2.2.2.2 Component Description

A summary of design parameters for major system components is provided in table 9.2.2-1.
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A. Pumps

The CCW pumps are centrifugal pumps, rated at 5000 gal/min at a 160-ft head.
The pumps are driven by 300-hp motors.

B. Heat Exchangers

The CCW heat exchangers are shell and tube type, two-pass flow on the tube
side, rated at 129.1 x 10 Btu/h.

C. Surge Tanks

The surge tanks are horizontal cylindrical atmospheric tanks with a capacity of
2200 gal each.

9.2.2.2.3 System Operation

The CCW system functions as a closed loop system. The heat loads of the CCW system are
provided in table 9.2.2-2. The CCW pumps take suction from the shell side of the CCW heat
exchangers and circulate the CCW through the components to be cooled, back to the shell side
of the CCW heat exchanger, where the collected heat is transferred to the NSCW system which
in turn transfers the heat to the ultimate heat sink. Refer to subsections 9.2.1 and 9.2.5 for
details of the NSCW system and ultimate heat sink, respectively.

There are three 50%-capacity CCW pumps in each train. The third pump serves as a standby
and allows maintenance to be performed on one pump.

The surge tank is connected to the main CCW line on the suction side of the pumps and
functions to ensure that the system is kept filled and pump net positive suction head (NPSH)
requirements are maintained. Makeup water is added to the surge tank as required from the
reactor makeup water storage tank and/or the demineralized water storage tank. To ensure
against radioactive release should the CCW be contaminated, surge tank overflow is connected
in the CCW drain tank and either returned to the CCW system or treated prior to offsite disposal.

One train is operated during normal power generation. Single pump operation may be used
provided spent fuel pool temperature remains below 130°F, the high temperature alarm limit.
However, during the first fuel cycle of power generation, neither train of the CCW system is
required to provide cooling to the SFP heat exchanger. Both trains are automatically started by
an engineered safety feature (ESF) signal. Both trains can be operated during plant shutdowns,
although only one train is required to bring the plant to cold shutdown conditions with loss of
offsite power and assuming the most limiting single active failure.

Overpressure conditions resulting from pump shutoff conditions are prevented by a pressure
relief valve on the RHR pump seal water cooler and by thermal relief valves on the shell sides of
the SFP and RHR heat exchangers. Both the SFP and RHR heat exchangers are located
sufficiently high, so that they can withstand pump shutoff pressures without the shell side design
pressures being exceeded.

9.2.2.3 Safety Evaluation

A. The nominal CCW system cooling capacity based upon two-train cooldown is
129 x 108 Btu/h for each train. During two-train cooldown, the maximum heat
load is 130 x 106 Btu/h, and cold shutdown is achieved in 17 h after reactor trip.
During one-train cooldown, the peak heat load is approximately 213 x 108 Btu/h,
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and cold shutdown is achieved in 35 h after reactor trip. Thus, the CCW system
satisfies the cold shutdown requirements of Regulatory Guide 1.139 and Branch
Technical Position RSB 5-1. During accident conditions, the heat load on the
CCW system is 184 x 108 Btu/h and therefore less than that for cold shutdown.
Hence, the CCW system is capable of performing its duty of removing heat at the
required rate.

B. There are three 50%-capacity pumps in each train of the CCW system. Thus,
the failure of one pump does not impair the function of that train. Either train has
the heat removal capacity necessary to bring the plant to a cold shutdown in less
than 36 h. Therefore, even the failure of one train would not prevent the system
from meeting the requirements. The failure modes and effects analysis is
presented in table 9.2.2-3.

C. The safety-related portion of the system is designed and constructed as Seismic
Category 1, so that it will remain functional during and after a SSE. The CCW
chemical addition tank and associated piping is nonsafety related. This portion of
the system is isolated from the safety-related process flow path by locked closed,
safety-related manual valves.

D. Periodic inservice inspection is performed in accordance with the requirements
for ASME Section Xl, Class 3 components as described in subsection 3.9.6.

9.2.2.4 Tests and Inspections

Preoperational testing is performed to verify that the system is installed in accordance with
plans and specifications. Pipe welds are inspected in accordance with applicable codes.

The system is tested to verify that proper sequence of valve positions and pump starting occurs
on various signals. The pumps are tested to verify performance. Inservice testing of valves and
pumps is described in subsection 3.9.6.

9.2.2.5 Instrumentation Applications

Control room monitoring of all essential system parameters is provided. Low flow in either train
actuates an alarm in the control room. High temperature downstream of all the cooled
components also actuates an alarm in the control room. In addition, high temperature
downstream of the CCW heat exchangers actuates an alarm in the control room. Level
instrumentation on the surge tank keeps the operator informed of surge tank status and
provides an indication of any leakage into or out of the CCW system. In the event of leakage,
the affected train can be isolated and the redundant train placed into service. Radiation
monitors are installed in each train with an alarm and indication in the control room.

9.2.3 DEMINERALIZED WATER MAKEUP SYSTEM
The demineralized water makeup system receives water from the well water storage tank,

processes this water to remove soluble and insoluble impurities and dissolved gases, and
provides for storage and transfer of demineralized water.
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9.2.3.1 Design Bases

The system is designed to serve both Units 1 and 2.

9.2.3.1.1 Safety Design Basis

There is no safety design basis for the demineralized water system.

9.2.3.1.2 Power Generation Design Basis

A. The demineralized water makeup system provides demineralized water to the
reactor makeup water storage tanks, the condensate storage tanks, the
component cooling water system, the auxiliary component cooling water system,
the turbine plant closed cooling water system, the liquid radwaste system, and
other usage points (e.g., the water used in laboratories and for washdown of
equipment).

B. The demineralizing capacity of the demineralized water makeup system is
sufficient to supply the anticipated normal makeup demand.

C. The demineralized water transfer pumps are sized to provide adequate capacity
and head for the distribution of demineralized water.

D. Sufficient storage capacity is available to augment condensate and reactor
makeup storage such that approximately a 1-day supply of normal anticipated
makeup demand to both the condensate and primary systems is maintained.
Sufficient storage capacity is provided onsite to supply the anticipated needs for

plant startup.
E. Adequate water chemistry is maintained by the demineralized water system.
9.2.31.3 Codes and Standards

Codes and standards applicable to the demineralized water makeup system are listed in table
3.2.2-1. The system is designed and constructed in accordance with Quality Group D
specifications.

9.2.3.2 System Description

9.2.3.2.1 General Description

The demineralized water makeup system is designed to serve both units simultaneously and is
shown in drawings AX4DB190-1, AX4DB190-2, AX4DB177, and AX4DB178. Design
parameters for major system components are provided in table 9.2.3-1. The system consists of
the components listed below.

o Vendor-supplied water treatment system which consists of multimedia and cartridge

filters, reverse osmosis units, electrodeionization units, mixed bed demineralizers,
catalytic oxygen removal subsystem, and a chemical control subsystem.
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e Two neutralizing sumps with mechanical mixers.
e Two neutralizing sump pumps.

e A demineralized water storage tank.

e Three demineralized water transfer pumps.

e Associated piping, valves, and instrumentation.

9.2.3.2.2 Component Description

9.2.3.2.21 Vendor-Supplied Water Treatment System. Three multimedia filters, three
cartridge filters, two reverse osmosis units, two electrodeionization units, two primary mixed bed
demineralizer trains, catalytic oxygen removal subsystem, two polishing mixed bed
demineralizer trains, and a chemical control subsystem are provided to remove particulate,
dissolved gases, and dissolved ions from the raw well water. Well water initially flows through
the multimedia filters, then through the cartridge filters, the reverse osmosis units, the
electrodeionization units, and then the primary mixed bed demineralizers. After the primary
mixed bed demineralizers, the process fluid passes through a catalytic oxygen removal
subsystem and the polishing mixed bed demineralizers and then to the demineralized water
storage tank. Online monitoring of key parameters such as conductivity, sodium, and silica is
provided. In the event that the product water quality is not within specified limits, it is
automatically diverted to the waste neutralization sump before entering the demineralized water
storage tank or inlet piping. A chemical injection subsystem is included for polymer or coagulant
injection to enhance filter efficiency.

9.2.3.2.2.2 Neutralizing Sumps. The neutralizing sumps are concrete with vinyl chloride
liners (Ameron T-Lock or equivalent), each capable of receiving the process waste, relief valve
discharge, equipment drains, and diverted off-specification demineralized water from the
vendor-supplied water treatment system. Each sump is equipped with a mechanical agitator to
mix the waste water with the neutralizing chemicals.

9.2.3.2.2.3 Neutralizing Sump Pumps. A corrosion-resistant pump is provided in each
sump to discharge the neutralized waste to the waste water retention basin.

9.2.3.2.24 Demineralized Water Storage Tank. The demineralized water storage tank is
a 250,000-gal, covered, vented, corrosion-resistant tank that stores the demineralized water
prior to distribution to the various services. The tank is provided with a diaphragm that is in
continuous contact with the tank water surface to prevent absorption of oxygen which would
lower the water quality below that necessary for use as primary and secondary makeup.
Overpressure protection for the water volume of the tank is provided by a loop seal. The water
temperature is maintained above freezing by minimum flow recirculation. The tank is equipped
with level switches for system controls, a high-level switch for alarm, and a low-level switch for
alarm and for tripping the demineralized water transfer pumps. A level transmitter provides
remote level indication on a control panel.
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9.2.3.2.2.5 Demineralized Water Transfer Pumps. Three 50% capacity, horizontal,
centrifugal pumps of type 316 stainless steel are provided for the distribution of the
demineralized water.

9.23.2.2.6 Demineralizer Booster Pumps. Three 50% capacity, horizontal, centrifugal
pumps are provided in order to produce the required pressure at the inlet to the demineralized
water system.

9.23.2.2.7 Demineralized Water Transfer Booster Pumps. Two 100% capacity,
horizontal, centrifugal pumps are provided to boost the pressure of flow to the fuel handling
building and containment buildings during the refueling period.

9.23.2.238 Demineralizer Backwash Pump. One 100%- capacity, horizontal, centrifugal
pump was originally provided for the backwashing of activated charcoal filters. This pump has
been removed from the system process but remains in place for future use.

9.2.3.2.29 Materials of the Makeup Demineralizer System. PVC or stainless steel piping
is used to interface the process piping with vendor-supplied water treatment equipment. All
process raw water piping is Saran-lined or stainless steel except for the unlined water inlet.

9.2.3.2.3 System Operation

9.2.3.2.3.1 Water Treatment. Water is supplied to the demineralized water system from
the well water storage tank by the demineralizer booster pumps. Well water is initially passed
through the multimedia filters, then through the cartridge filters, the reverse osmosis units, the
electrodeionization units, and the primary mixed bed demineralizers. After the primary mixed
bed demineralizers, the process fluid passes through a catalytic oxygen removal subsystem, the
polishing mixed bed demineralizers, and then to the demineralized water storage tank. The
demineralized water transfer pumps maintain pressure to transfer the deionized water as
required by the reactor makeup water system, the condensate storage tank, the component
cooling water system, the turbine building closed cooling water system, the auxiliary steam
system, the liquid radwaste system, and other usage points.

9.2.3.2.3.2 Neutralization. The process waste, relief valve discharge, equipment drains,
and diverted off-specification demineralized water from the vendor-supplied water treatment
system is collected in the neutralizing sump and mixed by a mechanical agitator. The waste
can either be diluted or neutralized to bring water quality to within discharge limits. If required,
the neutralization of waste is controlled manually and monitored by a pH indicator. Neutralized
waste is discharged by the neutralizing sump pumps to the Savannah River via the waste water
retention basin.

9.2.3.3 Safety Evaluation

This system has no safety design basis.
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9.2.34 Tests and Inspections

The demineralized water system is tested functionally under all anticipated operating conditions
prior to initial plant startup. This verifies that all system units and controls function properly. The
system continues to be proved operable through normal plant operation.

9.2.3.5 Instrumentation Applications

Local and remote indicators and alarms are provided to monitor the system process and protect
system components. Monitoring of water quality via key parameters such as flow rate,
conductivity, sodium, and silica is provided. In the event that the product water quality is not
within specified limits it is automatically diverted to the waste neutralization sump before
entering the demineralized water storage tank or inlet piping. High- and low-level alarms are
installed on the demineralized water storage tank. The neutralizing sumps are provided with
high- and low-level alarms.

9.24 POTABLE AND SANITARY WATER SYSTEM

9.24.1 Design Bases

The potable water system is designed to furnish water for domestic use and human
consumption.

9.24.11 Safety Design Basis

There is no safety design basis for the domestic water system.

9.2.4.1.2 Power Generation Design Basis

A. The potable water system layout is designed to prevent contamination due to
potential radioactivity or due to backflow from cross-connected systems using
water unfit for human consumption.

B. The potable water is treated to prevent harmful physiological effects. Its
bacteriological and chemical quality conforms to the requirements of the
regulations of the State of Georgia Department of Natural Resources
Environmental Protection Division.

C. Potable water is supplied to provide a quantity of 100 gal/person/day for the
largest number of persons expected to be at the station during a 24-h period of
plant construction and power generation upon completion of construction. The
maximum number of people served by the potable water system during any
1-day of construction or power generation is 3500. The potable water system
also provides a storage capacity of 25,000 gal.

D. Water heaters provide hot water to the main lavatory, shower areas, and other
locations where needed. The heater capacity is based on providing an adequate
supply of hot water for the anticipated maximum drawdown in the plant. The
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heater also provides a storage capacity equal to the probable maximum hourly
demand for hot water.

E. Potable water system outlets are provided in compliance with the intent of
Title 29 CFR 1910, Occupational Safety and Health Standards.

9.241.3 Codes and Standards
Codes and standards applicable to the potable water system are listed in table 3.2.2-1. The

potable water system is designed and constructed in accordance with the Southern Plumbing
Code.

9.2.4.2 System Description

9.24.2.1 General Description

The source of water for the potable water system is from two deep wells onsite. Wells MU-1
and MU-2A are capable of supplying water at 2000 gal/min and 1000 gal/min, respectively. The
potable water system consists of a potable water storage tank, two potable water feed pumps, a
jockey pump, a distribution loop around the power block, hot water storage heaters, and
necessary interconnecting piping and valves. Disinfection is by a chlorination system installed
upstream of the potable water storage tank. The potable water system is shown in drawings
CX4DB153, AX4DB198-1 and AX4DB198-2. Pertinent data for the major system components
is provided in table 9.2.4-1.

9.2.4.2.2 Component Description

9.24.2.21 Potable Water Storage Tank. The potable water storage facility consists of a
25,000-gal, internally coated, carbon steel tank which stores water for use in the potable water
system. High water level and low water level signals from this tank control the operation of the
plant makeup well water pumps. On low potable water tank level a makeup well water pump
turns on, and the inlet valve to both the potable water tank and the well water storage tank
opens. This adds extra protection from low level in the well water storage tank and ensures
adequate level in the potable water storage tank.

A low tank level signal stops the potable water feed pumps to prevent damage to the pumps.
High- and low-level alarms are provided in the control room. Manual override of the automatic
level controls is available.

9.24.2.2.2 Potable Water Feed Pumps. Each of the two potable water feed pumps is a
full-capacity, horizontal, motor-driven pump taking suction from the potable water storage tank
and pumping to the domestic water distribution loop. The pumps are operated as required to
meet the potable water demand in the plant. A continuously operated jockey pump with smaller
capacity is used to supply potable water and maintain the pressure of the system during low-
flow requirement periods.
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924223 Chlorination System. The chlorination system disinfects the potable water as
the well water enters the potable water storage tank. Continuous chlorination is maintained
throughout the system as specified by the Georgia Department of Natural Resources
Environmental Protection Division. The system consists of one metering pump and one
250-gallon storage tank. This system is described in subsection 9.3.7.

9.24.2.2.4 Hot Water Storage Heaters. Electric storage water heaters of the immersion
heating element type is used to supply hot water to the shower and toilet areas and to other
plumbing fixtures, outlets, and equipment requiring domestic hot water service as required.

9.24.2.25 Valves. American Society of Mechanical Engineers code rated and approved
relief valves are provided on all equipment and in all piping requiring temperature or pressure
relief.

9.24.2.2.6 Piping. Construction materials used in the potable water distribution system
prevent the introduction by the system piping of objectionable tastes, odors, discoloration, and
toxic conditions into the system. Materials conform to the provisions of the Southern Plumbing
Code or local codes having jurisdiction.

Piping is sized to limit flow velocity to approximately 6 ft/s and thus minimize system shock and
water hammer; also, approved water hammer arresters are installed at appropriate locations to
further reduce this problem.

924227 Protection Against Contamination. No cross-connections exist between the
potable water system and any potentially radioactive system or any system using water for
purposes other than domestic water service. All branches of the potable water system
supplying plumbing fixtures that are located in areas where access is restricted due to a
potential radiological hazard are provided with backflow prevention devices of the reduced
pressure zone type. Hot water supply and recirculation lines connected to the main hot water
storage heater are not installed to service such restricted areas. Local electric water storage
heaters are provided as required to serve such restricted areas.

Because of the above design features in the domestic water system, sharing of the domestic
water system between Units 1 and 2 does not degrade contamination protection.

9.24.2.2.8 Lead Corrosion Inhibitor Injection System. Phosphate is injected into the
potable water system as an inhibitor to lead corrosion. The injection system consists of an
injection skid equipped with a phosphate storage tank and metering pump.

9.24.3 Safety Evaluation

The potable water system has no safety functions.

9.244 Tests and Inspections

The potable water system is tested hydrostatically for leak-tightness in accordance with
applicable plumbing code requirements. Inspection of the entire system for compliance with the
provisions of the Southern Plumbing Code or local codes having jurisdiction is performed. The
system is then disinfected, flushed with potable water, and placed in service. The presence of
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residual chlorine can be confirmed through control laboratory tests of samples at the potable
water storage tank and at usable points as required. Microbiological testing of the potable
water, as well as the plant low volume and sanitary wastes, is conducted in accordance with
applicable requirements of federal regulations and regulations of the State of Georgia.

9.24.5 Instrumentation Applications

Thermostats, high-temperature limit switches, and temperature gauges are installed on the hot
water storage heaters. Pressure regulators are employed in those parts of the distribution
system where pressure restrictions are imposed.

9.2.5 ULTIMATE HEAT SINK

The ultimate heat sink for VEGP is the nuclear service cooling water (NSCW) towers. Two
100% capacity redundant NSCW towers are provided for each generating unit, one tower
associated with each train of the NSCW system. Each NSCW tower consists of a basin which
contains the ultimate heat sink water and an upper structure in which the NSCW heat loads are
transferred to the atmosphere. The combined storage capacity of the two tower basins per unit
will meet the intent of the short-term storage requirements without makeup in conformance with
Nuclear Regulatory Commission (NRC) Regulatory Guide 1.27.

The heat removal requirement is greater for Unit 2 than for Unit 1 due to the larger spent fuel
storage capacity of the Unit 2 pool. This results in some differences in the system performance
and available inventory for each unit. The Unit 2 ultimate heat sink analyses envelope Unit 1.
Therefore, all Unit 2 values are applicable to Unit 1. Case results are listed as a single value
(applicable to Units 1 and 2). Unit 1 specific values are retained for historical purpose (cases 2,
4, and 5-see paragraph 9.2.5.2.4). For the power uprate, the governing design cases were
reanalyzed (cases 1 and 3).

9.2.5.1 Design Bases

Protection of the ultimate heat sink from wind and tornado missiles effects is discussed in
sections 3.3 and 3.5. Seismic design is discussed in 3.8. Flood design is discussed in section
3.4. Protection against the dynamic effects associated with postulated rupture in piping is
discussed in section 3.6. Environmental design is discussed in section 3.11.

9.2.5.1.1 Safety Design Bases

A. The ultimate heat sink is designed so that a single failure coincident with a loss of
offsite power does not result in inadequate core cooling or prevent a safe
shutdown under extreme meteorological conditions.

B. Regulatory Guide 1.27 recommends the ultimate heat sink be capable of
providing sufficient cooling for at least 30 days, with no makeup water, assuming
two-train operation for 1 day and single-train operation for the remaining 29 days.
System design is based upon maximum conditions of dry and wet bulb
temperatures as they affect peak basin temperature, tower evaporation losses,
and basin capacity.

C. The ultimate heat sink is protected from freezing.
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9.2.5.1.2 Power Generation Design Bases

The heat rejection capacity of each tower is adequate for rejection of the heat developed during
normal power operation with either one or two trains operating.

9.2.5.1.3 Codes and Standards

The cooling towers and appurtenances are designed and constructed in accordance with the
codes and standards listed in table 3.2.2-1. The towers and basins are Seismic Category 1.

9.2.5.2 System Description

9.2.5.2.1 General System Description

The NSCW towers operate in conjunction with the NSCW system. A description of this system
is given in subsection 9.2.1. A description of the NSCW towers is provided in subsection 3.8.4.
Ultimate heat sink process parameters are presented in table 9.2.5-1. Each unit is provided
with its own independent ultimate heat sink, with no sharing of components between the two
units on the site.

9.2.5.2.2 Component Description

The NSCW towers are circular mechanical draft towers constructed of reinforced concrete. The
tower structural design, including pertinent dimensions is discussed in paragraph 3.8.4.1.7.
Each tower is subdivided into four individual fan cells. Each tower includes a pumphouse which
contains the NSCW pumps, transfer pump, supply header, return header, return isolation and
tower bypass valves. Tornado missile protection for the NSCW pumps and valves is provided
as discussed in subsections 3.5.2 and 3.8.4.

Each NSCW fan is driven through a right-angle gear reducer by a 100 hp, 1800-rpm motor that
is powered from the essential ac buses. Each fan is 22 ft in diameter with 12 blades and has a
capacity of 531,100 ft3/min.

The NSCW tower basins have an 88-ft inside diameter and are 80 ft 3 in deep at minimum
water level. The minimum capacity of each basin is 3.65 x 10° gal (30.1 x 10° Ib) of water.

Safety-related transfer pumps are provided in each tower basin to allow water in either basin to
be used as makeup for the other basin. Pump data are presented in subsection 9.2.1.

9.25.2.3 System Operation

The NSCW pumps take suction from the cooling tower basin as described in subsection 9.2.1.
The water is returned to the cooling tower spray manifolds, or in the event of low return
temperature from the NSCW system, the spray manifolds are bypassed and the water is
returned directly to the basin. Heat rejection to the environment is effected by direct contact
with the forced airflow, which provides both sensible and evaporative cooling of the NSCW
return flow. As discussed in paragraph 2.4.11.5, evaporation and drift losses during normal
operation are made up from NSCW makeup wells and, if required, from the Savannah River.
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Also, as discussed in paragraph 2.4.11.5, the NSCW tower basins and pumps are designed to
ensure adequate pump net positive suction head under all operating modes and at the end of
the short-term period prescribed in Regulatory Guide 1.27.

During accident conditions, including a loss-of-coolant accident (LOCA) or a main steam line
break (MSLB) accident inside the containment coincident with loss of offsite power, sources of
basin makeup water are presumed lost. During such conditions, the combined inventory of the
two NSCW tower basins provides greater than a 30-day cooling water supply assuming the
worst combination of meteorological conditions and accident heat loads which maximize tower
heat load, basin temperature, and evaporative losses. (Refer to paragraphs 9.2.5.2.4 and
9.2.5.2.5 below.) Each tower basin contains a safety-related transfer pump to permit the use of
combined storage capacity of the two basins to satisfy the short-term recommendation of
Regulatory Guide 1.27. The transfer pumps are powered by the opposite power train; i.e., the
train A transfer pump is located in the train B basin and vice versa. Therefore, loss of one
electrical train will not compromise the ability to satisfy the short-term requirements. Similarly,
loss of the transfer pump in one train can be compensated for by operating the other NSCW
train or by operating each train separately. Since the basins are concrete Seismic Category 1
structures located entirely below ground with the normal water level approximately at grade, a
basin failure resulting in loss of water inventory is considered highly improbable, hence, the
ultimate heat sink satisfies the intent of the short-term recommendations of Regulatory Guide
1.27. Provisions for long-term operation are discussed in paragraph 2.4.11.5.

The impact of long-term corrosion on the NSCW piping is compensated for by appropriate
corrosion allowances. Waterproofing of the tower basin is provided as discussed in subsection
3.8.4.

Each NSCW cooling tower is provided with chemical treatment that may employ a biocide to
prevent biological fouling, a dispersant to maintain solids in suspension, a corrosion inhibitor.
Chemical treatment is added to each tower basin as required. A portion of the system coolant is
blown down, when makeup water is available, to prevent the accumulation of fouling agents.
The blowdown rate is determined using a conductivity cell and is based on the total dissolved
solids in the water. Upon a safety injection signal or loss of external makeup, the tower
blowdown is terminated, and the concentration of total dissolved solids is allowed to increase.
However, during the postulated 30-day design basis accident case the solids buildup will not
prevent acceptable operation of the cooling tower or associated NSCW equipment.

9.25.2.4 System Performance

Table 9.2.5-1 lists the ultimate heat sink process parameters. Table 9.2.5-2 lists the maximum
ultimate heat sink heat loads on the NSCW cooling towers during both normal operation and
accident conditions. These data were developed from the individual heat loads for the
equipment cooled by the NSCW system and from the results of transient accident analyses.
(Refer to subsection 9.2.1.) These loads account for, as appropriate, reactor coolant system
heat load, both residual decay and sensible heat loads, pump work, and station auxiliary system
individual and total heat loads for both one- and two-train operation. (Residual decay heat is
computed consistently with the method of NRC Branch Technical Position ASB9-2.) The
NSCW system is designed to effect safe shutdown with only one train available, a condition
which maximizes tower heat load and basin temperature, since all reactor residual (decay) and
sensible heat load is imposed on one tower. However, since two-train operation increases total
water consumption, the basins are sized on the basis of two-train operation for 24 h followed by
single-train operation for the remainder of the short-term period specified in Regulatory

Guide 1.27.
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Originally five cases were analyzed for the ultimate heat sink analysis. They were:

1. Ultimate heat sink design, LOCA case (two-train operation post LOCA for
1 day followed by one-train operation for 29 days or until basin depletion)
Units 1 and 2 (table 9.2.5-3);

2. Ultimate heat sink performance, post-LOCA (during two-train post-LOCA
operation until basin depletion) Unit 1 (table 9.2.5-4) [HISTORICAL];

3. Ultimate heat sink maximum temperature case (one-train operation post-
LOCA until basin depletion) Units 1 and 2 (table 9.2.5-5);
4. Ultimate heat sink design, MSLB accident case (two-train operation post-

MSLB accident inside containment for 1 day followed by one-train
operation for 29 days) Unit 1 (table 9.2.5-6) [HISTORICAL];

5. Ultimate heat sink performance, post MSLB accident (during one-train
operation post-MSLB accident inside containment) Unit 1 (table 9.2.5-7)
[HISTORICAL].

Based on this data, the governing case for the maximum inventory loss is two-train operation
post-LOCA for 1 day followed by one-train operation for the remainder of the accident duration
(Case 1). The governing case for the maximum basin temperature and NSCW outlet
temperature from the fan coolers is one-train continuous operation post-LOCA (Case 3). On
this basis, only these two cases were evaluated for Unit 2 to account for the difference in the
heat removal requirement.

For the Unit 1 3626 MWt plant uprate, cases 1 and 3 were reanalyzed to determine the impact
to the plant. Unit 1 system performance data for cases 1 and 3 are presented in Tables 9.2.5-3
and 9.2.5-5.

For historical purposes, Unit 1 system performance data, including containment conditions, total
heat loads, evaporation rates, and basin water depth and temperature for cases 2, 4, and 5 are
presented in tables 9.2.5-4, 9.2.5-6, and 9.2.5-7. These values do not represent the Unit 1
power uprate or SFP reracking.

Table 9.2.5-10 provides shutdown heat loads with loss of offsite power for two-train and one-
train operation. The two-train analyses (tables 9.2.5-3, 9.2.5-4, and 9.2.5-6) used
meteorological conditions (paragraph 9.2.5.2.5.B) which maximize total water usage (drift and
evaporation) over the postulated 30-day period. Since blowdown is terminated during accident
conditions, blowdown need not be considered in basin sizing. The one-train analyses, for which
system temperatures are a maximum, used meteorological conditions (paragraph 9.2.5.2.5.A)
which maximize the cold water outlet temperature from the cooling tower.

For the 1-day, two-train analyses (tables 9.2.5-3 and 9.2.5-6), water from the basin of the
inactive train is transferred to the basin of the active train until the inactive train basin is
depleted.

For the one-train analyses (tables 9.2.5-5 and 9.2.5-7), no interbasin water transfer is assumed.

Number of Fans Required Based on Ambient Wet-bulb Temperature:

The required number of fan/spray cells as specified in Technical Specifications Figure 3.7.9-1
must be met for each train to be operable.

Tornado Scenario
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During and following a tornado, offsite power is presumed lost, with a subsequent reactor trip.
Immediately following the reactor trip, the auxiliary feedwater system (subsection 10.4.9) is used
to maintain the plant at hot standby, using the inventory of the safety-grade condensate storage
tanks (CSTs) to effect reactor heat removal. Each CST has sufficient auxiliary feedwater supply
to hold the plant at hot standby for 4 h followed by a 5-h cooldown to the temperature (350°F) at
which the residual heat removal (RHR) system may be placed into service (see paragraph
9.2.6.1.1.B for Unit 2 CST capacity requirements). If both CSTs are available, the allowable
time at hot standby is increased to 31 h before cooldown must be initiated. Once the RHR
system is placed in service, the RHR heat load is rejected to the component cooling water
(CCW) system which in turn rejects the heat load to the ultimate heat sink (the cooling tower)
via the nuclear service cooling water (NSCW) system.

During hot standby, assuming the most limiting single active failure (loss of one complete

NSCW train), plus loss of one fan in the operable tower as a result of a missile strike, the

remaining three fans in the operating train will maintain the temperature in the tower basin
below 90°F. Thus the ability to maintain hot standby under such conditions is provided.

During the subsequent cooldown using the RHR and CCW systems, three fans in one NSCW
tower are adequate to bring the plant to a cold shutdown condition. However, because the
tower is only 75% effective, cold shutdown will not be achieved in 32 h (36-4) stated in
paragraph 9.2.2.1.1.F. However, the system is in compliance with Branch Technical Position
BTP RSB-5-1, Section A.4, requirement that the system be capable of bringing the reactor to a
cold shutdown condition within a reasonable time following shutdown.

In addition, the peak basin temperature during three-fan cooldown operation will exceed the
nominal design maximum of 95°F, reaching approximately 97°F for Unit 1 and 98°F for Unit 2

6 to 8 h after RHR initiation, and remaining above 95°F for a total of 20 h for Unit 1 and 35 h for
Unit 2 during cooldown. The NSCW tower transfer pump may be used to transfer cooler water
from the idle basin which would help keep the NSCW temperature down. Even if the peak basin
temperature exceeds 95°F, the excess is less than 3°F and exists for a relatively short period in
terms of total plant life and in terms of total RHR system operation over the plant life. Because
of these considerations, and because three-fan cooldown has a very low probability of
occurrence, it is concluded that there are no operational problems associated with this mode of
operation.

Firefighting Support

It is not anticipated that the (UHS) will be utilized to provide a water supply to support firefighting
activities; however, it does offer backup capability. The normal fire protection system is
equipped with one motor-driven and two diesel-driven fire pumps. If the motor-driven pump
becomes inoperable, considering loss of offsite power, either diesel pump is available should
fire suppression become necessary. The UHS is connected with the fire protection system only
with respect to the independent seismic category | standpipe system. Should the normal fire
protection system become incapable of fire water delivery, the category | standpipe system will
be utilized as the backup. The design basis is two fire hoses operating for 30-min at 100
gal/min each. This amounts to 6000 total gallons of water that would be extracted from the
UHS.

Although a fire is not postulated coincident with an accident, a simultaneous loss of offsite
power with plant cooldown is assumed. On that basis, with all basin makeup lost, the 6000 gal
used for fire protection amount to approximately 2 in. (out of 160 ft total) of basin depth. In
terms of lost basin inventory, basin water usage for fire protection is equivalent to approximately
0.03 days (40 minutes) of the UHS capacity, and thus is negligible relative to the 30-day
recommendation of Regulatory Guide 1.27.
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Meteorological Criteria

Conditions Which Maximize Water Temperature

The NSCW towers must be capable of dissipating the design bases heat loads
under environmental conditions which minimize heat dissipation without
exceeding the design limit NSCW temperature of 95°F.

The meteorological conditions for maximum NSCW temperature are found by
utilizing a simplified steady-state model of the NSCW towers. The
meteorological data for 33 years (1947 to 1981) were screened for the 1 h
resulting in the maximum NSCW temperature and the 1 day (consecutive 24-h
period) resulting in the maximum average NSCW temperature. The maximum
1-h NSCW temperature was found to result from the meteorological data of July
18, 1958, at 5 p.m. The maximum 1-day average NSCW temperature was found
to result from the meteorological data of August 17, 1952, at 5 a.m. to August 18,
1952, at 5 a.m. The meteorological data used in the detailed transient analysis is
composed of the data for the 1-h maximum followed by the 1-day maximum
average conditions.

These meteorological data are repeated to produce data for a 30-day period.

Table 9.2.5-8 shows the meteorological data which are used in the transient
computer program.

Conditions Which Maximize Water Usage

To determine the required size of the NSCW storage basins, water usage must
be determined for a 30-day period following a normal or LOCA shutdown,
assuming all sources of makeup water are lost.

The meteorological conditions for maximum water usage, other conditions
remaining constant, are found in the following manner. The equation for
evaporation rate is derived for the tower with storage basin as:

L = Q LC (T,-T,) -DC, (T, -T,)

H/X _x)-C (L-32)

where:

L = evaporation (Ib/h).

Q = heat load (Btu/h).

L = waterflow (Ib/h).

Co = water specific heat (Btu/lb-°F).

T = temperature, T+ NSCW return water to tower, T2 cold water outlet
from tower, Ty, basin (°F).

D = drift loss (Ib/h, i.e., 0.01% of total NSCW circulating flow).

H = moist air enthalpy, H tower inlet, H2 tower outlet (Btu/lb of dry
air).

X = specific humidity, X1 tower inlet, X, tower outlet (Ib of moisture/lb
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of dry air).
32°F = datum for enthalpy of moisture in air.

In using this equation, the moist air enthalpy and specific humidity are calculated
at the inlet and outlet wet bulb temperature and dry bulb temperatures by a
computer program. The equations used for air properties are given in the
American Society of Heating, Refrigerating, and Air-Conditioning Engineers 1977
fundamentals handbook, and the outlet water temperature T is found by iterative
procedures, using the calculation method of the Cooling Tower Institute. Since
the evaporation equation is based on the enthalpy change of the moist air, both
latent and sensible heat effects are included in the results.

Losses resulting from blowdown need not be considered, as discussed in
paragraph 2.4.11.6.

The meteorological data for 33 years (1947 to 1981) were screened using the
above steady-state model of the NSCW towers in order to obtain the data which
result in the highest water usage. The meteorological data resulting in the
highest water usage for 1 h, 1 day, and 30 days were found. These data are
combined by placing the 1-h, 1-day, and 30-day water usage periods in
consecutive order. The 1-h maximum water usage was found to result from the
meteorological data of July 24, 1952, at 5 p.m. The 1-day maximum water usage
was found to result from the meteorological data of July 21, 1977, at 8 a.m. to
July 22, 1977, at 8 a.m. The 30-day maximum water usage was found to result
from the meteorological data of June 22, 1977, at 1 p.m. to July 22, 1977, at 1
p.m. Table 9.2.5-9 shows these meteorological data which are used in the
transient computer program.

Safety Evaluation

The failure modes and effects analysis for the Ultimate heat sink is included as
part of that for the NSCW system in table 9.2.1-2 and demonstrates that the
ultimate heat sink satisfies the single failure criteria.

As part of the power rerate, an analysis was performed to calculate the basin
inventory, basin temperature, and the time dependent evaporative loss. The
combined volume of water in the two cooling tower basins is sufficient to provide
greater than a 30-day cooling capacity for Unit 2 with two trains operating for the
first day and one train operating for the remaining days. The tower basin
capacity for Unit 1 was not reevaluated for the power rerate. The calculation was
performed for Unit 2 since the higher heat loads from the reracked spent fuel
pool make it the more conservative choice; therefore, the results will be bounding
for Unit 1. Following the first day of an accident, the operating basin is
replenished from the basin of the inactive train until this second basin is depleted.
The transfer pump in each basin is powered from the opposite electrical train,
ensuring transfer capability to the operating train in the event of a loss of offsite
power and concurrent loss of one onsite ac power supply. Each train of the
NSCW system is 100% capacity and can provide adequate cooling during normal
operation or accident conditions.

Tower performance, as affected by peak basin temperature, is based on the
worst 1-day NSCW temperature and assuming no interbasin water transfer.
Basin capacity and tower evaporation rates are based on the combination of wet
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bulb temperature and dry bulb temperature which results in the greatest water
loss over the short-term period following the accident.

If both NSCW ftrains are operated continuously, the basins will provide a
17.25-day cooling capacity for Unit 1 and 16-day capacity for Unit 2 without
makeup. The normal source of makeup water is the makeup wells. A backup
source from the river is provided for long-term basin makeup following the initial
short-term period (paragraph 2.4.11.5).

C. A description of the provisions to prevent freezing of the nuclear service cooling
water system and the ultimate heat sink given in paragraph 9.2.1.2.3.

9.2.54 Tests and Inspections

Inservice inspection of piping is performed with the requirements of American Society of
Mechanical Engineers Section Xl, as discussed in section 6.6.

Inservice testing of pumps and valves is performed to ensure operational readiness as
described in subsection 3.9.6.

Periodic inspections of the cooling tower fill material and supports and the drift eliminators and
supports will be conducted to detect deterioration.

Tests and inspections credited by license renewal for aging management of the NSCW towers
are included in the Generic Letter 89-13 Program (see subsection 19.2.12). Structural
Monitoring Program (see subsection 19.2.32) and Periodic Surveillance and Preventive
Maintenance Activities (see subsection 19.2.21).

9.2.5.5 Instrumentation Applications

Water level in the cooling tower basin is controlled by level instrumentation that opens or closes
an automatic valve in the makeup line. Basin water level is normally maintained at el 217 ft 9 in.
(80 ft 9 in. above the bottom of the basin), with a low-low level alarm set to operate whenever
the basin level falls approximately 6 in. below the normal water level. Thus, any failure of the
makeup system during normal operation will be alarmed, as will abnormal transfer pump
operation. As discussed in paragraph 9.2.1.2.3, one NSCT fan in each tower is interlocked with
the tower's spray valve while the other three fans are individually thermostatically controlled by
temperature sensors in the return line. Therefore, from zero to four fans will run, depending on
the temperature in the return line and at least one fan will operate when the tower spray is in
operation. The fans are equipped with vibration sensors that alarm in the control room in the
event of high vibration.

9.2.5.6 Standard Review Plan Evaluation

Position C-1 of Regulatory Guide 1.27 requires that the ultimate heat sink be capable of
providing cooling sufficient for 30 days without makeup, unless it can be demonstrated that
replenishment or use of an alternate water supply can be effected to ensure continuous
capability of the sink to perform its safety function. Using most conservative data for decay and
sensible heat loads, pump and equipment heat loads, and worst 30-day meteorological data for
tower evaporation, the total available water in the tower basins, allowing for single failure and
loss of all nonsafety-grade equipment, is sufficient to provide greater than a 30-day capability for
both Unit 1 and Unit 2 without makeup.
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The original ultimate heat sink analysis was based upon conservative assumptions to maximize
evaporation and drift losses. A major water user was the diesel generator which, based upon
heat rejection at rated load for 30 days, uses approximately 25% of the total inventory.
However, if allowance is made for actual installed loads (rather than name plate rating) and for
deenergization of some redundant engineered safety features equipment during the long-term
cooling period post-accident, water usage for the diesel generator is reduced the equivalent of
approximately 2 days total usage. The current analysis accounts for this reduction.

A second conservatism in the original analysis was the value used for tower drift. In the original
tower design, the drift loss was 0.03% of the circulated flow. However, the current vendor
guarantee is 0.01% of circulated flow. The estimated difference in the two drift values over 30
days is the equivalent of 0.7-day total usage. The current analysis also accounts for this
reduction.

The analysis is still conservative because it assumes the heat rejection rate of the ESF chiller
and piping penetration area cooler to be constant at their maximum values, although they will
decrease over a period of time. Also, the analysis assumes that the LOCA occurs immediately
after the refueling operation is completed when the spent fuel pool heat load is at its maximum.
Finally, the analysis accounts for the seepage loss.

9.2.6 CONDENSATE STORAGE FACILITY

The condensate storage facility consists of two condensate storage tanks (CSTs), a vacuum
degasifier, degasifier feed and transfer pumps, degasifier vacuum pumps, and associated
valves, piping, and instrumentation. The condensate storage facility provides the following:

o Degasified and demineralized makeup and surge capacity to compensate for
changes in the turbine plant water inventory.

o Reserve supply for emergency shutdown decay heat removal in the event of failure
of the normal feedwater system.

o Secondary system fill water for plant startups.

9.2.6.1 Design Bases

Protection of the condensate storage from wind and tornado effects is discussed in section 3.3.
Flood protection is discussed in section 3.4. Missile protection is discussed in section 3.5.
Protection against the dynamic effects associated with postulated rupture in piping is addressed
in section 3.6. Environmental design is discussed in section 3.11.

9.2.6.1.1 Safety Design Bases

A. The condensate storage facility provides water to the suctions of the auxiliary
feedwater pumps during emergency conditions, including loss of offsite power,
with a coincident single failure.

B. Each CST capacity is based on satisfying the safety-grade cold shutdown
capability which is sufficient to allow plant operation in the hot standby mode for
4 h, followed by a 5-h orderly plant cooldown, at an average rate of 50°F/h but
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not to exceed a rate of 100°F/h, to a temperature of 350°F when the residual
heat removal (RHR) system may be placed in operation. For Unit 2, a combined
safety-related capacity in two CSTs supports an additional 3 h of hot
standby/cooldown for a total of 12 h prior to placing RHR in service.

C. The CSTs are designed to remain functional during and after a safe shutdown
earthquake (SSE). Provision is made so that failure of any non-Seismic
Category 1 lines attached to the CSTs cannot cause a loss of the reserve
capacity required for safe plant shutdown.

D. The piping layout from the CSTs to the auxiliary feedwater pumps ensures
adequate net positive suction head (NPSH) at the maximum CST water
temperature.

9.2.6.1.2 Power Generation Design Bases

A. The CSTs provide:

1. Sufficient water storage for simultaneous filling of all three condenser
shells upon completion of condenser field erection for the purpose of
hydrostatic testing of the condenser.

2. Sufficient water volume for filling of the condensate feedwater system
condenser hotwells and steam generators to their normal water levels just
prior to initial plant operation.

3. Sufficient water capacity to simultaneously fill all three condensers for
leak testing of condensers during scheduled shutdown periods.

B. The CSTs serve as a reservoir to supply or receive condensate as required by
the condenser hotwell level control system.

C. The condensate storage facility permits periodic testing of the auxiliary feedwater
pumps and valves.

9.2.6.1.3 Codes and Standards

Codes and standards applicable to the condensate storage facility are listed in table 3.2.2-1.
The storage tanks and safety-related piping are designed and constructed as Seismic
Category 1. The vacuum degasifier and appurtenances are designed and constructed as
Seismic Category 2.

9.2.6.2 System Description

9.2.6.2.1 General System Description

The condensate storage facility is shown in drawing 1X4DB161-1. The layout of the condensate
storage facility is shown in section 1.2. The system consists of two CSTs, a vacuum degasifier,
degasifier feed pump, degasifier transfer pump, a degasifier feed/transfer pump, two degasifier
vacuum pumps, and associated piping and instrumentation. There is one condensate storage
facility for each plant unit.
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Component Description

Condensate Storage Tanks

Each CST has a capacity of 480,000 gal. The tanks are vertical right cylindrical
tanks, constructed of reinforced concrete with stainless steel liners. The tanks
are provided with vent and overflow standpipes. The tanks are provided with
level and temperature instrumentation. Each pair of tanks is surrounded by a
dike with a capacity to retain leakage or overflow equal to 5% of one tank
volume.

Vacuum Degasifier Subsystem

This subsystem consists of the vacuum degasifier designed to withstand
pressure range from 30 in. mercury vacuum to 125 psig. The capacity rate of the
degasifier is 350 gal/min. Two vacuum pumps are provided to maintain the
required vacuum in the degasifier. Three fluid pumps are provided:

1. One to feed condensate to the degasifier.
2. One to transfer condensate from the degasifier back to the CSTs.
3. One that can be used as either a feed or a transfer pump. Each of these

three pumps is rated at 350 gal/min at 32 psig.

To control corrosion within the system, the CSTs are provided with floating
diaphragms which minimize the absorption of oxygen by the condensate. The
degasifier system further reduces the concentration of dissolved oxygen.

System Operation

Normal Operation

The condensate level in each storage tank is automatically maintained by a level control valve in
the line from the demineralized water system. The valve opens when the volume of liquid in the
tank drops to 457,000 gal and closes when the volume increases to 503,000 gal, thus
maintaining the volume at 480,000 gal plus or minus 23,000 gal.

If changes in the condensate system inventory cannot be accommodated by the condenser
hotwell, the hotwell level control automatically obtains makeup from, or diverts excess to, the
condensate storage facility.

Operation of the degasifier subsystem is intermittent as required to maintain the dissolved
oxygen in the condensate at less than 0.1 ppm.

The condensate storage facility normally contains no radioactivity. However, in the event of a
primary-to-secondary leak resulting from a steam generator tube leak, it is possible for the CSTs
to become contaminated. A further discussion of the radiological aspects of primary-to-
secondary leakage is included in chapter 11.

9.2.6.3.2

Emergency Operation

The condensate storage facility is normally aligned such that CST No. 1 provides water to all
three auxiliary feedwater pumps. A separate line connects the tank to each pump. In each line

9.2-28 REV 23 3/21



VEGP-FSAR-9

are two locked open valves; thus, no automatic or manual action is required to supply water to
the suction of the auxiliary feedwater pumps.

As the level in CST No. 1 decreases to the minimum allowable level, the operator manually
realigns the system so that CST No. 2 serves all three pumps. A separate line connects each
pump to CST No. 2. Each line contains a locked open valve and a normally shut, remote-
manual valve. The remote-manual valves have two points of control:

e The main control room.

e The appropriate shutdown panel (train A or B) or the auxiliary feedwater turbine-
driven pump local control panel.

9.2.6.4 Safety Evaluation

A. Two CSTs are provided for each plant unit. The system's active components are
designed to satisfy the single failure criteria. A failure modes and effects analysis
(FMEA\) is included in the FMEA provided for the auxiliary feedwater system in
subsection 10.4.9.

B. The total design capacity of each storage tank is 480,000 gal. For Unit 1, a total
of 340,000 gal is required to operate the plant in hot standby mode for 4 h,
followed by a 5-h cooldown to 350°F, the temperature at which the RHR system
may be used to remove the remaining residual heat as required for plants with
safety-grade cold shutdown capability. (See paragraph 10.4.9.2.2.5.) For Unit 2,
a combined safety-related volume of 378,000 gal in two CSTs is required to
support an additional 3 h of hot standby/cooldown for a total of 12 h prior to
placing RHR in service.

C. The CSTs and associated safety-related piping and valves are designed and
constructed as Seismic Category 1, ensuring that they will remain functional
through the SSE.

The components and supporting structures of any system or equipment which
are not Seismic Category 1 are evaluated to ensure that their failure does not
cause a loss of function of safety-related portions of the condensate storage
facility.

All nozzles used in normal power generation and nozzles to and from the
vacuum degasifier are located on the storage tank at an elevation such that a
reserve volume of 340,000 gal is always maintained below the level of these
nozzles. This ensures an adequate reserve for emergency safety use.

D. For a maximum CST water temperature of 120°F, the NPSH margin at the motor-
and turbine-driven auxiliary feedwater pumps suctions is greater than 11 ft.

9.2.6.5 Tests and Inspections

Hydrostatic testing will be done prior to initial startup. Analytical qualifications are performed as
required by seismic category and quality classification of each item.

Proper system performance and integrity during normal plant operation will be verified by
system operation and visual inspections.
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Correct positioning of valves is ensured by written procedure, as applicable.

Inservice testing of pumps and valves is in accordance with American Society of Mechanical
Engineers Section Xl as discussed in subsection 3.9.6.

Samples are taken to ensure oxygen levels are maintained within acceptable limits.

9.2.6.6 Instrumentation Applications

A level detection system is installed on the CST. Level signals are transmitted to the automatic
tank level control devices. Level indication is provided in the control room and on the shutdown
panels. A level recorder is located on the main control panel in the control room. Low- and
high-level alarms are provided in the control room. A low-level alarm is provided on the turbine
driven auxiliary feedwater panel.

A temperature sensor is provided for each CST with the temperature data transmitted to the
plant computer. The plant computer provides an alarm function on low water temperature by a
flashing readout on the Monitor display screen.

9.2.7 REACTOR MAKEUP WATER FACILITY

The reactor makeup water storage tank and degasifier system is designed to supply degasified
and demineralized water to the various nuclear steam supply system auxiliaries, heating,
ventilation, and air-conditioning system (HVAC) essential chillers, waste processing systems,
fuel pool cooling and cleanup system, etc., for normal and emergency makeup. If necessary,
the degasifier subsystem recirculates and deaerates the contents of the reactor makeup water
storage tank (RMWST).

9.2.7.1 Design Bases

Protection of the system from wind and tornado effects is discussed in section 3.3. Flood
design is discussed in section 3.4. Missile protection is discussed in section 3.5. Protection
against the dynamic effects associated with postulated rupture in piping is discussed in
section 3.6. Environmental design is discussed in section 3.11.

9.2.71.1 Safety Design Bases

The system provides:

A. A Seismic Category 1 source of water for the fuel handling building sumps.
B. A backup Seismic Category 1 makeup water supply for the spent fuel pool.
C. A backup Seismic Category 1 makeup water supply for the component and

auxiliary component cooling water surge tanks and the engineered safety
features (ESF) chiller expansion tanks.
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9.2.71.2 Power Generation Design Bases

A. The degasifier subsystem of the reactor makeup water system is designed to
recirculate and degasify the demineralized water in the RMWST, if necessary, to
reduce the water oxygen content to meet plant specifications for primary plant
usage.

B. The RMWST is sized to have sufficient total capacity to meet the water
requirements of a plant shutdown to cold conditions late in core life and
subsequent startup for the primary coolant system.

C. The RMWST also has a capacity to hold, as a minimum, the contents of one-half
of the plant's total recycle holdup tank volume.

D. Each reactor makeup pump is sized to provide a flow equal to the normal
operational (power generation) demand. This includes flows to the boric acid
mixing tee equivalent to the operating letdown flow from the primary coolant
system and other power generation primary makeup water requirements listed in

table 9.2.7-1.

E. The reactor makeup pumps are also designed to provide quench cooling for the
pressurizer relief tank following the design maximum pressurizer safety valve
discharge.

F. The RMWST is provided with a diaphragm to prevent aeration of the tank
contents.

9.2.71.3 Codes and Standards

Codes and standards applicable to the reactor makeup water facility are listed in table 3.2.2-1.

9.2.7.2 System Description

9.2.7.21 General Description

The reactor makeup water system is shown schematically in drawing 1X4DB184. The major
components of the system are the RMWST, the reactor makeup pumps, a degasifier
subsystem, and piping and valves.

9.2.7.2.2 Component Description

A. Reactor Makeup Water Storage Tank

The RMWST is a safety-related, Seismic Category 1 concrete tank with an
austenitic stainless steel liner plate. The tank is designed for atmospheric
pressure and 150°F and is sized to have 165,000 gal of usable storage.
Sampling connections are installed to permit periodic analysis of the tank's
contents. A diaphragm is provided to minimize the introduction of oxygen into
the reactor makeup water. The volume between the tank roof and the water
surface is vented to the atmosphere. The tank is surrounded by a dike to collect
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overflow. The tank nozzles and level instrument piping are maintained above
freezing temperature by heat tracing.

B. Reactor Makeup Pumps

Two nonsafety-grade, Seismic Category 1 pumps are supplied. Each pump is a
100%-capacity, horizontal, centrifugal unit with a flowrate of 200 gal/min and a
head of 285 ft. Each pump is powered from a separate non-1E emergency bus
which can be administratively loaded on the onsite power supply. All wetted
surfaces of the pumps are austenitic stainless steel. The pumps are located in
the auxiliary building.

C. Degasifier

The Seismic Category 2 degasifier subsystem consists of a degasifier, an air
ejector and vacuum pumps, and three pumps (one for transferring water from the
RMWST to the vacuum degasifier, one for returning water from the degasifier to
the tank, and the third one being the common spare). Sampling connections are
installed. All wetted surfaces of the degasifier subsystem are austenitic stainless
steel. The degasifier subsystem is located outdoors at grade.

D. Piping and Valves

One Seismic Category 1 and one Seismic Category 2 header are provided to
supply reactor makeup water to various applications. The Category 1 header is
used to supply backup makeup to the component cooling water system, auxiliary
component cooling water system, spent fuel pool cooling and purification system,
and the essential chiller system. The headers are separated by two Seismic
Category 1, air-operated isolation valves. The valves are operable from the
control room and are also interlocked with the level in the tank. The piping and
valves are austenitic stainless steel with a design pressure of 150 psig and a
design temperature of 500°F for the Seismic Category 1 header and a design
pressure of 275 psig and design temperature of 100°F for the Seismic Category
2 header. The piping and valves are welded except where flanged connections
are used to facilitate maintenance.

9.2.7.2.3 System Operation

9.2.7.2.3.1 Normal Operation. The reactor makeup water system provides reactor
makeup water to maintain the volume control tank level within a predetermined band and to act
in conjunction with the chemical and volume control system (CVCS) to maintain the required
reactor coolant system (RCS) boron concentration. When the reactor makeup control system
(RMCS) is in the "auto makeup" mode, a selected reactor makeup pump starts automatically on
a preset low level in the volume control tank and stops automatically on a preset high-level
signal. In the "dilute" and "alternate dilute" modes of operation, the reactor makeup pumps are
controlled by the RMCS and deliver water to the volume control tank or directly to the suction of
the charging pumps. In the "borate" mode, reactor makeup pump operation is not required.
The RMCS also has a "manual” mode which allows the operator to manually control the
operation of the reactor makeup pumps for providing makeup water to systems other than the
RCS.

A recirculation line from the reactor makeup pump discharge to the RMWST is provided to
maintain continuous system operation. If the demand for reactor makeup water is in excess of
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the pump's capacity, a flow switch automatically starts the second pump. This pump is shut
down automatically when the demand for reactor makeup water returns to normal. In the
manual mode of pump operation, the second pump will be manually started as necessary. The
RMWST level is maintained above a preset minimum by automatic replenishment from the
demineralized water system.

Periodic samples are taken to ensure that the quality of makeup water meets the chemical
specifications for service in the primary coolant system, as described in the Technical
Requirements Manual. The specifications are established by the Chemistry Department to
minimize corrosion, formation of activation products, and formation of scale. Vendor and EPRI
recommendations are both considered when establishing specifications. In case of conflicts,
VEGP will evaluate both positions.

The degasifier subsystem receives demineralized water from the RMWST. The demineralized
water is injected into the gas stripping portion of the degasifier body through a spray nozzle.
Oxygen and other gases are removed from the water flowing into the degasifier by the stripping
action of the spray in the partial vacuum of the degasifier. The stripped gases are drawn out of
the degasifier via a line connecting the body of the degasifier to the throat of the degasifier air
ejectors. Motive flow for the air ejectors is provided by vacuum pumps which take suction on
the discharge of the associated air ejector; the vacuum pumps discharge to the atmosphere via
a vent line on the tank dike sump. The degasifier transfer pump takes suction on the degasifier
and returns the degasified water to the RMWST.

9.2.7.2.3.2 Emergency Operation. The reactor makeup water system is also designed to
provide a backup source of makeup water for the spent fuel pool, component cooling water
system, auxiliary component cooling water system, and the ESF chilled water systems. The
water is delivered through manual operation of the reactor makeup pumps in conjunction with
the seismically designed portion of the piping and valving. The pumps are manually loaded
onto the non-1E emergency bus after all safety loads have been automatically sequenced. In
addition, makeup water (20 gal/min) can be provided to the spent fuel pool via the Seismic
Category 1 header, using gravity as the driving head instead of the pumps.

9.2.7.3 Safety Evaluation

The portion of the reactor makeup water system required to serve as a backup source of
makeup water for the spent fuel pool, component cooling water system, auxiliary component
cooling water system, and the engineered safety features (ESF) chilled water system is
designed and built to Seismic Category 1 requirements. However, as discussed in subsections
9.2.2,9.2.8, and 9.2.9, makeup water to the component cooling water system, auxiliary
component cooling water system, and ESF chilled water system is not required for safe
shutdown of the plant; and as discussed in subsection 9.1.3, the reactor makeup water storage
tank is one of three sources of makeup water to the spent fuel pool. The other two sources are
the refueling water storage tank (a seismic source) and the demineralized water system (a
nonseismic source). Therefore, makeup water to the spent fuel pool is available from alternate
sources if the reactor makeup water system fails and makeup water is required.

Even though failure of the reactor makeup water system will not compromise the safety of the
plant, the piping between the safety-related reactor makeup water tank and other safety-related
systems is Seismic Category 1. Two Seismic Category 1 air-operated isolation valves are
provided to effectively separate the seismic piping from the nonseismic portion of the system.
These valves receive train-related electrical power and are controllable from the main control
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room. In addition, the Seismic Category 1 header is automatically isolated from the Seismic
Category 2 header on a low-level signal from the reactor makeup water tank.

Since makeup water is not required immediately following a design basis event, the reactor
makeup water pumps are not considered safety related. However, they are seismically
designed and follow the material requirements of American Society of Mechanical Engineers I,
Class 3. This ensures the integrity of the flow path and provides reasonable assurance of the
operability of the pumps. Power for the pumps is supplied from train-related, non-1E electrical
buses. In an emergency, these non-1E buses can be manually loaded onto the 1E onsite
power source once the automatically started, safety-related loads are running. Should both
motors fail, the Seismic Category 1 piping and pump casings provide a flow path to allow
gravity-induced flow from the storage tank to the spent fuel pool.

9.2.74 Tests and Inspections

No special tests or features for unique inspection capability are provided since the system is
normally in continuous operation and individual components are readily accessible.

Sample connections indicated in subsection 9.3.2 permit analysis of degasifier outlet water and
RMWST contents.

9.2.7.5 Instrumentation Applications

Instrumentation is provided to measure water level in the RMWST and give main control room
indication and annunciation of high and low levels. Automatic level control instrumentation is
provided to initiate demineralized waterflow into the tank. An alarm is also installed to
annunciate a preset abnormal low tank water level. Under this condition, the water supply to the
nonseismic header is automatically discontinued, the operation of the degasifier is also
automatically stopped, and the reactor makeup water system can only supply makeup water to
those systems serviced by the Seismic Category 1 header. A low-low tank water level switch
discontinues the operation of the reactor makeup pumps to protect these pumps.

Local pressure indicators are provided for the suction and discharge of the reactor makeup
pumps.

Instrumentation is installed to measure flowrate in the common discharge line of the reactor
makeup pumps to provide local indication and to start the backup reactor makeup pump when
the flow requirement is higher than the design capacity of one reactor makeup pump.

9.2.8 AUXILIARY COMPONENT COOLING WATER (ACCW)

The ACCW system transfers heat from reactor auxiliary components to the nuclear service
cooling water (NSCW) system. The ACCW system forms an intermediate system or barrier
between components which could possibly release radioactivity and the NSCW which is open to
the atmosphere.
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9.2.8.1 Design Bases

9.2.8.1.1 Safety Design Bases

The safety-related portion of the ACCW system isolates the return from the reactor coolant
pump (RCP) thermal barrier in the event of a crack in the thermal barriers.

9.2.8.1.2 Power Generation Design Bases
A. The ACCW furnishes cooling water, sufficient to remove all excess operating
heat, to various reactor auxiliaries which are essential for normal power
operation.
B. The ACCW system is designed so that leakage into or out of the system can be
detected.
C. The ACCW system is designed in a manner which prevents long-term corrosion

that may degrade system performance.

D. The ACCW system is designed with lower pressures than the NSCW system to
prevent potential radioactive leakage into the NSCW system.

9.2.8.1.3 Codes and Standards

The codes and standards applicable to the ACCW system are listed in table 3.2.2-1.

9.2.8.2 System Description

9.2.8.2.1 General Description

The ACCW system is shown in drawings 1X4DB138-1, 1X4DB138-2, and 1X4DB139. The
ACCW system consists of two 100%-capacity ACCW heat exchangers, two 100%-capacity
ACCW pumps, one ACCW surge tank, and associated piping, valves, and instrumentation.

The components listed above are arranged so that the system can operate with either heat
exchanger or either pump in operation. The heat exchangers are cooled by NSCW in the tube
side of the exchangers. The ACCW flows in series through the two ACCW heat exchangers,
which in turn are each cooled by one NSCW train. Thus, ACCW cooling is available
irrespective of which NSCW train is in service.

9.2.8.2.2 Component Description

The ACCW heat exchangers are horizontal, shell and tube, single pass, counterflow type, each
rated at 66.1 x 106 Btu/h.

The ACCW pumps are horizontal, centrifugal type, rated at 6000 gal/min at 275-ft head, and
driven by 600-hp motors. Each ACCW pump is powered from separate Class 1E ac buses.

9.2-35 REV 23 3/21



VEGP-FSAR-9

The ACCW surge tank is a horizontal, cylindrical tank with a capacity of 2200 gal.

The ACCW system heat loads and flows are shown in table 9.2.8-1. A summary of ACCW
system parameters is presented in table 9.2.8-2.

9.2.8.2.3 System Operation

The ACCW system is essentially a closed loop system which circulates cooling water to the
following components:

e The normal charging pump motor coolers.

o The seal water heat exchanger.

e The catalytic hydrogen recombiners.

e The waste gas compressors.

e The pressurizer sample coolers.

e The reactor coolant sample cooler.

e The reactor coolant drain tank heat exchanger.

e The RCP motor coolers, thermal barriers, and bearing lube oil coolers.
e The letdown heat exchanger.

e Excess letdown heat exchanger.

e The ACCW pump and motor coolers.

The ACCW system circulates cooling water through all these listed components and then to the
ACCW heat exchanger where the heat is transferred to the NSCW system. The ACCW return
flow to the pump suction passes in series through the two ACCW heat exchangers, either of
which will satisfy 100% of the ACCW cooling requirements. Each ACCW heat exchanger is in
turn cooled by one NSCW train, one of which is always in service. Thus ACCW cooling is
available irrespective of the operating status of the NSCW system.

The ACCW system is not essential for safe plant shutdown under accident conditions but is
necessary for normal startup power, operation, and normal cooldown (without an accident) with
and without offsite power available.

The surge tank is connected to the main ACCW line on the suction side of the ACCW pumps; it
functions to ensure that the system is kept filled and pump net positive suction head (NPSH)
requirements are maintained. Makeup water is added to the surge tank as required from either
the reactor makeup water storage tank, the demineralized water storage tank, and/or the
component cooling water drain tank.

One ACCW pump is operated during normal operation. The second pump is started upon low
system pressure. The pumps are automatically sequenced onto the diesel generators upon

loss of offsite power, unless coincident with an engineered safety features (ESF) signal. Thus,
unless an ESF signal (e.g., safety injection) is present, cooling water is supplied to the letdown
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and seal water heat exchangers and to the RCP thermal barrier coolers during loss of offsite
power conditions. If desired, the ACCW system can be manually loaded onto the diesel
generator after an ESF signal.

9.2.8.3 Safety Evaluation

In case of a crack in an RCP thermal barrier, the return line for the barrier is automatically
isolated. In each pump return line there is a motor-operated isolation valve which closes on
high flow.

Downstream of these valves in the common return header is a redundant motor-operated
isolation valve of the opposite train which closes on high pressure or high flow. This ensures
that reactor coolant is isolated within the containment should a reactor coolant leak occur
through an RCP thermal barrier.

9.2.84 Tests and Inspections

Preoperational testing is performed to verify that the system is installed in accordance with
plans and specifications. Pipe welds are inspected in accordance with applicable codes.

The system is hydrostatically tested for leakage.
The pumps are tested to verify performance.

ACCW supply and return containment isolation valves are routinely tested during refueling
outages. Testing of these valves while the reactor coolant pumps are operating introduces an
unnecessary risk of costly damage to the reactor coolant pumps.

The ACCW System Carbon Steel Components Program is credited as a license renewal aging
management program as described in subsection 19.2.1.

9.2.8.5 Instrumentation Applications

Instruments are provided for monitoring system parameters. Level instrumentation on the surge
tank controls the addition of makeup water. On low-low level in the surge tank, the ACCW
pumps are automatically tripped. Surge tank level is trended on the integrated plant computer.
A high- and low-level alarm is provided as part of the surge tank instrumentation.

Safety-related flow instrumentation is provided on the ACCW return lines from the RCPs and
alarms in the control room on high flow (indicative of a cracked thermal barrier). Also, high
ACCW return flow from any RCP thermal barrier cooler or high pressure or high flow in the
common thermal barrier return line will automatically isolate the flow in the affected lines.

Safety-related instrumentation to detect loss of ACCW to the reactor coolant pumps consists of
surge tank level, ACCW pump discharge pressure, and containment isolation valve position.
Low ACCW pump discharge pressure is alarmed in the control room.

Radiation monitors are provided in the ACCW pump suction line with alarm and indication in the
control room.

Testing performed by Westinghouse has shown that the reactor coolant pumps will incur no
damage with an ACCW flow interruption of 10 min. Based on the various instrumentation
available to detect a loss of ACCW to the reactor coolant pumps, 10 min is considered an
adequate operator response time to preclude damage to the RCPs.
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Standard Review Plan Evaluation

The VEGP will provide safety-grade instrumentation to detect loss of ACCW to the RCP, but
VEGP does not incorporate an RCP trip upon loss of ACCW.

As discussed in paragraphs 5.4.1.2.4 and 9.2.8.5, the RCPs will incur no damage as a result of
an ACCW flow interruption for 10 min. To alert the operator of the need to manually trip the
RCPs, safety-related ACCW flow, pressure, surge tank level, and valve position instrumentation
are provided along with additional nonsafety-related instrumentation as described in paragraph

9.2.8.5

9.2.9

9.2.91

9.2.9.1.1

9.2.9.1.11
A.

B.

9.29.1.1.2
A.

9.2.9.1.2

9.2.9.1.21

CHILLED WATER SYSTEMS

Essential Chilled Water System

Design Bases

Safety Design Bases.

The essential chilled water system is designed to remain functional during and
following a safe shutdown earthquake (SSE).

The essential chilled water system is designed to maintain stipulated ambient air
temperature of the engineered safety features (ESF) equipment rooms and the
switchgear rooms during operation under accident conditions below the
maximum design ambient air temperature of 104°F.

The essential chilled water system is designed so that a single failure of any
active component, assuming loss of offsite power, cannot result in loss of ESF
switchgear or the ability to operate at least one of the redundant emergency
safeguard feature pumps. A failure mode and effects analysis of the system is
provided in table 9.2.9-3.

Power Generation Design Bases.

During its operation the essential chilled water system is designed to maintain
ambient air temperatures within the switchgear rooms, battery rooms, and control
room as specified in table 9.4.1-2, within the limits recommended by the battery
manufacturer, and in the American Society of Heating, Refrigeration, and Air-
Conditioning Engineers (ASHRAE) Comfort Standard 55-74, respectively.

The essential chilled water system is designed to permit periodic inspection,
testing, and maintenance of principal components.

System Description

General Description. The essential chilled water system consists of two

independent trains as shown schematically in drawings 1X4DB221, 1X4DB233, and 1X4DB234.
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Each train is a closed looped system. Major components for each of the two independent trains
include a centrifugal chilled water refrigeration machine (chiller), a full capacity chilled water
pump, expansion tank, and a nonsafety-related, normally isolated chemical addition subsystem.

The essential chilled water system provides chilled water to the cooling coils of the various ESF
areas such as the battery rooms, switchgear rooms, control rooms, ESF pump rooms,
penetration areas, and the spent fuel pool heat exchanger and pump rooms. The air handling
units for the ESF areas which operate during power generation have two sets of cooling coils,
one of which is served by the normal chilled water system while the other is supplied by the
essential chilled water system. During normal plant operation, chilled water to the air handling
unit is supplied by the normal chilled water system, and during accident conditions, chilled water
is supplied by the essential chilled water system. Air handling units serving areas which are
only required following an accident, such as a safety injection and containment spray pump
rooms are provided only with cooling coils supplied by the essential chilled water system.

9.29.1.2.2 Component Description. Design data for major components of the essential
chilled water system are listed in table 9.2.9-1.

A. Chiller and Pumps

The nuclear service cooling water system provides a nominal 1100-gal/min flow
of water through a 300-ton chiller condenser. The evaporator section of the
chiller is designed to provide a nominal 600-gal/min flow of approximately 44°F
chilled water to the coils of various cooling units associated with the essential
chilled water system in the auxiliary, fuel handling, and control buildings.

B. Expansion Tank
The expansion tank is used to:

e Maintain system pressure by allowing water to expand when the water
temperature increases.

e Provide a collection point for air bubbles released from the system.

e Provide makeup water to the system from the demineralized water storage
system or the reactor makeup water storage tank.

C. Chemical Addition Tank

The chemical addition tank provides a means for chemical mixing and injection
into the system to provide control against corrosion.

9.29.1.2.3 System Operation. During normal plant operation, both trains of the essential
chilled water system are on standby, as the power plant cooling is provided by the normal
chilled water system. On a safety injection signal, or control room isolation signal, both trains of
the essential chilled water system are automatically actuated; however, on loss of offsite power
the essential chilled water system is manually actuated. Each train is powered by the
emergency bus associated with the equipment it cools. The essential chilled water system
forms a link between the heat receiver of the essential air cooling units for the auxiliary, fuel
handling, and control buildings and the heat sink of the nuclear service cooling water system.
Heat picked up at the air cooling coils and transferred by the chilled water is piped past the
chemical addition system feed input point and the tee, used as an air separator, to the suction of
the chilled water pump. Chilled by the refrigeration circuit, the water leaves the evaporator at
about 44°F to return to the coils.
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The heat absorbed by the refrigerant in the chiller and compressor is removed in the condenser
where cooling water flows continuously during normal plant operation and accident conditions.
The chiller condenser uses nuclear service cooling water controlled by a modulating valve. This
valve responds to the temperature differential controller maintaining the temperatures
differential between the condenser and the evaporator.

9.2.9.1.3 Safety Evaluation

Safety evaluations are numbered to correspond with the safety design bases.

A. The chiller, chilled water pump, and piping are designed in accordance with
Seismic Category 1 requirements as specified in section 3.2.

B. The essential chilled water system capacity is designed to provide adequate heat
transfer to allow the coils to maintain design ambient air temperatures in
essential areas.

C. Two separate 100%-capacity independent systems provide complete mechanical
backup. Coupled with the redundancy of electrical design, a failure of any single
active component cannot result in a complete loss of both trains of ESF
equipment, thus ensuring a safe shutdown condition.

9.29.1.4 Tests and Inspections

The chilled water piping circuits are hydrostatically tested and balanced to provide design
flowrates and temperatures within a tolerance of +10%. Periodic inspections are performed to
ensure proper performance of system components.

9.2.9.1.5 Instrumentation Applications

The chillers and pumps are operable from the main control room and the remote shutdown
panel. Status indicators for the chillers and pumps are shown in the main control room and the
remote shutdown panel. The following instrumentation is shown in the main control room:

¢ Indication for compressor operation and malfunction.

e Indication for pump operation and malfunction.

e Alarm to indicate low flow through chiller.

e Alarm to indicate high temperature for chilled water.

e Alarm to indicate high/low water level in the expansion tank.

Local pressure, flow, and temperature indicators display the system operational parameters
associated with the chilled water system.
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9.2.9.2 Normal Chilled Water System
9.2.9.21 Design Bases
9.29.211 Safety Design Bases. The normal chilled water system has no safety design
basis.
9.29.21.2 Power Generation Design Bases.
A. During normal operation the normal chilled water system is designed to maintain

normal design ambient air temperatures in various areas throughout the turbine,
auxiliary, control, and fuel handling buildings.

B. The normal chilled water system is designed to permit periodic inspection,
testing, and maintenance of principal components with a minimum loss of normal
operation.

9.2.9.2.2 System Description
9.29.2.21 General Description. The normal chilled water system consists of three

chillers shown schematically in drawings AX4DB218, AX4DB231, and AX4DB232. Major
components include centrifugal chilled water refrigeration machines (chillers), chilled water
pumps, expansion tank, air separator, and chemical feed system. The normal chilled water
system is not a safety-related system as indicated in table 3.2.2-1.

The normal chilled water system supplies chilled water to the essential and nonessential cooling
units during normal plant operation. During an accident or loss of offsite power, the normal
chillers shut down, while the essential air cooling units are supplied with chilled water from the
essential chilled water system for safe shutdown.

The normal chilled water system can be connected to the NSCW system by two removable
expansion joints to provide chilled water to one auxiliary containment air cooling unit and one
reactor cavity cooling unit. Approximately 1000 gpm of chilled water may be diverted for this
purpose. This allows the containment to be cooled to a lower temperature than would normally
be possible, if needed, to provide a reasonable working environment in the containment during
outages.

9.29.222 Component Description. Design data for major components of the normal
chilled water system are listed in table 9.2.9-2.

A. Chiller and Pumps

The turbine plant cooling water system provides a nominal 10,000-gal/min flow of
water through series-connected 1500-ton chiller condensers. The series-
connected evaporator sections of the chiller system are designed to provide a
nominal 6050-gal/min flow of about 44°F chilled water to the coils of various
cooling units located throughout the plant. Automatic standby operation is
provided for both chiller and pumps.
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B. Expansion Tank
The expansion tank is used to:

1. Maintain system pressure by allowing the water to expand when the
water temperature increases.

Provide a collection point for air bubbles released from the system.

Provide makeup water to the system from the demineralized water
storage system.

C. Chemical Feed Tank

The chemical feed tank provides chemical mixing in the system to provide control
against corrosion.

9.29.223 System Operation. The normal chilled water system is designed to provide
plant cooling during normal plant operation only; it does not operate during an accident or loss
of offsite power, during which time the plant cooling is provided by the essential chilled water
system. The normal chilled water system forms a link between the heat receiver of the various
air cooling units throughout the plant and the heat sink of the turbine plant cooling water system.
Heat picked up at the coils and transferred by the chilled water is pumped past the chemical
addition feed input point and the air separator to the suction of the operating chilled water pump.
The operating pump discharges to the evaporator section of the operating chiller. Chilled by the
refrigeration circuit, the water leaves the evaporator at about 44°F to return to the coils.

The system has three complete chillers and pumps. Normally, two operate in series and one
chiller is on standby. Any two of the three pumps in parallel operate with the chillers to provide
chilled water to the single primary normal chilled water loop.

The condenser of the chiller is cooled by the turbine plant cooling water system.

9.2.9.2.3 Safety Evaluation

Because the normal chilled water system has no safety design basis, no safety evaluation is
provided.

9.2.9.2.4 Tests and Inspections

The chilled water piping circuits are hydrostatically tested and balanced to provide design
flowrates and temperatures within a tolerance of +10%. Active component performance is
monitored by various instruments on the chiller and piping.

9.2.9.2.5 Instrument Applications

The chiller and pumps are operable locally. The following instrumentation is available in the
main control room.

e Alarm for compressor trip and malfunction.

e Alarm for pump trip.
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e Flow indication and high alarm.
e Temperature indication and high alarm.

e High/low alarm for expansion tank water level.

Local pressure and temperature indicators display the system operational parameters
associated with the chiller and pumps.

9.2.10 TURBINE PLANT CLOSED COOLING WATER SYSTEM

The function of the turbine plant closed cooling water system is to provide chemically treated,
demineralized water for the removal of heat from nonsafety-related heat exchangers in the
turbine building and to reject the heat to the turbine plant cooling water system.

9.2.10.1 Design Bases
9.2.10.1.1 Safety Design Bases

The turbine plant closed cooling water system is not required for the safe shutdown of the plant
and has no safety design basis.

9.2.10.1.2 Power Generation Design Bases

The turbine plant closed cooling water system provides corrosion-inhibited, demineralized
cooling water to the equipment shown in table 9.2.10-1 during all modes of normal plant
operation.

During power operation the turbine plant closed cooling water system provides a continuous
supply of cooling water to turbine plant equipment.

The cooling water is treated with corrosion inhibitor and uses demineralized water for makeup.
The system is equipped with a pot feeder to add chemicals to the system.

The heat sink for the turbine plant closed cooling water system is the turbine plant cooling water
system. Turbine plant cooling water is provided on the tube side of the turbine plant closed heat
exchangers.

Makeup to the system is provided at a small percentage of cooling waterflow.
The surge tank provides a short duration of active storage.

Either pump or closed heat exchanger may be down for maintenance without impairing the
function of the system.

The turbine plant closed cooling water pumps are provided ac power from the 480-V switchgear
bus. The pumps are not required for safe shutdown of the plant; therefore, no connection to the
emergency diesels is required.
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9.2.10.2 System Description

9.2.10.2.1 General Description

The turbine plant closed cooling water system is shown in drawings 1X4DB154-1 and
1X4DB154-2. The system consists of one surge tank, one chemical addition pot, two pumps,
two heat exchangers (connected in parallel), and associated piping, valves, controls, and
instrumentation. Heat is removed from the turbine plant closed cooling water system via the
closed cooling water heat exchanger by the turbine plant cooling water system, which is
described in subsection 9.2.11.

The surge tank has a provision for a nitrogen blanket and provides storage to accommodate
volumetric changes due to thermal expansion and contraction in the system. The system may
be operated with or without a nitrogen blanket. Demineralized water is provided to the surge
tank for makeup to the system.

9.2.10.2.2 Component Description

Codes and standards applicable to the turbine plant closed cooling water system are listed in
table 3.2.2-1.

A. Turbine Plant Closed Cooling Water Surge Tank

The closed cooling water surge tank is constructed of carbon steel. The tank is
located in the turbine building. Demineralized water makeup is provided by a
level control valve.

B. Turbine Plant Closed Cooling Water Chemical Addition Pot

The closed cooling water chemical addition tank is constructed of carbon steel.
Provisions for makeup water and addition of the chemicals are included. The
tank is located in the turbine building.

C. Turbine Plant Closed Cooling Water Pumps

The closed cooling water pumps are constant speed, electric motor-driven,
horizontal, centrifugal pumps. The two pumps are connected in parallel with
common suction and discharge lines.

D. Turbine Plant Closed Cooling Water Heat Exchangers

The closed cooling water heat exchangers are of horizontal shell and straight
tube design. The tube side is supplied with turbine plant cooling water, and the
shell side is supplied with closed cooling water.

9.2.10.2.3 System Operation

During normal power operation, one of the two 100% capacity, closed cooling water pumps
circulates demineralized water through the shell of the closed cooling water heat exchanger(s).
The 100% capacity heat exchangers can be operated with one or both in service. The heat
from the closed cooling water heat exchanger is rejected to the turbine plant cooling water
passing through the tubes.
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Cooling water flowrate to the electrohydraulic control coolers, steam generator feedwater pump
turbine lube oil coolers, and rotary air compressors is regulated by automatic control valves.
These control valves are throttled in response to temperature signals from the fluid being
cooled.

The flowrate of cooling water to all of the other coolers or equipment is manually regulated by
individual throttling valves located on the cooling water side of each cooler.

The closed cooling water makeup surge tank is located at an elevation above the highest
component in the system and is connected to the pumps’ suction. The surge tank provides a
reservoir for small amounts of leakage from the system and for the expansion and contraction of
the cooling fluid with changes in the system temperature.

Demineralized water makeup to the turbine plant closed cooling water system is controlled
automatically by a level control valve which is actuated by sensing surge tank level. A corrosion
inhibitor is manually added to the system.

9.2.10.3 Safety Evaluation

The turbine plant closed cooling water system does not serve a safety-related system.

9.2.10.4 Tests and Inspections

The performance, structural, and leaktight integrity of all system components is demonstrated
by continuous operation.

9.2.10.5 Instrument Applications

Local indication of closed cooling water surge tank level is provided. Surge tank low- and high-
level alarms are provided in the control room. Each pump discharge contains a pressure
gauge.

Pressure indicator connections are provided where required for testing and balancing the
system. Flow indicator taps are provided at strategic points in the system for initial balancing of
the flows and for verifying flows during plant operation.

9.2.11 TURBINE PLANT COOLING WATER SYSTEM

The turbine plant cooling water system supplies cooling water to remove heat from nonsafety-
related heat exchangers.

9.2.111 Design Bases
9.2.11.1.1 Safety Design Bases

The turbine plant cooling water system is not required for the safe shutdown of the plant and
has no safety design basis.
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9.2.11.1.2 Power Generation Design Bases
The turbine plant cooling water system provides cooling water to equipment shown in

table 9.2.11-1 during all modes of normal plant operation and power generation.

9.2.11.2 System Description

9.2.11.21 General Description

The turbine plant cooling water system is shown in drawings 1X4DB151-1, 1X4DB151-2, and
1X4DB151-3. Applicable codes and standards are provided in table 3.2.2-1. The system
consists of two 100%-capacity turbine plant cooling water pumps and associated piping, valves,
controls, and instrumentation.

The turbine plant cooling water pumps are vertical, wet pit, centrifugal pumps driven by electric
motors. The pumps take suction from the circulating water pumps basin, which receives water
cooled by the turbine plant cooling tower. (See paragraph 10.4.5.2.)

Water from the turbine plant cooling water pumps is discharged to the turbine plant cooling
water system supply pipes, passes through the equipment serviced by the turbine plant cooling
water system, and is discharged into the circulating water system return pipes.

The turbine plant cooling tower acts as a heat sink for the turbine plant cooling water system.
Supply temperature, chemical composition, makeup source, and other parameters for turbine
plant cooling water system water are identical to those of the circulating water system. (See
paragraph 10.4.5.2.)

All turbine plant cooling water system materials are compatible with the cooling water chemistry,
long-term corrosion, and organic fouling and with the chemicals used for their control.

9.2.11.2.2 Component Description

A. Cooling Tower
The cooling towers are discussed in paragraph 10.4.5.2.2.B.
B. Makeup Water Pumps

The makeup water pumps for the turbine plant cooling water system are
discussed in paragraph 10.4.5.2.2.C.

C. Turbine Plant Cooling Water Pumps

The turbine plant cooling water pumps are vertical, centrifugal, wet pit, constant
speed, electric motor-driven pumps; they are powered from the normal ac power
system. Each pump is designed for 100% capacity, with the second pump as a
full installed spare, and each pump is designed to operate over a range of 7000 —
24,000 gal/min. The pumps are connected to a common discharge header.

D. Piping and Valves

All piping is standard weight or extra-strong schedule steel pipe, except for the
circulating water pipes used to return water to the tower. All valves are designed
for a minimum 150-psig pressure. Sufficient block valves are provided to isolate
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equipment for maintenance while the turbine plant cooling water system is in
operation. Relief valves are provided at each heat exchanger outlet to protect
equipment and piping from local overpressure.

9.2.11.2.3 System Operation

Each of the two full-capacity turbine plant cooling water pumps takes suction from the turbine
plant cooling tower basin outlet and discharges cooling water to the turbine plant cooling water
system pipes, which in turn distribute it to equipment serviced by the system. The pumps are
interlocked in such a way that trip of the operating pump will automatically start the spare pump.
The system is designed so that either pump can be isolated for repair or maintenance while the
second pump is in operation.

Each pump discharge pipe is provided with a pressure indicator, check valve, and shutoff valve.
A freeze-protected minimum flow line is also provided to prevent fluid overheating during idle
running. For a description of the cooling tower and basin operation, see paragraph 10.4.5.2.3.

Flowrates of cooling water to equipment serviced by the turbine plant cooling water system are
regulated by throttling valves located on each loop serviced. Cooling water return from each
cooler goes into the turbine plant cooling water system return pipes, which discharge into the
circulating water system return pipes and from there to the cooling tower.

All turbine plant cooling water system components are designed so that the effect of pressure
surges resulting from hydraulic transients during startup, shutdown, or accidental loss of one or
both turbine plant cooling water pumps will not damage components. All component materials
are suitable for the turbine plant cooling water system water chemistry and chemicals used to
prevent organic fouling and corrosion.

Suitable freeze protection is provided for the turbine plant cooling water pumps minimum flow
lines and for all exposed weather-sensitive instrumentation.

The turbine plant cooling water system will be available as a backup supply of lubricating and
seal water to the circulating water pumps.

9.2.11.3 Safety Evaluation

The turbine plant cooling water system is not safety related; therefore, there is no safety
evaluation.

9.211.4 Tests and Inspections

Preoperational testing is described in chapter 14. The performance, structural, and leaktight
integrity of all system components is demonstrated by continuous operation.

9.2.11.5 Instrument Applications

Each pump discharge contains a pressure gauge. Each cooler discharge is provided with a
pressure relief device.
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Pressure indicator connections are provided where required for testing and balancing the
system. Flow indicator taps are provided at strategic points in the system for initial balancing of
the flows and for verifying flows during plant operation.

Suitable weather protection is provided to each exposed turbine plant cooling water system
instrument loop.
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