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CHAPTER 9 AUXILIARY SYSTEMS

9.1 FUEL HANDLING AND STORAGE

Note: As required by the Renewed Operating Licenses for North Anna Units 1 and 2, issued
March 20, 2003, various systems, structures, and components discussed within this chapter are
subject to aging management. The programs and activities necessary to manage the aging of these
systems, structures, and components are discussed in Chapter 18.

9.1.1 New-Fuel Storage

New fuel assemblies are trucked to the station in new-fuel containers. The new-fuel
containers are unloaded from the truck. The containers are subsequently moved into the
new-fuel-unloading area of the fuel building by the new-fuel crane. The new-fuel assemblies are
upended and transported to storage by the motor-driven platform with hoists. The fuel building is
shown in Reference Drawings 5 and 6.

The new-fuel storage area is located in the fuel building and is designed to hold
126 new-fuel assemblies in specially constructed, Seismic Class I racks. The new fuel storage
area is located in the fuel building and is shared between Units 1 and 2. The area is completely
isolated from either unit and cannot impair any safety-related equipment operation of either unit.
Section 1.2.11 contains additional information on safety implications of the sharing of this area. It
is used primarily for the storage of approximately one-third of a replacement core plus 10% for
each of the two units. The new-fuel assemblies are stored in subcritical array racks in parallel
rows with a minimum center-to-center distance of 21 inches. The loads used in the design of these
racks are those due to the combination of normal and seismic loading. These racks consist of
126 square guide tubes, open at both ends, supported in a structural steel network at the top and
restrained in the horizontal direction at the bottom. The fuel assemblies are inserted in these guide
tubes and are supported by the concrete floor of the new-fuel storage area.

The new-fuel storage area is dry and any water that may enter this area drains to the fuel
building sump. However, even if the area were filled with unborated water, the minimum 21-inch
center-to-center storage distance between the fuel assemblies assures a k., of <0.95; for fuel of
highest anticipated enrichment, assuming optimum moderation (e.g., aqueous foam), the k. will
be <0.98.

The new-fuel storage vault and racks also meet the intent of General Design Criterion 61,
Fuel Storage Handling and Radioactivity Control, as follows:

1. Capability to permit an appropriate periodic inspection and testing of components important
to safety. The new-fuel storage area does not require periodic inspection and testing.
However, its design does not preclude random visual inspection of the area. Also,
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abnormalities in this area would become evident during fuel handling and appropriate
corrective action will be taken. The cranes that handle fuel will receive periodic lubrication
and inspection.

2. Suitable shielding for radiation protection. Fuel stored in the new fuel area does not require
shielding for radiation protection; therefore, this subpart does not apply.

3. Appropriate containment, confinement, and filtering systems. The new fuel is contained in
the new-fuel racks and is appropriately confined. Section 9.4.5 describes the fuel building
ventilation system.

4. A residual heat removal capability having reliability and testability that reflect the
importance to safety of decay heat and other residual heat removal. The new fuel does not
generate decay heat or other residual heat; therefore, this subpart does not apply.

5. Capability to prevent significant reduction in fuel storage coolant inventory under accident
conditions. The new fuel is stored dry and requires no coolant; therefore, this subpart does

not apply.

As described in UFSAR Section 4.3.2.7, the new-fuel storage area meets the applicable
criteria of 10 CFR 50.68 to preclude a nuclear criticality accident, as required by General Design
Criteria (GDC) 62. In addition, radiation monitors are installed in the fuel storage and handling
areas, as required by GDC 63.

9.1.2 Spent-Fuel Storage

Spent fuel is stored in the spent-fuel pit in the fuel building, which is shared by Units 1
and 2. The fuel building is shown in Reference Drawings 5 and 6, and discussed in Section 3.8.1.
The spent-fuel pit is a reinforced concrete, Seismic Class I structure lined with stainless steel plate
a minimum of 0.25-inch thick, and is designed for the underwater storage of spent-fuel
assemblies, control rods, and burnable poison rods after their removal from the reactor. It is
designed to accommodate 1737 fuel assemblies.

Sharing of the spent-fuel pit by both units does not impair the spent-fuel pit safety function
nor is it affected by an accident to either of the units. The pit is completely isolated from either
unit when at power and is completely independent of the capability related to an orderly shutdown
and cooldown of either unit. During the normal operation of both units, the pit is isolated by a
double-barrier fuel transfer tube with a bolted flange on the reactor cavity side and a gate valve on
the pit side, as described in Section 9.1.3.3.3. Isolation between the containment and the fuel pit is
broken only after the reactor is shut down and prepared for refueling. The other unit may be
operating normally at this time and is isolated from the fuel pit.

Free standing neutron absorber storage racks erected on the pit floor are provided to hold
the spent-fuel assemblies. Fuel assemblies are placed in vertical cells in parallel rows with a
10-9/16-inch pitch between adjacent assemblies. The racks are designed so that it is impossible to
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insert fuel assemblies in other than the safety lattice spacing, thereby ensuring the necessary
spacing between assemblies to ensure k. < 1.0 even if the pit were inadvertently filled with
unborated water. Irradiated components (but not fuel) otherwise, not stored in the spent fuel
assemblies, are stored, on the floor of the spent fuel pool, between the storage racks and the spent
fuel pool wall. The irradiated components stored in this area shall not be re-used in any future
core.

Shielding provided by the spent-fuel pit is discussed in Section 12.1.2, radiation monitors
for this area are discussed in Section 12.1.4, and the ventilation system is discussed in
Section 9.4.5.

The neutron absorber spent-fuel storage racks are classified Seismic Class I and are
designed to withstand the effects of the design-basis earthquake (DBE) and yet remain functional
and maintain subcriticality. Details of the seismic design are presented in Section 3.7.

Each rack array consists of a welded assembly of individual storage cells. The storage cells
are comprised of double wall Type 304 stainless steel boxes welded to each other with tie plates to
maintain the cell pitch of 10-9/16 inches. Each storage cell has an interior height of 168 inches to
ensure that the top nozzle and core components do not extend above the top of the spent fuel rack
when the fuel assembly is fully inserted. The storage cells are designed to provide lateral support
for the Westinghouse 17 x 17 or 15 x 15 assembly array design and are capable of storing any fuel
assembly which has been evaluated to be similar in weight and dimensions. The cells are flared at
the top to permit easy storage and retrieval of the spent fuel assemblies and to be compatible with
the fuel handling equipment. The double wall construction of the storage cells provides four
vented (open to the pool) compartments in which B,C (Boraflex) neutron absorber elements are
placed. The neutron absorber elements are positioned on each side of the storage cell at an
elevation corresponding to the fuel region of an assembly placed within the cell. The bottom
opening of each storage cell sits on and is welded to the rack base which is comprised of the fuel
assembly support plate and support feet. The fuel assembly support plate provides the level
seating surface required for each fuel assembly and also contains the openings necessary for
adequate natural circulation cooling flow within the spent fuel pool. The rack support feet raise
the racks above the pool floor to the height required to provide an adequately sized cooling water
supply plenum. The support feet contain remotely adjustable jackscrews to facilitate and ensure
proper support for the vertical loads and to achieve the required levelness.

One of the operational aspects of the neutron absorber spent fuel storage racks is that the
neutron absorber material (boraflex) offgases with exposure to radiation. To accommodate this
offgassing the fuel racks are designed with holes in the stainless steel sleeve which holds the
neutron absorber in place. The offgassing is visible from poolside as occasional bubbles rising
from the racks. The offgassing is most prominent in fuel locations containing freshly discharged
fuel. As the fuel decays, this offgasing will subside.
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The gas makeup is as follows:

Hydrogen 60%
Hydro-Carbons 24%
0,, CO,, CO 6%

Six different rack cell arrays are used to maximize use of the available storage space in the
pool. The six arrays are:

* One 11 x 11 rack (121 assemblies)
» Six 10 x 12 racks (120 assemblies)
* Four 10 x 11 racks (110 assemblies)
* One 10 x 11 rack (105 assemblies)
* One 9 x 12 rack (108 assemblies)

* Three 9 x 9 racks (81 assemblies)

In May 1976, the original structural design computations for the reinforced concrete
spent-fuel pool were reviewed to determine how much additional load from the high-density
spent-fuel racks could be carried by the walls. A detailed analysis indicated that the original
design would not satisfy structural design criteria, and that the best structural solution to the
problem would be the addition of a stainless-steel-lined, reinforced-concrete counterfort against
the interior north wall of the spent-fuel pool. This counterfort extends from the top of the mat at
Elevation 249 ft. 4 in. to the top of the north wall at Elevation 291 ft. 10 in. Details of the analysis
and counterfort design, especially regarding hydrostatic, thermal, and seismic criteria, can be
found in Appendix 9A. The pool structure was analyzed again in 1982 for the addition of neutron
absorber spent fuel storage racks. No additional structural modifications were required as a result
of that review.

The movable platform crane, shown on Figure 9.1-8, is used to move the three SFP gates.
Reference Drawing 5 shows each gate with its storage and installed positions. The gates are
located at each unit’s transfer canal and one near the spent fuel cask separating wall. These gates
are periodically (1) moved between their storage and installed positions and (2) removed from the
pool at the cask handling area for inspection and maintenance. Gate rigging and movement over
irradiated fuel is controlled by procedure to restrict the gate lift height, use redundant rigging, and
control fuel inserts in order to establish a load path in compliance with the Technical
Requirements Manual. The purpose of these controls is to preclude damage to either irradiated
fuel or the spent fuel pool and to maintain fuel spacing in the event that a gate handling accident
were to occur.



Revision 52—09/29/2016 NAPS UFSAR 9.1-5

Cranes carrying all other heavy objects, such as a spent-fuel cask, are prevented from
passing over stored fuel as shown on Reference Drawings 5 and 6. A spent-fuel cask drop
analysis has been performed and is included as Appendix 15A. As a result of this analysis, a
separating wall was placed between the fuel-cask-loading area and the spent-fuel storage area of
the spent-fuel pool. The wall acts as a barrier to prevent a cask from falling on spent fuel in the
fuel storage area of the fuel pool.

The wall separating the fuel-cask-loading area from the spent-fuel storage area is a 3-ft.
6-in. thick concrete wall 21-ft. 4-in. wide by 42-ft. 6-in. high, with a 3-ft. wide by 25-ft. 10-in.
high slot in the top to allow the transfer of spent fuel from the fuel storage area to the
fuel-cask-loading area. It is reinforced with bundled (two bars per bundle) No. 8 reinforcing bars
at 12-inch center-to-center spacing both horizontally and vertically in each face. These bars are
anchored into the existing concrete fuel pool walls and mat by drilling and grouting. Embedments
are designed to develop the ultimate tensile strength of the bars. The wall is lined on both sides
with a 0.25-inch-thick ASTM A-240 Type 304 stainless steel liner. The presence of the liner on
the spent-fuel storage side of the wall guarantees that if there is damage to the floor or wall liners
in the cask-loading area due to a cask drop accident, there will still be a continuous, intact liner
around the stored spent fuel to ensure adequate water over the fuel. However, the structural
benefits of the liner were conservatively neglected.

Appendix 9B presents a detailed cask drop accident analysis and design analysis for the
separating wall.

The ability to ensure the continuous cooling of spent-fuel assemblies and to prevent the loss
of water from the spent-fuel pit is discussed in Section 9.1.3.

The fuel building is discussed in Section 3.8.1. Stored fuel in the spent-fuel pit is protected
from horizontal missiles by the 6-foot-thick reinforced-concrete walls of the pit which extend
20 ft. 10 in. above grade.

D. R. Miller and W. A. Williams, in a paper entitled Tornado Protection of a Spent Fuel
Storage Pool No. APED-5696, dated November 1968, and P. L. Doan, in a paper entitled 7ornado
Considerations for Nuclear Power Plant Structures, published in July 1970, state that large
missiles such as utility poles and automobiles, which are the design tornado missiles
(Section 3.3.2), lack sufficient lift or velocity to clear a height of 25 feet. These could not,
therefore, impinge on the fuel elements. The spent-fuel elements would also be protected by the
water that covers the storage racks in the pool from other lighter missiles resulting from damage
to adjacent building superstructures. As discussed in the paper by P. L. Doan, small, fast-moving
missiles traveling downward would impact only one fuel assembly. The radiological impact of
this occurrence is evaluated in Section 15.4.5.

Analyses and field observations suggest that large missiles may be able to clear a height of
greater than 25 feet VEPCO consequently requested that Dr. Lawrence A. Twisdale, Jr., of
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Research Triangle Institute perform a new analysis of the tornado missile risk to the spent-fuel
pool. The analysis used a method described in a report for the Electric Power Research Institute
entitled Tornado Missile Risk Analysis (EPRI NP-768 and NP-769, Project 616, May 1978).

The analysis concludes that the probability of a tornado-generated missile entering the
spent-fuel pool and directly hitting the spent fuel assemblies (or the interior pool wall just above
the top of the assemblies) is estimated as 2.37 x 10712 per year. For the entire population of
postulated missiles, the combined probability of at least one tornado-generated missile directly
hitting the assemblies is estimated as 4.34 x 108 per year.

These low probabilities demonstrate that the spent fuel is adequately protected against the
effects of tornado-generated missiles.

9.1.3 Fuel Pit Cooling and Refueling Purification System

The fuel pit cooling and refueling purification system, shown on Figure 9.1-1 and
Reference Drawing 1, removes residual heat from spent fuel stored in the spent-fuel pit. This
system is also used to purify and maintain optical clarity of the spent-fuel pit water, the water in
either reactor refueling cavity, and the refueling-water storage tanks.

This system is common to both units and normally serves only the spent-fuel pit. During
and immediately after refueling, the system also performs a purification function of the refueling
water. Although shared by both units, the safety function is not affected by an accident in either
unit. The spent-fuel coolers, part of the component cooling water system, are supplied by a
common header connected to both units by isolation valves and a return header also connected to
both units by isolation valves. This arrangement allows common equipment to be operated from
either or both units’ component cooling water supply. In the event of an accident, cooling water
can be provided to the non-accident plant and to the common equipment by the system supplying
the plant not involved in the accident.

9.1.3.1 Design Basis
The fuel pit cooling and refueling purification system has the capability to:

1. Maintain the temperature of the fuel pit water at or below 140°F during a normal core offload
condition commencing 100 hours after shutdown. A normal core offload condition is a
planned offload of up to a full core. The most limiting condition for normal core offload is a
full core offload following refueling of the other unit. Section 9.1.3.3.1 provides a
description of the limiting design heat load assumptions used in determining capability of
cooling system.

2. Maintain the temperature of the fuel pit water at or below 170°F during an abnormal core
offload condition commencing 100 hours after shutdown. An abnormal core offload
condition is an unplanned offload of up to a full core. The most limiting condition for an
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abnormal core offload is an unplanned full core offload following back-to-back refueling of
both units. Section 9.1.3.3.1 provides a description of the limiting design heat load
assumptions for determining capability of cooling system

3. Remove soluble and particulate impurities from the water in the spent-fuel pit, either reactor
refueling cavity, and either refueling-water storage tank, to maintain the cavity water
optically clear and radiation levels within acceptable limits.

4. Dewater a reactor refueling cavity to the associated refueling-water storage tank, through
filters and an ion exchanger, if necessary.

5. Provide a path for the makeup and boration of the spent-fuel pit water and both
refueling-water storage tanks.

6. Maintain a minimum water level in the spent-fuel pit to provide adequate radiation protection
from irradiated fuel.

The fuel pit cooling piping and equipment are designed to Seismic Class I requirements.
Portions of the refueling purification piping and equipment are not designed to Seismic Class I
requirements. Operating procedures provide contingency actions to assure that the design basis of
adjacent systems are maintained in the event of a seismic event with the refueling purification
system aligned to Seismic Class I piping or equipment.

9.1.3.2 System Description

The portion of the fuel pit cooling and refueling purification system used to cool the
spent-fuel pit water has two shell-and-tube coolers and two circulating pumps in the fuel building.
The coolers and pumps are arranged for cross-connected operation, if necessary. The coolers are
cooled by component cooling water, with service water available as an emergency supply of
cooling water.

All fuel pit piping penetrations are located so that at least 23 ft. 1 in. of water would remain
above the active portions of the spent-fuel assemblies stored in the pit even if the water should
drain through the penetrations, thus ensuring adequate shielding for the spent-fuel assemblies.
Shielding for spent fuel assemblies is further discussed in Section 12.1.2.5.

The component cooling water radiation monitor and service water discharge monitor
discussed in Section 11.4.2 provide indication of any radioactive inleakage to the component
cooling water system or the service water system. Local sampling points on the discharge line
from each fuel pit cooler permit identification of the leaking cooler.

The system also includes three refueling purification pumps, two filters, and an ion
exchanger. The filter design retention capability is controlled by administrative processes that
provide a filter change-out strategy that includes different particle retention sizes dependent on
plant conditions (outage or non-outage) and the amount of cleanup required.
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The fuel pit water purity requirements related to fission and corrosion products are: (1) that
the water turbidity be sufficiently low to provide optical clarity and (2) that the radiation levels at
the surface of the water not exceed the acceptable level of 50 mrem/hour based on a combined
source of the spent fuel, radioactive corrosion, and fission products in the water.

The potential sources of suspended matter that affect the spent fuel pit water turbidity
include the initial fill water, the boric acid, the corrosion products from the stored spent-fuel
assemblies, the fuel storage racks, the fuel pit liner, the spent-fuel pit cooling system, and the
corrosion and fission products from the refueling cavity. The suspended matter is maintained
below a maximum of 1.0 ppm.

Spent-fuel pit water can be purified, if required, by pumping a portion of the fuel pit cooling
loop flow through the refueling purification filters and ion exchanger with the refueling
purification pumps. The refueling purification pumps take suction from the cooling system loop
flow downstream from the coolers and return it to the pit. The filters and ion exchanger are
operated in series as a filter/ion exchanger/filter arrangement, or either of the filters may be used
alone. Flow through the ion exchanger and filters provides adequate purification of the water to
permit access to the working area and to maintain optical clarity of the pit water. The refueling
purification pumps can be run to purify the pit water independently of cooling pump operation.

The water surface of the spent-fuel pit is maintained free of floating material (e.g., dust) by
two permanently installed skimmers connected to the suction of the spent-fuel pit cooling pumps.
The fuel pool skimmers are also provided with a pump which allows the skimmers to be operated
when the fuel pool cooling pumps are not in operation.

The water in the reactor refueling cavity is purified by circulating it through the refueling
purification filters and ion exchanger with one or two refueling purification pumps. The system
can be lined up using one pump through a filter/ion exchanger/filter combination, two pumps in
parallel through the filter downstream from each pump, or two pumps in parallel with one
pumping through a filter and one through an ion exchanger/filter combination. The system lineup
used will be that necessary to reduce the radiation levels at the surface of the water to an
acceptable level of 50 mrem/hour or less and maintain the necessary water clarity. The refueling
purification pumps take suction from the bottom of the refueling canal and from the residual heat
removal system downstream from the residual heat exchangers and return the purified water to
the reactor refueling cavity. A skimmer assembly similar to those used in the spent-fuel pit joins
the suction line from the bottom of the refueling canal to maintain the water surface free of
floating material.

A reactor refueling cavity can be dewatered at an initial flow rate of approximately 800 gpm
by using two refueling purification pumps in parallel. The water is pumped through the refueling
purification filters, which remove suspended crud particles, to the respective refueling-water
storage tanks. This filtration reduces the radioactivity of the water input into the refueling-water
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storage tank. In the event a reactor refueling cavity is dewatered by pumping its contents directly
to the respective refueling-water storage tank using the residual heat removal pumps, this tank can
be purified at approximately 400 gpm using a refueling purification pump and filter.

Because portions of the refueling purification system are not Seismic Class I piping,
administrative controls are established to allow timely isolation of these portions of the refueling
purification system when the system is being used to purify the refueling water storage tank.
Non-seismic portions of this system may be used to make up to the refueling water storage tank
via the opposite unit’s blender. If the non-seismic portions are used during these makeup
evolutions, administrative controls are established to enable the non-seismic portions to be
isolated promptly, if required.

Makeup water, borated and unborated, is supplied to the spent-fuel pit and the
refueling-water storage tanks from the boric acid blender in either of the Chemical and Volume
Control Systems. The Seismic Class I source of makeup water is the fire protection system
(Section 9.5.1), a permanently piped path. The service water system serves as the Seismic Class [
backup water source. Service water can be supplied to the spent-fuel pit through a connection on
the cooling water lines to the fuel pit coolers.

The spent-fuel pit is founded on solid rock, and makeup requirements to the fuel pit are
anticipated to be minimal, as discussed in Section 9.1.3.3.3. The fire protection system is capable
of supplying 400 gpm to the spent-fuel pit and will be capable of meeting any anticipated leakage.

All parts of equipment and piping in contact with water that has been borated to a
refueling-water concentration are constructed of austenitic stainless steel.

The design data for the fuel pit cooling and refueling purification system components are
given in Table 9.1-1.

9.1.3.3 Design Evaluation
9.1.3.3.1 Availability and Reliability

Two fuel pit cooling pumps and two fuel pit coolers are provided to ensure cooling
requirements are met. Redundant piping is provided from the spent-fuel pit through the pumps
and coolers to the main return header located above pool water levels. Based on conservative
design basis assumptions, the fuel pool temperatures are calculated to be less than 140°F for a
normal core off-load case and 170°F for an abnormal full-core off-load case, if one cooling pump
and two coolers are used. The design-basis evaluation also assumes a bounding tube-plugging
scenario of 48 tubes plugged per cooler, 96 tubes plugged total.

At North Anna a single spent fuel pit provides storage of irradiated fuel assemblies for both
units. Under this arrangement a back-to-back refueling scenario at the time of completion of full
core offload for the second unit will present the most limiting SFP heat load under normal
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conditions. For the back-to-back refueling condition the assumption is made that as soon as one
unit has completed refueling, the second unit begins its refueling outage. This results in the most
recently discharged batch of fuel prior to the current refueling having a decay time of 25 days.

The transfer of the core to the spent fuel pit is assumed to begin at 100 hours after shutdown
and finish at 120 hours after shutdown. The 20 hours assumed for transfer of the core is
conservative with respect to actual practice and assumes a transfer rate of approximately eight
assemblies per hour.

The heat load from the irradiated fuel in the pit prior to the back-to-back and non
back-to-back refuelings is accounted for through a cumulative decay heat load determined from
successive refueling discharges decayed for 1.5 to 18 years; and for 0.3 to 17.8 years,
respectively. Following the back-to-back refuelings the pit is assumed to be full except for a full
core discharge capability (157 storage cells).

The above back-to-back refueling scenario results in a heat load on the spent fuel pit
cooling system of 46.8 x 108 Btu/hr. At this heat load the spent fuel pit cooling system can
maintain the pit temperature at or below 140°F with one pump and two coolers in operation and
the component cooling water supply temperature at a maximum of 76.7°F.

For a non back-to-back design condition where the previous refueling has not occurred
within the previous 120 days (or approximately 0.3 years), the additional cooling time for the
previously discharged fuel would result in a reduced heat load of 44.0 x 10° Btu/hr. At this heat
load the spent fuel pit cooling system can maintain the pit temperature at or below 140°F with one
pump and two coolers in operation and the component cooling water supply temperature at
maximum of 80.7°F.

A limiting abnormal heat load for North Anna is determined by assuming an unscheduled
shutdown of one unit which requires a full core offload after the other unit has gone back on-line
following back-to-back refuelings. The heat load is conservatively determined assuming the most
recently discharged fuel batch has a decay time of 25 days, the next most recently discharged
batch has a decay time of 50 days, and the core being offloaded to have operated for a sufficient
length of time to produce maximum decay heat prior to being transferred to the pit by 120 hours
after shutdown of the unit. The heat load from the irradiated fuel in the pit prior to the refueling is
accounted for through a cumulative decay heat load determined from successive refueling
discharges decayed for 1.5 to 18 years. The abnormal condition also assumes that the unscheduled
full core offload completely fills the pit. This results in a heat load of 53.1 x 10® Btu/hr placed on
the spent fuel pit cooling system.

The capability of the spent fuel pit cooling system is more than sufficient to maintain the pit
temperature below 170°F with the component cooling water supply temperature at its maximum
expected temperature, 100°F, through the use of one pump and two coolers. During the design
basis conditions discussed above and for the limiting normal core off-load condition with one
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pump and one cooler in service, the maximum calculated temperature remains below the
temperature (177.5°F) at which the structural analysis of the fuel pool was performed. Loss of
cooler function need not be postulated for the limiting abnormal off-load condition.

Assuming all normal cooling capacity is lost, the length of time before the fuel pit water
temperature reaches 200°F is approximately 6 hours with maximum possible decay heat load
from nominal conditions. Six hours should be adequate to make necessary repairs to reinstate
normal fuel pit cooling capability. Should the repair effort exceed this time limit, makeup water to
the spent fuel pit is available from a permanently piped flow path from the fire protection system,
as described in Section 9.1.3.2.

Three refueling purification pumps are provided. A maximum of two pumps
(Section 9.1.3.2) are in use at once, with the other pump serving as an installed spare. Two
refueling purification filters are provided, thus ensuring at least partial system-filtering capacity if
one filter is out of service. The filters are subjected to the greatest use during and after refueling.
The filter cartridges are renewed, if necessary, prior to refueling to ensure maximum capacity for
retention of particles during refueling.

9.1.3.3.2 Purification of Water

The refueling water purification system contains a mixed bed H-OH resin. Normally these
resin beds are operated at 125°F or lower. At water temperatures greater than 140°F, time
dependent thermal degradation is characterized by a loss of anion exchange capability, release of
organic substances (generally trimethylamine) and finally an evolution of ionic material
previously absorbed at available anion sites. Figure 9.1-2 plots the time required for a strong base
Type 1 anion resin to lose half of its absorption capacity, versus elevated operating temperature. A
similar plot is applicable to strong acid cation resin except that the initiation temperature for
thermal degradation is 250° to 350°F rather than 140°F.

The decontamination factor in this temperature range will not appreciably change until a
significant portion of the resin capacity is affected by the elevated operating temperature.

Particulate matter absorbed (physically) on a resin bed is generally not affected by the
decomposition of the resin, and subsequently little, if any, increase in the particulate activities is
observed.

Should the allowable temperature of the inlet water to the ion exchanger exceed 140°F, the
ion exchanger may be isolated and bypassed until a lower temperature is obtained.

The 400 gpm filtration rate for one refueling purification pump and filter results in a
turnover time of about 27 hours for the spent-fuel pit. The fuel pit water may also be pumped
through a path consisting of a refueling purification filter, the ion exchanger, and the other filter at
a rate of about 130 gpm. These purification rates will keep the water clear and remove radioactive
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impurities in the spent-fuel pit. The two skimmer assemblies in the spent-fuel pit remove particles
that float on the water surface.

The purification rates provided by the system for a reactor refueling cavity range from 760
to 175 gpm, depending on the number of refueling purification pumps used and the system lineup.
Coupled with the 120 gpm rate of purification available through the Chemical and Volume
Control System (Section 9.3.4) during refueling, these rates result in turnover times of a reactor
refueling cavity from 5 to 14 hours. This purification reduces radiation from the reactor cavity
water to acceptable levels and keeps the water clear. The skimmer assembly in each reactor cavity
removes floating particles.

The arrangement of inlet and outlet piping, the high cooling flow rate, and the thermal
currents set up within the fuel pit by the spent fuel keep the water mixed.

9.1.3.3.3 Spent-Fuel Pit Water Leakage Control

No means exist for completely draining the spent-fuel pit using installed systems and
equipment. Figure 9.1-3 shows all piping connections to the spent-fuel pit, including any pipes
that dip into the pool that can act as siphons, and the internal weir. The water level could be
lowered to Elevation 285 ft. 9 in., which is 4 ft. 1 in. below the normal water level and 23 ft. 1 in.
above the fuel, by incorrect operation of, or a failure in, the fuel pit cooling and refueling
purification system. In these instances, detailed below, an adequate water level would exist over
the fuel to provide for cooling and radiation protection.

A credible improper operation could be an open line during maintenance in the refueling
purification system with an inadvertent opening of a valve along this open line, or improper valve
alignment where spent-fuel pit water could be pumped to the refueling-water storage tank. In this
event, an insufficient amount of water would be returned to the pool. However, the design of the
fuel pit is such that the water level can only be lowered 4 ft. 1 in. below the normal water level in
this event. The elevation at which the 10-inch spent-fuel pit pump suction lines FC-1-152-Q3 and
FC-2-152-Q3 penetrate the spent-fuel pit prevents a lowering of the water level below 285 ft. 9 in.
Also, the siphoning of the pool through the 6-inch line RP-1-152-Q3 and the 12-inch line
FC-8-152-Q3 is not credible because of the siphon breaker hole in the 12-inch line FC-8-152-Q3.

Should conditions exist for siphoning the pool via the 4-inch line RP-28-152 by improper
operation of the refueling purification system, such as described above, siphoning the water is
only possible to Elevation 288 ft. 4 in. or 1 ft. 6 in. below the normal water level.

The spent-fuel pit water level could be lowered to Elevation 287 ft. 3 in. by a failure in
either of the 1-inch lines FC-10-152-Q3 or FC-11-152-Q3 between the skimmers and the
spent-fuel pit penetration while the spent-fuel pit water is being circulated for cooling and
purification.
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The spent-fuel pit water level can be lowered to Elevation 264 ft. 1 in., which is 1 ft. 5 in.
above the stored fuel during refueling, by incorrect operation of the reactor cavity drain. During
refueling, the refueling cavity water can be circulated for purification using the refueling
purification pump, the refueling purification filter, and the refueling purification ion exchanger.
This system takes suction from the reactor cavity drain and returns the water to the cavity
following purification. With an erroneous system lineup, purified water is returned to the
refueling-water storage tank instead of the reactor cavity.

The spent-fuel pit level could also be lowered to Elevation 264 ft. 1 in. by an erroneous
system lineup of the reactor cavity drain and the gate valve on the fuel transfer tube. This tube
connects the reactor refueling cavity to the spent-fuel pit. The spent-fuel pit water level cannot be
lowered below Elevation 264 ft. 1 in. because of a 14 ft. 9 in. high concrete barrier between the
pit and fuel transfer canals to Units 1 and 2, as shown in Reference Drawings 5 and 6.

The operating procedures used during refueling ensure that the fuel transfer tube gate valve
is closed before the draining of the reactor refueling cavity commences. In addition, the
procedures require placing the bolted blank flange on the fuel transfer tube as soon as the reactor
refueling cavity is drained. After the completion of refueling the transfer canal gate is installed if
the transfer canal will be drained.

If the spent-fuel pit level were inadvertently lowered via the reactor refueling cavity drain,
this condition would be detected before the level reached Elevation 264 ft. 1 in., either by an
excessive refueling-water storage tank level if the water level were lowered by pumping, or by a
containment sump level alarm if the water were lowered by draining. The operator would then
take action to correct the condition.

The solid rock foundation and reinforced concrete structure of the spent-fuel pit will
prevent leakage from the pit should a heavy object such as a spent-fuel cask be dropped in the pit;
however, the integrity of the stainless steel liner could be violated. Water could then enter the
channels behind the liner seams that were used for testing during construction. These channels are
interconnected in four zones with a 0.5-inch line from each zone to the fuel building sump. These
lines are plugged and thus no water will be lost from the pit. If the puncture is at a point other than
the channels and the fuel pit water passes through the liner and concrete structure, the founding
material below is virtually impenetrable.

9.1.3.3.4 Malfunction Analyses

Malfunction analyses of the individual components of the spent-fuel pit cooling and
purification system are presented in Table 9.1-2.

9.1.3.4 Tests and Inspections

Periodic visual inspections and preventative maintenance are conducted on all system
components. Periodic sampling of the spent-fuel pit water is conducted.
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9.1.3.5 Instrumentation Application

Instrumentation provided gives local indication in the fuel building and the auxiliary
building and remote indications and alarms in the main control room. Unit 1 control board
indication and alarms include:

1. Fuel pit temperature indication.
2. Spent-fuel pit temperature alarm at > 140°F, and > 170°F.

3. Spent-fuel pit high/low-water level with the low-level alarm 6 inches below normal water
level (Elevation 289 ft. 4 in.).

4. Start/stop switch for spent-fuel pit cooling pumps with run indication on both main control
boards.

5. High differential pressure alarm for the refueling purification filters.

Local indications include various flows, temperatures, pressures, and differential pressures.

The system instrumentation, including the spent-fuel pit level and temperature
instrumentation, are calibrated on a periodic basis.

In addition, wide range level instrumentation provides remote indication of spent fuel pit
level. The instrumentation measures spent fuel pit water level from 7 inches above the top of the
fuel racks to 10 inches above normal water level.

9.1.4 Fuel Handling System

The fuel handling system provides a safe, effective means of transporting and handling fuel
from the time it reaches the station in an unirradiated condition until it leaves the station after
postirradiation cooling.

The system is designed to minimize the possibility of mishandling that could cause fuel
damage and potential fission product release.

The fuel handling system consists basically of the following:

1. A refueling cavity in each unit’s containment structure, which is flooded only during unit
shutdown for refueling, and a manipulator crane and control rod assembly changing fixture
for each unit.

2. The spent-fuel storage pit, which is maintained full of borated water after initial plant fuel
loading and is accessible to operating personnel, and a movable platform with hoists. The pit
and platform are shared by both units.

3. The fuel transfer system for each unit, which consists of an underwater conveyor that carries
the fuel from the refueling cavity through the containment wall and into the spent-fuel
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storage pit, and the new-fuel elevator, which is located in the spent-fuel pit and is shared by
the two units.

9.1.4.1 Design Basis

The fuel handling system consists of equipment and structures used for handling new- and
spent-fuel assemblies in a safe manner.

The following design bases apply to the fuel handling system:

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

2. Fuel lifting and handling devices are capable of supporting maximum loads under
design-basis earthquake conditions.

3. The fuel transfer system, where it penetrates the containment, has provisions to preserve the
integrity of the containment pressure boundary.

4. Cranes and hoists used to lift spent fuel have a limited maximum lift height so that the
minimum required depth of water shielding is maintained.

9.1.4.2 System Design and Operation

The fuel handling system consists of the equipment needed for the initial plant fueling and
the refueling of the reactor core. Basically, this equipment is comprised of cranes, handling
equipment, and a fuel transfer system. The structures associated with the fuel-handling equipment
are the refueling cavity, the refueling canal, the spent-fuel storage pit, the movable platform, and
the new-fuel storage area.

After receipt, new-fuel assemblies are removed one at a time from the shipping cask. New
fuel is delivered to the reactor by placing a fuel assembly into the new-fuel elevator, lowering it
into the spent-fuel pit, and taking it through the fuel transfer system. The spent-fuel pit, new-fuel
elevator, and movable platform with hoist are shared by both units.

The reactor is refueled with fuel-handling equipment designed to handle the spent fuel
under water from the time it leaves the reactor vessel until it is placed in a cask for shipment from
the site. Underwater transfer of spent fuel provides an effective, economic, and optically
transparent radiation shield, as well as a reliable cooling medium for the removal of decay heat.
Boric acid is added to the water to ensure subcritical conditions.

The associated fuel-handling structures may be generally divided into three areas: the
refueling cavity and refueling canal, which are flooded only during plant shutdown for refueling;
the spent-fuel pit, which is kept full of water after initial fuel loading and is always accessible to
operating personnel; and the new-fuel storage area, which is separate and protected for dry
storage. The refueling cavity and the spent-fuel pit are connected by a fuel transfer tube. This tube
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is fitted with a blind flange on the refueling cavity end and a gate valve on the spent-fuel pit 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 refueling canal by the manipulator crane.
A portable rod cluster control change tool is utilized in the spent fuel pit for transferring control
elements from one fuel assembly to another. The rod cluster control changing fixture is located on
the refueling canal wall. Storage of irradiated fuel assemblies or control rods in the rod cluster
control changing fixture is not allowed, as in the event of a loss of refueling canal water level, the
fuel assemblies and/or control rods would be exposed thereby creating a radiation hazard.

The upender at either end of the fuel transfer tube is used to pivot a fuel assembly to the
horizontal position for passage through the transfer tube. After the transfer car transports the fuel
assembly through the transfer tube, the upender at that end of the tube pivots the assembly to a
vertical position so that it can be lifted out of the fuel container.

In the spent-fuel pit, fuel assemblies are moved about by the movable platform with hoist.
When lifting the spent-fuel assemblies, the hoist uses a long-handled tool to ensure that sufficient
radiation shielding is maintained. A shorter tool is used to handle new fuel, but the new-fuel
elevator must be used to lower the assembly to a depth at which the hoist, using the long-handled
tool, can place the new assembly into the fuel transfer container in the upending device.

Decay heat generated by the spent-fuel assemblies in the spent-fuel pit is removed by the
spent-fuel pit cooling system. After a suitable decay period, spent fuel can be moved from storage
in the spent fuel pool and loaded into casks for storage at the North Anna ISFSI, or loaded into
casks for shipment off the site.

9.1.4.3 Fuel-Handling Structures
9.1.4.3.1 Refueling Cavity

Each refueling cavity is a reinforced-concrete structure that forms a pool above the reactor
when filled with borated water for refueling. The walls and floor of the refueling cavity are lined
with 0.25-inch stainless steel plate. The cavity is filled to a depth that limits the radiation at the
surface of the water to 50 mrem/hour during those brief periods when a fuel assembly is
transferred to the fuel upender and is at the closest approach to the surface of the water.

The refueling cavity provides storage space for the reactor upper and lower internals, the
control rod drive shafts, and miscellaneous refueling tools.

The reactor vessel flange is sealed to the bottom of the refueling cavity by a bolted,
gasketed seal ring that prevents the leakage of refueling water from the cavity. This seal is
fastened and closed after reactor cooldown before the flooding of the cavity for refueling
operations. During reactor operation, the seal is removed.
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Reference Drawings 2 and 3 depict the refueling cavity water seal arrangement and details.
Reference Drawing 3 also includes a listing of all materials used in the construction of the water
seal.

The water seal is a 2-inch-thick carbon steel annular plate provided with bolt holes adjacent
to both the inner and outer peripheries. The inner edge rests on a flange of the reactor vessel and is
secured to this flange by 36 equally spaced 0.75-inch diameter bolts. Alignment is provided by
two diametrically opposed 1-3/16 inch-diameter guide pins. Redundant neoprene gaskets are used
between the water seal and the flange on the reactor vessel and the seal ring lower assembly. The
gaskets are deformed by the water hydrostatic load and the torquing of the water seal bolts. The
combination of the bolting arrangement and the deformation of these gaskets provides for
leaktight integrity.

The refueling cavity water seal has been designed to retain integrity under the hydrostatic
load imposed by 30 feet of refueling cavity water. This integrity will also be retained under a
simultaneous hydrostatic loading and seismic event.

The seal ring will not structurally fail and the bolting arrangement will keep the seal ring in
position. As shown in Reference Drawing 2, the gaskets have a wedge-shaped cross section and
are firmly held in place by a bolted seal spacer.

In a postulated accident consisting of a complete loss of all gaskets, the hydrostatic pressure
of the refueling water will force the water seal against the reactor vessel flange and the seal ring
lower assembly. In this event, some leakage from the refueling cavity to the reactor cavity is
credible, due to minor seal plate flatness irregularities. However, this leakage would be minor.
During a postulated leak, water leaking past the water seal would flood the lower reactor cavity
and incore instrumentation tunnel to a maximum elevation of 241 ft. 6 in. The water would then
drain to the lower containment floor elevation at 216 ft. 2 in.

All electrical equipment, motors, switches, and connectors essential in maintaining a safe
shutdown are not within reach of flood water. The lowest elevation of equipment essential to
maintaining a safe shutdown is that of the residual heat removal pumps located at
Elevation 234 ft. 1 in. The residual heat removal flat on which these pumps are located allows
water accumulation to flow to the containment floor.

9.1.4.3.2 Fuel Transfer Canal and Fuel Transfer Tube

A fuel transfer canal in each reactor containment extends from the refueling cavity to the
inside surface of the reactor containment wall. The canals are formed by two concrete shielding
walls, which extend upward to the same elevation as the top of the refueling cavity. The walls and
floors of the canals are lined with 0.25-inch stainless steel plate. The floor of the canal is at a
lower elevation than the refueling cavity to provide the greater depth required for the fuel transfer
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system upending device and the rod control cluster changing fixture, which is located in an alcove
off the canal.

A fuel transfer tube provides a connecting passage between the end of the fuel transfer canal
in each reactor containment and the spent-fuel pit. A blind flange is bolted onto the refueling
cavity end of the transfer tube to seal the reactor containment penetration. The transfer tube also
has a gate valve on the spent-fuel pit end to prevent the leakage of water into the refueling cavity
during the times when the cavity is empty of water and the refueling cavity end of the tube is
unblocked. This valve provides a mechanism to isolate the fuel transfer tube in the event of a loss
of spent fuel pool level or reactor cavity level during refueling operations. This gate valve is not
required to be leak tested. The fuel transfer tube is designed as Seismic Class I; no other portion
of the fuel transfer system is so designated.

9.1.4.3.3 Decontamination Facility

The decontamination facility is described in Section 9.5.

9.1.4.4 Refueling Equipment
9.1.4.4.1 Reactor Vessel Stud Tensioners

Stud tensioners are used to makeup the reactor vessel head closure joint. During this process
all studs are stressed sufficiently to hold the closure heads seated and maintain leaktightness
during operation.

The stud tensioner (Figure 9.1-4) is a hydraulically operated device provided to permit the
preloading and unloading of the reactor vessel closure studs at cold shutdown conditions. Stud
tensioners minimize the time required for the tensioning or unloading operations, minimize thread
damage, and permit precision stud tensioning. Three tensioners are provided for each unit, and
they are applied simultaneously to three studs 120 degrees apart. One hydraulic pumping unit
operates the tensioners, which are hydraulically connected in parallel. The studs are tensioned to
their operational load in two steps to prevent high stresses in the flange region and unequal
loadings in the studs. Procedural guidance is used to prevent the overtensioning of the studs.

9.1.4.4.2 Reactor Vessel Head Lifting Device

The reactor vessel head lifting device (Figure 9.1-5) 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 remains permanently attached to the intermediate
lift ring. Attached to the head lifting device are the monorail and hoists for the reactor vessel stud
tensioners.
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9.1.4.4.3 Reactor Internals Lifting Device

The reactor internals lifting device (Figure 9.1-6) is a structural frame which is suspended
from the reactor containment polar crane, when needed. One lifting device is provided for each
unit. The frame is lowered onto the guide support plate of the internals and manually bolted to the
support plate by three bolts. Bushings on the frame engage guide studs in the vessel flange to
provide close guidance during removal and replacement of the internals package.

9.1.4.4.4 Manipulator Crane

The manipulator crane (Figure 9.1-7) is a rectilinear bridge and trolley crane with a vertical
mast extending down into the refueling cavity water. A manipulator crane is provided for each
unit. The bridge spans the refueling cavity and runs on rails set into the floor along the edges 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 from
the mast to grip the fuel assembly. The gripper tube is a telescopic device that is long enough so
the upper end is still contained in the mast when the gripper end contacts the fuel. A winch
mounted on the trolley raises the gripper tube and fuel assembly up into the mast tube. The fuel,
while inside the mast tube, is transported to its new position.

The manipulator crane has been equipped with In-Mast Sipping (IMS) capability. The IMS
system is a set of hardware that provides a means of performing quantitative leak testing of fuel
assemblies in the manipulator mast during fuel handling on the core offload. Units 1 and 2 have
Westinghouse and AREVA IMS systems installed on the fixed mast tube. The Westinghouse IMS
equipment weighs approximately 125 Ibs. and the AREVA equipment weighs approximately
100 lbs. In operation, the change in elevation of the fuel assembly from its in-core position to the
full-up position in the mast results in a reduction of external pressure on the fuel rods of about
15 psi. This pressure differential is sufficient to cause fission gases (specifically Krypton and
Xenon) to expand and migrate out through any open defects in the fuel cladding. These escaped
gases are then detected by the IMS system detectors.

All controls for the manipulator crane are mounted on a console located on the bridge. The
bridge is positioned on a coordinate system laid out on one rail. With the aid of a scale, the trolley
is positioned on the bridge structure. The scale is read directly by the operator at the console. An
auxiliary load cell meter enables the crane operator to continuously monitor elevation and load
and minimizes the potential for operator distractions during refueling operations.

The drives for the bridge, trolley, and winch are variable speed, including a separate inching
control on the winch. Electrical interlocks and limit switches on the bridge and trolley drives
protect the equipment. In an emergency, the bridge, trolley, and winch can be operated manually
using handwheels on the motor shafts. The main and auxiliary hoists each have two independent
load-holding brakes: a disk-type, electrically energized to release, spring-set brake; and a



Revision 52—09/29/2016 NAPS UFSAR 9.1-20

mechanical-type brake. The bridge and trolley brakes are of the shoe type, electrically energized
to release, and spring set.

Even though the crane is not Seismic Class I, suitable restraints are provided between the
bridge and trolley structures and their respective rails to prevent derailing due to the design-basis
earthquake. The manipulator crane is designed to prevent the disengagement of a fuel assembly
from the gripper under the design-basis earthquake. The manipulator crane is parked to one side
of the reactor and secured when not in use.

The manipulator crane structure is designed in accordance with Electric Overhead
Industrial Crane Specification 61. The design load is specified as the weight of three fuel
assemblies at 4725 1b plus the gripper tube weight of 900 1b, or a total of 5625 1b. Note that the
5625 1b design load neglects the 125 Ib weight of the Westinghouse IMS equipment and the
100 lbs. weight of the AREVA equipment. All load-supporting members are designed with a 5 to
1 safety factor at this design load. The normal operating load for the crane is approximately
2700 lbs. including the gripper weight and IMS equipment. The maximum loading for the crane is
6000 Ib. Seismic loads used by the vendor for design are based on 1.5-g horizontal and 1.0-g
vertical accelerations.

9.1.4.4.5 Movable Platform with Hoists

The movable platform with hoists in the fuel building (Figure 9.1-8) is a wheel-mounted
motor-driven platform with two overhead electric hoists for lifting new and spent-fuel assemblies.
The platform spans the spent-fuel pit and may be maneuvered over the fuel pit, the fuel transfer
canals, and the new-fuel handling and storage area in the fuel building. The hoist travel and the
length of the long fuel-handling tool is designed to limit the maximum lift of a spent-fuel
assembly to ensure that the water above the fuel provides a safe shielding depth. The movable
platform is a Seismic Class I component. Suitable restraints are provided between the bridge and
the rails to prevent derailing during an earthquake. Each hoist is equipped with a load-sensing
device to detect any binding that may occur during fuel handling. These hoists have dynamic
braking and two independent load-holding brakes, each with the capability to hold the rated hoist
load. One holding brake is a Weston ratchet type and the other is a multiple-disk-type that is
spring set and electrically released. The trolley drive consists of a worm gear speed reducer that
acts as a brake when the motor is stopped. The platform drive also has a worm gear reducer and,
in addition, a single disk brake that is spring set and electrically energized to release.

The design of the motor-driven platform includes the following additional provisions to
ensure the safe handling of the fuel elements:

1. All portions of the driveline are capable of withstanding sudden stops of rated load up to
150% of rated speed.
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2. An unobstructed perpendicular view into the water surface is provided along the entire length
of the platform to ensure that the fuel assembly remains in the operator’s view during
handling.

3. An interlock is provided to prevent the platform and trolley from moving while the hook is
being operated. The interlocks provided are fail-safe; that is, most common failures will
leave the interlock features intact, preventing operation of the equipment unless the interlock
is manually bypassed. The less likely failure of an interlock in the permissive condition,
caused by a short circuit around a switch or by a relay sticking in the closed position, must be
followed by an operator error for a possible accident situation to exist.

4. Each hoist is provided with a resolver which inputs to the Programmable Logic Controller
(PLC) to stop the hook in its highest and lowest positions. The PLC allows the drive motor to
be energized in the reverse direction after the hook’s highest and lowest positions have been
reached. The resolver PLC limit settings are set so as to stop hoist motion under all
conditions of hoist load and hoist speeds and in sufficient time to prevent the contact of the
upper and lower blocks.

5. The hoist is provided with redundant upper limits (a block operated switch and a PLC upper
limit setting). The failure of either one of these devices will not affect the operation of the
other.

6. Failure of the lower limit switch will not cause an accident.

7. The motor-driven platform hoists are provided with a load readout device and a load-limiting
feature that stops hoist motion if a preset weight is exceeded. The setpoint of the load limiter
is adjustable. Failure of this interlock will not cause an accident.

The movable platform with hoists is located within the fuel building and is shared by
Units 1 and 2. However, it serves only one unit at a time. Being shared has no effect on its ability
to function safely nor does it affect the ability for an orderly shutdown or cooldown of the
operating unit.

The movable platform with hoists was built according to the following codes and
regulations:

1. Department of Labor Occupational Safety and Health Standards, 29 CFR 1910,
Chapter XVII.

2. ANSI Standard Safety Code for Overhead and Gantry Cranes, ANSI B30.2.0-1967.
3. Crane Manufacturers Association of America, Specification No. 70, Service Class Al.

4. American Welding Society, Specification for Welded Highway and Railway
Bridges D2.0-69.
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5. American Institute of Steel Construction, Inc., Specification for the Design, Fabrication and
Erection of Structural Steel for Buildings, AISC, 7th Edition, Part 5, February 12, 1969.

6. National Electrical Code, 1971 Edition, NFPA 70-1971, ANSI CI-1971, Article 610.

The crane is retrofitted to the 1999 edition of the National Electric Code.

7. National Electrical Manufacturers Association NEMA Section II, Parts 10, 12, and 14.

8. American Society of Nondestructive Testing, ANSI SNT-TC-1A.

9. Steel Structure Painting Council, Standard SSPC-SP-6-63, Commercial Blast Finish.
9.1.44.6 Fuel Transfer System

The fuel transfer system (Figure 9.1-9) consists of a winch/cable system which drives the
transfer car that runs on tracks extending from the refueling canal through the transfer tube and
into the spent-fuel pit, and an upender lifting frame at each end of the transfer tube. The upender
in the refueling canal receives a fuel assembly in the vertical position from the manipulator crane.
The fuel assembly is then lowered to a horizontal position for passage through the transfer tube
and raised to a vertical position by the upender in the spent-fuel pit. The hoist on the movable
platform over the spent-fuel pit then takes the fuel assembly to a position in the spent-fuel racks.

During reactor operation the transfer car is stored in the fuel transfer canal inside
containment and a blind flange is bolted on the transfer tube to seal the reactor containment
penetration.

9.1.4.4.7 New-Fuel Elevator

The new-fuel elevator (Reference Drawing 4) lowers new-fuel assemblies from the top to
the bottom of the spent-fuel pit so that the new-fuel-handling tool and the hook and cable of the
traveling platform hoist do not become contaminated by immersion in the pit water. The transfer
of the fuel assembly from the elevator at the bottom of the pit to the upending frame is
accomplished with the long fuel-handling tool, which is also used for transferring spent fuel. The
fuel elevator is a Seismic Class I component.

Although the new-fuel elevator is shared by Units 1 and 2, a malfunction of this item has no
effect on the orderly shutdown and cooldown of the operating unit.

The design of the fuel elevator includes the following provisions to ensure the safe handling
of the fuel elements:

1. A stop is provided to prevent the elevator from moving above the 293 ft. 0 in. elevation upon
failure of the upper-limit switch.

2. The winch is provided with limit switches that are activated at the full up and full down
positions of the elevator carriage.
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3. The cable and winch are capable of holding the elevator carriage against the stop without
failure of equipment in case of a failure of the limit switch.

4. A failure of the lower-limit switch will not cause an accident.

5. The winch is equipped with an electromagnetic brake of fail-safe design (being spring
applied and electrically released). The brake is applied upon the loss of any phase from the
power source. This brake is mounted on the motor shaft and is capable of stopping 150% of
rated load at any speed up to 200% of full speed.

6. A slack cable limit switch is also provided to stop the motor if the carriage is hung up during
lowering.

7. All portions of the driveline from the first brake to the lifting clevis are capable of
withstanding any sudden stop of the rated load at 150% of rated speed.

9.1.4.4.8 New-Fuel Crane

The new-fuel crane (Figure 9.1-10) is a toprunning bridge crane with a 5-ton capacity hoist.
The crane is capable of transferring new-fuel containers from a truck into the fuel building and
positioning them at the 272 ft. 0 in. elevation. The crane is designed for outside service, for
operation in 35-mph winds, and for making capacity lifts at temperatures down to -20°F. The
new-fuel crane is built according to the following codes:

1. ANSI Safety Code for Overhead and Gantry Cranes, ANSI B30.2.0-1967.

2. Crane Manufacturers Association of America, Inc., CMAA Specification No. 70 Service
Class A.

The new-fuel crane is not seismically designed; however, it is equipped with safety lugs to
prevent the bridge or trolley from jumping off the rails.

This hoist has two independent load brakes, a Weston ratchet-type and an electrically
energized to release, spring-set, shoe-type brake. Each brake has the capacity to hold the rated
hoist load. Both the bridge and trolley are electrically energized to release, spring-set, shoe-type
brakes.

The new-fuel crane is provided with an interlock circuit that prevents the closing of the
main-line circuit breakers unless all individual motor controls are in the off position. This
interlock is fail-safe; that is, the most common modes of failure, an open circuit and burned-out
relay coils, leave the interlock feature intact, preventing the operation of the equipment unless the
interlock is manually bypassed. The less likely failure of an interlock circuit in the permissive
condition, caused by a short circuit around a switch or by a relay sticking in the closed position,
must be followed by an operator error for a possible accident situation to exist.
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All crane controls are of the dead-man type, with spring return to the off position. The hoist
is also provided with limit switches to stop the hook in its highest and lowest positions. There are
two independent upper-limit switches. The failure of any one of the upper-limit switches will not
affect the operation of the other.

9.1.4.49 Rod Cluster Control (RCC) Change Tool

The rod cluster control (RCC) change tool (Figure 9.1-12) is a device used to remove an
RCC from one fuel assembly and transfer it to another in the spent fuel pit. During use, this tool is
suspended from the spent fuel pit bridge hoist and is operated from the bridge walkway.

The RCC change tool is portable and functions in a manner similar to the RCC change
fixture. The tool is lowered by the bridge hoist until it rests upon the nozzle of the desired fuel
assembly. The gripper actuator is then lowered and latched onto the RCC spider which allows the
entire RCC 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 RCC.

The tool consists of three basic assemblies: the guide tube, the support tube, and the drive
mechanism.

The guide tube is similar to that in the new RCC change fixture. It is the square
cross-sectioned tube at the bottom of the tool. Guide plates are provided over the entire length of
the tube to prevent damaging the control rods and to properly align the gripper. The gripper
actuator is also contained within the guide tube. It is a pneumatic device which operates the
gripper from an air hose reaching through the support tube to the drive mechanism. Two limit
switches provide upper and lower limits for the motion of the unit. The bottom of the guide tube is
equipped with guide pins to insure alignment of the tool with the fuel assembly.

Above the guide tube is the support tube which gives the proper length to the tool, provides
support for the gripper actuator, and supplies protection for the lift cable. Also enclosed within the
support tube are the air hose for the gripper and the electrical cable for connection of the limit
switch. To prevent tangling of the hose and cable, the cable has been placed inside the coiled air
hose with seals at each end to allow separation of the two.

The drive mechanism, at the top of the tool, consists of a winch powered by an AC electric
motor, the operator’s panel, and four limit switches. One of the limit switches provides overload
protection in the event of an RCC hang-up. The other three are geared limit switches, two
providing upper and lower limits and the last providing control for the pneumatic system.

9.1.4.4.10 Rod Cluster Control Changing Fixture

The RCC-changing fixture is designed to transfer RCC elements from one fuel assembly to
another inside containment (Figure 9.1-11). However, use of the changing fixture is prohibited by
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procedure because of concerns related to potential loss of refueling cavity level. Five major
subassemblies are comprised in the changing fixture: (1) a frame and track structure, (2) a
carriage, (3) a guide tube, (4) a gripper, and (5) a drive mechanism. The carriage is a movable
container supported by the frame and track structure. The tracks provide a guide for the four
flanged carriage wheels and allow horizontal movement of the carriage during changing
operations. Positioning stops on both the carriage and frame locate each of the three carriage
compartments directly below the guide tube. Two of these compartments are designed to hold
individual fuel assemblies while the third is made to support a single RCC element.

The guide tube is situated above the carriage and mounted on the refueling canal wall. This
assembly provides for the guidance and proper orientation of the gripper and RCC element as
they are being raised or lowered.

The gripper is a pneumatically actuated mechanism responsible for engaging the RCC
element. It has two flexure fingers that can be inserted into the top of the RCC element when air
pressure is applied to the gripper position. Normally the fingers are locked in a radially extended
position. The design of the RCC-changing fixture includes the following provisions to ensure the
safe handling of fuel elements:

1. The air system that actuates the gripping mechanisms is a fail-safe design, in that air is
required to disengage the gripper and a loss of air will not cause the gripper to fail.

2. The gripper air valve is fitted with a handle lock that must be disengaged before the air valve
can be operated. This prevents accidental operation of the air valve.

3. A limit switch is provided to prevent the gripper from extending past the prescribed limits.

The drive mechanism assembly is mounted on the operating deck. Its components include:
(1) a manual carriage drive mechanism, (2) a revolving stop-operating handle, (3) a pneumatic
selector valve for actuating the gripper piston, and (4) an electric hoist for elevation control of the

gripper.
9.1.4.4.11 Refueling-Water Storage Tank

The refueling-water storage tank of each unit, described in detail in Section 6.2.2, provides
the water for filling the reactor cavity and for certain engineered safety features systems.

9.1.4.4.12 Fuel Building Trolley

The crane for handling the spent-fuel cask (Figure 9.1-13) is a trolley of 125-ton capacity
running on fixed rails. The rails span the west end of the spent-fuel pit in an area where no
spent-fuel storage racks are installed. While inside of the fuel building, the trolley is supported on
an NSQ, seismic rail support structure. The rails run south, through the inside roll-up door of the
fuel building and into the upper bay of the decontamination building, where the rail support
structure is classified non-safety-related, non-seismic. The rails continue south, through the
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outside roll-up door, over the low bay of the decontamination building, and under the fuel
building trolley enclosure. The fuel building trolley enclosure provides nominal protection for the
trolley while it is outside over the roadway and railroad to help control the spread of
weather-driven contamination. The fuel building trolley is designed as a Seismic Class I
component. The fuel building trolley is built in accordance with the following codes:

1. ANSI Safety Code for Overhead and Gantry Cranes, ANSI B30.2.0-1967.

2. Electric Overhead Crane Institute, Inc., Specification for Electric Overhead Traveling
Cranes for EOCI Service Class A.

Restraints are provided to prevent displacement of the trolley from the rails during the
design-basis earthquake.

The possibility of the cask falling from the trolley is minimized since the trolley is equipped
with eddy current brakes, dual-load holding brakes, and dead-man motor controls with spring
return to the off position. These brakes and controls prevent the cask from falling freely while
hanging from the trolley. The motor controls can be operated by levers and switches in the cab or
remotely by radio control. The cask-lifting rig is conservatively designed so that the cask is
securely locked to the rig, thereby preventing the cask from slipping from the trolley hook. The
main and auxiliary hoists have regenerative control braking and two spring-set, electrically
energized to release, load-holding brakes. The trolley is equipped with hydraulic-electric braking,
which is spring set on loss of power and is operated by a foot pedal in the cab or a lever on the
radio control unit when the crane is in use.

The fuel building trolley is provided with an interlock circuit that prevents the closing of the
main-line circuit breakers unless all individual motor controls are in the off position. This
interlock is fail-safe; that is, the most common modes of failure, an open circuit and burned-out
relay coils, leave the interlock feature intact, preventing the operation of the equipment unless the
interlock is manually bypassed. The less likely failure of an interlock circuit in the permissive
condition, caused by a short circuit around a switch or by a relay sticking in the closed position,
must be followed by an operator error for a possible accident situation to exist.

Each hoist is provided with limit switches to stop the hook in its highest and lowest
positions. Each limit switch is wired so that the drive motor can be energized in the reverse
direction after its limit switch has been actuated. The actuating mechanism of the limit switch is
positioned so that it will trip the limit switch under all conditions of hoist load and hoist speed and
in sufficient time to prevent the contact of the upper drum and lower blocks. There are two
independent upper-limit switches. The failure of any one of the upper-limit switches will not
affect the operation of the other.
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9.1.4.4.13 Polar Crane

The overhead crane in the containment (Figure 9.1-14) is of the polar configuration and is
supported on the circular crane wall. The crane has two main hooks, each with a normal capacity
of 140 tons and an intermittent capacity of 195 tons. These hooks are used during the installation
of major components. One of the two main hook trollies also has an auxiliary hook with a 15-ton
normal capacity and a 30-ton intermittent capacity when specially rigged for the installation of
major components. The maximum hook elevation is approximately 51 feet above the operating
floor. The polar crane has access to the entire area within the crane wall. The auxiliary hook,
rigged for its normal 15-ton capacity, has access to the area inside and outside the crane wall. The
polar crane and auxiliary hook are designed as Seismic Class I components.

The reactor containment polar crane is designed and constructed to comply with the
following codes:

1. ANSI Safety Code for Overhead and Gantry Cranes, ANSI B30.2.0-1967.

2. Electric Overhead Crane Institute, Inc., Specification for Electric Overhead Traveling
Cranes for Class A Service.

The main and auxiliary hoists have regenerative control braking and two double-shoe-type,
spring-set, electrically energized to release brakes. The trolley has a multiple-disk-type,
spring-set, electrically released brake.

The bridge brake is a hydraulic-electric model that is spring set on loss of power and
operated by a foot pedal in the cab when the crane is in use.

Restraints are provided between the trolley and bridge and between the bridge and rails to
prevent derailing during a design-basis earthquake.

9.1.4.5 Refueling Procedure

The refueling operation follows a detailed procedure that provides a safe, efficient refueling
operation. The following significant points are ensured by the refueling procedure:

1. The refueling water and the reactor coolant contains approximately 2600 ppm of boron. This
concentration, together with the negative reactivity of the 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 if all of the rod cluster control assemblies were
removed from the core.

2. 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. This water also
provides adequate cooling for the fuel assemblies during transfer operations.
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The refueling operation is divided into four major phases: (1) preparation, (2) reactor
disassembly, (3) fuel handling, and (4) reactor assembly. A general description of a typical
refueling operation through the four phases is given below:

1. Phase I - Preparation

The reactor is shut down and cooled to cold-shutdown conditions in accordance with
Technical Specifications. The coolant level in the reactor vessel is lowered to a point slightly
below the vessel flange. The fuel transfer equipment and manipulator crane are checked for
proper operation before the movement of any fuel.

2. Phase II - Reactor Disassembly

All cables, air ducts, and insulation are removed from the vessel head. The refueling cavity is
then prepared for flooding by installing the reactor cavity seal; checking the underwater
lights, tools, and fuel transfer system; closing the refueling canal drain holes; and removing
the blind flange from the fuel transfer tube. With the refueling cavity prepared for flooding,
the vessel head is unseated, raised and taken to its storage stand. Refueling cavity flood up is
initiated during this evolution if required for personnel shielding; otherwise, the flood up is
initiated upon completion of the head lift. Water from the refueling-water storage tank is
pumped into the reactor coolant system by the safety injection pumps, causing the water to
overflow into the refueling cavity. The control rod drive shafts are disconnected and, with the
upper internals, are removed from the vessel. The fuel assemblies and RCC assemblies are
now free from obstructions and the core is ready for refueling.

3. Phase III - Fuel Handling

The refueling sequence is started with the manipulator crane. As determined in the Reload
Safety Evaluation, which is prepared before each refueling, all irradiated fuel assemblies are
removed from the core to the spent fuel pool. Partially spent assemblies and new assemblies
are returned to and repositioned in the core. The sequence of fuel assembly movements is
designed to maintain a safe, reliable, and efficient operation.

The general fuel-handling sequence is as follows:

a. The manipulator crane is positioned over the fuel assembly to be moved.

b. The fuel assembly is lifted by the manipulator crane to a predetermined height sufficient
to clear the reactor vessel and still leave a water covering sufficient to eliminate any
radiation hazard to the operating personnel.

c. The fuel transfer car is moved into the refueling canal from the spent fuel pit.
d. The fuel assembly container is pivoted to the vertical position by the upender.

e. The manipulator crane is moved to line up the fuel assembly with the fuel transfer system.
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The manipulator crane loads a fuel assembly into the fuel assembly container of the fuel
transfer car.

g. The container is pivoted to the horizontal position by the upender.

h. The fuel container is moved through the fuel transfer tube to the spent-fuel pit by the

n.

0.

transfer car.

. The fuel assembly container is pivoted to the vertical position. The fuel assembly is

unloaded by the spent-fuel-handling tool attached to the movable platform and hoists.

. The fuel assembly is placed in the spent-fuel storage rack.

This procedure is repeated until all exposed fuel assemblies are located in the spent fuel
pit storage racks.

. If time permits, prior to the refueling outage, new-fuel assemblies are brought from dry

storage, lowered into the spent-fuel pit with the new-fuel elevator, and loaded into the fuel
storage racks by the movable platform and hoist, otherwise, they may be loaded into the
fuel storage racks during refueling.

. If the removed assemblies contain control rod clusters, the RCC change tool is used to

remove the RCC from the assembly to another assembly while both are under water in the
storage racks. Burnable poison rod and thimble plug shuffle occurs here also. The new
fuel assembly is loaded into the fuel assembly container by the movable platform and
hoist.

. The fuel assembly container is pivoted to the horizontal position and the transfer car is

moved back into the refueling canal.
Core on-load is accomplished by using the reverse of the core off-load sequence.

This procedure is continued until refueling is completed.

4. Phase IV - Reactor Assembly

Reactor assembly, following refueling, is essentially performed by reversing the operations
given in Phase II, Reactor Disassembly.

9.1.4.6 Design Evaluation

9.1.4.6.1 Safe Handling

9.1.4.6.1.1 Manipulator Crane. The manipulator crane design includes the following provisions
to ensure safe handling of fuel assemblies.

1. Bridge, trolley, and winch drives are mutually interlocked, using redundant interlocks, to

prevent the simultaneous operation of any two drives.
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2. Bridge and trolley drive operation is prevented except when both gripper tube up-position
switches are actuated.

3. An interlock prevents the opening of a solenoid valve in the air line to the gripper except
when zero suspended weight is indicated by a force gauge. As backup protection for the
interlock, the mechanical weight-actuated lock in the gripper prevents operation of the
gripper under load even if air pressure is applied to the operating cylinder.

4. An excess-suspended-weight switch opens the hoist drive circuit in the up direction when the
loading is in excess of 110% of a fuel assembly weight.

5. An interlock of the hoist drive circuit in the up direction permits the hoist to be operated only
when either the open or closed indicating switch on the gripper is actuated.

6. An interlock of the bridge and trolley drives prevents the bridge drive from traveling beyond
the edge of the core unless the trolley is aligned with the refueling canal centerline. The
trolley drive is locked out when the bridge is beyond the edge of the core.

7. Suitable restraints are provided between the bridge and trolley structures and their respective
rails to prevent derailing due to the design-basis earthquake. The manipulator crane is
designed to prevent disengagement of a fuel assembly from the gripper under the
design-basis earthquake.

8. The main and auxiliary 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 the 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 gearbox 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, the 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. On
the main hoist the motor brake is rated at 350% operating load and the mechanical brake at
300%.

The working load of the fuel assembly, gripper, and IMS equipment is approximately
2700 lbs. The gripper itself has four fingers gripping the fuel, any two of which will support the
fuel assembly weight. The gripper and hoist system is load tested in accordance with the
Technical Requirements Manual.

Within the spent fuel pool, the new and spent fuel assemblies are handled by the long
handling tool suspended from an overhead hoist on the fuel building movable platform. The
grippers on the long handling tool are designed to engage the fuel element and, because of its
geometry and operation, cannot grip onto any part of the fuel racks. When the lifting tool has
gripped onto the fuel element, the suspended weight is monitored by a load cell indicator and is
limited to the full capacity of the hoist (4000 Ib). The weight and arrangement of the fuel racks
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within the spent fuel pool are sufficient to prevent any motion or tipping of the rack itself, thereby,

maintaining the subcritical array.

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

transfer system control circuit:

1.

Transfer car operation is possible only when both lifting arms are in the down position, as
indicated by the limit switches.

. The remote-control panels have a permissive switch in the transfer car control circuit that

prevents operation of the transfer car in either direction when either switch is open; that is,
with two remote control panels, one in the refueling canal and one in the spent-fuel pit, the
transfer car cannot be moved until both go switches on the panels are closed.

. One interlock allows upender operation only when the transfer car is at either end of its

travel.

. Transfer car operation is possible only when the transfer tube gate valve position switch

indicates that the valve is fully open.

. The refueling canal upender in containment is interlocked with the manipulator crane. The

upender cannot be operated unless the manipulator crane gripper tube is in the fully retracted
position or the crane is not in the area of the upender.

. All fuel-handling tools and equipment used over an open reactor vessel are designed to

prevent the inadvertent decoupling of the crane hooks (i.e., lifting rigs are pinned to the crane
hook and safety latches are provided on hook-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.

This applies to the control rod drive shaft unlatching tool. The air cylinders actuating the
gripper mechanism are equipped with backup springs that close the gripper in the event of
loss of air to the cylinder. Air valves are equipped with safety locking rings to prevent
inadvertent actuation.

9.1.4.6.2 Seismic Considerations

The maximum design stress for the structures and for all parts involved in gripping,

supporting, or hoisting the fuel assemblies is 20% of ultimate strength of the material. This
requirement applies to normal working loads and emergency pullout loads, when specified, but
not to earthquake loading. The equipment is designed to limit the stress in the load-bearing parts

to 0.9 times the ultimate stress for a combination of normal working loads plus design-basis
earthquake forces.
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9.1.4.6.3 Containment Pressure Boundary Integrity

The fuel transfer tube, which connects the refueling canal (inside the reactor containment)
and the spent-fuel pit (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. The tube is closed on the spent-fuel
pit side by a gate valve. The blind flange o-ring seals provide two barriers between the
containment atmosphere and the outside atmosphere.

9.1.4.6.4 Radiation Shielding

During all phases of spent-fuel transfer, the gamma dose rate at the surface of the water is
50 mrem/hour or less. This is accomplished by maintaining a minimum of 7 feet of water above
the top of the fuel assembly during all handling operations.

The two cranes used to lift spent-fuel assemblies are the manipulator crane and the movable
platform with hoists. The manipulator crane contains positive stops that prevent the top of a fuel
assembly from being raised to within a minimum of 7 feet of the normal water level in the
refueling cavity. The hoist on the spent-fuel pit platform moves spent-fuel assemblies with a
long-handled tool. Hoist height and tool length likewise limit the maximum lift of an active fuel
assembly to within a minimum of 7 feet of the normal water level in the spent-fuel pit.

9.1.4.7 Tests and Inspections

As part of normal plant operations, the fuel-handling equipment is inspected for operating
conditions before each refueling operation. During the operational testing of this equipment,
procedures are followed that will affirm the correct performance of the fuel-handling system
interlocks.

Before refueling operations, pre-operational checkouts of the fuel-handling equipment are
performed to ensure the proper performance of the fuel-handling equipment and to familiarize
operating personnel with the operation of the equipment. A dummy fuel assembly is used for this

purpose.
9.1.4.8 Cask Handling Equipment

The loading of storage and transport casks and the unloading of storage casks take place
within the Fuel and Decontamination Buildings. These operations are conducted in a manner that
ensures that the capability to safely operate Units 1 and 2 is not jeopardized. The Fuel Building
and its systems are described in Section 3.8.1.1.4 and Section 9.1. The Decontamination Building
and its systems are described in Sections 3.8.1.1.6 and 9.5.9.
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Station systems and other components used during the loading and unloading of casks
include the following:

* Fuel Building trolley crane that services the Fuel and Decontamination Buildings

* Movable platform with hoists and long handling tool that are used to load or unload fuel
assemblies

* (Cask lift beam
 Tools or slings for lifting cask lids and covers

* Vacuum drying system used to remove any water remaining in the cask cavity after
pumping water from the cavity back to the spent fuel pool

» Specialized leak detection equipment used for seal testing.
9.1.4.9 Spent Fuel Storage at the Independent Spent Fuel Storage Installation (ISFSI)

As described in Section 9.1.2, spent fuel assemblies are stored in the spent fuel pool to
allow post-irradiation cooling of the spent fuel. With construction of the North Anna ISFSI, dry
storage provides additional capacity for on-site interim storage of spent fuel. The North Anna
ISFSI is licensed for dry storage systems under 10 CFR 72 (License No. SNM-2507). North Anna
has also selected the NUHOMS-HD spent fuel storage system under the 10 CFR 72 general
license issued to Transnuclear, Inc. (Certificate of Compliance #1030).

Pad 1 at the ISFSI is designed for vertical, metal dry storage systems, and the NRC, as part
of the site license, has approved one storage system (TN-32). The design and operation of the
ISFSI and the approved storage systems are described in the ISFSI Safety Analysis Report (SAR)
(Reference 1) and the storage system Topical Safety Analysis Reports (TSARs) referenced in the
SAR. Pad 2 at the ISFSI is designed for storage using the NUHOMS-HD system. The design and
operation of this system are described in the NUHOMS FSAR (Reference 2).

Handling of dry storage systems in the North Anna Station for loading or unloading must
meet the requirements of Section 9.6, Control of Heavy Loads.
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9.1 References

1. Dry Cask Independent Spent Fuel Storage Installation (ISFSI) Safety Analysis Report.

2. Final Safety Analysis Report, Horizontal Modular Storage System for Irradiated Nuclear
Fuel (NUHOMS).

9.1 REFERENCE DRAWINGS

The list of Station Drawings below is provided for information only. The referenced drawings are
not part of the UFSAR. This is not intended to be a complete listing of all Station Drawings
referenced from this section of the UFSAR. The contents of Station Drawings are controlled by
station procedure.

Drawing Number Description
1. 11715-FM-088A Flow/Valve Operating Numbers Diagram: Fuel Pit Cooling and
Refueling Purification System, Unit 1
2. 11715-FV-12A Refueling Cavity Water Seal, Arrangement and Details, Sheet 1
3. 11715-FV-12B Refueling Cavity Water Seal, Arrangement and Details, Sheet 2
4. 11715-FV-11A Fuel Elevator, Spent Fuel Pit
5. 11715-FM-3A Arrangement: Fuel Building, Sheet 1

6. 11715-FM-3B Arrangement: Fuel Building, Sheet 2
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Table 9.1-1

9.1-35

FUEL PIT COOLING AND REFUELING PURIFICATION SYSTEM DESIGN DATA

Fuel Pit Coolers

Number

Design duty per cooler (with tube
inlet 210°F and shell inlet 105°F)

Fluid flowing

Design pressure
Design temperature
Operating pressure
Material

Design Code

Spent-Fuel Pit Cooling Pumps

2
56,800,000 Btu/hr

Shell

Tube

Component cooling or

service water
150 psig
150°F

110 psig
Carbon steel

ASME VIII,
Division 1, 1968

Fuel pit water
100 psig
212°F

45 psig

SS 304

ASME VIII,
Division 1, 1968

Number

2

Type Horizontal centrifugal
Motor horsepower 100

Seals Mechanical
Capacity per pump 2750 gpm
Head at rated capacity 80 ft
Design pressure 125 psig
Design temperature 250°F
Materials

Pump casing SS 316
Shaft SS 316
Impeller SS 316
Refueling Purification Pumps

Number 3

Type

Motor horsepower
Capacity per pump
Seals

Head at rated capacity
Design pressure
Design temperature
Materials

Pump casing

Shaft

Vertical centrifugal
20

400 gpm
Mechanical

99 ft

185 psig

200°F

SS 316
SS 316
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Table 9.1-1 (continued)
FUEL PIT COOLING AND REFUELING PURIFICATION SYSTEM DESIGN DATA

Impeller SS 316

Refueling Purification Filters

Number 2

Material SS 304

Design pressure 150 psig

Design temperature 250°F

Refueling Purification Ion Exchanger

Number 1

Active resin volume 45 ft?

Design pressure 200 psig

Design temperature 250°F

Ion Exchanger resin 50/50 anion-cation

Material SS 316L

Design flow rate 200 gpm

Design Code ASME VIII, Division 1, 1968
Skimmer Assemblies

Number 4 - two in spent-fuel pit, one in each reactor cavity
Debris basket 1/8 x 1/4 in. openings

Design temperature 210°F

Flow rate per assembly (approximate) 25 gpm (minimum) to 55 gpm (maximum)

Materials
Housing
Base High-impact grade Cycolac
Deck plate | (acrylo-nitrile-buta-diene-styrene)

Frame

Debris basket - polypropylene
Gasket - Buna-N

Screws

) }SS 300 Series 18-8
Springs

Piping, Valves, and Fittings
Materials Austenitic stainless steel
Design Code ANSI B31.7 and ANSI B31.1
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Table 9.1-2
MALFUNCTION ANALYSES OF SPENT-FUEL PIT COOLING
AND REFUELING PURIFICATION SYSTEM

Component Malfunction Comments and Consequences

Spent fuel pit cooling ~ Pump fails to start or ~ The standby pump will be started manually.
pumps fails during operation

If the operating pump should stop, over 1
hour exists to start the standby pump before
the pit heats up approximately 12.9°F at the
maximum abnormal heat load.

Pit temperature will not exceed 170°F with
only one pump and two coolers in service for
the maximum abnormal heat load.

Fuel pit coolers Loss of function The standby exchanger will be used. Over 1
hour exists to realign the piping system
because of the slow heatup rate of the pool.
The realignment is effected by operating
manual valves.

For conditions up to the limiting core
off-load, with only one pump and one cooler
in service, the maximum calculated
temperature remains below the temperature
at which the structural analysis of the fuel
pool was performed.

Pumps, coolers, piping, Leaks of any size A slow leak (less than 100 gpm) will permit

valves, and other over 2 hours to isolate the leak before loss of

components 1 foot of water in the spent-fuel pit. A large
leak can only reduce water to the lowest pool
penetration, which is at a high enough level
to ensure adequate shielding.

Refueling purification =~ Pump fails to start or ~ The standby pump will be started manually.
pumps fails during operation
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Figure 9.1-2
ION-EXCHANGER CAPACITY LOSS VS. TEMPERATURE
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Figure 9.1-4
REACTOR VESSEL STUD TENSIONER

Bl
i{its
!
i
i
i
|
4
TEE EeaT
=
|
|
i
i
i
i
1
i
r ~ i
’ t
! i
! i
| !
. Al = TOP VIEW
B e
i
I i
i
: i
i ,
: 1
i -
1
i
i
i
i e
i i
e -

SQUARE-TOTAL CONTACT AREA (REF)

BOTTOM VIEW

N0901006



Revision 52—09/29/2016 NAPS UFSAR 9.1-44

Figure 9.1-5
REACTOR VESSEL HEAD LIFTING DEVICE
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Figure 9.1-7
MANIPULATOR CRANE
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NAPS UFSAR

Figure 9.1-12
ROD CLUSTER CONTROL CHANGING TOOL
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9.2 WATER SYSTEMS

9.2.1 Service Water System

The sources of service water for North Anna Units 1 and 2 are the North Anna reservoir and
the service water reservoir. These two independent sources of water form the ultimate heat sink
for North Anna Power Station. Service water is used as cooling water for heat exchangers that
remove heat from the component cooling system (Section 9.2.2), the recirculation spray
subsystem (Section 6.2.2), and other station applications such as main control room
air-conditioning condensers, charging pump lubricating-oil and instrument air compressors. In
addition, service water is provided as a backup supply to the steam generator feed system, the fuel
pit coolers, and the recirculation air cooling coils.

9.2.1.1 Design Basis

The service water system is a common system and is designed for the removal of heat
resulting from the simultaneous operation of various systems and components of two units based
on an accident condition service water temperature of 110°F. Untreated water, supplied from the
North Anna reservoir, or treated water from the service water reservoir, is circulated by pumps
through the systems and components that require an ensured supply of service water under
accident conditions and other systems and components denoted in this section. The accident
design basis for the pumping requirements of the service water system is the simultaneous
loss-of-coolant accident (LOCA) for one unit and loss of offsite power for both units. During this
accident, the intact unit will be placed in hot standby operation or will be cooled down by
dumping steam followed by the use of the residual heat removal (RHR) system after
approximately the fourth hour. See Section 9.2.1.2 for system operation during accident
conditions.

For less restrictive accident conditions, such as a small-pipe break or small-steam-line break
with no loss of station power, the service water system will allow continued operation of the
unaffected unit.

The service water system consists of two loops (Loop A and Loop B), and most
components can be aligned to operate on either loop. During a design basis accident (DBA) the
two loops are cross connected at the recirculation spray heat exchanger (RSHX) supply and return
headers of the accident unit. Loop A consists of the #1 supply header and the #4 return header.
Normally, pumps aligned to Loop A are powered by the 1H and 2J emergency buses. Loop B
consists of the #2 supply header and the #3 return header, and normally pumps aligned to Loop B
are powered by the 1J and 2H emergency buses.

The recirculation spray heat exchangers (RSHXs), charging pump coolers, and instrument
air compressor coolers have normally aligned parallel supply and return lines from both Loop A
and Loop B. During normal operation, the Unit 1 component cooling heat exchangers (CCHXs)
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are aligned to Loop A and the Unit 2 CCHXs are aligned to on Loop B. The control room chillers
can be manually aligned to operate on either service water loop.

During a safety-injection (SI), all four main service water pumps automatically start and
both loops are automatically realigned for spray array operation. During a containment
depressurization actuation (CDA) the supply to the CCHXs for the accident unit automatically
isolate and its RSHXs are automatically placed in service. During a CDA lineup, service water
acts as a single system because of the cross-connections between Loop A and Loop B at the
accident unit RSHXs. The CCHXs on the non-accident unit act as a parallel flow path to the
accident unit RSHXs, so that throttling the service water flow through the non-accident unit
CCHXs affects service water flow through the accident unit RSHXs. No single active failure
during a DBA will prevent the service water system from performing its safety-related functions,
even though it acts as a single system.

The total service water requirements are dependent on the mode of operation of each reactor
unit. Various modes of operation are analyzed below and are presented in Table 9.2-1 with respect
to typical service water flow rates.

1. Normal operation: Loop A and Loop B act as mostly independent systems, but with minor
cross connections through the charging pump coolers and instrument air compressor coolers.
The CCHXs constitute the major system load during normal operation. Generally, only one
CCHX (or its flow equivalent as throttled CCHXSs) is in service on a loop per running service
water pump on that loop. As a minimum, each loop is capable of supplying cooling flow for
one CCHX, as well as for both unit’s instrument air compressors, charging pumps, and
control room air conditioners. The service water system also provides backup for the
containment recirculation air cooling coils and the spent fuel pool coolers. Similar to the fire
protection system, the service water system can be used as a backup water supply for the
auxiliary feedwater pumps.

Service water system alignment changes may be required in the event of inoperable main
service water pumps or inoperable emergency power supplies for the service water system to
perform its design function during a DBA. The most frequently used changes are:

 Throttling service water flow to the CCHXs.
* Selection of different main service water pumps as the running pumps.

Three running service water pumps (between Loop A and Loop B) are capable of supplying
both the normal and backup loads for both units, with sufficient reserve capacity to support a
CDA on one unit coincident with the loss of off-site power on both units. Two running
service water pumps are also capable of supporting the design basis accident, if the service
water system is throttled to ensure that adequate flow will be delivered to the RSHXs. Flow
balancing and system throttling requirements are established by periodic testing that
simulates CDA flow conditions in the service water system. Flow balancing is generally
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achieved by throttling flow to the CCHXs and RSHXs when only two main service water
pumps are running (minimum configuration). System throttling during normal operation is
generally performed by throttling the service water flow through the operating CCHXs to
duplicate conditions established by the periodic flow balance. System throttling requirements
are imposed when less than four service water pumps are operable.

The two loops of the service water system have distinct differences from typical safety
systems that are divided into Train A and Train B. In particular, the two loops are
cross-connected during a DBA (at the accident unit’s RSHXs) into a single system which
serves both units. Although isolated from the main service water headers, the RSHX cross-tie
valves between Loop A and Loop B are normally open. The RSHXs are maintained in dry
layup to prevent fouling that could affect heat transfer effectiveness.

The service water is not a “two train” system, but it is designed so that no single active
component failure will prevent it from performing its design function. This is illustrated by
the following examples:

» Two running service water pumps on a single loop will support a DBA if system
throttling (as described above) is established.

+ If flow is lost to the loop supplying the non-accident unit’s CCHXs, the other loop is
sufficient to support the accident unit. However, manual CC and SW realignments will be
required to restore CC cooling on the non-accident unit. This is acceptable because the
temperature increase in the CC system will be relatively slow due to its large heat
capacity from its contained water mass (the CC system does not support DBA safety
functions).

Two operable loops are required during normal operation so that the failure of a single active
component will not prevent the service water system from performing its design function.
Assuming no single active component failure occurs, one service water loop with two
running pumps is capable of supporting design basis accident flow requirements. When only
one loop is in service, the service water system can be reconfigured to improve the margin of
safety. For example, a single loop that has three operable main service water pumps aligned
to it will tolerate most single active component failures (except for check valves), and will
supply adequate RSHX and charging pump cooler flows, when the CCHXs are throttled and
the two running service pumps receive autostart signals from different SI trains.

The service water system can be operated in the unthrottled condition when four main
service water pumps and their emergency power supplies are operable. However, the
autostart features must be considered when establishing alignment for this mode of operation
as follows:
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The following occurs with four main service water pumps and their associated
emergency power supplies operable:

* All four pumps receive an autostart on loss of offsite power

* All four pumps receive an autostart from the solid state protection system during a
safety injection. Train specific autostart signals for the pumps are shown in
Section 9.2.1.2.5.

The service water system is normally operated with at least two running pumps. When
four pumps are operable and at least two pumps are running, at least two pumps will
always operate in the event of any single failure during a DBA. If four pumps are
operable and two of the already running pumps receive autostarts from different solid
state protection trains, then three pumps will always operate during a DBA in the event
of any single failure. The additional capacity provided by a third pump makes service
water system throttling unnecessary since piping and component losses through the
CCHX flow paths are sufficient to ensure adequate RSHX service water flow for
accident conditions.

When either unit is in Modes 1, 2, 3, or 4, the operable service water loops use a
reservoir-to-reservoir flow path. A lake-to-lake flow path can be used for the functional loops
when both units are in Modes 5 or 6. The service water system is designed to support a DBA,
while remaining capable of withstanding a single active component failure without requiring
operator action, only when operating in the reservoir-to-reservoir mode. Lake-to-lake
operation serves as a backup. Makeup to the Service Water Reservoir is performed using a
lake-to-reservoir flow path.

2. Emergency operation, loss-of-coolant accident (LOCA) resulting in SI on one unit coincident
with loss of offsite power on both units: In anticipation of a CDA, a SI signal starts all four
service water pumps and automatically realigns the service water system motor-operated
valves (MOVs) to place all spray arrays in service and stop flow through the spray array
bypass lines.

3. Emergency operation, LOCA resulting in a CDA, coincident with a loss of off-site power to
both units: Service water valves automatically operate to place the accident unit’s RSHXs in
service and stop flow to the accident unit’s CCHXs. The containment air recirculation fan
chilled water containment isolation trip valves secure service water or chilled water flow
through the accident unit’s containment recirculation air cooling coils. Based on periodic
flow balance tests, the RSHX supply MOVs will open to a predetermined throttled position.
A typical time sequence example of service water system operation under these conditions is
given below; actual operation will depend on accident conditions:
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For initial period up to 1/2 hour: 4 recirculation spray heat exchangers on the unit with
loss of coolant; 3 charging pump lube-oil and gearbox coolers per unit; 1 air
compressor per unit; 1 main control room air-conditioning condenser per unit; and
component cooling heat exchangers for the unit without loss-of-coolant accident.

For period 1/2 to 1 hour: 4 recirculation spray heat exchangers on the unit with loss of
coolant; 3 recirculation air cooling coils on the other unit (if required); 3 charging
pump lube-oil and gearbox coolers per unit; 1 air compressor per unit; 1 main control
room air-conditioning condenser per unit; and component cooling heat exchangers for
the unit without loss-of-coolant accident. During a loss of offsite power, the
non-accident unit will lose chilled water cooling to the containment recirculating air
cooling coils. Establishing service water flow to the containment air recirculation
cooling coils may be required to maintain average containment temperature within
specified limits. During the recovery phase after a CDA, the reduction in service water
flow to the accident unit’s RSHXs is small and is acceptable because of the decreasing
decay heat production with time.

For the period 1 hour to 24 hours: 2 recirculation spray heat exchangers on the unit
with loss of coolant; 3 recirculation air cooling coils on the unit without loss of coolant;
3 charging pump lube-oil and gearbox coolers per unit; 1 air compressor per unit;
1 main control room air-conditioning condenser per unit; and component cooling heat
exchangers for the unit without loss-of-coolant accident. Two of the accident unit’s
RSHXs may be removed from service after subatmospheric conditions are established
so that more service water flow is available to the unaffected unit.

For the period after 24 hours: 2 recirculation spray heat exchangers on the unit with
loss of coolant; 3 recirculation air cooling coils on the unit without loss of coolant;
3 charging pump lube-oil and gearbox coolers per unit; 1 air compressor per unit;
1 main control room air-conditioning condenser per unit; and the component cooling
heat exchanger(s) for the unit without loss-of-coolant accident.

4. Emergency operation, loss of station power: Loop A and Loop B act as mostly independent
systems, but with minor cross connections through the charging pump coolers and instrument
air compressor coolers. All four main service water pumps receive an autostart from loss of
reserve station service voltage. The containment air recirculation coils lose chilled water
system cooling due to loss of station power and service water may be manually realigned to
the containment recirculation air cooling coils, creating additional cross connections between
Loop A and Loop B. The CCHXs constitute the major system load, no automatic valve
realignments occur. Loop A supplies service water to the Unit 1 CCHXs and Loop B
supplies the Unit 2 CCHXs. Generally, only one CCHX (or its flow equivalent as throttled
CCHXs) is in service on a loop per running service water pump on that loop. With one main
service water pump running per loop, each loop is capable of supplying cooling flow for one
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CCHX and the cooling loads for both unit’s instrument air compressors, charging pumps,
control room air conditioners, and containment recirculation air cooling coils (if a CDA were
to occur, the service water flow through the accident unit’s containment recirculation air
cooling coils and CCHXSs is automatically secured).

During other emergency conditions, the service water system is also designed to provide
backup cooling water to the fuel pit coolers and the recirculation air cooling coils, and to provide
a source of backup feedwater for the steam generators. The service water system is designed so
that no single active failure during a DBA will prevent the system from performing all of its
safety-related functions. The system is designed to tolerate passive failures during the long-term
recovery period, but manual operation is required to realign the system.

The entire service water system, including the Service Water Reservoir, service water pump
house, service water valve house, service water tie-in vault, and service water traveling water
screens, is designed in accordance with Seismic Class I criteria.

The service water pump house provides tornado protection for the pumps and related
equipment. The main intake structure provides tornado protection for the auxiliary service water
pumps. The service water headers are buried for seismic and tornado protection. Essential service
water lines off the headers are missile protected.

The service water valve house is a nuclear safety-related and Seismic Class I structure. The
service water valve house provides tornado protection for the motor-operated valves, their
electrical power equipment, the transition of the two 32-1/4-inch buried service water headers to
the eight 18-inch spray array supply headers and two 24-inch bypass headers in the Service Water
Reservoir and other related equipment. The two 32-1/4-inch service water headers that enter the
valve house are buried outside the valve house for seismic and tornado protection.

The service water tie-in vault is a nuclear safety-related and Seismic Class I structure. The
vault provides tornado protection for the four service water headers and access ports located in the
tie-in vault.

The auxiliary service water pumps and the screen wash pumps are within an enclosed area,
and are therefore protected from adverse environmental effects such as freezing or icing. The
piping to and from these pumps and the discharge nozzles are redundantly heat traced. The motors
are equipped with heaters.

Redundant service water supply and return headers are provided. All components or
systems using service water are capable of operation from either supply header to either return
header. Also, redundant spray systems are provided in the Service Water Reservoir.

9.2.1.2 System Description
9.2.1.2.1 Service Water Piping and Pumping Systems

The service water system is shown in Figure 9.2-1 and Reference Drawings 1 through 7
and 16. Service water system piping layouts and supports are shown in Reference Drawings 8
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through 15 and 17. One service water pump is normally used to supply water to one loop at a
nominal rate of 11,500 gpm (Two pumps per loop may be required during hot weather). Each
pump takes suction from its own screenwell in the service water pump house and discharges back
to the Service Water Reservoir via the spray and bypass system. The pumps can be cross
connected so that each pump can supply either of the two headers. Two auxiliary service water
pumps are installed in the main intake structure at the North Anna Reservoir and are able to
supply service water at a nominal rate of 11,500 gpm each. The auxiliary service water pumps
provide an alternate supply of service water to the service water supply headers. An alternate
return path is also provided to the circulating water discharge tunnel from the service water return
headers.

Motor-operated valves are installed in the major supply and/or return lines and crossovers
for systems or components that are not normally operating and/or that must be opened or closed in
the event of an accident. These valves are operated automatically in the event of an accident
condition but are also capable of remote manual operation. Power for these valves is supplied
from the emergency bus. Valve operation is shown in Table 9.2-2.

The service water supply to the charging pump lube-oil and gearbox coolers is normally
lined up from both supply headers. Therefore, the failure of a single supply will not result in a loss
of cooling to the coolers. The size of the inlet and outlet lines to the coolers precludes a major loss
of fluid from one header through the cooler to the other return header in the event of a header
rupture. Check valves on the inlet lines prevent a loss of water from one header to the other supply
header. These check valves are periodically tested in accordance with Inservice Inspection (ISI)
program requirements.

The component cooling water system has sufficient volume such that loss of one service
water supply header will result in a 3°F/min rise in component cooling water temperature for that
plant. Since the valves are readily accessible, this will allow more than enough time to change the
component cooling heat exchanger supply and return to the other service water header. The
service water system normally has two pumps lined up to each header with one operating on each
header. Station procedures exist that address the possible loss of the service water system and
provide appropriate recovery actions. Because of the design of the service water system, the loss
of a supply or discharge header is not considered likely.

Two service water loops are in service during power operation. Two 36-inch main supply
and two return headers consisting of 36-inch and 32-1/4-inch pipe are used to distribute service
water to both units. Reduced-size branches, which are double connected to the mains, form cross
circuits that serve the systems and components being cooled by the service water system.
High-point vents, low-point drains, and expansion joints are provided as required by the piping
configuration.

Each service water outlet line from a piece of equipment contains a valve for controlling
flow. The valves are either manually operated globe valves, manually operated butterfly valves,
manually operated ball valves, motor-operated butterfly valves, air-operated trip valves, or
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air-operated control valves. Check valves for the service water system meet the criteria specified
in NUREG-0578, Section 2.1.6.b, for increased cumulative radiation resistance.

Each piece of equipment is provided with valves for isolation purposes. Each charging
pump service water supply line will have a check valve and manual valve for isolation.
Containment isolation valves are also provided as described in Section 6.2.4.

The service water spray system including the 18-inch and 20-inch headers is constructed of
ASTM A106 carbon steel and consists of four pairs (eight total) of individually controlled spray
arrays. Two 24-inch bypass headers are provided for low heat load winter operations. The carbon
steel piping is protected from external corrosion by an organic coating system. Each pair of arrays
is capable of handling 100% of the flow and heat load generated by one unit during normal
operation. Normally, three spray arrays are required to remain operable on each loop to support
DBA conditions. However, two operable arrays on each loop is sufficient, providing the
associated spray array supply MOVs are secured in the open position. The spray system supply
headers are constructed of 18-inch and 20-inch pipe that is reduced through various sizes to
3-inch spray risers with spray nozzles threaded to 2-inch spray arms. Each pair of spray arrays
corresponds to operation of one service water pump and is designed for a nominal flow of
11,500 gpm (5750 gpm per array).

The spray system is supported on the Service Water Reservoir bottom and consists of
reinforced concrete foundations and braced frame superstructures of galvanized ASTM A36
carbon steel. Individual galvanized steel pipe restraints are attached to the braced frame support
structures.

A multi-chemical corrosion control program is used in the service water system for the
protection of the piping and components. Chemicals are added from several different sites, and
additions are to different locations in the SW system.

Backup service water is supplied from the North Anna Reservoir by one auxiliary service
water pump per unit. They take suction from the main intake screenwells and discharge to the
North Anna Reservoir via the discharge tunnel. Each auxiliary service water pump is connected to
a 36-inch service water header. A discharge cross connect is also provided. The auxiliary pumps
can be used as a normal source of supply to the service water system, if desired, in lieu of the
service water pumps if both units are in cold shutdown or refueling. After any use of the auxiliary
service water pumps, the untreated North Anna Reservoir water is flushed from the piping and
replaced by treated Service Water Reservoir water by circulation through small piping installed to
bypass valves MOV-SW-115B and MOV-SW-215A and cross tied with the system discharge
piping. The pressure differential between the supply and discharge piping provides the motive
force necessary to create this circulation. Manual valves are installed in each line to provide a
means of halting circulation flow if required for any reason. This feature aids in the control of
internal corrosion of the buried auxiliary service water supply piping. Main control room
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instrumentation associated with the auxiliary service water pumps and the discharge to the
discharge tunnel is provided as follows:

1. Pump pressure and flow indicators.
2. Pump low-flow alarm.
3. High-radiation alarm and indicator on discharge to the discharge tunnel.

Local and other remote instrumentation is provided on a general basis.

Descriptions of the service water screen wash system and the service water air system are
given in Section 9.2.1.2.4.

The chemicals and equipment for treatment of the service water system are housed in the
service water chemical addition building. The system and structure are non-safety-related,
non-seismic. Dilution water is provided by service water supply header 36"-WS-1-151-Q3 in the
service water pump house expansion joint enclosure. The piping from the tie-in to the service
water supply header through the first manual isolation valve is safety related, seismic. The
dilution water supply line is seismic to a buried concrete anchor outside the chemical addition
building. The service water chemical addition system discharges into the service water supply
headers in the service water pump house expansion joint enclosure. The piping from the tie-in to
the service water supply headers through the second isolation valve (check valve) is safety
related, seismic.

9.2.1.2.2 Service Water Reservoir Design

The Service Water Reservoir was originally designed to provide service water for the
operation of a potential four units with a total maximum calculated rating of 11,354 MWt. The
storage capacity of the reservoir is approximately 22.5 million gallons at Elevation 313 ft. This
capacity is reduced as organic decay products, atmospheric dust, and other particles accumulate in
the bottom of the Service Water Reservoir. A sludge depth of up to four feet can be tolerated
without impacting the thermal performance or 30-day cooling water inventory of the Service
Water Reservoir. The sludge depth is monitored every 5 years. Following the first twenty years of
operation, only one foot of sludge buildup occurred in the Service Water Reservoir. Since
implementing a continuous blowdown in 2001, the sludge depth has remained below six inches.

The maximum rate of heat transfer with maximum safeguards available to the service water
system occurs early during the first hour following a loss-of-coolant accident when approximately
875 x 10® BTU/hr will be transferred to the service water flowing at approximately 30,000 gpm
for two units. The maximum safeguards heat transfer rate to the service water is reduced to
approximately 205 x 10° BTU/hr by the end of the first hour.

The service water temperature will be maintained at no greater than 110°F by spray cooling
during the 30-day period following a loss-of-coolant accident. The predicted maximum Service
Water Reservoir temperature following a DBA is 99.8°F. The maximum water loss that can be
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expected over a 30-day period after the occurrence of the aforementioned incident, considering no
makeup to the Service Water Reservoir, would be as follows:

Evaporation (spray and surface), and:

Spray drift, Mgal 10.2
Seepage, Mgal 0.7
Total, Mgal 10.9

Two 100% spray systems are used for Units 1 and 2. The spray loading on the reservoir is
less than 1.0 gpm/ft2 of sprayed surface area. The predicted low water level 30 days after a DBA,
assuming no reservoir makeup, is at the 309' elevation.

Spray drift is conservatively evaluated based on the maximum 30-day water loss conditions.
The spray systems are located such that the spray pattern is a sufficient distance from the edge of
the pond to minimize drift losses. Actual spray losses are estimated to be much less than 1% of
Spray rate.

The service water spray system consists of four pairs (eight total) of individually controlled
spray arrays. Each pair of arrays is capable of handling 100% of the flow and heat load generated
by one unit during normal operation. Normally, three spray arrays are required to remain operable
on each loop to support DBA conditions. However, two operable arrays on each loop is sufficient,
providing the associated spray array supply MOVs are secured in the open position. Additionally,
either of the two main headers can handle 100% of the flow and heat load generated by both units
during normal operation and DBA conditions. Therefore, even with the loss of a complete header,
100% capacity remains available.

Under the most limiting conditions, a single SW supply and return header will meet the SW
system accident design basis requirements of a simultaneous loss-of-coolant accident (LOCA) for
one unit and loss of offsite power for both units. Assuming the most limiting single failure, the
minimum design basis requirements for the SW system reservoir spray array are met with either
one or both SW headers in operation as long as a minimum of three spray arrays remain operable
following the failure. Three out of four spray arrays are required with only one SW header (supply
and return) in operation or three out of eight spray arrays with both SW return headers in
operation.

The service water spray array MOVs open automatically on a Safety Injection (SI) signal.
Each spray array receives an SI signal from its associated train as well as a redundant signal from
the opposite train. If a spray array is inoperable solely due to the inability of its associated MOV
to automatically open, the array may be considered operable if the MOV is administratively
maintained in the open position.

The system has a total area of spray coverage of nearly 100,000 square feet. The individual
nozzle to nozzle spacing is 10 feet in the east-west direction with the individual risers on 7-foot
centers in the north-south direction. The center line of each of the eight arrays is a minimum of
75 feet apart, providing increased fresh air flow between arrays which enhances cooling.



Revision 52—09/29/2016 NAPS UFSAR 9.2-11

A winter bypass system is provided. This design provides complete bypassing of the spray
arrays during the low flow, low heat load periods experienced in the winter months. Additionally,
the winter bypass may be throttled or used in conjunction with the spray arrays to suit conditions
present during unit operation.

During operation of the winter bypass system when no spraying is desired, all eight of the
spray array header MOVs can be closed and all four of the bypass header MOV (two in series per
header) can be opened to allow flow through each winter bypass header. Upon receipt of a safety
injection signal from either or both Units 1 and 2, the MOV in the winter bypass headers receive
a signal to close automatically, simultaneous to the spray array header MOV receiving a signal to
open automatically. The winter bypass header MOV in series in each header provide redundancy
which ensures isolation of the header in the event of a single failure of a winter bypass header
MOV.

The Service Water Reservoir spray system has been designed and analyzed for operation of
two units based on the occurrence of a loss-of-coolant accident on one unit with cooldown of the
non-accident unit and simultaneous loss of offsite power to both units. The computer modeling
and analysis techniques outlined in NUREG-0733 (Analysis of Ultimate-Heat-Sink Spray Ponds)
were used to model the system under meteorological conditions leading to worst case heat
transfer and water loss phenomena.

The NUREG-0733 methodology first develops spray performance models based on system
geometry and heat and mass transfer phenomena of spray droplets in an environment influenced
by the spray system. Drift loss fractions as a function of wind speed are also developed using
spray drop ballistics. Results from these analyses form a basis for the spray performance model
which is used to scan a long term (on the order of tens of years) weather record for a nearby
meteorological station. In this case, data from Byrd Airport weather station in Richmond, Virginia
was used. This scan identifies worst case periods for heat transfer (cooling and evaporation) and
water loss which are used to estimate maximum pond temperature following the design basis
accident. Correction factors are applied to correlate available on-site meteorological data with the
weather station data. Estimates of recurrence intervals of the design basis meteorology are also
developed.

The major loads reflected in the total auxiliary heat rate are listed below. It should be noted
that several of these loads are not cooled directly by service water during normal operation (i.e.,
service water is a back-up supply to component cooling or chilled water systems for containment
recirculation air coolers and spent-fuel pit coolers). However, these loads were considered in the
Service Water Reservoir performance analysis for conservatism:

1. Charging pump lube-oil and gearbox coolers.
2. Instrument air compressors.

3. Control and relay room air conditioners.
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Containment recirculation air coolers.
Spent-fuel pit coolers.
Component cooling water pumps.

Reactor coolant pumps.

e A

Residual heat removal pumps.

As discussed in Section 3.8.4, the Service Water Reservoir was constructed by a
combination of earth dike and cut. The reservoir has a surface area of about 9.0 acres. The bottom
and side slopes are provided with 2-foot-thick compacted impervious earth liner. Dikes are of the
zoned-rock-fill type having a compacted impervious core separated from the rock fill by graded
filters of sand and gravel. The compacted impervious lining has a permeability of about
1 x 107 cm/sec.

The dikes are designed as Seismic Class I structures and a minimum freeboard of 3 feet. is
maintained between the top of the compacted impervious core and the maximum water level in
the Service Water Reservoir.

Makeup for the Service Water Reservoir from the North Anna Reservoir is supplied by two
nominal 910-gpm circulating water screenwash pumps or by the auxiliary service water pumps.
The makeup pumps are located in the circulating water intake structure, discussed in
Section 10.4.2. The water stored in the Service Water Reservoir can provide service water for
extended periods should the normal makeup pumps be nonfunctional. Enough water is available
to guarantee 30 days of operation without makeup.

To reduce undesirable concentrations of contaminants, periodic SW reservoir blowdown
can be performed through a six inch line. This line allows blowdown of SW at a rate of
approximately 900 gpm from the SW return header into the Unit 2 circulating water discharge
tunnel. One circulating water screen wash pump normally operates during blowdown through the
six inch line to provide makeup from Lake Anna. While blowdown occurs through this line, the
SW reservoir level will be administratively controlled to be greater than or equal to El. 314 ft. to
ensure sufficient time (e.g., greater than 24 hours) exists to manually isolate the blowdown
flowpath in the event of a design basis accident without impacting the required 30-day supply of
water.

There is insufficient head available to cause overfilling of the Service Water Reservoir
while the auxiliary service water pumps are in operation, discharging to the discharge tunnel, and
while the motor-operated valves in the discharge header to the spray arrays are open.

The discharge valves to the North Anna Reservoir have alarms to indicate that the valves
are open. These valves also have indicating lights on the main control board to indicate open and
closed positions. High- and low-level alarms and level indication are provided on the main control
board for the Service Water Reservoir. Flow instrumentation is provided on both the discharge to
the Service Water Reservoir and the discharge from the auxiliary service water pumps.
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In order to either overfill the Service Water Reservoir or to drain it, an operator would have
to make an erroneous lineup and then ignore for several hours alarms associated with the
discharge valves to the North Anna Reservoir, the flow indication on the discharge headers,
low-flow alarms, the level indications in the Service Water Reservoir, and the level alarm in the
Service Water Reservoir. This is not considered credible.

9.2.1.2.3 North Anna Reservoir Design

The North Anna Reservoir is impounded by an earth dam. The design and construction of
this dam is discussed in Section 2.4. The auxiliary service water pumps are located in screenwells
in the main intake structure of the North Anna Reservoir. The water to the pump suctions is
strained by the traveling water screens for those screenwells. Tornado missile protection is
provided for the two auxiliary service water pumps, two makeup pumps, and the discharge
valving and piping. See Section 10.4.2 for further details of the intake structure.

9.2.1.2.4 Service Water Pump House Design

The service water pump house is shown in Reference Drawings 24 and 25. The service
water pump house is designed in accordance with Seismic Class I criteria and provides tornado
protection for the equipment located within.

The primary purpose of the service water pump house is to provide the structure and
equipment necessary to support the service water pumps both structurally and operationally. Each
service water pump is located in its own screenwell at the proper depth to ensure the required
suction head even if the Service Water Reservoir level were drawn down to Elevation 309 ft. Each
screenwell is equipped with a trash rack and with a traveling water screen. Two service water
screen wash pumps are also located in two of the four screenwells. Other equipment located
within the service water pump house is as follows:

1. Screen wash system differential level control equipment, screen wash strainers, piping, and
valves.

Two service water air compressors and one receiver tank.

One diesel-driven fire pump.

Sl

Service water pump discharge piping and valves.

9]

. 'Two sump pumps.
6. Necessary ventilation, accesses, etc.

The service water air system consists of two 14.7 cfm air compressors, one 126-gallon
receiver tank, and associated piping, valves, and instrumentation. The compressors operate in
parallel to supply 100-psig air via an after cooler and an air dryer to the receiver tank where it is
stored for use by the traveling water screen differential level control system and the Service Water
Reservoir level indicating and alarm system. One compressor starts when the receiver pressure
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drops to 75 psig and the other starts when the receiver pressure drops to 65 psig. Each air
compressor (1A and 1B) is supplied 480V power from an emergency bus MCC (1H1-3 and 1J1-3,
respectively). The after cooler and air dryer are supplied power from a 480V/120V transformer
that receives power from a manual transfer switch (break-before-make), which has input power
from the power feeds of each compressor.

The traveling water screen differential level control system monitors the level on either side
of the traveling water screen by detecting a change in air pressure maintained on a bubbler located
on each side of the screen. When the air pressure differential across the screen rises to a preset
point, indicating a partially clogged screen, the traveling water screen and the screen wash system
can be automatically set in motion by a signal from the differential level control system when the
screen wash system is operated in automatic. The traveling water screens are immediately
preceded in the screenwell by trash racks with 4-inch openings. As the screens and screen wash
systems start, an alarm is also sounded. When the screens have been cleaned, the system shuts
down automatically.

Each screen wash system consists of one nominal 500-gpm pump, motorized strainer, and
associated piping, valves, and instrumentation for each unit. The two systems are cross connected.

A signal from the differential level control system starts the screen wash pump and sets the
motorized strainer into operation. The strainer is designed to provide continuous strainer
backwash flow whenever the screenwash system is operating. The system is equipped with the
necessary isolation and drain valves. The isolation valves are normally left open so that the
system will operate immediately when the pump is actuated. The screen wash pumps and
traveling water screens are powered from the emergency bus.

9.2.1.2.4.1 Service Water Valve House Design. The service water valve house is shown in
Reference Drawings 26 and 27. The service water valve house is designed in accordance with
Seismic Class I criteria and provides tornado protection for the equipment located within.

The primary purpose of the service water valve house is to provide the structure and
equipment necessary to support the service water spray and bypass system both structurally and
operationally. Reference Drawings 26 and 27 show the buried piping entering the valve house
through the north wall and branching to eight 18-inch spray headers and two 24-inch bypass
headers, all of which exit the valve house through the south wall to serve the spray and bypass
piping in the Service Water Reservoir. Equipment located within the service water valve house is
as follows:

1. Piping, valves, and expansion joints for the Service Water Reservoir spray and bypass system
including instrumentation for measuring flow, pressure and temperature at various locations.

2. Radiation-monitoring equipment for discharge to the service water spray and bypass system.
3. Heating and ventilating equipment.

4. Electrical motor control centers, distribution panels, etc.
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5. Four sump pumps and associated piping.
6. Various platforms, ladders, grating, etc.

9.2.1.2.4.2 Service Water Tie-In Vault Design. The service water tie-in vault is shown in
Reference Drawing 28. The service water tie-in vault is designed in accordance with Seismic
Class I criteria and provides tornado protection for the equipment located within.

The primary purpose of the service water tie-in vault is to house the pipe access hatches,
v-cone flow measurement devices, and the associated cathodic protection equipment. Blind
flange access covers are provided in both return headers and both supply headers (on access tees)
in order to provide personnel access into the 36-inch and 32-inch pipe for inspection activities.
Platforms for gaining access to the pipe access hatches are provided. A 36-inch-diameter,
3-inch-thick steel manhole is located in the vault roof for personnel access into the tie-in vault. A
9-foot by 20-foot (approx.) four-piece removable equipment hatch is provided for construction
and permanent access for equipment installation and removal.

A floor sump is located on the south side of the pit. A sump pump and discharge line are
installed to allow drainage of the tie-in vault. The sump pump discharge piping is embedded in the
tie-in vault wall and discharges to grade outside the vault.

Connections between the chemical addition subsystem and the supply headers are also
located in the tie-in vault.

9.2.1.2.5 Emergency Operation of Service Water

During normal operation, one or two service water pumps operate on each loop (Two
pumps per loop may be required during hot weather). The auxiliary service water pumps located
at the North Anna Reservoir can be used to supply backup water. During loss of offsite power
accident conditions, four service water pumps can be powered by the emergency diesel
generators. Service water pumps can be started manually or are started automatically with the
occurrence of either of the following:

1. Loss of reserve station power.

2. Safety injection actuation signal from affected train on either unit, or opposite train of the
same unit.

After the occurrence of a safety injection system actuation signal (SIS), any of the service
water pumps may be stopped by manual switching if the SIS is reset, or the pumps can be stopped
automatically by motor electrical fault (see Section 7.3).

If a service water pump needs to be taken out of service for maintenance, one of the
remaining service water pumps would normally be used and throttling requirements would be
imposed on the service water system as described in Section 9.2.1.1.

The component cooling water heat exchanger motor-operated service water isolation valves
for the accident unit shut on receipt of a containment depressurization actuation signal and the
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recirculation spray cooler header isolation valves for the accident unit open on receipt of a
containment depressurization actuation signal. The individual isolation valves for each RSHX on
the accident unit also open on receipt of a containment depressurization actuation signal.

The Unit 1 and Unit 2 “H” bus is the power source for their respective auxiliary service
water pumps. These pumps can be started manually, but can be stopped manually or stopped
automatically with the occurrence of a motor electrical fault or undervoltage on the pumps’
respective “H” bus. The auxiliary service water pumps will restart automatically when voltage is
returned to the respective “H” bus if they were running prior to an undervoltage condition.
Operation of the auxiliary service water pumps locks out the corresponding main service water
pump powered from the same emergency bus. Operators must assess the impact on Technical
Specification Limiting Conditions for Operation (LCO) requirements with respect to the main
pumps before starting an auxiliary pump.

9.2.1.3 Design Evaluation

The service water system uses machinery and equipment of conventional and proven
design. All components are specified to provide maximum safety and reliability.

The entire service water system, with the exception of the service water air compressor,
including equipment, piping, valves, structures, and reservoir, is designed in accordance with
Seismic Class I criteria. All equipment, piping, and valves are tornado missile-protected, with the
exception of the spray piping.

Representative total service water equipment flow rates for the various modes of operation
of two reactor units are shown in Table 9.2-1. Actual values depend on service water temperature,
system flow balancing, and system throttling.

North Anna Units 1 and 2 service water requirements for the loss-of-coolant and loss of
offsite power accidents are approximately 30,000 gpm for the first hour. The submergence for the
pump during the first hour and at all other times is adequate to ensure that the system required
flow is provided. Six pumps (four main service water pumps and two auxiliary service water
pumps) are provided for both units. Four pumps can be powered by the diesel generators during
an accident with a simultaneous loss of station power. Two pumps are required during an accident
resulting in containment depressurization to support the RSHXs on the accident unit and the
CCHXs for the non-accident unit.

The maximum net positive suction head (NPSH) required by the service water pump
manufacturer is 34.5 feet and occurs at a run-out flow rate of 16,585 gpm. This is less than the
minimum available NPSH of 36.9 feet for all modes of pump operation. Using the following
conservative assumptions, it can be shown that the available NPSH exceeds that required by the
pump manufacturer.

1. Submergence - 6.8 ft
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2. Maximum temperature service water pump suction - 100°F (not including instrument
uncertainty)

3. Atmospheric pressure - 33.66 ft
4. Suction losses assuming 35% clean screens - 1.4 ft
NPSH=h+P,-P, -h;
where:
h = static head of water (6.8 ft)
P, = atmospheric pressure (33.7 ft)
P, = vapor pressure (2.2 ft)
h; = suction loss (1.4 ft)
NPSH=6.8+33.7-2.2-14=36.9
Net positive suction head available is 36.9 ft
One of the two supply headers is required during a loss-of-coolant accident.

All components or systems using service water are capable of operation from either supply
header and to either discharge header.

No single failure of a component using service water during the design basis accident, or in
a vital system cooled by service water, will render the system inoperative, nor defeat the
capability to meet minimum safeguards requirements.

Four pairs of above water spray arrays (each pair with a nominal capacity of 11,500 gpm)
are provided within the Service Water Reservoir. The spray arrays are designed such that even
with the loss of a complete return header (i.e., four spray arrays) sufficient spray capacity remains
to cool both the loss-of-coolant accident unit and the non-accident unit concurrent with the loss of
offsite power event. The spray piping supports are designed to withstand the design-basis
earthquake loadings. Loss of the spray arrays will not jeopardize the supply of service water, but
will affect the heat removal capability of the system. Even with the loss of a spray array, the
service water system will still meet minimum safeguards requirements during long term recovery
from a design basis accident.

The service water system is designed to operate so as not to exceed the exposure limits of
10 CFR 20 at the site boundary during normal operation. Radiation monitors are provided on the
service water discharge of systems that are potentially radioactive on the process side and on the
discharge to the Service Water Reservoir and the discharge tunnel.
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All electrical power for operation of the service water system during a loss-of-coolant
and/or a loss-of-station-power accident is supplied from the emergency buses as listed below:

Pump Emergency Bus
I-SW-P-1A 1H

1-SW-P-1B 1J

2-SW-P-1A 2H

2-SW-P-1B 2]

1-SW-P-4 (auxiliary) 1H
2-SW-P-4 (auxiliary)  2H

The auxiliary service water pump 1-SW-P-4 is interlocked with pump 1-SW-P-1A to
prevent running both a main service water pump and an auxiliary service water pump on the same
bus at one time. Pumps 2-SW-P-4 and 2-SW-P-1A are similarly interlocked on Unit 2.

A loss of service water flow is detected by means of flow alarms on the service water
headers or on the auxiliary service water pumps discharges.

Service water to the component cooling water heat exchanger of a non-accident unit is
considered economically necessary during a design basis accident for the other unit. The
motor-operated valves in the supply lines to these coolers can be opened from the main control
room if pumping capacity and emergency power is available. The motor-operated valves in the
supply line to the component cooling water heat exchanger for the accident unit close on
containment depressurization.

The service water system operates automatically on a loss-of-coolant or loss of offsite
power accident. The valves will operate as indicated in Table 9.2-2.

9.2.1.3.1 System Reliability

Pairs of motor-operated valves in series control the service water supply to the component
cooling water heat exchangers, the supply from the auxiliary service water pumps, and the
discharge to the discharge tunnel, thereby providing positive assurance that service water flow
will be controlled when required by the various accident conditions in the event of one
malfunctioning valve.

A pair of normally closed motor-operated valves in parallel control both the service water
supply to, and the return from, the recirculation spray heat exchangers, thus providing positive
assurance that cooling water can reach the heat exchangers in the event of a malfunctioning valve.
In addition, the motor-operated isolation valves to the individual supply and return service water
lines for the recirculation spray heat exchangers are closed. Since the cross-connect
motor-operated valves for the service water supply and return headers to the recirculation spray
heat exchangers are controlled open, any decrease in system reliability due to the isolation
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motor-operated valves being closed is offset by the cross-connect motor-operated valves being
open.

A single motor-operated valve from each service water header and a common air-operated
valve to the containment recirculation air cooling coils are provided. Electrical power to the
solenoid valves in the air line to the valve operator is supplied from vital power for reliable
operation even during a loss of offsite power condition. The isolation of this service is provided
by these two series valves. Isolation valves are also provided in the chilled water system for the
lines to the individual recirculation air cooling coils. On a loss of instrument air and a single
failure of an emergency bus, the common air-operated valve will fail as-is. However, service
water flow to the cooling coils will be isolated by the closure of the chilled water trip valves on a
loss of instrument air.

Sufficient pumping capacity is available via power from the emergency bus to control any
accident that may occur. Sufficient service water is available in the Service Water Reservoir to
guarantee a minimum of 30 days operation without makeup. Backup is available from the
North Anna Reservoir if the auxiliary service water pumps are functional.

A failure mode and effects analysis is presented in Table 9.2-3. The consideration of a
failure of major valves and components in the service water system has been taken into account in
Table 9.2-3. Major valves and components that must operate for safe shutdown and cooldown
have been addressed.

Two recirculation spray heat exchangers are required for containment depressurization.
Four recirculation heat exchangers are initially placed in service for a loss-of-coolant accident.
This is to account for possible single failure of a pump, header, heat exchanger, or emergency bus.

The service water spray system consists of eight spray arrays (four pairs) interconnected to
four pumps. Three of the spray arrays can dissipate the heat output following a loss-of-coolant
accident in one unit and a shutdown in the other unit. Due to the seismic design of the spray
system and redundancy, a loss of the entire spray system capability is not considered credible. The
winter bypass system contains redundant isolation valves in series in each header. Therefore, a
single failure of a motor-operated valve cannot prevent isolation of the winter bypass system and
subsequent return to the spray arrays following the safety injection signal.

9.2.1.3.2 Compliance with General Design Criterion 5

Service water is normally supplied from the Service Water Reservoir by any two of the four
service water pumps located at the Service Water Reservoir. Any service water pump may be
aligned to either supply header. Service water may be alternately supplied by the auxiliary service
water pumps from the North Anna Reservoir. Flow paths are provided by separate redundant
supply and return headers. Pumps powered from the 1H and 2J emergency buses are normally
aligned to Loop A, while pumps powered from the 1J and 2H emergency buses are normally
aligned to Loop B.
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Two of the recirculation spray heat exchangers in each unit are supplied from one header,
the remaining two from the other header. Cross-tie valves between the two loops are normally
open. Since the recirculation spray heat exchangers are 100% redundant, failure of one supply
header would not be detrimental. There are two valves in the cross-tie between the two loops.
Each valve is provided with a motor operator. Each motor is powered from separate emergency
buses, thereby providing redundant isolation in the unlikely event of a header failure. The
remaining components may be supplied from either header with isolation valves for each
component.

Eight spray arrays are located in the Service Water Reservoir, two pairs connected to each
return header. Normally, three spray arrays are required to remain operable on each loop to
support DBA conditions. However, two operable arrays on each loop is sufficient, providing the
associated spray array supply MOVs are secured in the open position. This provides redundancy
for protection against the loss of a spray array or a return header. The winter bypass system
contains redundant isolation valves in series in each header. Therefore, a single failure of a
motor-operated valve cannot prevent isolation of the winter bypass system and subsequent return
to the spray arrays following the safety injection signal.

Due to the redundancy of water sources, service water pumps, supply, return and spray
headers, and recirculation spray heat exchangers, sharing of service water components between
units does not impair the ability of the service water system to perform its safety functions. The
design of the service water system meets the intent of General Design Criteria 5.

9.2.1.4 Components
Service water system component design data are presented in Table 9.2-4.
9.2.1.4.1 Piping and Valves

Carbon steel pipe is used throughout the system with the exception of: portions that have
been replaced with high-corrosion resistant alloy steel, AL-6XN; portions of the charging pump
cooler piping, the RSHX and CCHX radiation monitoring piping, and the instrument air
compressors’ piping, which are stainless steel; and the service water chemical addition piping
which is polyvinyl chloride, stainless steel, and Hastelloy C276. Also 4-inch diameter lines from
24-inch diameter headers to isolation valves of the Unit 1 and Unit 2 control room chillers are
stainless steel. The joints in steel piping are welded except where flanges are used at connections
to equipment butterfly valves, check valves, and expansion joints. The majority of the valves are
of steel material with the exception of the valves in the service water chemical addition system
building. Expansion joints are provided as required. The steel piping conforms to the
requirements of the Code for Nuclear Power Piping, ANSI B31.7-1969, with the 1970
Addendum.

Rattle spaces are provided as necessary at locations where pipe runs pass through building
or valve pit walls to backfilled or encased sections. Carbon steel pipe with a protective external
organic coating is used for the spray and bypass system in the Service Water Reservoir.
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The spray array piping is supported by galvanized ASTM A36 structural members erected
as braced frames on concrete footings founded at the top of the Service Water Reservoir clay liner.

The support structures are Seismic Class I structures and are designed in accordance with
the load combinations and stress limits set forth in Section 3.8.4 of the Standard Review Plan,
NUREG-0800.

All steel service water pipe that is underground is either coated or coated and wrapped in
accordance with the Recommended Practice Control of External Corrosion on Underground or
Submerged Metallic Piping Systems, Standard RP-01-69. In addition, insulating flanges and a
dedicated impressed current cathodic protection system is in place to protect each section of
buried service water piping. See UFSAR Section 3.11.3 for more information. The interior of the
buried and encased 36-inch pipe, and the 24-inch pipe from the auxiliary supply pumps to the first
isolation butterfly valves, have a corrosion-preventing coating. The interior of the 24-inch piping
to the Unit 1 RSHXSs (up to MOVs in the Quench Spray Pump House (QSPH)), the Unit 2 RSHXs
(up to the MOVs in the QSPH), the Auxiliary SW supply and the return lines and Unit 1 and 2
CCHXs lines (up to MOVs in the Auxiliary Building) were not coated during initial plant
construction. A 100% solids, multifunctional epoxy coating has been applied to these sections of
piping as part of the Service Water Preservation Project.

Biocides and corrosion inhibitors are used in the Service Water Reservoir to minimize
corrosion and biological fouling. These treatments are normally added with the chemical addition
subsystem.

9.2.1.5 Tests and Inspections

The service water system piping, valves, and components can be readily inspected at
periodic intervals except for that portion of the main header piping that is buried under 10 feet of
backfill or is encased in concrete for missile protection.

The service water system is tested periodically as required by the Technical Specifications
and the Inservice Testing Program. The service water flow balance is verified periodically and
adjusted as required to compensate for pump wear.

As part of the Service Water piping preservation project implemented in 1985 and 1986,
corrosion rate test specimens (coupons) have been installed in diverse locations of the service
water system piping. The coupons are inserted into the service water flow path and are removed
periodically to empirically determine the actual corrosion being experienced by the service water
piping and valves.

9.2.1.6 Instrumentation Application

The service water system is monitored from the main control room by indicators and alarms
as follows:

1. Pump discharge pressure and temperature indicators.
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2. Temperature indicators on the discharge from the recirculation spray heat exchangers and the
discharge to the service water spray system.

3. Low-flow alarms on the recirculation spray heat exchanger radiation monitoring pump
discharge, the charging pump (gearbox water lines), and the discharge to the service water
spray system.

4. Temperature alarms on the charging pump lubricating-oil cooler outlet lines.
5. Flow indicators on the recirculation spray heat exchanger outlet.
6. Service Water Reservoir high- and low-level alarms and indicators.

7. High-radiation alarm and indication from the radiation monitors located in the discharge to
the service water spray system, from the recirculation spray heat exchangers, and from the
component cooling heat exchangers.

8. Position indication for all motor-operated valves.
9. Service water air compressor low discharge pressure alarm.

10. Flow indication for discharge lines from charging pump lube oil cooler and gearbox and
temperature indication from the discharge of the recirculation air cooling coils are available
on CRT.

The flow instrumentation on the pump discharges and service water headers are accurate for
major changes such as those caused by a loss of a pump or erroneous valve lineup. The associated
alarms are to detect a complete or major loss of service water flow. There are no automatic
devices to mitigate a rupture or leakage of the service water system. Operator action to switch
headers or pump source would provide adequate response. Leakage in any of the buildings in
which a service water pipe is located will cause sump-level alarms.

Local and remote instrumentation is also provided for other equipment on a general basis.
Local flow indication for the two main supply headers is located in the service water pump house.

9.2.2 Component Cooling System
9.2.2.1 General Description

The component cooling system consists of the component cooling water, chilled water, and
neutron shield tank cooling water subsystems. These subsystems are used individually or in
combination with each other to provide cooling water for the removal of heat from components in
the station. The component cooling system, including subsystems, is shown in Reference
Drawings 18 through 22.
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9.2.2.1.1 Component Cooling Water Subsystem

The component cooling water subsystem, which serves two reactor units, is shown in
Figure 9.2-2 and is designed to:

1. Provide cooling water for the removal of residual and sensible heat from the reactor coolant
systems during unit cold shutdown and cooldown.

Cool the spent-fuel pit water.

Cool the reactor coolant pump motors.

> »w D

Cool the letdown flow in the Chemical and Volume Control Systems.
Cool the reactor coolant pump sealwater return flow.

Supply cooling water for the neutron shield tank coolers.

Provide makeup water for the neutron shield tank cooling subsystem.

Cool the control rod drive mechanism cooling system.

° ® =2 W

Provide cooling to dissipate heat from other reactor and station components.
10. Provide cooling to primary sample coolers for steam generator blowdown samples.
9.2.2.1.2 Chilled Water Subsystem

A chilled water subsystem is provided for each reactor unit and is designed to provide
low-temperature cooling water to the containment recirculation air cooling coils, gas stripper vent
chillers, some of the sampling coolers (some of the sample coolers have been abandoned in
place), and refueling-water storage tank coolers (after a refueling operation). The chilled water
subsystem can also be aligned to the Unit 1 isolated phase bus duct air cooler as an alternate
cooling supply. The chilled water system is shown in Figures 9.2-3 and 9.2-4.

The chilled water system is used only to initially bring the refueling water storage tank
down to operating temperature. Redundant mechanical refrigeration units are then used to
maintain the tank temperature during plant operation. The RWST coolers are not used during
normal operation; therefore, loss of the chilled water will not affect refueling water storage tank
temperature during plant operation.

The chilled water subsystem does not supply water to equipment that is required to operate
to maintain the plant in a safe condition. There are no provisions to use chilled water for reactor
cooling pump or motor-bearing cooling.

9.2.2.1.3 Neutron Shield Tank Cooling Water Subsystem

The neutron shield tank cooling water subsystem is designed to circulate and cool the water
in the neutron shield tank and is shown in Figure 9.2-5.
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9.2.2.2 Design Basis
9.2.2.2.1 Component Cooling Water Subsystem

The component cooling water subsystem is an intermediate cooling system and transfers
heat from heat exchangers containing reactor coolant or other radioactive liquids to the service
water system (Section 9.2.1). The Component Cooling Water Subsystem (CCWS) itself consists
of four subsystems shared between units, with each subsystem containing one pump and one heat
exchanger. The maximum heat load occurs during the initial stages of residual heat removal
during a reactor unit cooldown. The design basis of the component cooling water subsystem is a
fast cooldown of one unit while maintaining normal loads on the other unit. Three component
cooling water subsystems are required to accomplish this function. The fourth subsystem is a
spare and may be out of service indefinitely. With only two component cooling water subsystems
available, a slow cooldown on one unit while maintaining normal loads on the opposite unit can
be accomplished. The component cooling water subsystem is designed to reduce the temperature
of the reactor coolant from 350°F to 140°F within 16 hours based on a service water temperature
of 95°F and on having two component cooling water subsystems in service for the unit being
cooled down. Therefore, to ensure cooldown of one unit within 16 hours and maintain the other
unit in normal full power operation three of the four subsystems are required. Because subsystems
are placed in standby by shutting down pumps and isolating heat exchangers and this system
serves no accident mitigation functions, the subsystem is considered operable in standby
conditions since it can be easily placed in service quickly by manual operator actions. The CCWS
is not a system which functions to mitigate the failure of or presents a challenge to the integrity of
a fission product barrier. Complete redundancy to meet single failure criteria is not a design basis
feature of this system. The CCWS supports operation of the RHR system. The RHR system does
not perform a design basis accident mitigation function.

During normal full-power operation, the CCWS is cross-connected between the two units
with two component cooling pumps and four component cooling heat exchangers in service.
CCWS common loads are also cross-connected normally.

However, one component cooling pump and one component cooling heat exchanger can
accommodate the heat removal loads for each reactor unit. Operation of two pumps and two heat
exchangers for the unit being cooled down is the standard procedure during the removal of
residual and sensible heat during unit cooldown. One pump and one exchanger per unit may be
safely used under these conditions, although cooldown will extend longer than 16 hours. During
periods when both units are in cold shutdown or refueling, two component cooling water
subsystems are required to ensure an adequate heat sink is maintained for the residual heat
removal system.

Each of the four component cooling heat exchangers is designed to remove the entire heat
load from one unit plus half of the heat load common to both units during normal operation. Each
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heat exchanger is also capable of removing half of the heat load occurring 4 hours after a
shutdown of one unit under conditions representing the maximum allowable cooldown rate.

The presence of radioactivity in the component cooling water subsystem is detected by a
radiation monitor. A high-radiation signal from this detector is indicated and alarmed locally and
in the main control room, and the radiation level is recorded in the main control room. The
detector monitors the component sample line from all four component cooling heat exchangers.
The detector is located in the auxiliary building. Operation of the detector is described in
Section 11.4.2.7.

Component cooling water subsystem component design data are given in Table 9.2-5.
9.2.2.2.2 Chilled Water Subsystem

The chilled water subsystem includes one 750-ton (at 60°F chilled water) steam vacuum
refrigeration chiller for each unit and a 1000-ton (at 42°F chilled water) mechanical chiller that
provides additional capacity for either or both units.

The chillers and associated circulating pumps normally provide water to the containment
recirculation air cooling coils, gas stripper vent chillers, and some of the sampling coolers (some
of the sample coolers have been abandoned in place). Chilled water can also be used as an
alternate cooling water supply to the Unit 1 isolated phase bus duct air cooler (see
Section 9.2.2.3.2).

Chilled water is also used to cool the 450,000 gallons of water in the refueling water storage
tank from approximately 115°F to 45°F in 106 hours after a refueling operation, if necessary.

A steam vacuum refrigeration unit, consisting of an air ejector condenser, a flash tank, a
surface condenser, three booster ejectors, and two chilled water circulating pumps, is provided for
the chilled water subsystem of each reactor unit.

Each steam vacuum refrigeration unit has three booster ejectors (one 375-ton, one 125-ton,
and one 250-ton) capable of independent or concurrent operation. The air ejector condenser is
provided with two 100%-capacity, two-stage, air ejectors. Two 50%-capacity chilled water
circulating pumps are also provided. The boosters exhaust to a surface condenser that is equipped
with two 100%-capacity condensate pumps. The cooling water to the surface condenser is
provided from the corresponding unit’s bearing cooling water system. Steam for the operation of
the boosters and ejectors is provided from the corresponding unit’s auxiliary steam system.

The mechanical chilled water unit, consisting of an evaporator, a condenser, and a
compressor, is capable of providing chilled water to either reactor unit’s chilled water subsystem
independently, or to both units in parallel.

The parallel combination of the mechanical chilled water unit and the two steam vacuum
refrigeration units is capable of providing up to 1600 tons of refrigeration (800 per unit) at 47°F
chilled water temperature.
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The mechanical chilled water unit has R-134a refrigerant to cool the chilled water to 42°F at
a flow rate of 2400 gpm. The chilled water is circulated by two of three 50%-capacity chilled
water circulating pumps. A chilled water surge tank is provided to permit independent operation
of the mechanical chilled water unit. The mechanical chilled water unit condenser is cooled by the
Unit 2 bearing cooling water system (see Section 10.4.7).

Chilled water subsystem component design data are given in Table 9.2-6.
9.2.2.2.3 Neutron Shield Tank Cooling Water Subsystem

The neutron shield tank cooling water subsystem is designed to remove heat from the
neutron shield tank. Two neutron shield tank coolers, a neutron shield surge tank, two neutron
shield tank cooling pumps, and all necessary piping and valves comprise the subsystem serving a
reactor unit. Each neutron shield tank cooler is a 100%-capacity cooler and each neutron shield
tank pump is a 100%-capacity pump. The second cooler and the second pump are spares that can
be placed in operation by means of remote manual switches. If both pumps are nonfunctional for
some reason, the system will function by natural circulation using both coolers. Component
cooling water to the neutron shield tank coolers is controlled by means of a trip valve on the inlet
and the outlet. Makeup water to the neutron shield tank coolers from the component cooling water
system is controlled by means of a solenoid pilot air-operated valve.

Neutron shield tank cooling water subsystem component design data are given in
Table 9.2-7.

9.2.2.2.4 System Failures

The component cooling water subsystem is designed as Seismic Class I (Section 3.7),
except certain isolable branches serving systems that are not Seismic Class I.

Pipes that do not have Q2 or Q3 designations or are not otherwise denoted as seismic, are
non-seismic. The equipment common to Units 1 and 2 shown in Reference Drawing 20 is
non-seismic.

The failure of any of the equipment common to Units 1 and 2 could result in losing water
from the system. However, all of the piping connecting to common equipment is seismically
designed and all equipment is provided with inlet and outlet isolation valves. In addition, all
headers are provided with isolation valves. If it were necessary to isolate the common equipment,
an alternate supply of cooling water is available to the fuel pit coolers from the service water
system.

The chilled water system provides cooling water to the containment recirculation air
cooling coils. A failure of the chilled water system will result in a loss of cooling water to these
coolers. In this event, service water provides an alternate source of cooling water. The remotely
operated trip valves provide isolation of chilled water. Motor-operated valves and trip valves can
be manipulated to provide the alternate supply from the service water system.
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If necessary, makeup can be provided to the component cooling system from the service
water system by throttling the component cooling water supply valve to the fuel pit coolers and
opening the service water supply valve to the fuel pit coolers, thus providing service water to the
component cooling pump suctions through the fuel pit coolers. The service water system and all
piping and components on the headers to and from the fuel pit coolers are Seismic Class I.

9.2.2.3 System Description
9.2.2.3.1 Component Cooling Water Subsystem

During operation, component cooling water is pumped through the shell side of the
component cooling water heat exchangers, where it is cooled by service water, and then through
parallel circuits to cool the following components:

1. Reactor coolant pump thermal barriers, bearing oil coolers, and motor-stator outlet air.
Excess-letdown heat exchangers (intermittent heat load).

Nonregenerative heat exchangers.

Various primary sample coolers (intermittent heat load).

Seal-water heat exchangers.

Residual heat removal pump seal coolers (during second phase of unit cooldown).
Residual heat removal heat exchangers (during second phase of unit cooldown).

Boron recovery system equipment (intermittent heat load).
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Fuel pit coolers.
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. Control rod drive mechanism air coolers.
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. Liquid waste disposal system equipment (intermittent heat load).
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. Gaseous waste disposal system equipment.
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. Neutron shield tank coolers.

—_—
N

. Steam generator blowdown sample coolers. !

—
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. Steam generator blowdown tank vent condenser.

—_
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. Primary drain transfer tank cooler.

—
3

. Containment vacuum pump seal water heat exchangers.

The component cooling water subsystem is designed as a closed system, with a surge tank
at the pump suctions. The tank is the high point of the system, with the exception of the

1. Some of the secondary-side sample system coolers have been abandoned in place. The abandoned
portions of the system have been functionally replaced by the Steam Generator On-Line Chemistry
Monitoring System.
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blowdown tank vent condenser, and provides the required net positive suction head for proper
operation of the pumps. The component cooling water heat exchangers, pumps, and surge tank are
located in the auxiliary building.

Most equipment cooled by the system is installed in either the reactor containments or the
auxiliary building. Two 24-inch main supply and return headers are used to distribute cooling
water to both units. Two 18-inch supply and return headers distribute cooling water to each unit’s
residual heat removal heat exchangers that are located in the reactor containments. Reduced-size
branches connected to the mains form cross circuits that serve the remainder of the apparatus
being cooled. Equipment that is common to both reactor units is supplied from headers that can be
cross connected between the main supply and return headers for both units. High-point vents and
low-point drains are provided as required by the piping configuration.

Each cooling water outlet line from a piece of equipment contains a valve for controlling
flow; the valve is either a manually operated globe, a butterfly, or an automatic air-operated valve
positioned by pressure or temperature control signals originating in the cooled systems.

Check valves for the component cooling water system meet the criteria specified in
NUREG-0578, Section 2.1.6.b, for increased cumulative radiation resistance capability.

The system is provided with valves for isolating the containment structures in accordance
with the requirements of the containment isolation system (Section 6.2.4).

Thermal relief valves are installed around equipment with a significant potential for
overpressurization by a combination of closed component cooling water inlet and outlet valves
and heat input from the isolated equipment. The boron stripper, boron evaporator, containment
vacuum pump heat exchanger, waste gas compressor, reactor coolant pump upper stator cooler,
and containment penetration coolers are examples of equipment not requiring thermal relief
protection, since their overpressurization potential is insignificant.

The component cooling surge tank will accommodate expansion and contraction of the
component cooling water subsystem. It will also ensure a supply of water until a leaking
component cooling water system line can be isolated. The surge tank is generally about half full
and will normally be vented to the process vent system. There is sufficient volume available in the
surge tank to ensure no credible temperature increase could overflow the tank. The makeup line is
supplied by both main condensate-systems. The level in the surge tank is manually maintained via
a bypass valve to prevent water hammer. When a low level alarm is received in the Control Room,
this bypass valve is opened to allow condensate to enter the tank. An isolated automatic makeup
valve is provided with a hand jack for local manual positioning of the valve in emergencies.

Chemical addition is accomplished through a funnel and valve at the top of the surge tank.
The desired water chemistry is obtained by the addition of potassium chromate for corrosion
inhibition and potassium hydroxide or potassium dichromate for pH control. The design objective
of the chemical treatment is to minimize system corrosion by maintaining 150-500 ppm of
chromate at 8-11 pH. Control within these parameters may be adjusted according to industry good
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practice. A maximum specification of 500 ppm is in place to minimize the potential for damage to
carbon based mechanical seals. The 500 ppm maximum chromate limit is not applicable to
subsystems that either do not contain carbon-based seals or typically operate without pumps in
service. Sampling is performed at the central station in the auxiliary building. Several local
sample points are also provided.

9.2.2.3.2 Chilled Water Subsystem

A chilled water subsystem is provided to supply chilled water to the containment
recirculation air cooling coils, the gas stripper vent chiller, some of the sampling coolers (some of
the sample coolers have been abandoned in place), and refueling water storage tank coolers. The
chilled water subsystem is also available to provide cooling water to the Unit 1 isolated phase bus
duct air cooler. The chilled water system consists of a mechanical chiller water unit (common to
both units) and two steam vacuum refrigeration units (one for each unit). The mechanical chilled
water unit water is circulated through the system by two of the three 50% capacity mechanical
chilled water circulating pumps. The chilled water is cooled in the unit’s evaporator section by
R-134a refrigerant. Refrigerant is condensed by water from the bearing cooling water system.
Chilled water is also normally produced in the steam vacuum refrigeration unit, which is a flash
tank with three boosters (ejectors). Auxiliary steam at 110 psig is used to operate the boosters.
The boosters are rated at 125 tons, 250 tons, and 375 tons, respectively. The chilled water return
temperature is indicative of the units’ heat load, and from this the operator will determine the
number of boosters required. The booster produces a vacuum in the flash tank that causes a
portion of the water inside to flash and lower the temperature of the remaining water. The boosters
discharge to the chilled water condenser where the steam is condensed. The chilled water in the
flash tank is circulated through the system by two 50%-capacity chilled water circulating pumps.
Chilled water returns to the flash tank at an elevated temperature.

Normal makeup for the chilled water subsystem is from the chilled water condenser.
Makeup can also be provided from the water treatment system and/or the main condensate system
if required. Cooling water for the chilled water condenser and the air ejector condenser is supplied
from the bearing cooling water system. Automatic controls are provided to maintain level in the
flash tank.

The mechanical chilled water unit can be operated in parallel with both steam vacuum
refrigeration units to provide additional refrigeration capacity.

9.2.2.3.3 Neutron Shield Tank Cooling Water Subsystem

A neutron shield tank cooling water subsystem is provided for each reactor unit to cool the
water in the neutron shield tank that is heated by neutron and gamma radiation from the reactor.
The heated water in the neutron shield tank is cooled by being pumped through one of the two
neutron shield tank coolers by one of the two neutron shield tank pumps or by natural circulation
using both neutron shield tank coolers. A surge tank accommodates thermal expansion of the
neutron shield water. A level sensor on the surge tank sends a signal to the main control room to
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indicate a low subsystem level. A solenoid pilot air-operated valve is actuated from the main
control room to replenish the subsystem from the component cooling water subsystem. There is a
chemical addition connection for the manual addition of corrosion inhibitor when the reactor is
shut down.

9.2.2.4 Components, Piping, and Valves
9.2.2.4.1 Component Cooling and Chilled Water Subsystems

Carbon steel pipe is used throughout these systems; stainless steel, flexible metal pipe has
been added to the reactor coolant pump air and oil cooler inlet and outlet piping where necessary.
All valve bodies are of steel material. Components, piping, valves, and supports in the component
cooling water subsystem are designed to Seismic Class I criteria except for certain isolable
branches serving systems that are not Class I. The component cooling water subsystem and the
portions of the chilled water subsystem that serve the containment recirculation air cooling coils
and can be supplied from the service water system (e.g., between valves TV-CC115 A & C), are
of Seismic Class I design. Piping in these subsystems conforms to the requirements of the Code
for Nuclear Power Plant Piping, ANSI B31.7. Expansion joints are provided in accordance with
the technical requirements of the original procurement/design specification, NAS-279. These
expansion joints are located at the suction and discharge of the component cooling water pumps
and the chilled water pumps. The remainder of the chilled water subsystem piping conforms to
ANSI B31.1.

9.2.2.4.2 Neutron Shield Tank Cooling Water Subsystem

The 300 series stainless steel pipe is used throughout this system and the joints are welded
except where flanges are used for connection to components. Valves are also of stainless steel
material, with the exception of 2-CC-229, which is carbon steel. Portions of the piping system
conform to the requirements of the code for Nuclear Power Piping, ANSI B31.7, and other
portions to ANSI B31.1.

9.2.2.5 Design Evaluation
9.2.2.5.1 Availability and Reliability

The component cooling water subsystem uses machinery and equipment of conventional
and proven design. All components are specified to provide maximum safety and reliability.

The component cooling water subsystem meets the requirements of General Design
Criterion 5. Component cooling water may be either cross-connected to supply both units or it
may supply each unit independently. Cross connections are provided between the pump suctions
and discharges and the heat exchanger outlets. Each cross connection is provided with an isolation
valve to allow a separate supply of component cooling water to each unit. Of the common
components, only the spent-fuel pit coolers are safety-related. These are supplied by a common
header connected to both units by isolation valves. This arrangement allows common equipment
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to be operated from either or both units’ component cooling water supply. In the event of an
accident, cooling water can be provided to the non-accident plant and to the common equipment
by the system supplying the plant not involved in the accident. In the event of an accident, no
component cooling water is required for the accident plant. All component cooling water is
secured to this plant. Each plant has sufficient cooling capacity to supply its equipment and all
common components.

Table 9.2-8 shows how the interconnected systems rely upon each other, and evaluates the
consequences should that interconnection be lost.

The installation of four pumps and four heat exchangers for two reactor units provides
100% backup during normal operation of the two units. During cooldown of one reactor unit,
there is 100% backup if the other unit is in normal operation. If only one pump is available for
cooldown of a reactor unit, the cooldown time is extended without equipment damage or hazard
to the public or operating personnel.

Most of the piping, valves, and instrumentation in the reactor containment are located
outside the reactor primary shield wall and above the water level that would exist in the bottom of
the containment under post-accident conditions. The equipment in the containment is protected
against credible missiles and flooding during post-accident operations. Also, shielding is provided
to allow limited maintenance and inspection during power operation.

Equipment not located inside the crane wall in the containment may be inspected and
maintained during power operation.

The system is of Seismic Class I design. System branches that supply cooling water to
equipment in systems that are not Seismic Class I design are readily available.

The following components are located inside the containment: the excess-letdown heat
exchanger; reactor coolant pump thermal barrier, oil coolers, and motor stators; neutron shield
tank coolers; rod-drive mechanism cooling coils; residual heat removal heat exchangers;
recirculation air cooling coils; primary drain transfer tank cooler; and residual heat removal pump
seal coolers. The isolation of flow from the component cooling water subsystem to the
containment is provided as described in Section 6.2.4.

An air-operated trip valve or motor-operated valve is installed in the outlet cooling water
headers from all reactor coolant pump coolers, the rod-drive mechanism cooling coil outlet, and
the outlet cooling water line from the residual heat removal heat exchanger. A check valve is
installed in the inlet cooling water header to thermal barriers and in the inlet cooling water line to
the excess-letdown heat exchanger.

In the event that a leak occurs in the thermal barrier cooling coil, a high cooling water outlet
temperature alarm annunciates in the main control room. The high pressure reactor coolant is
contained by closing the appropriate trip valve. An air-operated trip valve is provided on the
outlet from each reactor coolant pump thermal barrier. Each valve can be manually tripped, if
necessary, and will automatically close on an excessive high flow in its discharge line. The
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automatic closure circuitry contains a ten-second delay to prevent unnecessary closures during
short duration transients of the component cooling water system.

An air-operated trip valve is provided on the common inlet and outlet for each reactor
coolant pump motor cooler. These valves can be manually tripped if necessary. The air-operated
trip valves in the common cooling water outlet header from the thermal barriers, in the main
cooling water lines leaving the containment, and the containment air recirculation cooler outlet
lines leaving the containment close on a high-high containment pressure signal.

9.2.2.5.2 Leakage Provisions

The component cooling water heat exchangers are located in the auxiliary building.
Provisions are made to preclude the possible spread of radioactive contamination even though this
system is not normally expected to contain radioactive water. These provisions include isolating
any heat exchanger, in or served by the component cooling water system, by shutoff of the inlet
and outlet component cooling water valves. Auxiliary building floor drainage is processed
through the liquid waste disposal system (Section 11.2).

Welded construction is used almost exclusively throughout the system to minimize the
possibility of leakage from pipes, valves, and fittings.

Minor leakage inside the containment is not considered to be objectionable. Contamination
of the system could result from the following: tube leakage in a heat exchanger in the chemical
and volume control, residual heat removal, or sampling systems, or a leak in the thermal barrier of
a reactor coolant pump. Leakage from the system is primarily detected by a change in the surge
tank level. Temperature, level, and flow indicators in the main control room may be used to detect
leakage at certain points. Elsewhere, leaks can be located by inspection or isolation.

9.2.2.5.3 Incident Control

The piping mains have the following valves at the containment walls: shutoff on outside
and check on either inside or outside in supply lines, trip on outside in all return lines, and trip on
inside for reactor coolant pump and shroud return lines. The trip valves close on receiving the
containment isolation phase B signal. The recirculation air cooling coils contain shutoff and check
valves on the inlet lines outside the containment and contain trip valves inside and outside the
containment on the outlet lines.

Chilled water supply and return for the recirculation air cooling coils can be manually
switched to the service water system if necessary to control containment temperature and
therefore pressure.

9.2.2.5.4 Malfunction Analysis
A failure analysis of equipment and components is presented in Table 9.2-9.

A specific assessment for the failure of the component cooling water supply or return lines
has been performed, although, as stated in Table 9.2-9, this failure is not considered likely. The
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hydraulic section of the reactor coolant pump can operate without component cooling water as
long as seal injection water is supplied to the pump. The pump motor, however, cannot operate for
longer than 10 minutes without component cooling water based on the following assumptions:

1. Approximately 7 minutes after loss of component cooling water, the motor bearing
temperature alarms will be actuated. Bearing temperature will then be approximately 185°F.

2. At approximately 10 minutes, the bearing oil temperature is assumed to reach 200°F (the
maximum recommended oil temperature). This would occur if the motor had not been shut
off when the bearing temperature alarm was actuated.

3. The above oil temperatures are based on rate of rise of 5°F/min and an initial operating
temperature of approximately 150°F. The above assumptions are based on the results of shop
tests of typical motor bearing oil temperatures under simulated conditions.

After approximately ten minutes from loss of component cooling water, it is assumed that
the hydrodynamic lubrication of bearings is degraded and ultimately lost. It is expected that some
degree of boundary lubrication will occur after loss of hydrodynamic oil film. Eventual melting of
the babbit bearings, however, will occur. When the bearing material melts, rubbing of the rotor,
and possibly the impeller, will follow. However, seizure does not necessarily occur.

In addition to the lube oil temperature alarm, the following data are displayed in the main
control room:

1. Component cooling water pump discharge pressure.

2. Temperature and flow in the component cooling water supply headers from the component
cooling heat exchangers.

3. Flow from the reactor coolant pump thermal barriers and motor coolers.
4. Temperature in the component cooling water return headers from the reactor coolant pumps.

The above data display should alert the operator to any problem in the component cooling
water system. If, for any reason, appropriate measures are not taken within approximately
7 minutes, the reactor coolant pump motor oil temperature alarms will actuate. If the operator then
shuts down the pump(s) within 3 minutes, the possibility of damage to the motor bearing is
minimized.

9.2.2.6 Minimum Operating Conditions

Minimum operating conditions for the component cooling system are given in the Technical
Specifications and the Technical Requirements Manual.

9.2.2.7 Tests and Inspections

The component cooling system is tested periodically as required by the Technical
Specifications and the Inservice Testing Program. Standby pumps are rotated in service on a
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scheduled basis to obtain even wear. Following installation of spare parts or piping modifications,
visual inspections are conducted to confirm normal operation of the system.

9.2.2.8 Instrumentation Application

The system is monitored from the main control room by indicators that display the
following data:

1. Pump discharge pressure.

Temperature and flow in the supply headers from the component cooling heat exchangers.
Temperature in the return headers from the residual heat removal heat exchangers.

Flow from the reactor coolant pump thermal barriers.

Temperature in the return headers at the pump suction.

A

Radioactivity in the component cooling water heat exchanger constant-flow vents.

Local indicators for pressure, temperature, level, and flow are provided on a general basis.
Certain selected temperatures are sensed by thermocouples whose output signals are fed into the
computer system, thus providing full-time scanning and alarming.

Air-operated trip or motor-operated valves are installed on the outlet headers from those
components served in the reactor containment. A check valve or air-operated trip valve is
installed in the inlet header at the containment for the components served in the reactor
containment.

9.2.3 Water Supply and Treatment Systems
9.2.3.1 Domestic Water System

The domestic water system consists of ground wells dug at various locations on site.
Periodic samples are collected at the discharge of each well pump to ensure that the wells provide
a safe and approved water supply to the station facilities. Domestic water supply component
design data is provided in Table 9.2-10.

Each well has its own structure, hydropneumatic tank, pump, and compressor. Pressure is
sustained in the system by maintaining the proper water to air ratio in the individual
hydropneumatic tank via pressure and level controllers. Well pumps are sized to provide adequate
make-up to the system without excessive draw down to its respective well. As an added
protection, well level is ensured via level switches, to mitigate the chances of pumping a well dry
and damaging the submersible pump. Water is supplied from each well to its respective
hydropneumatic tank, which acts as a surge volume and pressure source for the header. Each
hydropneumatic tank discharges to a common header. For maintenance evolutions, each
hydropneumatic tank is isolable and bypassable to allow service directly from the well pump. The



Revision 52—09/29/2016 NAPS UFSAR 9.2-35

common underground piping is regionally isolable to allow for isolation of any well house from
the system without isolating water supply to the facilities in that area.

The system supplies cold water for all domestic applications in the plant from toilets and
sinks to drinking fountains and eyewash stations. The water is heated electrically and is not
interconnected to any potentially radioactively contaminated system.

9.2.3.2 Water Treatment System

Water treatment is provided by the reverse osmosis system. The flash evaporator system is
obsolete and no longer used with the exception of the flash evaporator distillate pumps which are
used for water transfer.

9.2.3.2.1 Reverse Osmosis (RO) System—Vendor-supplied

The reverse osmosis (RO) system produces high-purity makeup water. The system is
housed in shipping containers and mobile trailers located in the North yard, just west of the water
treatment building. The system uses a reverse osmosis process to do the major portion of the
water treatment effect. In the final stages, the treated water is passed through ion exchange beds
and pumped into the 100,000-gallon RO product storage tank. The treated water is pumped by
one of two RO product water transfer pumps to the 300,000-gallon condensate storage tanks
described in Section 9.2.4 for secondary plant makeup. The pumps are located in the water
treatment building.

The RO system is designed to supply 450 gpm (continuous) and 600 gpm (peak) makeup
water to the station secondary system. The RO system raw water is supplied by a dedicated
vertical pump located on the intake structure near the fire pump house. The RO system water
pump is designed to supply up to 1200 gpm of raw water at no less than 80 psig at inlet to the RO
trailers.

The complete reverse osmosis system installation performs no safety-related functions.
9.2.3.2.2 Flash Evaporator System

This system is the permanent originally installed method of water treatment, however, it has
not been used since the reverse osmosis system was installed. With the use of the outlet filters as
proportional samplers on the high capacity blowdown system, the outlet piping has been capped
and the system decommissioned.

The flash evaporator system is shown in Reference Drawing 23. The flash evaporator
distillate pumps take suction on the header from the 300,000-gallon condensate storage tank, and
can supply the primary grade (PG) water system and the water treatment (WT) system.

The flash evaporator system performs no safety-related functions.
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9.2.4 Condensate Storage Facilities

Two aboveground vertical storage tanks are provided.

One tank has a capacity of 300,000 gallons and serves as a surge tank for the condensate
system (Section 10.4.3). On low level in the condenser hotwell, condensate is drained from the
300,000-gallon storage tank to the condenser. On high level in the condenser hotwell, the excess
condensate is returned to the storage tank by the condensate pumps. The condensate stored in this
tank is normally nonradioactive.

The 300,000-gallon storage tank is designed in accordance with API Standard 650. The
design includes a corrosion allowance of 1/16 inch on both shell and heads. Both inside and
outside surfaces are painted. This tank or its contents are not required for the safe operation of the
station.

The other condensate storage tank (emergency) has a capacity of 110,000 gallons and
serves as the source of condensate for the auxiliary feedwater system. The auxiliary feedwater
pumps, drives, piping, and the 110,000-gallon emergency condensate tank are all designed as
Seismic Class I (Section 10.4.3). This tank is safety-related. The tank is designed in accordance
with API Standard 650. The design includes a corrosion allowance of 1/16 inch on both shell and
heads. The tank is insulated and surrounded by a concrete envelope for missile protection. The
tank holds a sufficient quantity of condensate to maintain station operation in a hot standby
condition for a period of eight hours with steam discharge to the atmosphere concurrent with total
loss of off-site power.

The 110,000-gallon storage tank was not designed to cool down the plant by itself to a cold
shutdown condition. Should the original 110,000 gallons be exhausted, safe cooldown can be
achieved by transferring to one of the following sources:

1. 300,000-gallon storage tank via an interconnection (non-seismic system).
2. Unlimited supply of service water via an interconnection (Seismic Class I system).
3. Unlimited supply of fire protection water via an interconnection (Seismic Class I system).

Levels in the 300,000-gallon condensate storage tank and 110,000-gallon emergency
condensate storage tank are monitored in the main control room. Annunciator displays are
provided for high and low levels in the 300,000-gallon tank and two redundant low level, Lo-Lo
level and 20-minutes-remaining alarms in the 110,000-gallon tank.

Both units’ 300,000 gallon tanks are located in the north yard. No safety-related equipment
is adjacent to these tanks. Deflection of leaking water would be provided by the turbine building,
office building, and the normal station service transformer walls. Water released from the tanks
would be accommodated by the drainage ditches and yard storm drains, or by runoff directly to
the lake to the north. Failure of these tanks would not result in incapacitation of any safety-related
equipment.
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9.2.5 Ultimate Heat Sink

The ultimate heat sink, consisting of the North Anna Reservoir and the Service Water
Reservoir, is described in Section 9.2.1 (service water system).

The design of the ultimate heat sink complies with Regulatory Guide 1.27, March 1974. A
discussion of each of these positions is given below.

9.2.5.1 Regulatory Position No. 1

The ultimate heat sink consists of the Service Water Reservoir and the North Anna
Reservoir and their associated retaining structures. The normal source of service water for Units 1
and 2 is the Service Water Reservoir. The Service Water Reservoir is adequate to provide
sufficient cooling for at least 30 days: (a) to permit simultaneous safe shutdown and cooldown of
two units, then maintain them in a safe-shutdown condition, and (b) in the event of an accident in
one unit, to permit control of that accident safely and permit simultaneous safe shutdown and
cooldown of the remaining unit and maintain them in a safe-shutdown condition. After 30 days,
makeup to the Service Water Reservoir is provided from the North Anna Reservoir as necessary
to maintain cooling water inventory, ensuring a continued cooling capability.

9.2.5.2 Regulatory Position No. 2

The design of the Service Water Reservoir is described in Section 3.8.4. The design of the
North Anna dam has been discussed in a report submitted as Amendment 15 to the North Anna
Units 1 and 2 PSAR, entitled, Report on Design and Stability of the North Anna Dam for Virginia
Electric and Power Company. The ultimate heat sink satisfies the requirements of Regulatory
Position No. 1 when both the Service Water Reservoir and the North Anna Reservoir are
operable. In the event one of the water sources is lost due to natural phenomena or single failure
of man-made structural features, the other source has the capability to provide cooling for safe
shutdown and cooldown of both units. If there is a LOCA on one unit and a simultaneous loss of
station power to both units with the most limiting single failure, there are four service water
pumps located in the service water pump house on the Service Water Reservoir that can provide
the required cooling.

9.2.5.3 Regulatory Position No. 3

The two sources that comprise the ultimate heat sink each have the capability to provide
cooling for safe shutdown and cooldown of both units. The Service Water Reservoir provides the
primary water source and the North Anna Reservoir provides the backup water source. If there is
a design basis accident, the Service Water Reservoir can satisfy the cooling requirements of both
units. There is no canal between the intake structure of either portion of the ultimate heat sink and
the service water system, as the service water pumps take suction directly from the heat sink
(either the North Anna Reservoir or the Service Water Reservoir). The service water system,
including equipment, piping, valves, and structures, is designed in accordance with Seismic
Class I criteria (see Sections 9.2.1 and 3.2.1).
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The two sources of water are separate, and each has separate, redundant supply and
discharge headers. The only common point is the main redundant supply and discharge headers in
the service building where distribution to the components takes place. These common headers are
encased in concrete.

9.2.5.4 Regulatory Position No. 4

Technical Specifications and the Technical Requirements Manual have been established to
cover the minimum availability of the ultimate heat sink.

9.2 REFERENCES

1. Attachment to letter from S.C. Brown, VEPCO, to E.G. Case, NRC, Serial No. 237, Ford,
Bacon & Davis Utah, Inc., The North Anna Power Station Ultimate Heat Sink, Description
of the Proposed Testing Program and Design Verification, May 3, 1978.

2. Attachment to letter from S.C. Brown, VEPCO, to E.G. Case, NRC, Serial No. 237A, MIT
Ralph M. Parsons Laboratory, Calculation of Time Varying Intake Temperatures for
North Anna Power Station Service Water Reservoir Following a LOCA on Unit 1, Dr. E. Eric
Adams, June 2, 1978.

3. Attachment to letter from S.C. Brown, VEPCO, to E.G. Case, NRC, Serial No. 237B, Ford,
Bacon & Davis Utah, Inc., The North Anna Power Station Ultimate Heat Sink, Interim
Report of Design Verification Testing, September 25, 1978.

4. Attachment to letter from S.C. Brown, VEPCO, to H.R. Denton, NRC, Serial No. 237D,
Ford, Bacon & Davis Utah, Inc., Service Water Reservoir and Spray System, Performance
Testing and Evaluation, March 8, 1979.
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9.2 REFERENCE DRAWINGS

The list of Station Drawings below is provided for information only. The referenced drawings are
not part of the UFSAR. This is not intended to be a complete listing of all Station Drawings
referenced from this section of the UFSAR. The contents of Station Drawings are controlled by
station procedure.

Drawing Number Description

1. 11715-FM-078A Flow/Valve Operating Numbers Diagram: Service Water System,
Units 1 & 2

2. 11715-FM-078B Flow/Valve Operating Numbers Diagram: Service Water System,
Units 1 & 2

3. 11715-FM-078C Flow/Valve Operating Numbers Diagram: Service Water System,
Units 1 & 2

4. 11715-FM-078G Flow/Valve Operating Numbers Diagram: Service Water System,
Units 1 & 2

5. 11715-FM-078H Flow/Valve Operating Numbers Diagram: Service Water System,
Units 1 & 2

6. 11715-FM-078J Flow/Valve Operating Numbers Diagram: Service Water System,
Units 1 &2

7. 11715-FM-078K Flow/Valve Operating Numbers Diagram: Service Water System,
Units 1 & 2

8. 11715-FM-22F Flow Diagram: Service Water, Chemical Addition System, Units 1
&2

9. 11715-FP-5A Service Water Lines, Yard, Sheet 1

10. 11715-FP-5B Service Water Lines, Yard, Sheet 2

11. 11715-FP-5C Service Water Lines, Yard, Sheet 3

12. 11715-FP-5E Service Water Lines, Reactor Containment, Sheet 1, Unit 1

12050-FP-5A Service Water Lines, Reactor Containment, Sheet 1, Unit 2

13. 11715-FP-5J Service Water Lines, Auxiliary Building, Sheet 1

14. 11715-FP-5L Service Water Lines, Intake Structure to Auxiliary Building Tunnel,
Sheet 1

15. 11715-FP-5M Service Water Lines, Intake Structure to Auxiliary Building Tunnel,
Sheet 2

16. 11715-FP-5N Service Water Lines, Intake Structure to Auxiliary Building Tunnel,
Sheet 3

17. 11715-FP-5AB Service Water Reservoir Spray Piping, Pipe Support Details, Sheet

1
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18. 11715-FM-079A Flow/Valve Operating Numbers Diagram: Component Cooling
Water System, Unit 1
12050-FM-079A Flow/Valve Operating Numbers Diagram: Component Cooling
Water System, Unit 2
19. 11715-FM-079B Flow/Valve Operating Numbers Diagram: Component Cooling
Water System, Unit 1
12050-FM-079B Flow/Valve Operating Numbers Diagram: Component Cooling
Water System, Unit 2
20. 11715-FM-079C Flow/Valve Operating Numbers Diagram: Component Cooling
Water System, Unit 1
12050-FM-079C Flow/Valve Operating Numbers Diagram: Component Cooling
Water System, Unit 2
21. 11715-FM-079D Flow/Valve Operating Numbers Diagram: Component Cooling
Water System, Unit 1
22. 12050-FM-079D Flow/Valve Operating Numbers Diagram: Mechanical Chiller,
Units 1 & 2
23. 11715-FM-28A Flow Diagram: Flash Evaporator System
24. 11715-FM-8A Arrangement: Service Water Pump House, Sheet 1
25. 11715-FM-8B Arrangement: Service Water Pump House, Sheet 2

9.2-40

26. 11715-FP-5AM
27. 11715-FP-5AN
28. 11715-FP-5AK

Service Water Valve House Piping, Plan and Sections, Units 1 & 2
Service Water Valve House Piping, Plan and Sections, Units 1 & 2
Service Water, Buried Piping Tie-In, Units 1 & 2
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Table 9.2-1
TYPICAL SERVICE WATER EQUIPMENT FLOW RATES (gpm)a,b

Design Basis: DBA, Unit 1; Cooldown, Unit 2

Unit 1 Unit 2
28 hr to
Initial l hrto AfterFirst Initial to 1/2hr  Cooldown
System tolhr 24hr 24 hr 1/2hr  to28 hr  Complete
Recirculation spray 18,000 9000 9000 0 0 0
Recirculation air cooling 0 0 0 0 2100°¢ 2100°¢
coils
Component cooling 0 0 0 10,500 10,500 10,500
Chemical and volume 75 75 75 75 75 75
control (charging pump
lube-oil and gearbox
coolers)
Instrument air 42 42 42 42 42 42
Air conditioning 237 237 237 237 237 237
Total 18,354 9354 9354 10,854 12,954 12,954
Units 1 and 2 — Combined Service Water Flowsd
Normal operation, both units 21,708
Normal operation, Unit 1; slow cooldown, Unit 2 21,708
Normal operation, Unit 1; fast cooldown, Unit 2 32,208
Fast cooldown, both units 42,708
Loss of coolant, loss of offsite power
Initial 21,708
Initial to 1/2 hr 29,208

a. Actual total service water system flow rate may exceed the sum of the individual equipment flow rates because of the
intentional addition of nonessential equipment to the system.

b. Table 9.2-1 is for example only. Dynamic effects from shifting loads are not shown (i.e., isolating two recirculation
spray heat exchangers after a DBA will increase flows to the remaining RSHXs above 9000 gpm as well as increase
component cooling heat exchanger flows.

c. Only required for loss of offsite power.

d. For each mode of operation using emergency power, except fast cooldown, two or three service water pumps are nor-
mally operating and the others are backups. Two of the backups (auxiliary service water pumps) are in the main intake.
This arrangement provides adequate spares during the long-term recovery period for maintenance and failure to func-
tion.

e. Requires component cooling heat exchanger throttling per service water flow balancing requirements, see
Section 9.2.1.1.
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Table 9.2-1 (continued)
TYPICAL SERVICE WATER EQUIPMENT FLOW RATES (gpm)a,b

Units 1 and 2 — Combined Service Water Flows4 (continued)

Loss of coolant, loss of offsite power (continued)

1/2hrto 1 hr 31,308
1 hr to 24 hr 22,308
24 hr to 28 hr 22,308
More than 28 hr 22,308
Loss of station power, slow cooldown, both units 25,908

The service water pump requirements for various modes of operation of two units
are listed below:

Normal operation both units 2 pumps
(min)
Normal operation, Unit 1; slow cooldown, Unit 2 2 pumps
Normal operation, Unit 1; fast cooldown, Unit 2 3 pumps
Fast cooldown, both units 4 pumps
DBA, Unit 1; cooldown, Unit 2
Initial to 1/2 hr 2 pumps®
1/2hrto 1 hr 2 pumps®
1 to 24 hr 2 pumps
24 to 28 hr 2 pumps
After 28 hr to 2 pumps
cooldown
completion

If unit without accident is cooled down at maximum rate, a third pump is used.

Loss of offsite power, both units 2 pumps

a. Actual total service water system flow rate may exceed the sum of the individual equipment flow rates because of the
intentional addition of nonessential equipment to the system.

b. Table 9.2-1 is for example only. Dynamic effects from shifting loads are not shown (i.e., isolating two recirculation
spray heat exchangers after a DBA will increase flows to the remaining RSHXs above 9000 gpm as well as increase
component cooling heat exchanger flows.

c. Only required for loss of offsite power.

d. For each mode of operation using emergency power, except fast cooldown, two or three service water pumps are nor-
mally operating and the others are backups. Two of the backups (auxiliary service water pumps) are in the main intake.
This arrangement provides adequate spares during the long-term recovery period for maintenance and failure to func-
tion.

e. Requires component cooling heat exchanger throttling per service water flow balancing requirements, see
Section 9.2.1.1.
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Table 9.2-2

9.2-43

AUTOMATIC OPERATION OF SERVICE WATER SYSTEM VALVES

Accident

Service Water Valves

Action

Safety injection
actuation signal

Containment
depressurization signal

Loss of offsite power

Discharge tunnel MOVs, both units

Auxiliary service water pump discharge valves,
both units

Service water spray array MOVs

Containment recirculation air cooling coils
supply and return, both units

Service water winter bypass MOVs
Recirculation spray heat exchangers, affected
unit

Recirculation spray heat exchanger supply and
return cross-tie MOV

Discharge tunnel MOVs, both units

Recirculation air cooling coils supply and return,
affected unit

Auxiliary service water pump discharge valves,
both units

Component cooling heat exchangers, affected
unit

Service water spray array and winter bypass
MOVs

Recirculation spray heat exchangers, both units
Discharge tunnel MOVs, both units

Recirculation air cooling coils supply and return,
both units

Auxiliary service water pump discharge valves,
both units

Component cooling heat exchangers, both units

Service water spray array and winter bypass
MOVs

Remain as 1s
Remain as is

Open
Remain closed

Close
Open or throttled

Remain as is

Remain as is

Close if open
Remain as is
All close

Remain as is

Remain closed
Remain as is

Remain as 1s
Remain as is

Remain open

Remain as is



Revision 52—09/29/2016

NAPS UFSAR

Table 9.2-3

9.2-44

SERVICE WATER SYSTEM FAILURE MODES AND EFFECTS ANALYSIS

Component

Malfunction

Consequences

Service water pump

Supply header and discharge
header

Service Water Reservoir
spray header

Recirculation spray heat
exchangers

Recirculation spray heat
exchangers

Component cooling

Service water screen wash
pump

Service Water Reservoir level
instrumentation

Traveling waters screens

Failure of an operating pump

Rupture of main header

Rupture of header to spray
piping

Failure of isolation valve to
open

Failure of recirculation spray
heat exchangers

Failure of heat exchanger
Failure of pump

Loss of instrumentation

Loss of flow through a screen

Each supply header has two
pumps normally connected.
The second pump will be
manually started on failure of
an operating pump.?

All components can be
connected to either set of
headers. Failure of a header is

discussed in
Section 9.2.1.2.1.

Loss of spray header is
discussed in
Section 9.2.1.2.2.

The recirculation spray heat
exchangers are 100%
redundant and failure of a
single isolation valve to open
will not affect safe operation
of the system.

Refer to Table 6.2-41.

Refer to Table 9.2-9.

The second screen wash
pump can be used to wash
any of the four screens.

Service water reservoir level
instrumentation is redundant.

Same consequences as failure
of a service water pump.

a. If the redundant pump on that loop is out of service, sufficient time is available to re-align CCHXs to the other service
water loop. No operator action is required for DBA loads because the headers to critical components are
cross-connected. The control room chillers can be manually aligned to operate on either service water loop.
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Table 9.2-4
SERVICE WATER SYSTEM COMPONENT DESIGN DATA
Parameter Data
Service Water Pumps

Number 4
Type Vertical turbine, 2 stage
Motor horsepower 500 hp
Capacity 11,500 gpm 15,000 gpm
Head at rated capacity 135 ft 89 ft
Design pressure 150 psig
Design temperature 35 to 110°F

Materials
Pump Casing
Shaft
Impeller
Submergence

Number
Type
Motor horsepower
Capacity
Head at rated capacity
Design pressure
Design temperature
Materials
Pump Casing
Shaft
Impeller
Submergence

Number
Type
Motor horsepower
Capacity
Head at rated capacity
Design pressure
Materials
Pump Casing
Shaft
Impeller
Minimum submergence

ASTM-A-27 GR 70-40
ASTM-A479-XM19A
ASTM-A-743-CF3M
6.8 ft

Auxiliary Service Water Pumps

2

Vertical turbine, 2 stage

500 hp

11,500 gpm 15,000 gpm
135 ft 89 ft

150 psig

35to 110°F

ASTM-A-27 Gr 70-40
ASTM-A479-XM19A
ASTM-A743-CF3M
9 ft

Service Water Screen Wash Pumps

2

Vertical turbine, 6 stage
40 hp

500 gpm (nominal)

85 psi

360 psig

ASTM-A-27
ASTM-A-276, type 416
ASTM-B-62

36 inches
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Table 9.2-4 (continued)
SERVICE WATER SYSTEM COMPONENT DESIGN DATA

Data

9.2-46

Number
Type
Particle size, max
Backwash flow
Backwash source
Pressure drop, clean
Pressure drop, 2/3 clogged
Gross strainer area
Net strainer face area
Inlet and outlet nozzle size
Design pressure
Materials

Body

Straining media

Frame

Number
Screen capacity

Differential head across screen

Well width/submergence
Screen travel speed

Time for one complete revolution

Materials
Head shaft
Foot shaft

Screen guides

Spray nozzles

Spray headers

Screen panels

Splash plates

Drive housing, front/rear

Head sprocket

Foot sprocket

Capacity (each)
Motor horsepower
Design pressure
Number

Type

Screen Wash Strainer

2

Motor-operated, self-cleaning

0.125 in.

49 gpm

Strainer effluent
0.6 psi

1.0 psi

400 in?

160 in?

6 in.

150 psi

Steel
Monel
Bronze

Traveling Water Screens

4

16,000 gpm

0.2/100, 0.8/50 in/% clean
5-2/13-0 ft-in/ft-in

12 fpm

5.8 min

CR steel

1040 steel

CI

SS

Steel

Steel

Steel
Fiberglass/steel
Steel

CI

Service Water Air Compressor

14.7 cfm
5.0

100 psig
2

Air cooled, non-lubricated, scroll
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Table 9.2-4 (continued)
SERVICE WATER SYSTEM COMPONENT DESIGN DATA

Parameter Data
Service Water Air Dryer
Type Desiccant
Capacity 25 scfm
Dewpoint -40°F or better
Number 1
Service Water Air Compressor Receiver Tank
Number 1
Capacity 126 gal
Design pressure 150 psig
Design temperature 200°F
Materials
Head ASTM A516 Gr 70
Shell ASTM A516 Gr 70

Design code ASME Section VIII Div. 1, A99 Add.
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Table 9.2-5
COMPONENT COOLING WATER SUBSYSTEM COMPONENT DESIGN DATA
Parameter Data
Pumps
Number 4 (two required for normal operation of two reactor units)
Type Horizontal centrifugal single stage

Motor horsepower
Seal
Capacity
Head at rated capacity
Design pressure
Design temperature
Materials
Pump Casing
Shaft

Impeller
Design code

600

Single mechanical
8000 gpm

190 ft

150 psig

212°F

Nodular iron (ASTM A-48)

Carbon steel (AISI-C-1045)

Stainless Steel (ASTM A276 410 SS) for 2-CC-P-1A only

Bronze (ASTM B143)
None
Heat Exchangers

Number
Duty (each)

Design pressure
Design temperature
Operating pressure

Operating temperature,

in/out
Materials

Fluids
Design code

4 (two required for normal operation of two reactor units)

52 x 10° Btu/hr

Shell Tube
150 psig 150 psig
150°F 150°F
125 psig 50 psig

116.5/105°F
Carbon steel

Component cooling water
ASME VIII-1968, TEMA
Class R for Unit 1
ASME I11-1989, TEMA
Class R for Unit 2

Surge Tank

95.0/104.9°F

SA213TP316L for Unit 1
SB338, Grade 2 for Unit 2
Service water

ASME VIII-1968, TEMA
Class R for Unit 1

ASME 111I-1989, TEMA
Class R for Unit 2

Number

Type

Capacity

Design pressure
Design temperature
Material

Design code

1 (common to both units)
Cylindrical, vertical
3120 gal

40 psig

150°F

Carbon steel

ASME VIII-1968



Design code

ASME VIII-1968

Chilled Water Flash Tank
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Table 9.2-6
CHILLED WATER SUBSYSTEM COMPONENT DESIGN DATA
Parameter Data
Chilled Water Condenser

Number 2 (one for each unit)
Type Shell and tube
Duty (each) 32,080,000 Btu/hr
Steam condensed (each) 29,170 Ib/hr
Circulating water flow (each) 4000 gpm
Waterbox design pressure 50 psig
Circulating water inlet/outlet temperature 93/109°F
Materials

Shell Steel

Water Box Steel

Tube sheets SS 304

Tubes SS 304

Number
Flash tank design temperature

Flash tank operating temperature

Makeup water temperature
Flash tank material

Flash tank design pressure
Design code

2 (one) for each unit)
150°F

60°F

109°F

Steel

Full vacuum to 15 psig
ASME VIII-1968

Chilled Water Booster Ejectors

Number
Operating temperature

Steam pressure required for boosters

Steam flow per booster
375 ton
250 ton
125 ton
Capacity, tons of refrigeration
60°F water
38°F water

6 (three per chilled water unit)
344°F
110 psig

10,350 Ib/hr
6900 Ib/hr
3450 Ib/hr

750 per unit
112 per unit

Chilled Water Air Ejectors and Condenser

Stream pressure required
Inlet pressure

Air-vapor mixture removed
Cooling water (minimum)

Steam use, 1-element/stage at normal pressure

Water box design pressure

110 psig

3.64 in Hg abs.
87.4 Ib/hr

50 gpm

260 Ib/hr

150 psig
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Table 9.2-6 (continued)

CHILLED WATER SUBSYSTEM COMPONENT DESIGN DATA

Parameter Data
Chilled Water Air Ejectors and Condenser (continued)

Shell design pressure 75 psig
Materials

Shell Steel

Tubes SS 304

Tubesheets SS 304

Chilled Water Circulating Pumps

Number 4 (two for each unit)
Type Horizontal centrifugal, single stage

Motor horsepower
Seal
Capacity (each)
Head at rated capacity
Design pressure
Design temperature
Materials

Pump casing

Shaft

Impeller
Design code

125

Single mechanical
1220 gpm

230 ft

400 psig

600°F

Steel

Carbon steel, AISA C-1045
Bronze

None

Chilled Water Condensate Pumps

Number
Type
Motor horsepower
Capacity (each)
Head at rated capacity
Design pressure
Design temperature
Materials

Pump casing

Shaft

Impeller
Design code

4 (two for each unit)

Vertical in-line, single stage centrifugal
5

60 gpm

125 ft

100 psig

250°F

Cast iron
SS
Bronze
None

Mechanical Chilled Water Unit

Number

Type

Capacity
Refrigerant

Motor horsepower
Design code

1

Centrifugal liquid chiller
1000 tons

R-134a

1043 kW

ASME VIII, Division I, 1977
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Table 9.2-6 (continued)

CHILLED WATER SUBSYSTEM COMPONENT DESIGN DATA

9.2-51

Parameter Data
Evaporator
Flow rate 2400 gpm
Enter/leave water temperature 52/42°F
Passes 2
Design pressure 150 psig
Fluid Chilled water
Condenser
Flow rate 1500 gpm
Enter/leave water temperature 95/116°F
Passes 4
Design pressure 250 psig
Fluid Bearing cooling water
Mechanical Chilled Water Surge Tank
Number 1
Type Cylindrical, vertical
Capacity 420 gal
Design pressure 150 psig /full vacuum
Design temperature 105°F

Material
Design code

Carbon steel
ASME VIII-1968&

Mechanical Chilled Water Circulating Pumps

Number
Type
Motor horsepower
Seal
Capacity
Head at rated capacity
Design pressure
Design temperature
Materials
Pump casing
Shaft
Impeller
Design code

3 (two normal, one spare)

Horizontal centrifugal, single stage

125

Mechanical, single
1220 gpm each
230 ft

400 psig

600°F

Carbon steel
Steel
Bronze
None
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Table 9.2-7
NEUTRON SHIELD TANK COOLING SUBSYSTEM COMPONENT DESIGN DATA
Parameter Data
Neutron Shield Tank Cooler
Number 4 (two for each unit, one required)
Duty (each) 80,000 Btu/hr
Shell Tube
Design pressure 150 psig 150 psig
Design temperature 150°F 200°F
Operating pressure 100 psig 5 psig
Operating temperature, in/out  105/110°F 120/115°F
Materials SS 304 SS 304L
Fluids Component cooling water ~ Shield tank water
Design code ASME VIII-1968 ASME VIII-1968
Neutron Shield Tank Surge Tank
Number 2 (one for each unit)
Type Cylindrical, vertical
Capacity 1300 gal
Design pressure 25 psig
Design temperature 160°F
Material Carbon steel
Design code ASME VIII-1968
Operating pressure Containment atmospheric psig
Operating temperature 120°F
Neutron Shield Tank Cooling Pumps

Number 4 (two for each unit)
Type Horizontal centrifugal, single stage
Motor horsepower 0.5
Seal Single mechanical
Capacity (each) 30 gpm
Head at rated capacity 4.2 ft
Design pressure 200 psig
Design temperature 300°F
Materials

Pump casing SS 316

Shaft Steel

Impeller SS 316

Design code None
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RELIANCE OF INTERCONNECTED SYSTEMS

Interconnected System

Purpose of Interconnection

Consequence if Interconnection is Lost

Main condensate

Boron recovery

Sampling

Vent and drain

Containment
isolation

Makeup for component
cooling surge tank

Signals to automatic
control valves in
component cooling water
subsystem piping
Conducts sample to central
sampling station

Disposal of equipment
vents and piping drains

Signals to trip valves for
isolation purposes, under
accident conditions

The makeup line is connected to Units
1 and 2 condensate systems. If both
units are not operating, a condensate
pump can be started to provide
makeup.

None. Use of equipment is
intermittent.

None. Samples at all important points
may be collected at local sampling
connections in the piping.

Since lines are open, without valves or
other devices, loss of the inter
connections is not considered credible.

Valves fail safe (to closed position) on
loss of control.

9.2-53
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Table 9.2-9

CONSEQUENCE OF COMPONENT MALFUNCTIONS

Malfunction

Comments and Consequences

Component
cooling water
pumps

Check valves in
supply mains to
RHR system at
containment
inlet
penetrations

Component
cooling water
heat exchanger

Condensate
makeup line
valve

Pump-casing
ruptures

Original pump
fails to start

Standby pump
fails to start

Manual valve at
a pump suction
closed

Check valve at a
pump discharge
sticks closed

Sticks closed

Tube or shell
ruptures

Sticks open

The casing is designed for 212°F temperature; standard
test pressure is 225 psig. These conditions exceed those
that could occur during any operating conditions. The
casings are made from nodular iron; this metal has
corrosion-erosion resistance and produces sound
casings.

The pumps are designed as Seismic Class 1. Pumps are
missile protected and may be inspected at any time.
Rupture by missiles is not considered credible. All units
can be isolated by valves and the standby pump can
carry full load.

Standby pump for that reactor unit can be used.

Standby pump for other reactor unit can be started
manually in main control room; may require manually
repositioning valves at the pumps.

Prevented by prestartup and operational checks. During
normal operation, each pump is checked periodically,
together with its valves.

Pumps are checked periodically during normal
operation.

The valves are spring loaded swing checks and sticking
closed is not considered credible.

Because of the system low operating pressure and
temperature and Seismic Class I design, rupture is
considered unlikely. Each heat exchanger can be
isolated and full load carried by the standby heat
exchanger. The standby hea<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>