HNP-2-FSAR-8

8.0 ELECTRIC POWER

8.1 INTRODUCTION

8.1.1 UTILITY GRID DESCRIPTION

The Georgia Power Company (GPC) is a member of the Southern electric system whose other
members are Alabama Power Company, Gulf Power Company, Mississippi Power Company,
Savannah Electric and Power Company, and Southern Electric Generating Company. The
Southern electric system is interconnected with Duke Power Company, Florida Peninsula
Systems, Middle South Utilities, South Carolina Electric and Gas Company, and the Tennessee
Valley Authority. The GPC grid system consists of interconnected hydro plants, fossil-fueled
plants, and nuclear plants supplying electric energy over a transmission system consisting of
various voltages up to 500 kV as shown in figure 8.2-2.

8.1.2 SOURCES OF POWER FOR AUXILIARY SYSTEMS

The sources of power for the unit auxiliary power system include four auxiliary transformers (two
unit auxiliary and two startup auxiliary), three diesel generators (includes one shared diesel),
and two station batteries. These sources supply highly reliable sources of electric power to the
auxiliary systems.

Primary station distribution voltage is 4160 V and is supplied through the auxiliary transformers
to seven 4160-V buses. During normal operation, 4160-V buses 2A, 2B, 2C, and 2D are
supplied through the two-unit auxiliary transformers. Additionally, one of the startup
transformers provides the normal source of power to the 4160-V essential buses 2E, 2F,

and 2G. Power for buses 2E, 2F, and 2G can be supplied from the transmission system
through one of the two startup auxiliary transformers or from three diesel generators.

The normal station dc power supply is from the station battery chargers with the station batteries
floating online on continuous charge. These station batteries supply essential dc power.

Electric power required during startup or shutdown is drawn from the transmission system
through the startup auxiliary transformers.

8.1.3 SAFETY- AND NONSAFETY-RELATED LOADS
Safety- and nonsafety-related loads on each 4160-V bus are shown in table 8.3-1. All essential

equipment is supplied from 4160-V buses 2E, 2F, and 2G.

Tables 8.3-4 and 8.3-6 show the standby diesel generator system emergency loads and the
load distribution on the essential buses during a loss-of-coolant accident.
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DESIGN BASES

Electric power from the transmission network to the onsite electric distribution
system is supplied by two physically independent circuits designed and located so
as to minimize, to the extent practical, the likelihood of their simultaneous failure
under operating, postulated accident, and environmental conditions. Two
physically independent 230-kV circuits are provided from the switchyard to startup
auxiliary transformers 2C and 2D.

For transmission line protection, each line is protected with one primary and one
secondary system of protective relaying. These two systems are completely
redundant and are supplied by two independent 125-V batteries located in the
substation switch house.

In order to provide two sources of power to the essential buses, the essential
buses are normally connected to startup auxiliary transformer 2D and backed up
by startup auxiliary transformer 2C. Each of these two transformers has a rating
capable of feeding essential loads under all situations.

The electrically powered safety loads are separated into redundant load groups
such that loss of any one group will not prevent the minimum safety functions from
being performed. Essential loads are divided between the three essential

4160-V buses 2E, 2F, and 2G. Availability of any two of these buses is sufficient to
meet any accident conditions. There are five diesel generators furnishing essential
loads of both HNP-1 and HNP-2. Any four out of five diesel generators are
adequate to supply the engineered safety features (ESF) loads of one unit
concurrent with the emergency shutdown loads of the other unit.

The 125/250-V-dc system is designed so that no single component failure will
prevent the system from providing power to a sufficient number of essential dc
loads necessary for safe shutdown of the plant. Two separate plant batteries are
furnished, each with its own set of battery chargers.

Cables, raceway system, and routing are designed to survive the design basis
events and prevent a loss of function of any safeguard system due to a cable
failure.

The Class 1E auxiliary power system is designed so that a single failure will not
prevent or impair the operation of essential unit safety functions.

The design of the offsite power system and the onsite Class 1E electrical system is
generally in accordance with the following general design criteria, regulatory
guides, and standards. Conformance with and exceptions to these and other
general design criteria (GDC), regulatory guides, and industry standards are
discussed in paragraphs 8.3.1.2 and 8.3.2.2

8.1-2 REV 33 9/15



HNP-2-FSAR-8

General Design Criteria for Nuclear Power Plants, Appendix A of 10 CFR 50:

a.

b.

GDC 17 - Electric Power System

GDC 18 - Inspection and Testing of Electric Power System

2.  Nuclear Regulatory Commission Regulatory Guides for Power Reactors:

a.

Regulatory Guide 1.6, "Independence Between Redundant Standby
(Onsite) Power Sources and Between Their Distribution Systems," 1971

Regulatory Guide 1.9, "Selection of Diesel Generator Set Capacity for
Standby Power Supplies," 1971

Regulatory Guide 1.22, February 1971®

With respect to the periodic testing of the safety-related electric
systems, provisions were incorporated into the design of the systems in
accordance with the requirements of GDC 18, as described in

section 3.1, whose requirements parallel those of Regulatory

Guide 1.22, including Branch Technical Position EICSB 22.

Regulatory Guide 1.29, August 1973®

The seismic design classification of the electric power systems and their
conformance to the recommendations of Regulatory Guide 1.29 are
presented in subsection 3.2.1.

Regulatory Guide 1.40, March 1973®

The degree of conformance of this guide is discussed in appendix A.
Regulatory Guide 1.47, May 1973

During the review of the construction permit application, a commitment

was made to provide a manually operated light board in the main
control room to indicate bypassed ESF. This was described in

Amendment 12 to the Edwin I. Hatch Nuclear Plant-Unit 2 (HNP-2) Preliminary Safety Analysis

a. See footnote on page 8.1-4.

Report (PSAR), which was submitted in November 1971. After review
of the commitment in the PSAR, the Atomic Energy Commission staff
concluded it was acceptable and referred to it in paragraph 3.6.2.5 of
the Safety Evaluation Report. The system was designed in accordance
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with the approved PSAR commitment; however, it was later modified to
accommodate additional system inoperable indications. The provision

for the status indication of the bypassed and inoperable portions of the
safety systems and the degree of conformance of the status indication

to the recommendations provided in Branch Technical Position

EICSB 21 are provided in appendix A.

The status indication for the supporting system (Class 1E electric power
systems) is included in the design of the circuitry.

g. Regulatory Guide 1.53, June 1973@

With regard to the design of the electric power systems, the intent of
this guide is met by providing the required separation and redundancy
in accordance with GDC 17 as described in paragraph 8.3.1.4 and
section 3.1.

h.  Regulatory Guide 1.62, October 1973®

The design of Class 1E electric systems supporting the protection
systems is in conformance with the recommendations of this guide.

i.  Regulatory Guide 1.73, January 1974

This regulatory guide is not applicable to the design of the
safety-related electric systems since the guide describes the acceptable
method for qualifying electric valve operators installed inside the
containment.

3. Institute of Electrical and Electronics Engineers (IEEE) Standards

a. IEEE 279-1971, "Criteria for Protection Systems for Nuclear Power
Generating Stations"

The design of the safety-related electric systems includes separation
and redundancy requirements as required by GDC 17 and satisfies the
requirements of Section 4.2 of IEEE 279-1971. These provisions are
described in paragraph 8.3.1.4 and section 3.1.

a. This regulatory guide was issued after the design of the HNP-2 electric power systems was formulated. As a
result, these guides were not used in the design of the electric power systems. However, the degree to which the
electric power systems conform to these guides is presented herein.
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IEEE 308-1971, "Criteria for Class 1E Electric Systems for Nuclear
Power Generating Stations"

IEEE 338-1971, "Trial-Use Criteria for the Periodic Testing of Nuclear
Power Generating Station Protection Systems"

The provisions for the periodic testing of safety-related electric systems
are designed in accordance with GDC 18, as described in section 3.1,
whose requirements parallel those of IEEE 338-1971.

IEEE 379-1972, "Trial-Use Guide for the Application of the
Single-Failure Criterion to Nuclear Power Generating Station Protection
Systems"

The design of the safety-related electric systems incorporates the
separation and redundancy requirements of GDC 17 and satisfies the
requirements of Section 4.2 of IEEE 279-1971. These provisions are
described in paragraph 8.3.1.4 and section 3.1.
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8.2 OFFSITE POWER SYSTEM

8.2.1 SYSTEM DESCRIPTION (HNP-1 AND HNP-2)

The Southern electric system transmission network supplies offsite ac energy for operating the
essential buses as well as startup and shutdown of the Edwin I. Hatch Nuclear Plant (HNP).

The network interconnections at HNP consist of four 500-kV transmission lines and four

230-kV transmission lines. A 500/230-kV autotransformer connects the 500-kV switchyard to
the 230-kV switchyard. The Hatch-Duval and the Hatch-Thalmann 500-kV lines have a
150-MVAR shunt reactor bank connected to each line. A 117-MVAR capacitor bank is
connected to the 230-kV switchyard Bus 2, and an 85-MVAR capacitor bank is connected to the
230-kV switchyard Bus 1. These 500-kV and 230-kV connections are shown on figure 8.2-1
and connect the HNP with the transmission system as shown on figure 8.2-2.

The voltage level and length of each transmission line from the site to the first major substation
that connects the line to the grid are as follows:

Major Substation Voltage Level (kV) Length (miles)
Vidalia 230 23
Eastman 230 57
South Hazlehurst 230 16
Offerman 230 38
Bonaire 500 89
N. Tifton 500 82
Duval (white)® 500 128
Thalmann (black) 500 65

The eight transmission lines converge on the substations as shown on drawing no. H-13867.
The Bonaire and Tifton 500-kV lines cross over the Douglas and Offerman 230-kV lines. The
transmission line structures are designed to withstand light loading conditions of 0-in. ice and
9 Ib/ft?-horizontal wind loading as defined for the Hatch site geographical area by the American
National Standards Institute C2, National Electric Safety Code. The support structures for the
buses in the 24-kV, low-voltage substation are designed to withstand a wind loading of

105 mph. Cable buses running from the startup transformers to the emergency buses are
completely enclosed in metal ducts and separated by ~ 2 ft. (See figure 8.2-4.)

A ring bus switching scheme is used for the 500-kV switchyard, and a breaker-and-a-half
scheme is utilized for the 230-kV switchyard. Three physically independent 230-kV circuits are

provided from the switchyard to startup auxiliary transformers 1C, 1D, 2C, and 2D. (See
drawing nos. H-13850 and H-20192.)

a. Florida Power and Light Company substation.
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Two independent 125-V batteries are provided in the switchyard switch house. Refer to

figure 8.2-3 for a typical one-line diagram of the battery systems. Each transmission line is
protected with two protective relaying systems: one primary system and one secondary system.
Each power circuit breaker is equipped with two separate trip coils, primary and secondary.
These components are connected so that each protective function is redundant, and the loss of
any component in one relaying protective scheme, including loss of its battery, in no way affects
the proper functioning of the other protective scheme. Each transmission line and both
switchyards are equipped with overhead static wires as a designed lightning protection system.

The 230-kV and 500-kV breakers, with the exception of 230-kV breakers 179380 and 179590,
are controlled from the main control room. Breaker 179380 and 179590 are controlled from the
Georgia Power Company (GPC) control center.

The normal offsite system operating voltage range for HNP-1 and HNP-2 is 101.3 to 104.9% of
230 kV. This range was determined by transmission system studies using the expected
maximum plant loading to establish the minimum offsite voltage level and using minimum plant
loading to establish the maximum offsite voltage level. It has been shown that, with an offsite
voltage level as low as 101.3%, the plant safety systems will have adequate voltage levels to
perform their safety functions for mitigating the consequences of a loss-of-coolant accident.

8.2.2  ANALYSIS

8.2.2.1 Electrical Power Systems

The eight transmission lines supply power to the onsite electric power system via the 230-kV
and 500-kV switchyard and three electrically and physically separated 230-kV circuits from the
switchyard to the startup auxiliary transformers. Physical separation, the ring bus,
breaker-and-a-half switching schemes, redundant switchyard protection systems, and
transmission system design based on load flow and stability studies minimize simultaneous
failure of all offsite power sources in compliance with GDC 17.

Regulatory Guide 1.32 (1972) is discussed in paragraph 8.3.1.2.1.b.

8.2.2.2 Inspection and Testing of Electrical Power Systems

The 230-kV and 500-kV breakers and the transmission line protective relaying system are
inspected and tested on a routine basis without removing the generators, transformers, and
most transmission lines from service. This testing complies with GDC 18.

8.2.2.3 Analysis of Grid Power Supply

Steady-state load flow and transient stability studies were made of the grid for Southern electric
system 1990 peak and valley load conditions. The results of these studies demonstrate that:
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A. The integrity of the grid can be maintained for the loss of either HNP-1 or HNP-2,
plus one other element (i.e., line, transformer, or unit) out of service in the power
grid.

This is a generally accepted criterion and poses no significant problems to grid
stability.

B. Grid stability is maintained for any three-phase fault at Plant Hatch.

The postulated worst case concerning the 230-kV bus would be a three-phase fault
during valley load conditions at the 230-kV terminals of the 500/230-kV auto
transformer. Grid stability is maintained for such an improbable occurrence.

The postulated worst case concerning the 500-kV bus would be a three-phase fault
during valley load conditions on the HNP-Duval (white) 500-kV circuit. In this case,
the backup protective scheme also takes the HNP-North Tifton 500-kV circuit out of
service. Again, grid stability is maintained for such an improbable occurrence.

C. Grid stability is maintained for any three-phase fault at substations remote to HNP.

This fault condition was considered for all remote substations (one bus away) and
was found to be less severe than any fault condition described in B above.

For any three-phase fault, the tripping of a unit is not required to maintain grid
stability.

There are situations where faults involving breaker failure on either the 230-kV bus
or the 500-kV bus would result in the tripping of a unit by the backup protective
scheme. These situations are less severe than those described in B above. In
these situations, the tripping of a unit will serve to improve grid stability.

It should be noted from the foregoing discussion of grid stability that no significant problems are

encountered in maintaining the integrity of the grid and that no special methods are employed or
necessary to maintain grid reliability.
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8.3 ONSITE POWER SYSTEM

8.3.1

8.3.1.1

8.3.1.11

THE ac POWER SYSTEM

Description

Sources of ac Power

The onsite ac power system has the following sources of power:

A.

Four station service transformers (two unit auxiliary and two startup auxiliary
transformers) are available.

The four station service transformers are sized to carry the station service loads.
Each is an oil-filled, triple-rated transformer, 55°C rise with a 65°C rise
supplementary rating (with the exception of unit auxiliary transformer 2A, which has
a 65°C rating only with no supplementary rating). The two unit auxiliary
transformers are connected delta-wye with the neutral grounded through a resistor.
The two startup auxiliary transformers are wye-wye connected with a delta tertiary.
The high-side neutral is solidly grounded while the low-side neutral is grounded
through a resistor.

The descriptions of the station service transformer are as follows:

. Unit Auxiliary Transformer 2A
Type ONAN/ONAF/ONAF, oil immersed, three phase, three winding, rated
21/28/35 MVA primary and 10.5/14/17.5 - 10.5/14/17.5 MVA secondary,
24,000-V delta to 4160-V wye-wye at 65°C rise.

. Unit Auxiliary Transformer 2B
Type OA/FA/FOA, oil immersed, three phase, two winding, rated
15/20/25 MVA, 24,000-V delta to 4160-V wye. 65°C supplementary rating is
28 MVA.

. Startup Auxiliary Transformer 2C
Type OA/FA/FOA, oil immersed, three phase, two winding, rated

15/20/25 MVA, 230,000-V wye to 4160-V wye with delta tertiary. 65°C
supplementary rating is 28 MVA.

8.3-1 REV 34 8/16
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° Startup Auxiliary Transformer 2D

Type OA/FA/FOA, oil immersed, three phase, three winding, rated

18/24/30 MVA primary and 9/12/15 - 9/12/15 secondary, 230,000-V wye to
4160-V wye-wye with delta tertiary. 65°C supplementary rating is 33.6 MVA
for primary and 16.8 MVA for secondary windings.

Three diesel generator units (2A, 1B, and 2C) are available.
Diesel generators 2A and 2C have the following ratings:
2850 kW continuous
3100 kW - 2000 h

3250 kW - 300 h
3500 kW - 30 min

Diesel generator 1B is shared between HNP-1 and HNP-2. It has the following
ratings:

2850 kW - 1000 h
3250 kW - 168 h

The diesel generators are rated at 4160 V, three-phase, 60 Hz, and are capable of
attaining rated frequency and voltage within 12 s after receipt of a start signal.

The ac Distribution System

The principal elements of the onsite ac power system are shown on figures 8.2-1, 8.3-1, 8.3-3,

and 8.3-8.

A.

Primary Distribution

The primary distribution is at 4160 V. There are seven 4160-V buses (2A, 2B, 2C,
2D, 2E, 2F, and 2G) in the station auxiliary power distribution system. (See

figure 8.3-1.) Buses 2A and 2B supply power to large motors and are designated
as normal buses. Buses 2C and 2D are also normal buses and supply power to
other station auxiliaries requiring ac power during planned operations. The normal
buses are located in the turbine building. The three essential buses are 2E, 2F,
and 2G. These buses are located in separate rooms in the diesel building and
supply power to essential loads required during planned operations and during
anticipated operational occurrences and accidents.

The 4160-V buses 2A and 2B are rated at 350 MVA; the remaining buses are rated
at 250 MVA. All of the 4160-V switchgear is the metal-clad indoor type with

breakers of the electrically operated, three-pole, stored-energy, closing-mechanism
type. Control power for the 4160-V breakers is supplied from the 125- to 250-V-dc
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batteries described in subsection 8.3.2. See table 8.3-1 for loads connected to the
4160-V buses.

Power is distributed to the normal 4160-V auxiliary buses during planned operation
from either the unit auxiliary transformers 2A and 2B or from the startup auxiliary
transformers 2C and 2D. The startup transformers are used to supply the

4160-V buses during normal startup, maintenance outage, and shutdown. After
the main generator was synchronized to the system and a minimum stable load
established, each 4160-V normal bus is manually transferred from the startup
auxiliary transformer to the unit auxiliary transformer. The transfer is a hot transfer
following synchronization checks. This type of transfer results in the momentary
interconnection of the startup and unit transformer through a single

4160-V auxiliary bus.

Startup transformer 2C is the alternate supply for normal buses 2A and 2B. ltis
also the alternate supply for essential buses 2E, 2F, and 2G. It is conservatively
sized at 28 MVA to supply either the total connected load of buses 2A and 2B or
the total connected load of buses 2E, 2F, and 2G. During normal plant running
operations, buses 2A and 2B are supplied from unit auxiliary transformer 2B, which
is conservatively sized at 28 MVA. In the event transformer 2B fails, a fast transfer
scheme will automatically switch the load on buses 2A and 2B to startup
transformer 2C.

During startup, shutdown, or normal plant operation buses 2E, 2F, and 2G are
supplied from startup transformer 2D. In the event transformer 2D fails, a
transformer scheme will automatically switch the load of buses 2E, 2F, and 2G to
transformer 2C.

In the unlikely event unit auxiliary transformer 2B and startup transformer 2D both
fail, emergency buses 2E, 2F, and 2G will transfer to startup transformer 2C as
noted above; but normal buses will not transfer and, in fact, will be disconnected
from transformer 2C, if previously connected.

Unit auxiliary transformer 2A is the normal supply for 4160-V buses 2C and 2D. In
the event that the unit auxiliary transformer 2A fails, fast transfer scheme will
automatically switch the load on 4160-V buses 2C and 2D to startup auxiliary
transformer 2D, if available.

The maximum operating load on the essential buses fed by startup transformer 2D
is within the transformer rating. In the event unit auxiliary transformer 2A fails, the
loads on 4160-V buses 2C and 2D will be transferred to startup transformer 2D.
The expected maximum load on transformer 2D (which under these circumstances
will be supplying 4160-V buses 2C, 2D, 2E, 2F, and 2G) will also be within the
transformer 2D rating of 33.6 MVA at 65°C rise forced oil and air (FOA),
continuous.
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Maximum loadings on the startup transformers 2C and 2D are verified in the Offsite
Source Voltage Study, which is updated on a frequency approximately
corresponding to the refueling frequency.

Secondary Distribution

The secondary plant distribution is at 600 V. This system is shown on figure 8.3-2.
The 600-V distribution system consists of 12 buses: 4 normal-service buses

(2A, 2AA, 2B, and 2BB), 2 essential buses (2C and 2D), and 6 cooling tower buses
(2E, 2F, 2G, 2H, 2J, and 2K, not shown on figure 8.3-2).

All the 600-V switchgear is metal-enclosed indoor type, rated 22,000-A
symmetrical. Each bus is supplied by a close-coupled, oil-filled transformer,

55°C rise, 4160-600-V, delta-delta connected, rated at 1190/1368 kVA for
transformers 2C, 2D, and 2CD; 1190/1368 kVA for transformers 2A, 2AA, 2B, 2BB,
and 2AB; and 850/978 kVA for transformers 2E, 2F, 2G, 2H, 2J, and 2K. The
breakers are electrically operated with stored-energy closing mechanisms operated
from the 125- to 250-V-dc station batteries described in paragraph 8.3.2.1.1.

The four normal-service 600-V buses are supplied from 4160-V buses 2C and 2D.
One spare 4160- to 600-V transformer (2AB) is provided as an alternate source for
the normal 600-V buses. A manual transfer to this spare transformer is required.
The 600-V normal buses supply power to the 600-V auxiliaries required during
planned operation.

The two essential 600-V buses, 2C and 2D, are normally supplied from separate
4160-V buses 2E and 2G through their own transformers. One spare 4160- to
600-V transformer (2CD), supplied from 4160-V essential bus 2F, is provided as a
spare source for either essential 600-V bus. The 600-V essential buses are
located in separate rooms in the control building.

Under normal conditions, electrical interlocks prevent closing both main breakers
on each 600-V essential bus. Electrical interlocks also prevent both supply
breakers from the 2CD transformer being closed at the same time. The feeder
breaker from the 4160-V bus 2F to transformer 2CD is normally open, and one of
the disconnect links is open. Thus, as a minimum, a failure of one interlock
concurrent with two operator errors is required to parallel feed the 2C or

2D 600-V bus (i.e., to concurrently feed a single 600-V bus from two

4160-V buses). Paralleling the two buses, i.e., to concurrently feed both

600-V essential buses from a single 4160-V bus, requires a failure of one electrical
interlock and four operator errors under normal operating conditions. Refer to
figures 8.3-2 and 8.3-8 for electrical system diagrams.

Transformer 2CD, supplied from 4160-V essential bus 2F, is provided as a spare
source for either essential 600-V bus. When transformer 2CD is being utilized, the
electrical interlocks mentioned above are operational, the feeder breakers to the
out-of-service transformer are open, and at least one of the disconnect links on the
600-V side of the 2CD transformer is open. Thus, as a minimum, to parallel feed
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(i.e., to concurrently feed a single 600-V bus from two 4160-V buses) an essential
600-V bus requires a failure of one interlock concurrent with two operator actions in
closing the out-of-service transformer feeder breaker and the 600-V bus supply
breaker. Paralleling the two buses, i.e., to concurrently feed both 600-V essential
buses from a single 4160-V bus, would require two operator errors and failure of
one electrical interlock. The normally open 600-V breakers with the electrical
interlock between them are redundant and physical separation and/or barriers are
provided.

Switchgear on HNP-2 contains stationary-type breaker auxiliary contacts; i.e.,
removing a breaker from its operating position does not break the continuity of the
interlocking circuits. The control circuits of safety-related equipment have been
checked to ensure interlocking circuits utilize these stationary-type breaker
auxiliary contacts. The results of this check show that no other redundant
components would be inadvertently rendered inoperable by the disabling or failure
of a component during normal or emergency operation, test, or out-of-service
condition.

The six cooling tower buses supply power to the cooling tower fans. The buses
are supplied through 4160-600-V transformers from 4160-V buses 2C and 2D.
Control power for the cooling tower breakers is supplied from the cooling tower
battery.

AC motor control centers (MCCs) 2R24-S018A and B provide power to the
following low pressure coolant injection (LPCI) motor-operated valves (MOVs):

o LPCI injection valves.

o LPCI pump minimum flow valves.

o Reactor recirculation pump suction valves.

o Reactor recirculation pump discharge valves.

Normal power is supplied from 4160-V buses 1E and 1G (HNP-1-FSAR figure
8.5-1) via the HNP-1 emergency 600-V buses 1C and 1D to MCCs 2R24-S018A
and B. In the event of a loss of offsite power, backup power for the 4160-V buses
1E and 1G is supplied by dedicated HNP-1 diesel generators 1A and 1C. Alternate
power for one LPCI MOV load center is supplied from 4160-V bus 2F via 600-V
bus 2D via manual transfer switch 2R26-M107 to MCC 2R24-S018A or B. Backup
power for 4160-V bus 2F is supplied by swing diesel generator 1B.

All ac MCCs except two are normally fed from the 600-V switchgear. MCCs
2R24-S026 and 2R24-S048 are fed from the 4160-V bus through 4160-600-V
transformers. MCCs are NEMA Class 1. The branch breakers are molded-case,
manually operated. All breakers are provided with magnetic short-circuit protection
on all poles. MCC motor starters have provisions for thermal overload protection
on poles 1 and 3 and provisions for thermal overload alarms on pole 2. The control
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contact of the thermal overload protection relay is bypassed during normal plant
operation for MCC motor starters feeding essential motor operated valves (MOVs),
essential motors, and other safety-related MOVs, where appropriate. Essential
MOVs and motors are those used for ECCSs, containment isolation function, or
10 CFR 50.49 applications.

For Class 1E starters, where the thermal overload protection is bypassed,
protection was operative from starter installation date until completion of
preoperational testing before core load. After testing, the thermal overload relay
contacts used for control of these starters are permanently bypassed with shorting
straps. The thermal overload relays on pole 2 are still reserved for annunciation.
These overload relays are periodically checked to ensure operability.

All essential switchgears and MCCs are designed to Class 1E requirements.

Standby ac Power

Introduction

The onsite standby ac power supply for HNP-1 and HNP-2 consists of five diesel
generator units, which supply standby power to 4160-V essential buses 1E, 1F,
1G, 2E, 2F, and 2G. Diesel generators 1A and 1C supply Unit 1 essential buses
1E and 1G, respectively. Diesel generators 2A and 2C supply Unit 2 essential
buses 2E and 2G, respectively. Diesel generator 1B is a shared facility and can
supply either Unit 1 essential bus 1F or Unit 2 essential bus 2F.

Starting Initiation

Automatic starting of the diesel generator units supplying Unit 2 is initiated by any
of the following conditions:

. Loss-of-coolant accident (LOCA) signal.

. Reactor low-water level signal.

. High drywell pressure signal.

. Undervoltage on essential buses 2E, 2F, and 2G, as a result of a complete
loss-of-offsite power (LOSP), a sustained degraded voltage condition, or a

failure in any of the redundant instrument trains sensing voltage will start the
diesel associated with that individual bus.
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Starting Mechanism and System

The starting mechanism and system are described in subsection 9.5.6.

Interlocks and Permissives

1.

For starting the diesel generator:

Each diesel generator has a MODE SELECT switch in the main control room
(MCR) and a local switch on the diesel control panel in the diesel building.
The diesel generator MODE SELECT switch is a key-locked switch and has
two positions - NORM and TEST. When this switch is in the NORM position,
the diesel is on automatic start; i.e., the diesel will start upon receipt of a start
signal. When this switch is in the TEST position, the diesel may be started
from the MCR for test purposes. During testing, the diesel generator is
synchronized to its associated 4160-V essential bus and, consequently, to
the offsite power system.

Additionally, only one diesel generator at a time is synchronized to the offsite
power system during testing. Each diesel generator is equipped with the
keylocked MODE SELECT switch that must be set in the TEST position
before the generator can be synchronized and connected to the offsite power
system. The mode-switch key is removable in the NORM position only.

The test position circuitry is designed so that the occurrence of a LOCA or
undervoltage on startup transformer 2C automatically drops the diesel
generator from the test mode and initiates the normal autostart circuitry.

The diesel generator local switch also has two positions - REMOTE and
CONTROL AT ENGINE. When the local switch is in the REMOTE position,
the diesel generator is controlled from the MCR. When the local switch is in
the CONTROL AT ENGINE position, all automatic starting circuits are
disengaged. In this position, diesel generator maintenance can be performed
without the possibility of the diesel receiving a start signal. The diesel
generator can be started only by a switch located on the diesel generator
control panel when the switch is in the CONTROL AT ENGINE position.
Annunciation is provided in the MCR when the local switch is in this position.

For connection of the diesel generator to its associated 4160-V bus, the
following conditions are necessary to initiate the closing of the diesel
generator breaker:

. Diesel generator at rated voltage and speed.

° LOSP lockout relay for the associated 4160-V bus tripped.

. The supply breakers between startup auxiliary transformers 2C and 2D

on the associated essential 4160-V bus are tripped.
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When the last condition above is met, the possibility of one diesel generator
operating in parallel with any other diesel generator is precluded.

Load Shedding

When the diesel generator breaker closes, the following load shedding has already
taken place:

The 4160-V loads and most nonessential 600-V loads are tripped, but the feeder
breakers to the 4160-600-V station service transformers supplying the essential
600-V load centers and their associated MCCs remain closed. This ensures power
continuity to vital 600-V auxiliaries such as the generator seal oil pumps and
instrumentation transformers even when a reactor trip does not accompany loss of
normal power.

Sequential Loading

The diesel generator loading sequence is shown in table 8.3-3. Emergency loads
are shown in tables 8.3-4, 8.3-5, and 8.3-6.

Timing devices are provided to sequentially start the motors for each essential
load. The engineered safety feature (ESF) loads are applied automatically in
sequence at ~ 10-s intervals to minimize the initial voltage drop due to starting the
induction motor-driven pumps. This method of starting motors provides flexibility in
timing adjustment and independence of control. The tabulation of tables 8.3-3
through 8.3-6 assumes three diesel generators are available.

At time t-plus-30 s after a LOCA with all three essential buses available, four
residual heat removal (RHR) and two core spray (CS) pumps would be in
operation. Full flow injection or spray may still be prohibited by flow- or
pressure-sensing ESF interlocks. Failure of any one diesel or diesel battery and its
buses cannot prevent attainment of minimum safe shutdown requirement
regardless of which bus fails. The plant operator can manually drop off any excess
pumping capacity at any time t-plus-30 s but prior to proceeding into the second
phase of accident control. This occurs at approximately time t-plus-10 min when
reactor water level is stabilized and containment cooling begins.

The automatic starting and load sequencing times in the current design are more
restrictive than the timing assumptions made in the SAFER/GESTR-LOCA
analysis. The LOCA analysis supports a 31-s response time for CS and a 64-s
response time for LPCI.

At time t-plus-10 min, all diesel generator loading can be controlled by the plant
operator. The plant operator makes decisions as to which emergency loads may
be manually connected or disconnected following a LOCA after time t-plus 10 min.
An operating procedure provides directions to the operator. The procedure is
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based on the information contained in tables 8.3-11 through 8.3-16 and 8.3-18
through 8.3-20.
G. Diesel Engine and Generator Protection
Each diesel engine and generator is protected by various devices listed in
tables 8.3-9 and 8.3-10. However, only the following signals shut down the diesel
engine when the MODE SELECT switch is in the NORM position:
. Engine overspeed.
e Low lube oil pressure.®

o Generator differential relaying.

Should a diesel fail to start within 7 s, its starter air supply and the fuel are cut off,
and an alarm is sounded.

With the MODE SELECT switch in the NORM position, all other protective devices
will not trip the engine but will annunciate as indicated by table 8.3-7. Table 8.3-8
lists the generator alarms.
Each generator will be grounded through a high resistance. A ground-detector
circuit will annunciate a ground condition in the MCR. The neutral ground-fault
relays are not designed to trip the emergency diesel generators.

H.  Fuel Oil Supply, Storage, and Transfer
The fuel oil supply, storage, and transfer system is described in subsection 9.5.4.

l. Diesel Engine and Generator Control

1.  Each diesel generator unit has a floor-mounted control panel located in the
diesel building complete with the following equipment:

. Ammeter with selector switch.

o Voltmeter with selector switch.

. Frequency meter.

. dc ammeter with shunt for generator field current.

. Watthour meter and associated pulse initiator.

a. Two lube oil pressure switches have been installed and wired in series so that two signals are necessary to trip.
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. Voltage regulator with raise-lower switch.
. Field rheostat.
. Governor control switch.

. Motor-operated device for remote control of generator voltage following
failure of automatic voltage regulator.

. Potential transformers and current transformers.
. Field ground detection relay for annunciator alarm.

° 20-window annunciator, operated on 120-V-ac supplied by an inverter
from the 125-V-dc diesel battery.

. Alarm contacts, provided for remote annunciation in the MCR.

In addition to the diesel generator control panel, a diesel engine control panel
located in the diesel building is also provided. This panel has the following
equipment:

. Running time meter.

° Engine gauges (water temperature, oil pressure, oil temperature, etc.)
and throttle control.

° Indicating lights.
. Starting controls.

Each diesel generator has a separate annunciator panel located on the
generator control panel in the diesel building. In addition, annunciation is
also supplied for each diesel generator in the MCR. Table 8.3-7 lists all
alarms and points of annunciation for the diesel engine. Table 8.3-8 lists all
alarms associated with the diesel generator.

Power for each diesel generator unit controls is supplied by a

125-V-dc battery system. Each battery has its own normal static-type battery
charger and bus. A standby battery charger permits servicing a charger.
These features allow loss of no more than one diesel generator set of
controls due to a single failure.

The shared diesel generator 1B is identical in all respects to the other four

diesel generators. The requirements of Section C of Regulatory Guide 1.81
are met in the following fashion:
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a. The features unique to the engine and generators, independent of their
application, are either automatically or locally controlled within the
generator set perimeter.

b. The features of diesel 1B, such as load testing, electric bus control, and
annunciation, are duplicated identically for HNP-1 and HNP-2.

C. Positive selection, indication, and isolation are provided so the shared
diesel will automatically fulfill LOCA and LOSP duties on either unit.

Figure 8.3-7 shows the motor control centers that supply the diesel
generator 1B auxiliaries and the environmental controls for generator
room 1B.

Diesel Engine Cooling
The diesel engine cooling system is described in subsection 9.5.5.
Diesel Building

The diesel generators are housed in a reinforced concrete Seismic Category |
structure, which provides protection against natural phenomena such as tornado
missiles, tornadoes, floods, lightning, rain, ice, or snow. Each unit is completely
enclosed in its own concrete cell and is isolated from other units. The walls
separating the diesel generators are 18-in. reinforced-concrete structural walls with
a fire rating of 3 h. Automatic fire detection and extinguishing systems are
provided. A potential missile, the crankcase door, could be generated from a
postulated crankcase explosion. This missile would be contained by the reinforced
concrete wall.

Diesel Building Ventilation
The diesel building ventilation system is described in subsection 9.4.5.
Testing

Tests of the diesel generators are conducted to check for equipment failures and
deterioration. Testing is conducted at equilibrium operating conditions to
demonstrate proper operation at these conditions. Each diesel is manually started,
synchronized to the bus, and the load is applied. The diesels are loaded to at least
50% of rated load to prevent fouling of the engines. In addition, during the test
when the generator is synchronized to the bus, it is also synchronized to the offsite
power source and thus is not completely independent of this source. A testis
performed at least monthly to verify optimum performance.

At the end of the load test of the diesel generators, the fuel oil transfer pumps are
operated to refill the day tank and to check the operation of these pumps.

8.3-11 REV 34 8/16



HNP-2-FSAR-8

The test of the emergency generators during a refueling outage is more
comprehensive in that it functionally tests the system; i.e., it checks diesel starting,
closure of diesel breaker, and sequencing of loads on the diesel. The diesels are
started by simulation of a LOCA. In addition, an undervoltage condition is imposed
to simulate an LOSP. The timing sequence is checked to ensure proper loading in
the required time. The inspections will detect any signs of wear long before failure.

The diesel generator sets are Fairbanks-Morse Model 38TD8 1/8, which were
previously qualified by at least two other utilities.

Both used the 100 prototype starting tests, conducted by Fairbanks-Morse in
September 1968, with no failure. These tests are discussed in Institute of
Electrical and Electronics Engineers (IEEE) Conference Paper 69-CP-177-PWR,
presented in January 1969 to the 1969 IEEE winter power meeting.

More than 200 starting tests were performed at the Duane Arnold Energy Center
by lowa Electric Light and Power between October 6 and 13, 1973. There were no
failures to start and assume load within 10 s. These tests were conducted during
their preoperational testing program, and the actual test logs are available at the
site.

Northern States Power conducted 202 successful starting tests during the Prairie
Island preoperational and startup testing program, which were reported to the
Atomic Energy Commission (AEC) in a report entitled "Diesel Generator and Diesel
Driven Pump Reliability Tests and Diesel Tests for Two Unit Operation." This
report was submitted to the AEC with a letter from B. O. Mayer to J. F. O'Leary on
March 15, 1974.

In all, more than 500 starting tests were conducted on this model diesel with no
failures.

Diesel Seismic Qualification

The diesel generator vendor performed a dynamic analysis on the diesel
generators, employing a modal analysis with lumped-mass modeling using the
response spectrum technique and the floor response spectrum developed for the
diesel generator building foundation. Appropriate damping factors were used.

The horizontal and vertical forces were added simultaneously to the normal loads
in a way to create the most critical loading. Overturning moments, shear and
tensile stresses on anchor bolts, and stresses in support brackets and weldments
were checked for these loadings.

All safety-related electrical interlocks were analyzed and found satisfactory.

The diesel fuel oil system, including storage tanks, transfer pumps, piping, and day
tanks are designed to Seismic Category | criteria.
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Analysis and tests show that the diesel generator units, including component parts
and associated systems, will function during a seismic event.

Seismic verification of the diesel generators associated with replacement of
modification activities is consistent with the methodology developed by the Seismic
Qualification Utility Group (SQUG) which utilizes earthquake experience and
generic test data to verify the seismic adequacy of all classes of mechanical and
electrical equipment.

This methodology is documented in the Generic Implementation Procedure (GIP)

which was evaluated and approved by the NRC as documented in Supplement 2 to
the Safety Evaluation Report associated with the GIP.

Instrument Power Supply

Figure 8.3-9 shows the ac instrument power supply system. This system consists of the

following:

A.

120-208-V-ac Instrument Power System

This is an essential power system supplied from the 600-V essential buses 2C and
2D through two 112.5-kVA, three-phase essential transformers to essential
cabinets 2A and 2B. The essential cabinets supply essential and nonessential
loads. Failure of a nonessential load will not affect the ability of this system to
supply the essential loads.

All essential equipment involved in this system is designed to Class 1E
requirements.

For essential loads, see distribution cabinets 2B and 2C shown in figure 8.3-9.

120-V Reactor Protection System (RPS) Power Supply (not a Class 1E system
except for motor-generator (M-G) set protective relaying described below)

Control power for the RPS is normally supplied from two M-G sets powered from
600-V essential buses 2C and 2D. The M-G sets feed RPS buses 2A and 2B. The
RPS buses supply the following loads:

. RPS trip system.

. Power range neutron monitoring (PRNM) system.

. Process radiation monitors for main steam lines and off-gas system.

° Nuclear steam supply shutoff valves (inboard and outboard).
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. Primary containment isolation system (PCIS).
. Analog transmitter trip system (ATTS) panels.

Each M-G set supplies 120 V-ac (+ 10%), 60 Hz (+ 5%) power to its respective
RPS bus via two series-connected Class 1E circuit breakers.

To ensure that all electrical components connected to the RPS bus are protected
from a malfunction of the M-G set, the output voltage and frequency of each

M-G set are monitored by two separate sets of protective relaying. Each set of
protective relaying is associated with one of the two Class 1E circuit breakers.

The Class 1E protective relaying consists of an undervoltage relay set at 110 V-ac,
an overvoltage relay set at 129 V-ac, an underfrequency relay set at 57.2 Hz, and
a time delay relay set at 3.5 s. If the output of one M-G set exceeds these limits for
3.5 s, its circuit breaker will trip via an undervoltage release mechanism.

The two sets of Class 1E relaying and circuit breakers per M-G set ensure that
RPS equipment is protected from voltage and frequency ranges outside their
capabilities. Furthermore, the two sets are entirely redundant, satisfying the
single-failure criterion. A manual transfer scheme is provided, which allows any
one of the two RPS buses to be supplied from the 120-208-V-ac power system
described in 8.3.1.1.4.A. This arrangement permits the energization of both

RPS buses even though one of the M-G sets may be out of service. The protective
relaying scheme on their alternate source of power is identical to the two Class 1E
protective schemes on the M-G sets.

120-240-V Uninterruptible ac Power System (not a Class 1E system)

Power for this system is normally supplied from 600-V essential bus 2D through a
battery charger and static inverter combination to the uninterruptible ac power
cabinet.

Two standby sources exist for this system. A 240-V-dc battery is one standby
source.

The battery charger called out above is of sufficient size to simultaneously supply
full inverter load and to recharge the battery from a discharge condition. The other
alternate source of power for this system is a standby transformer supplied from
600-V essential bus 2C. The uninterruptible ac load is automatically transferred
from the preferred source to the standby source by means of a static transfer
switch. A local transfer switch is provided for isolation for maintenance purposes.
The manual transfer switch is of the make-before-break type.

The 120-240-V-ac uninterruptible power system provides power for vital service for

which power interruption should be avoided. These vital services are necessary
for the operation of the plant but are not required for plant safety.
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For loads on the uninterruptible ac power cabinet, see distribution cabinet 2A
shown in figure 8.3-9.

D. 120 VAC Ciritical Instrument Bus

This is an essential power system supplied from the safety related 125/250VDC
system via a safety related, seismically qualified 7.5 kVA, 250 VDC/120 VAC
Inverter.

Like the essential 120/208 VAC instrument buses, the critical instrument buses
supply both essential and non-essential loads. They provide AC power from the
safety related DC sources to loads critical for the mitigation of events when AC
power is not available from offsite sources or from the on-site emergency AC
system.

Failure of a non-essential load will not affect the ability of the system to supply the
essential loads.

Back-up power is available to the inverter via the existing essential cabinets. The

back-up power will ensure power is not lost to the critical instrumentation during
DC system maintenance.

8.3.1.2 Analysis of ac Systems

8.3.1.21 Compliance with General Design Criteria, Nuclear Regulatory Commission
(NRC) Regulatory Guides, and Industry Standards

In this section an analysis of the ac systems describes the degree of compliance with the
following:

A. General Design Criteria for Nuclear Power Plants, Appendix A of 10 CFR 50
Compliance with the following general design criteria is discussed in section 3.1:
. GDC 17 - Electric Power System
. GDC 18 - Inspection and Testing of Electric Power System

B. NRC Regulatory Guides for Power Reactors
The construction permit for HNP-2 was issued in December 1972. Since the
issuance of the construction permit, a number of new regulatory guides were
issued that were not available for incorporation into the original design; however,

many requirements of the following regulatory guides are met and discussed
below:
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Regulatory Guide 1.6, "Independence Between Redundant Standby (Onsite)
Power Supplies and Between Their Distribution Systems," 1971

The Class 1E ac system is divided into redundant load groups so that loss of any
one group will not prevent the minimum safety functions from being performed.

Each ac load group has connections to two preferred (offsite) power supplies and
to a single diesel generator. Each diesel generator is exclusively connected to a
single 4160-V load group. Figure 8.3-1 shows this arrangement.

The diesel generator of one load group cannot be automatically paralleled with the
diesel generator of the redundant load group.

No provisions exist for connecting one load group to the redundant load group
when operating from the diesel generators.

No provisions exist for automatic transfer of ac loads between redundant onsite
power supplies.

Regulatory Guide 1.9, "Selection of Diesel Generator Set Capacity for Standby
Power Supplies," 1971

Diesel generators 2A and 2C have a 2000-h rating of 3100 kW and a 30-min rating
of 3500 kW. Ninety percent of 3500 kW is 3150 kW. The lower of the two figures
is the 2000-h rating of 3100 kW. Table 8.3-6 shows automatically connected loads
on the diesel generators do not exceed 3100 kW. The loading beyond 10 min is
based on the operator manually switching loads in accordance with minimum
system requirements. Tables 8.3-11 through 8.3-16 and 8.3-18 through 8.3-20
show that possible load distribution on emergency buses beyond 10 min is within
the ratings of the diesel generators. The predicted loads shall be verified during
preoperational testing. When diesel generator 1B was purchased, the diesel
generator manufacturer did not have a 2000-h rating procedure; however, diesel
generator 1B is identical in design and capability to diesel generators 2A and 2C.
For diesel generator ratings, see paragraph 8.3.1.1.1.B.

Diesel generators have the capability of starting and accelerating all ESF and safe
shutdown loads to rated speed in the time frame and sequence shown in

table 8.3-3. The voltage does not drop to < 75% of nominal voltage at the starting
of any motor with the exception of the CS pump motor and RHR service water
(RHRSW) pump drive motors, in which case the voltage drops to ~ 72% of rated
voltage.

Since the CS pump motor is the first equipment to be started in the initial 10 s of
the loading sequence (table 8.3-3), no other equipment is affected by the voltage
dip that occurs when the motor is started. In case of the RHRSW pump drive
motors, the voltage returns to ~ 90% of rated voltage within 2.6 s. The RHRSW
pump motors accelerate to full rated speed in ~ 5 s under the above-listed
conditions. The frequency does not decrease to < 95% of nominal value. The
diesel generators are, during the loading sequence, capable of maintaining the
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frequency and voltage above a level that degrades the performance of any of the
loads below their minimum requirements.

For Class 1E motors not supplied with the nuclear steam supply system (NSSS),
the specified minimum voltage required at the motor terminals to successfully
accelerate the safety loads within the required period of time is 75% of the rated
nameplate voltage.

For Class 1E motors supplied by General Electric (GE), the minimum voltage
required at the motor to successfully accelerate the pump load within the required
period is 3000 V for the RHR and CS motors and 440 V for the standby liquid
control (SLC) pump motor. One of the RHR pump drive motors is manufactured
and supplied by Reliance Electric Limited and meets the above criteria.

The sequencing of the safety system loads is in accordance with regulatory
position C.4 of Regulatory Guide 1.9 (March 1971). Sequential loading of the
safety system loads is described in paragraph 8.3.1.1.3.F.

The minimum margin of motor torque allowed over the pump load torque during the
accelerating period is 10%. For motors not certified by the manufacturer to
accelerate under a low-voltage condition, analyses were performed to determine
the actual minimum value of motor torque available over pump torque that would
adequately accelerate the pump to full load rpm within the required period without
excessive motor heating. This value was determined to be ~ 10%.

The minimum motor torque margin is 17% for the RHR pump motor, 19% for the
CS pump motor, and 12% for the SLC pump motor. The Reliance Electric Limited
RHR motor provides wider torque margins than the original GE motor.

There are no features provided to monitor the temperature rise in large horsepower
motor components not supplied with the NSSS when a motor fails to accelerate its
load within the allowable number of starts.

The diesel generators are capable of recovering from transients caused by
step-load increases or resulting from the disconnection of full load so that the
speed does not cause damage to moving parts. The overspeed trip device is set
sufficiently high to guarantee that the unit does not trip on full-load rejection. The
units are capable of running at 110% speed without damage or loss of function.
The loading takes place at sufficiently timed intervals to ensure recovery of voltage
and frequency.

The suitability of each diesel generator set is confirmed by prototype qualification
test data and was verified by preoperational tests.

Regulatory Guide 1.30, "Quality Assurance Requirements for the Installation,
Inspection, and Testing of Instrumentation and Electric Equipment," 1972

Regulatory Guide 1.30 is discussed in paragraph 8.3.1.3.
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Regulatory Guide 1.32, "Use of IEEE Standard 308-1971, Criteria for
Class 1E Electric Systems for Nuclear Power Generating Stations," 1972

Compliance with Regulatory Position C(a) of this guide concerning ac systems is
as follows: Two completely independent transmission lines are available to the
plant, providing immediate access to the transmission network.

Additionally, compliance with IEEE Standard 308-1971 as applied to ac systems,
as discussed in paragraph 8.3.1.2.1C.

Regulatory Guide 1.41, "Preoperational Testing of Redundant Onsite Electric
Power Systems To Verify Proper Load Group Assignments," 1973

The onsite electric power systems, designed in accordance with Regulatory Guides
1.6 and 1.32, were tested as part of the preoperational testing program. The tests
were performed in accordance with the procedures outlined in chapter 14. These
tests verified the independence between the redundant onsite power sources and
their load groups.

The Class 1E ac power system was functionally tested, one load group at a time,
by allowing one load group to be powered only by its associated diesel generator.
The redundant load group remained completely disconnected from its associated
diesel generator.

A LOCA signal was simulated to start each diesel generator and initiate automatic
sequencing.

Design of the Class 1E ac load groups and buses is such that no electrical
connections exist between the buses except through a normally open breaker,
thereby ensuring an absence of voltage on the buses and loads not under test due
to the load group under test. Consequently, voltage on the buses not under test
will not be monitored.

Requlatory Guide 1.63, "Electric Penetration Assemblies in Containment
Structures for Water-Cooled Nuclear Power Plants," 1973

The electrical penetration assemblies conform to Regulatory Guide 1.63 except as
discussed below.

The electrical penetration assemblies are not incorporated with self-fusing
characteristics. They are designed to withstand, without loss of mechanical
integrity, the maximum possible fault-current-versus-time conditions, which could
occur because of single random failures of circuit overload protection devices,
within the two leads of any one single-phase circuit or the three leads of any one
three-phase circuit. The operating time of the backup protection on the faulty
circuit is taken as the minimum permissible time for the maximum fault or overload
current to flow without causing any physical damage that affects the mechanical
integrity of the electric penetrations.
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Regulatory Guide 1.75, "Physical Independence of Electric Systems," 1975

The construction permit for HNP-2 was issued in December 1972. The
implementation date given in Section D of Regulatory Guide 1.75 (1975) is
February 1974. For this reason, the recommendations of Regulatory Guide 1.75
(1975) are not required to be met on HNP-2. Physical independence of electric
systems is discussed in paragraphs 8.3.1.4.1.1 and 8.3.1.4.1.2.

Regulatory Guide 1.81, "Shared Emergency and Shutdown Electric Systems for
Multi-Unit Nuclear Plant," 1974

The onsite ac power system has one shared diesel generator unit. The design and
installation of this shared unit are in accordance with NRC Regulatory Guide 1.81.
For further explanation see paragraph 8.3.1.1.3.1.2.

Regulatory Guide 1.89, "Qualification of Class 1E Equipment for Nuclear Power
Plants," 1974

Regulatory Guide 1.89 refers to IEEE Standards 323-1974 and 344-1971.
Compliance with these standards is discussed in chapter 7 and section 3.10,
respectively.

IEEE Standards

The construction permit for HNP-2 was issued in December 1972. Since the
issuance of the construction permit, a number of new |IEEE standards were issued
that were not available for incorporation into the original design; however, many
requirements of the following IEEE standards are met and discussed below:

IEEE 308-1971, "IEEE Standard Criteria for Class 1E Electric Systems for Nuclear
Power Generating Stations"

The Class 1E ac power systems are designed to ensure that any design basis
event, as listed in Table 1 of IEEE 308, does not cause either loss of electric power
to more than one load group, surveillance devices, or protection system devices
sufficient to jeopardize the safety of the unit or loss of electric power to equipment
that could result in a reactor power transient capable of causing significant damage
to the fuel or to the reactor coolant system.

The Class 1E system is capable of performing its function when subjected to the
effects of any of the design basis events. The Class 1E loads are designed to
perform their functions adequately for the design variations of voltage and
frequency in the Class 1E system.

Controls and indicators for the Class 1E 4160-V bus supply breakers are provided

in the MCR. Controls and indicators for the diesel generator power supplies are
provided in the MCR and in the diesel generator rooms.
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Class 1E equipment and associated circuits are distinctly identified as described in
paragraph 8.3.1.5.

Each type of Class 1E equipment is qualified by analysis, by successful use under
previous similar conditions, or by actual test to demonstrate its ability to perform its
function under applicable design basis events.

Supplementary design criteria of IEEE 308 are addressed in the applicable
sections describing specific Class 1E equipment.

The surveillance requirements of IEEE 308 are followed in the design, installation,
and operation of Class 1E systems and consist of the following:

1.

4.

Preoperational equipment tests and inspections are performed in accordance
with the procedures described in chapter 14 with all components installed.
These tests and inspections demonstrate that:

a. All components are correct and are properly mounted.
b. All connections are correct and the circuits are continuous.

c.  All components are operational.

d. All metering and protective devices are properly calibrated and
adjusted.

Initial system tests are performed in accordance with the procedure
described in chapter 14 with all components installed. These tests
demonstrate that the equipment operates within design limits, that the system
is operational within design limits, and that the system is operational and
meets its performance specifications. These tests also demonstrate that:

a. The Class 1E loads can operate on the preferred power supply.
b.  The loss of the preferred power supply can be detected.

c. The standby power supply can be started and can accept design load in
the sequence and time duration shown in table 8.3-3.

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

Periodic equipment tests are performed at the scheduled intervals to detect
deterioration of the system toward an unacceptable condition and to
demonstrate that the standby power equipment and other components that
are not exercised during normal operation of the station are operable.

Initial system tests referred to in item 2 above are performed at scheduled
intervals to demonstrate the operational readiness of the system.
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With regard to Section 7 of IEEE 308, the Technical Specifications contain
operating requirements for periods of operation with degraded Class 1E ac system
conditions.

With regard to Section 8 of IEEE 308, the following discussion applies:

HNP-1 and HNP-2 do not share preferred power supplies (offsite) between the two
units; however, startup auxiliary transformers 1C and 2C share a common link with
the 230-kV switchyard. For the standby onsite power source, there are five diesel
generators, two each for HNP-1 and HNP-2 and one shared between the two units.
Four diesel generators are sufficient to operate the ESFs for a design basis
accident (DBA) on one unit and those systems required for a concurrent safe
shutdown on the other unit. (See table 8.3-4.)

IEEE 317-1972, "IEEE Standard for Electric Penetration Assemblies in
Containment Structures for Nuclear-Fueled Power Generating Stations"

The mechanical design, materials, fabrication, inspection, and testing of the
pressure-retaining boundary of the electric penetration assembly, excluding electric
compounds and gaskets, is in accordance with the requirements of the American
Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code,
Section lll, Subsection NE, for Class MC components. The electric penetration
assembly is designed to meet all the electrical requirements for the specified
service environment without dielectric breakdown or overheating.

The design and installation is such as to facilitate periodic individual penetration
assembly leakage testing after installation including both aperture and conductor
seals.

The penetration assembly design is qualified for the intended service within the
service environmental by testing.

IEEE 323-1971, "General Guide for Qualifying Class 1 Electric Equipment for
Nuclear Power Generating Stations"

The qualification methods and documentation requirements of IEEE 323 are
followed for Class 1E electric equipment. All Class 1E equipment and its
associated design, operation, and maintenance documents are identified and,
equipment specifications adequate for the application are prepared. The tests,
analysis, or operating experience demonstrate that the equipment is capable of
meeting performance specifications under the service conditions. Documentation
is prepared in a manner that permits independent evaluation of the equipment
qualification.

IEEE 336-1971, "IEEE Standard - Installation, Inspection, and Testing
Requirements for Instrumentation and Electric Equipment During the Construction
of Nuclear Power Generating Stations"
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IEEE 336-1971 is discussed in paragraph 8.3.1.3.

IEEE 344-1971, "Seismic Qualification of Class 1 Electric Equipment for Nuclear
Power Generating Stations"

Seismic qualification of Class 1E electric equipment and the extent of compliance
with IEEE 344 are discussed in section 3.10.

IEEE 383-1974, "IEEE Standard for Type Test of Class 1E Electric Cables, Field
Splices, and Connections for Nuclear Power Generating Stations"

Samples of all cables were successfully tested in accordance with IEEE
Standard 383-1974. The tests included temperature- and moisture-resistance
tests, long-term physical aging tests, and thermal and flame tests.

The cables that must remain functional during and after a LOCA were also
successfully tested in accordance with IEEE Standard 383-1974 and applicable
sections of IEEE Standard 323-1971.

The manufacturers' final test report describes these tests and the ability of the
cables to perform under specified service conditions.

Samples of splices were successfully tested by the cable manufacturer. Thermal
blocks used in the primary penetrations were successfully tested by the
penetration vendor.

IEEE 384-1974, "IEEE Trial-Use Standard Criteria for Separation of Class 1E
Equipment and Circuits"

This standard is referred to in Regulatory Guide 1.75. See discussion of
Regulatory Guide 1.75 (paragraph 8.3.1.2.1.B).

IEEE 387-1972, "Criteria for Diesel Generator Units Applied as Standby Power
Supplies for Nuclear Power Generating Stations"

The following paragraphs analyze compliance with the design criteria of IEEE 387.

Adequate cooling and ventilation equipment is provided to maintain an acceptable
service environment within the diesel generator rooms during and after any design
basis event even without support from the preferred power supply.

The diesel generator is capable of starting, accelerating, and accepting load as
described in paragraph 8.3.1.1.3. The diesel generator automatically energizes its
cooling equipment within an acceptable time after starting.

Frequency and voltage limits and the basis of the continuous rating of the diesel
generator are included in the discussion of NRC Regulatory Guide 1.9.
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Discussion of NRC Regulatory Guide 1.6 contains a description of the
independence provided between the redundant Class 1E ac load groups.
Mechanical and electric systems are designed so that a single failure affects the
operation of only a single diesel generator.

Design conditions such as vibration, torsional vibration, and overspeed are
considered in accordance with the requirements of IEEE 387.

Each diesel generator is provided with control systems permitting automatic and
manual control. The automatic start signal is functional except when the diesel
generator local switch (located on the diesel generator control panel in the diesel
building) is in the CONTROL AT ENGINE position. Provision is made for
controlling the diesel generator from the MCR and from the diesel generator room.
Paragraph 8.3.3.1.1.3 provides further description of the control systems.

Voltage, current, frequency, and output-power metering are provided in the MCR to
permit assessment of the operating condition of each diesel generator.
Surveillance instrumentation is provided in accordance with IEEE 387.
Tests as listed in chapter 14 are conducted on each diesel generator in
accordance with IEEE 387.

8.3.1.2.2 Safety-Related Equipment Exposed to Hostile Environment

The detailed information on all Class 1E equipment that must operate in a hostile environment

during and/or subsequent to an accident is furnished in section 3.11, chapter 15, and
supplement 15A.

8.3.1.3 Conformance With Quality Assurance Standards

The quality assurance (QA) program applicable to operation-phase activities is described in the
SNC Quality Assurance Topical Report (QATR). The program includes a comprehensive
system to ensure that the purchased material, manufacture, fabrication, testing, and quality
control (QC) of the equipment in the emergency electric power system conform to the evaluation
of the emergency electric power system equipment vendor QA programs and preparation of
procurement specifications incorporating QA requirements. The administrative responsibility
and control to be provided are described in the QATR.

These QA requirements include an appropriate vendor QA program and organization, purchaser
surveillance as required, vendor preparation and maintenance of appropriate test and

inspection records, certificates and other QA documentation, and vendor submittal of QC
records considered necessary for purchaser retention to verify quality of completed work.

The procedures for the installation, inspection, and testing of instrumentation and electric
equipment conform to ASME NQA-1-1994 and IEEE 336-1985, as described in the QATR.
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8.3.1.4 Independence of Redundant Systems

The physical arrangement of the redundant Class 1E electric load groups and their associated
raceway systems ensures that a single failure in one Class 1E electric system does not affect
the redundant system.

8.3.1.41 Separation Criteria

To preserve the independence of redundant Class 1E electric systems, the design of the
associated raceway systems located in the different plant areas and cable routing are in
accordance with the following separation criteria.

8.3.1.4.11 Raceway System Installation. Wherever possible, cable trays of the same
division are arranged from top to bottom, with trays containing the cables with the highest
voltage classification at the top and trays containing the cables with the lowest voltage
classification at the bottom. A cable tray designated for cables with a particular voltage
classification contains only those cables of the same voltage classification.

Voltage classifications are as follows:
. 4.16-kV power.
. 600-V-, 480-V-, and 208-V-ac power.
. 250-V-dc power.

. ac and dc control, 208-120-V-ac unarmored power, communication 24-48-V-dc and
125-V-dc power.

. Low-level instrumentation circuits, including process instrumentation and control,
thermocouple, resistance thermometer, and other signals that are noise sensitive
but not noise productive.

In the absence of confirming analysis to support less stringent requirements, the following rules
apply:

A. General Plant Areas
1. Vertically stacked trays of the same division are installed with a minimum
vertical separation of 12 in. between the top of the lower tray and the bottom

of the upper tray. The horizontal separation between trays of the same
division is a minimum of 6 in. between the interior sides of the trays.
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The vertical separation between two stacks of trays of different divisions is

5 ft from the top of the topmost tray of the lower stack to the bottom of the
lowest tray of the upper stack. In areas where this requirement is not
attainable, the lower tray must have either a solid metal cover or 1 in. of
Kaowool laid in. The upper tray must have one of the following: a solid metal
bottom, a solid metal cover installed on the bottom, or 1 in. of Kaowool
installed on the bottom. These covers or Kaowool must be installed to a
distance where the 5 ft separation between trays is achieved or to the wall.

The horizontal separation between trays of different divisions is a minimum of
3 ft between the interior sides of the trays of both divisions. In areas where
this requirement is not attainable, the trays must have either a solid metal
cover or 1 in. of Kaowool laid in on the top. The trays must also have one of
the following: a solid metal bottom, a solid metal cover installed on the
bottom, or 1 in. of Kaowool installed on the bottom. These covers or Kaowool
must be installed to a distance where the 3-ft separation is achieved or to the
wall or floor.

When stacks of trays of different divisions cross each other, the vertical
separation is 5 ft from the top of the topmost tray of the lower stack to the
bottom of the lowest tray of the upper stack. In areas where this requirement
is not attainable, the lower tray must have either a solid metal cover or 1 in. of
Kaowool laid in. The upper tray must have one of the following: a solid
metal bottom, a solid metal cover installed on the bottom, or 1 in. of Kaowool
installed on the bottom. These covers or Kaowool shall extend 3 ft from each
side of the intersection or to the wall or floor.

Where conduits of one division cross over or run parallel above a cable tray
of the opposite division, there is a minimum vertical separation of 5 ft. In
areas where this requirement is not attainable, the tray must have either a
solid metal cover or 1 in. of Kaowool laid in, or the conduit must be wrapped
with 1 in. of Kaowool. For crossovers, this cover or Kaowool shall extend 3 ft
from each side of the intersection or to the wall. For parallel runs this cover
or Kaowool must be installed to a distance where the 5-ft separation is
achieved or to the wall.

Cable Spreading Room

1.

The vertical separation between trays of different divisions is 3 ft from the top
of the lower tray to the bottom of the upper tray. In areas where this
requirement is not attainable, the lower tray must have either a solid metal
cover or 1 in. of Kaowool laid in. The upper tray must have one of the
following: a solid metal bottom, a solid metal cover installed on the bottom,
or 1 in. of Kaowool installed on the bottom. These covers or Kaowool must
be installed to a distance where the 3-ft separation between trays is achieved
or to the wall.
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The horizontal separation between trays of different divisions is a minimum of
1 ft between the interior sides of the trays of both divisions. In areas where
this requirement is not attainable, the trays must have either a solid metal
cover or 1 in. of Kaowool laid in on the top. The trays must also have one of
the following: a solid metal bottom, a solid metal cover installed on the
bottom, or 1 in. of Kaowool installed on the bottom. These covers or Kaowool
must be installed to a distance where the 1-ft separation is achieved or to the
wall or floor.

Where trays of different divisions cross each other, the vertical separation is
3 ft from the top of the lower tray to the bottom of the upper tray. In areas
where this requirement is not attainable, the lower tray must have either a
solid metal cover or 1 in. of Kaowool laid in. The upper tray must have one of
the following: a solid metal bottom, a solid metal cover installed on the
bottom, or 1 in. of Kaowool installed on the bottom. These covers or Kaowool
shall extend 1 ft from each side of the intersection or to the wall or floor.
Where cables of different divisions approach the same or adjacent panels
with spacing less than the minimum specified above, at least one of the
cables (or group of cables) shall be run in metal (rigid or flexible) conduit to a
point where the required separation exists.

Where conduits of one division cross over or run parallel above a cable tray
of the opposite division, there is a minimum vertical separation of 3 ft. In
areas where this requirement is not attainable, the tray must have either a
solid metal cover or 1 in. of Kaowool laid in, or the conduit must be wrapped
with 1 in. of Kaowool. For crossovers this cover or Kaowool shall extend 1 ft
from each side of the intersection or to the wall. For parallel runs this cover
or Kaowool must be installed to a distance where the 3-ft separation is
achieved or to the wall.

Yard Area

Cables of the same voltage classification are routed in individual ducts of the
underground duct bank systems. Barriers are provided in pull boxes to maintain
physical separation. The underground concrete duct bank system for Class 1E
cables is designed to:

Meet the quality standards as required by GDC 1 and described in paragraph
8.3.1.3.

Meet the Seismic Category | requirements as required by GDC 2 and
described in section 3.10.

Minimize the probability and effects of fires as required by GDC 3 and
described in paragraph 8.3.1.4.3.
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. Accommodate the effects of and to be compatible with the environmental
conditions associated with normal operation, maintenance, testing, and
postulated accidents as required by GDC 4 and described in section 3.11.

. Meet the separation and redundancy requirements of GDC 17.

° Meet the requirements of IEEE 308-1971 as described in
paragraph 8.3.1.2.1.

Safety-related cable ducts passing under roadways are designed to:
o Sustain the heaviest load for which the roadways are designed.

. Withstand the effects of the design basis earthquake (DBE) and remain
functional during normal and accident conditions. The safety-related cable
ducts were analyzed in accordance with supplement 3.7A.B.

. Meet the requirements for duct banks of American Association of State
Highway Officials (AASHO) H.20 truck loading. HNP-2 Class 1E
underground electrical duct banks were considered to act as continuous
beams on an elastic foundation.

Safety-related cable ducts that leave one Seismic Category | structure and enter
another Seismic Category | structure are designed to:

. Withstand the effects of the DBE and remain functional during normal and
accident conditions.

o Meet the design provision that the cable ducts are able to withstand the
interactions between the ducts and the Seismic Category | structures.
Expansion joints are installed in the cable ducts.

Some ductbank pullboxes have submersible sump pumps installed to manage the
ground/rainwater seepage that enters them in an effort to prevent
submerged/wetted cables from occurring. All other pullboxes are manually
pumped on a PM schedule. In addition, gaskets and covers are provided to limit
rainwater from entering.

Primary Containment Penetration Areas
The primary containment penetration assemblies of one division are separated
from the assemblies of the other division as shown in primary and secondary

containment electrical layout drawings.

Intake Structure
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All HNP-2 cables in the intake structure are routed in conduits. Cables of different
divisions are routed in separate conduits and do not mix with any HNP-1 cables in
conduit or tray.

The Seismic Category | raceway supports are designed in accordance with the
requirements specified in paragraph 3.10.2.1.1.

Cable Installation. Class 1E cables of one division are routed in a raceway

system of the same division.

Non-Class 1E cables associated with Class 1E cables of a division are routed in a raceway
system of the same division. The associated cables are subject to requirements placed on
Class 1E cables, such as cable derating, environmental qualification, flame retardance, splicing
restriction, and raceway fill.

A.

Cable Derating

Ampacity rating of cables is established as published in Insulated Power Cable
Engineers Association (IPCEA) P-46-426 and in accordance with the
manufacturer's standards. To this basic rating, a grouping derating factor, also in
accordance with IPCEA P-46-426, was applied. Whenever applicable, a
load-diversity factor was taken into consideration. As a minimum, all power cables
were selected using a 100% load factor and continuously rated at 125% of the
full-load current.

Cable Tray Fill

As a minimum requirement, cable trays for power cables are limited to a 40% fill by
cross section. The trays for control and instrumentation cables are limited to 50%
fill by cross section. Where these fills are exceeded, each case is reviewed for the
adequacy of the design for both physical fill and derating, using higher fill
percentages.

Conduit Fill

Cables are installed in conduit in accordance with the allowable percentage of
conduit fill listed below.

o Conduit containing one cable - 53%.
) Conduit containing two cables - 31%.
e  Conduit containing three or more cables - 40%.®

Separation of Electrical Equipment
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This section defines the requirements for the separation of wiring and components
within an electrical enclosure, such as a panel, and between two redundant pieces
of electrical equipment. In the absence of confirming analysis to support less
stringent criteria, the following rules apply:

1. Separation of RPS and primary containment isolation system (PCIS) Circuits
and Components

a. PRS, PCIS, and diesel generator 1B circuits and components are not
mixed with any essential division circuits and components.

a. Where these fills are exceeded, each case is reviewed for the adequacy of the design for both physical fill and
derating, using higher fill percentages.

b.  The four reactor protection scram solenoid group circuits prefixed
RPG1, RPG2, RPG3, and RPG4 are not mixed with each other or any
other RPS, PCIS, or essential division circuit.

c. The RPS and PCIS circuits and components within a single piece of
electrical equipment are allowed to mix as follows:

Group A Group B
RP1A RP2A
RP1B RP2B
PC1A PC2A
PC1B PC2B
RP3A RP3B

Mixing of Group A with Group B is not allowed.

d. Where the above criteria cannot be met there is a minimum of 6 in. of
separation between circuits and components that are not allowed to mix
or, if there is < 6 in. of separation, the circuits and components are
separated by a metal barrier or the circuits are enclosed in metal
conduit.

Instrumentation and control cables ( < 125 V) not subject to harsh
environments may be wrapped with an approved barrier material to
provide thermal and electrical insulation.

2.  Separation of engineering safeguard system (ESS) Circuits and Components

a. ESS1, ESS 2, and diesel generator 1B circuits and components are not
mixed with each other or with any RPS or PCIS circuits or components.
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b. Where the above criteria cannot be met, there is a minimum of 6 in. of
separation between circuits and components of the different divisions
or, if there is < 6 in. of separation, the circuits and components are
separated by a metal barrier or the circuits are enclosed in metal
conduit.

Instrumentation and control cables (< 125 V) not subject to harsh
environments may be wrapped with an approved barrier material to
provide thermal and electrical insulation.

3. Nonessential Associated Circuits

a. Inthe case where nonessential circuits associated with one division
terminate in the same equipment as the essential (including diesel
generator 1B) wiring of the other division, the nonessential cables are to
be treated as essential and separation provided as delineated above.

b.  No separation is required where nonessential associated circuits of one
division terminate in the same equipment as nonessential associated
circuits of another division.

4. If two pieces of redundant electrical equipment are < 3 ft apart, there is a
steel barrier between them. Panel ends closed by metal end plates are
considered to be acceptable barriers.

8.3.1.4.2 Cable and Raceway Markings

Cables and raceways are marked with the divisional colors in accordance with
paragraph 8.3.1.5.

8.3.1.43 Administrative Responsibilities and Controls for Ensuring Separation Criteria

The cable and raceway channel identification described in paragraph 8.3.1.5 facilitates and
ensures the maintenance of separation in the routing of cables and the connection of control
boards and panels. At the time of the cable routing assignment during design, personnel
responsible for cable and raceway scheduling check to make sure that the division separation
designation on the scheme to be routed is compatible with a load group division separation
designation and other schemes previously routed. Extensive use of computer facilities assists
in ensuring separation. Each cable and raceway is identified in the computer program and the
identification includes the applicable division separation designation. Auxiliary programs are
made available specifically to ensure that cables of a particular division separation are routed
through the appropriate raceways. The routing is also confirmed by QC personnel during
installation to be consistent with the design document. Color identification of equipment and
cabling (discussed in paragraph 8.3.1.5) assists field personnel in this effort.
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8.3.1.5 Physical Identification of Safety-Related Equipment

A. Class 1E electric equipment is provided with nameplates engraved with master
parts list number and equipment description for identification.

B. Trays are identified by "EZ" code markers at intervals not exceeding 15 ft. Each
marker has the tray number annotated on the divisional color background. All
conduits have numbers written in black ink with felt tip pens at both ends and/or
both sides of penetrations. RPS and PCIS cables are routed in conduits which are
marked with red tapes at an interval not exceeding 15 ft in addition to the conduit
numbers marked in black ink adjacent to the tape.

C. Class 1E and associated circuits installed in exposed Class 1E raceways are
painted with divisional colors in a manner of sufficient durability at intervals not to
exceed 10 ft, except for RPS and PCIS cables which will have red tags at
terminating points. All Class 1E and associated circuits are permanently identified |
at their terminal points.

D. Color codes for cables and raceways are shown in table 8.3-17.

E. The tray numbering system identifies the division to which a particular tray
belongs, the function of each tray, tray run designation, and other information. The
exception to the tray numbering system is that for diesel generator B and control
rod position indication, which are unique as indicated below.

Diesel Generator B Tray Number

2 DSB8 01

| | |

I I 1

e Section of the tray

S Diesel generator B tray run designation
R Plant unit designation

An example of the numbering system for a typical tray follows:

Typical Tray Number

2RAAS509

I | | [ I

I | | [ |

bbb +-——-Tray section number

et Division separation designation and function
e Tray branch designation

I e e Main tray run designation

I e Tray location area code

+

Plant unit designation
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An example of the control rod drive (CRD) position indication tray follows:

2 CRDP 01

| | 1

| | 1

roo +-----Section of the tray

[ U CRD position indication cable
Fommm e Plant unit designation
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Explanatory Notes:
1.  Division Separation Designation and Function

For Nonessential and
Diesel 1B Cable

Numbering Only Divl Divll Function
A 1 2 4.15-kV power
B 3 4 600, 480, and 208-V-ac power
C 5 6 250-V-dc power
D 7 8 ac and dc control, 208 to 120-V-ac

unarmored power, communication
24 to 48 and 125-V-dc power

E 9 0 Low-level Instrumentation circuits,
including process instrumentation
and control, thermocouple,
resistance thermometer, and other
signals that are noise sensitive but
not noise productive

2.  Area Designation for Cable Trays

Plant Area Code Plant Area Description
A West and south cableway - el 112 ft 0 in.
B Control building - el 112 ft 0 in.
C Control building - el 130 ft O in.
D Control building - el 147 ft 0 in.
E Control building - el 164 ft 0 in.
F Turbine building - el 112 ft 0 in.
G Turbine building - el 130 ft 0 in.
H Turbine building - el 147 ft 0 in.
J Turbine building - el 164 ft 0 in.
K Cooling towers
L Diesel generator building
N Miscellaneous areas - small buildings
P Intake structure
R Reactor and radwaste buildings
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Conduit Numbering System

All conduits used for power, control, and instrumentation cables are

numbered for systems or groups of systems as follows:

a. RPS system - requiring four- or six-channel separation.

b.  PCIS system - requiring four-channel separation.

c. ESS - requiring two-division separation.

d. Emergency diesel generator 1B.

e. All other systems which do not require mandatory separation, i.e.,

balance of plant.

Conduits are numbered on the drawings and tagged in the field in five

groups, based on the above as shown below:

RPS

Turbine Building
(Main Steam Pipe Chase)

2R1A001 to 499
2R1B001 to 499
2R2A001 to 499
2R2B001 to 499
2R3A001 to 499
2R3B001 to 499

PCIS

Turbine Building
(Main Steam Pipe Chase)

2P1A001 to 499
2P1B001 to 499
2P2A001 to 499
2P2B001 to 499

ESSs

All Other Buildings

Reactor Building

2R1A500 to 999
2R1B500 to 999
2R2A500 to 999
2R2B500 to 999
2R3A500 to 999
2R3B500 to 999

Reactor Building

2P1A500 to 999
2P1B500 to 999
2P2A500 to 999
2P2B500 to 999

Reactor Building

2E10001 to 2E14999
2E20001 to 2E24999

2E15000 to 2E19999
2E25000 to 2E29999
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Emergency Diesel Generator 1B

2ESB001 and up There will be 2ESB circuits to swing

diesel 1B.

All Other Systems Not Requiring Mandatory Separation

a.

b.

2MR0001 to 2MR8999 for reactor/radwaste building.

2MR9000 to 2MR9999 for communication circuits - reactor/radwaste
buildings.

2MT0001 to 2MT8999 for turbine building.

2MT9000 to 2MT9999 for communications circuits - turbine building.
2MBO0001 to 2MB8999 for all other buildings.

2MB9000 to 2MB9999 for communication circuits - all other buildings.

2MS0001 to 2MS7999 for emergency response facilities (TSC and
meteorological tower).

2MS8000 to 2MS9999 for communication circuits emergency response
facilities (TSC, EOF, and meteorological tower).

where:

Hatch Unit 2

- Miscellaneous circuits
Reactor/Radwaste buildings

- Turbine buildings

- All other buildings

- Emergency response facilities

OWwW—HIOm=N

The cable numbering system identifies the system and division or channel
separation designations, function number, and other information indicated in the
following example:

Typical Cable Number

S — Function number
Fommmmmmee Scheme number

------------------- Separation designations

System code
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Explanatory Notes:

1.

Function Number

The function number indicates the cable number and its associated device or
function as listed below:

A Ammeter

C Control

D Metering cable test (CT) circuit
E Relaying CT circuit

F Relaying and metering CT circuit
G Grounding

H Heaters

M Power feeder (to motors, transformers, panels, etc.)
P Potential - station service, etc.

S Synchroscope

Vv Voltmeter

Scheme Number

The scheme number indicates the schematic diagram containing the

associated cable as indicated by the function number.

Separation Designations

ESS Division Separation Designation

E1,3,5,7,9 - Division |
E2,4,6,8,0 - Division I
EA,B,C,D,E - Diesel generator B

Channel Separation Designation
1A - Channel 1
1B - Channel 2

2A - Channel 3
2B - Channel 4
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Associated Circuit Separation Designation
X1,3,5,7,9 - Circuit associated with Division |

X2,4,6,8,0 - Circuit associated with Division Il
XA,B,C,D,E - Circuit associated with diesel generator B
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4. Table of System Codes

System Description

Nuclear Steam Supply Shutoff System
Analog Transmitter Trip System

Nuclear Boiler Process Instrumentation
System

Steam Leak Detection System
Autodepressurization System

Reactor Vessel Temp. Monitoring System
Jet Pump Instrumentation System

Rod Worth Minimizer System

Reactor Recirc. Pump & ASD A System
Reactor Recirc. Pump & ASD B System
Reactor Manual Control System

Control Rod Drive Hydraulic Instrum. System
Feedwater Control System

Standby Liquid Control System

Startup Range Neutron Mon. Sys.

Power Range Neutron Mon. Sys.

Startup Range Detector Drive Cont. System
Traversing Incore Probe Calibration System
Primary Cont. Isolation System

Remote Shutdown System

Reactor Protection M/G Set Control System
Reactor Protection System

Nuclear Steam Supply Computer

Mini Computer Tie In

MPL

Code System Code System Status
A71B AA@or PC ESS and PCIS
A70  AB®RPorPC ESS,RPS&PCIS
B21A BA ESS

B21B BB ESS

B21C BC ESS

B21D BD Non ESS

B21E BE Non ESS

B21F BF Non ESS

B31A BG ESS

B31B  BH ESS
C11A CA Non ESS
C11B CB Non ESS
C32 CcC Non ESS
C41 CD Non ESS
C51A CE*orRP Non ESS & RPS
C51B  CF*orRP Non ESS & RPS
C51C CG ESS
C51D CH Non ESS
C61 CJ*orPC ESS & PCIS
C82 CK ESS
C71B CL Non ESS
C71A CM*,RPorRG ESS, RPS & RPG
Co1 CN Non ESS
C91A CR Non ESS

a. Systems that are called ESS do not necessarily contain only essential cables. Circuits do not require

4/6 channel separation.
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System Description

Process Computer
Replacement System

Process Radiation Mon. System

Area Radiation Mon. System

Residual Heat Removal System

Core Spray System

Core Spray Jockey Pump System

High Pressure Coolant Injection System
Reactor Core Isolation Cooling System
RHR Service Water System

Startrec System

Radwaste System

Radwaste Filter System

Radwaste Conveyor System

Radwaste Bldg. Support System
Reactor Water Cleanup System
Reactor Water Cleanup Demin. System
Fuel Pool Cooling System

Fuel Pool Filter/Demin. System
Radwaste Solidification System

Heat Tracing for Piping System

Torus Drainage & Purification System
Nuclear Instrumentation Grounding System
Excess Flow Check Valves

Seismic Measurement Equipment System
Miscellaneous Hoists

Main Steam System

Condensate & Feedwater System

MPL
Code System Code System Status
Non ESS
C95 CS Non ESS
D11 DA* or RP ESS and RPS
D21 DB Non ESS
E11 EA ESS
E21A EB ESS
E21B EC ESS
E41 ED ESS
E51A EE ESS
E11A EF ESS
F41 FA Non ESS
G11A GA Non ESS
G11B GB Non ESS
G11C GC Non ESS
G11D GD Non ESS
G31A GE Non ESS
G31B GF Non ESS
G41A GG Non ESS
G41B GH Non ESS
G12 GJ Non ESS
G13 GK Non ESS
G51 GL Non ESS
R35 GR Non ESS
L50 LA Non ESS
L51 LB Non ESS
L45 LC Non ESS
N11 NA Non ESS
N21 NB Non ESS
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System Description

Feedwater Heater Drain System
Electro Hydraulic Control Cabinet
Steam Seal System

Lube Oil System

Condensate Vacuum System

Reheat System

Turning Gear System

Generator System

Generator Hydrogen Seal Oil System
Isolated Phase Buses

Gland Seal System

Main Condenser System

Off Gas System

Waste Gas Treatment Bldg. Support System
Off Gas Support System

Waste Gas Treatment Vent System

Circulation Water & Cond. Equip. & Aux.
System

Extraction Steam System
Generator Auxiliary Equip. System
Alterrex Excitation

Reactor & Radwaste Build. Condensate
Storage & Transfer System

Process Sampling System

H>O, Analyzer System

React. Bldg. Service Water System

React. Bldg. Closed Cooling Water System
Plant Heating System

Plant Service Air System

Plant Inst. Air System

MPL

Code System Code System Status
N22 NC Non ESS
N32 NE Non ESS
N33 NF Non ESS
N34 NG Non ESS
N22A NI Non ESS
N38 NK Non ESS
N39 NL Non ESS
N41 NM Non ESS
N42 NN Non ESS
N44 NP Non ESS
N33A NQ Non ESS
N61 NR Non ESS
N62A NS Non ESS
N62C NT Non ESS
N62B  NU Non ESS
N62D NV Non ESS
N71 NW Non ESS
N36 NX Non ESS
N43 NY Non ESS
N51 NZ Non ESS
P11 PA Non ESS
P33A PB Non ESS
P33B PD ESS
P41A PE ESS

P42 PF ESS

P44 PG ESS

P51 PH Non ESS
P52 PJ Non ESS
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System Code

System Status

MPL
System Description Code
Heating & Process Steam System P61
Turbine Bldg. Chilled Water System P63
Drywell Pneumatic System P70
Reactor Bldg. Chilled Water System P64
Reactor & Radwaste Chilled Water System P65
Reactor & Radwaste Bldg. Service Air P51A

System
Reactor & Radwaste Bldgs. Inst. Air System P52A
Control Building Chilled Water System P67
Hydrogen Water Chemistry System P73
Zinc Injection Passivation System P85
Plant Service Water System P41
Demineralized Water System P21
Turbine Water Analysis System P33C
Post Accident Sampling System P33D
125 V Cooling Tower Batteries R42C
Normal Station Service 4 kV System R20B
Normal Station Service 600 V System R20C
Normal Station Service 120/208 V System R20D
Plant Lighting 480/277 V Supply System R20E
Emergency Station Service Transf. (2C & 2D) R20K
Emergency Station Service 4 kV System R20L
Emergency Station Service 600 V R20M
125 V Diesel Generator Batteries R42B
120/208 V Essential & Emergency Station R20N
Service
120/240 V Vital ac System R20P
125/250 V Station Battery R42A
24/48 V Instrumentation Battery System R42E
Diesel Generator 2A R43A
8.3-41

PK
PL
PM
PP
PR
PS

PT
PY
PY
PZ
PU
PV
PW
PX
RA
RC
RD
RE
RF
RG
RH
RI
RJ
RK

RL
RN
RR
RS

Non ESS
Non ESS
ESS
ESS
Non ESS
Non ESS

ESS

Non ESS

Non ESS

Non ESS

ESS and Diesel 1B
Non ESS

Non ESS

ESS

Non ESS

Non ESS & DSL 1B
Non ESS

Non ESS

Non ESS

Non ESS

ESS and Diesel 1B
ESS and Diesel 1B
ESS

ESS

Non ESS
ESS
Non ESS
ESS
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System Description

Diesel Generator 1B

Diesel Generator 2C

Public Address System Radwaste Bldg.
Public Address System Reactor Bldg.
250 V dc Inverter System

Public Address System Control & Turbine
Building

Public Address Systems for Other Buildings
Main Auxiliary Service & Startup Transformer

Generator & Main Transformer Protective
Relaying & Metering

Auxiliary Transformers 2A & 2B Metering and
Relaying System

Auxiliaries (Welding Outlets & Misc.
Equipment)

500 & 230 kV Switchyard Interlock System

Annunciator Arrangements & Designation
System

Spare Cables

Safeguard Equipment Cooling System
Reactor Bldg. Ventilation System

Leak Detection System

Standby Gas Treatment System

Drywell Cooling System

Containment Atmos. Dilution System
Primary Cont. Purge and Inerting System
Nitrogen Inerting & Makeup System
Reactor Building Fire Protection System
Integrated Leak Rate Test System

Drywell to Torus Diff. Pressure System

MPL

Code System Code System Status
R43B RT Dsl. Gen. 1B
R43C RU ESS
R51A RV Non ESS
R51B RW Non ESS
R44 RX ESS
R51D RY Non ESS
R51F RZ Non ESS
S11 SA Non ESS
S32 SD Non ESS
S32A SE Non ESS
S30 SF Non ESS
S40 SG Non ESS
S15 SH Annunciation
SPAR SP Spare
T41B TB ESS
T41C TC ESS
T45 TD Non ESS
T46 TE ESS
T47 TF ESS
T48A TG ESS
T48B TH ESS
T48C TJ Non ESS
T43 TL Non ESS
T23 ™ Non ESS
T48D TP ESS
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System Description

Torus Temperature Monitoring System
Turbine Bldg. Ventilation System
Turbine Bldg. Fire Protection System
Turbine Bldg. Leak Detection System
Radwaste Bldg. Vent System
Radwaste Bldg. Fire Protection System
Chlorination System

Cooling Towers No. 4, 5, and 6

Screen Wash System

Circ. Water Screens & Trash

Circ. Water Structure Fire Protection System

Diesel Generators 2A, 1B, & 2C and Cooling
Towers Heating & Vent System

Hot Machine Shop HVAC Equipment System
Hot Machine Shop Fire Protection System
Hot Machine Shop Sump Pumps

Diesel Build. Fire Protection System

Intake Structure Sump Pump System

Fire Prot. Valve Houses Heating System
Service Bldg. Annex Fire Prot. System

High/Low Voltage Switchyard Fire Protection
System

TSC HVAC System

TSC 600/480 V Power Supply
TSC 480/208/120 V Power Supply
TSC Uninterruptible Power Supply
ERF Digital System

SPDS Analog System

ERF, TSC, SPDS, & NRC ERDS
Computer Power System

MPL

Code System Code System Status
T48E TR ESS

U41 UB Non ESS

u43 uc Non ESS

u61 UD* or PC Non ESS & PCIS
V41 VA Non ESS
V43 VB Non ESS
W23 WA Non ESS
W24 WB Non ESS
W32 wC Non ESS
W33 WD Non ESS
W43 WF Non ESS

X41A XA ESS and Dsl. 1B
X41G XC Non ESS
X43G XD Non ESS
X45G XE Non ESS

X43B  XF Non ESS

X45 XG Non ESS

X41H XH Non ESS

X43L XL Non ESS

X43E XM Non ESS

X75B  XP Non ESS

R20U XR Non ESS

R20V XS Non ESS

R20wW  XT Non ESS

X75A XU ESS

X75C XV Non ESS

X75F XZ Non ESS
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Qil, Chemical, Etc., Transfer & Storage
Tornado Roof Vents

Cooling Tower Fire Prot. System

Deep Well Pump System

Controlled Access System

Controlled Access System
Meteorological Data Collection System
Controlled Access System

Controlled Access System

Controlled Access System

Controlled Access System

Controlled Access System

Controlled Access System

Controlled Access System

Controlled Access System

Controlled Access System

Control Bldg. Ventilation System
Control Bldg. Fire Prot. System
Control Bldg. Equip. Floor Drains

8.3.2 THE dc POWER SYSTEM

8.3.2.1 Description

HNP-2-FSAR-8

MPL
Code

System Code

System Status

Y34A
Y34B
Y43
Y42
Y34
Y43A
Y33
R43D
R20R
R20S
R20T
Y34
X41J
Y34
Y34
Y34
Z41
Z43
Z45

YA
YB
YC
YD
YE
YF
YG
YH
Yl

YJ

YK
YM
YN
YP
YT
YX
ZA
ZG
ZH

The dc power system is composed of the following subsystems:

. 125-250-V-dc station battery power system (Class 1E).

. 125-V-dc diesel auxiliary power system (Class 1E).

. 24/48-V-dc power system.

. 125-V-dc cooling tower battery system.

8.3-44

Non ESS
Non ESS
Non ESS
Non ESS
Non ESS
Non ESS
Non ESS
Non ESS
Non ESS
Non ESS
Non ESS
Non ESS
Non ESS
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Non ESS
Non ESS
ESS

Non ESS
Non ESS
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125/250-V-dc Station Battery Power System

The 125/250-V-dc power system (figure 8.3-4) is an ungrounded system equipped with
ground-detection circuitry, which will give annunciation and meter indication in the MCR when a
ground fault is present on the 125/250-V-dc power system. Multiple grounds on this system are
not probable since the first ground would be located and removed as soon as possible after
alarming in the MCR. This system is composed of the following:

A

Two independent plant service batteries 2A and 2B: Batteries 2A and 2B are
120-cell lead-calcium type, with a continuous discharge rating of 1254 Ah and
1513 Ah, respectively, for 2 h at 77°F to 1.75 V/cell average. Plant battery
operating voltage is 125/250 V, and each battery has adequate storage capacity to
carry the required load for ~ 2 h without recharging.

Batteries 2A and 2B are located in separate rooms in the control building at

el 112 ft. A Class 1 ventilation system in each battery room prevents the buildup of
combustible gases and ensures operation during emergency conditions. Fire
dampers are installed in the ventilation duct system to prevent fire from spreading
from one battery room to the other. The batteries are mounted in racks, which are
secured to pads located 5 ft above the floor. Both the batteries and the racks are
designed to Class 1E requirements.

Six static-type battery chargers 2A through 2F: All six battery chargers are
full-wave, silicon-controlled rectifier type rated at 400 A, with a voltage regulation of
+ 0.75% from no load to 2% load and + 0.5% from 2% load to full load, with an ac
supply variation of £ 10% in voltage and + 5% in frequency. Each battery charger
is capable of recharging a battery from the minimum discharge condition in 24 h
while supplying a normal steady-state dc load.

The battery chargers are located in the control building at el 130 ft. Battery
chargers 2A, 2B, and 2C are located in the dc switchgear 2A room, and battery
chargers 2D, 2E, and 2F are located in the dc switchgear 2B room. The chargers
are designed to Class 1E requirements.

Two independent and redundant 125/250-V-dc metal-clad switchgear buses 2A
and 2B: These buses supply essential loads as shown on figure 8.3-4 and are
supplied as follows:

1. Bus 2Ais normally supplied by 125-V battery chargers 2A and 2B with
charger 2C as a standby source. Battery chargers 2A, 2B, and 2C are fed
from 600-V essential bus 2C. Emergency dc power for 125/250-V-dc bus 2A
is supplied by station battery 2A.

2. Bus 2B is normally supplied by 125-V battery chargers 2D and 2E with
charger 2F as a standby source. Battery chargers 2D, 2E, and 2F are fed
from 600-V essential bus 2D. Emergency dc power for 125/250-V-dc bus 2B
is supplied by station battery 2B.
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The interrupting capacity of the air circuit breakers used on dc buses 2A and 2B is
25,000 A-dc. The loads supplied by these dc buses include dc motor control
centers; dc cabinets 2A, 2B, 2C, 2D, and 2E; and 125/250-V-dc switchgear buses
2C and 2D. Cabinets 2A, 2B, 2D, and 2E are essential cabinets with cabinets 2A
and 2D supplying Division | essential loads and cabinets 2B and 2E supplying
Division Il essential loads. Cabinet 2C and switchgear buses 2C and 2D are
nonessential. The loads supplied by switchgear buses 2C and 2D include bearing
emergency oil pumps for the main turbine and the reactor feed pump turbines.
Cabinet 2C supplies control power for plant switchgear and certain nonessential
systems.

Switchgear assemblies 2A and 2B are located in separate rooms in the control
building at el 130 ft and are designed to Class 1E requirements.

Switchgear assemblies 2C and 2D are located in the turbine building at el 164 ft
and 147 ft, respectively, and are not designed to Class 1E requirements.

8.3.21.2 125-V-dc Diesel Auxiliary Power System

The 125-V-dc diesel auxiliary power system is shown on figure 8.3-5. This system is
ungrounded and is composed of 125-V batteries 2A, 1B, and 2C, and 125-V battery chargers
2G, 1H, and 2J. Standby battery chargers 2H, 1N, and 2N will be used in the event of a normal
battery charger failure.

Batteries 1B, 2A, and 2C are 60-cell, lead-calcium type with a discharge rating of 495 Ah for
battery 1B and 410 Ah for batteries 2A and 2C for 8 h to 1.75 V/cell average at 77°F. Each
battery has adequate storage capacity to carry the required load for ~ 2 h without recharging.

The 125-V-dc chargers are full-wave, silicon-controlled, rectifier type rated at 100 A with a
voltage regulation of + 0.75% from no-load to 2% load and + 0.5% from 2% load to full-load with
an ac supply variation of + 10% in voltage and + 5% in frequency.

This system is designed to supply separate control power for diesel generators 2A, 1B (shared
unit), and 2C, the diesel generator feeder breakers, and the 4160-V switchgear bus feeder
associated with a particular diesel generator. The control power for the diesel generators is
normally supplied by the battery chargers. Battery charger 2G is a Division | source that is
supplied from a Division | essential panel. Battery charger 2J is a Division Il source supplied
from a Division Il essential panel. Battery charger 1H supplies control power for the shared
diesel. Itis supplied through an essential MCC from 4160-V essential bus 2F when the diesel is
aligned to HNP-2. In the event of a charger failure, the batteries will supply the dc power.

The batteries and the battery chargers are located in separate rooms in the diesel building and
are designed to Class 1E requirements.

The diesel building ventilation system (including the diesel battery room ventilation system) is
described in paragraph 9.4.5.
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8.3.2.1.3  24/48-V-dc Power System

The 24/48-V-dc power system is shown on drawing no. H-23635. This is a nonessential system
consisting of two center-point-grounded 48-V batteries, 2A and 2B; six battery chargers, 2A, 2B,
2AB, 2C, 2D, and 2CD; and two independent 24/48-V buses. Each 24/48-V system is provided
with an undervoltage relay that alarms a low-voltage condition in the MCR.

The batteries are 24-cell, lead-antimony type with a continuous discharge rating of 75 Ah for 8 h
at 77°F to 1.75 V/cell average.

The battery chargers are full-wave, silicon-controlled, rectifier-type rated 25 A and 0.5% voltage
regulation with supply variation of £ 10% in voltage and + 0.5% in frequency. The battery
chargers have adequate capacity to recharge the batteries to a full charge from a discharged
condition in 8 h.

The battery chargers are the normal source of power for this system. Although this is a
nonessential system, power for the battery chargers is supplied from 120/208-V-ac essential
cabinets 2A and 2B. This system will not adversely affect the integrity of the essential cabinets.
In the event of a battery charger failure, the batteries will supply power for this system.

The 24/48-V-dc buses supply power to startup range NMS and process radiation monitoring
system (PRMS) instrumentation.

8.3.21.4 125-V Cooling Tower Battery System

This is a nonessential system composed of one 125-V battery and two 125-V battery chargers,
one normal and one standby.

The battery is a 60-cell, lead-calcium type with a discharge rating of 100 Ah for 8 h to 1.75 V/cell
average at 77°F.

The 125-V-dc battery chargers are full-wave, silicon-rectified saturable reactor type rated at
15 A and + 1% voltage regulation with an ac supply variation of 10% in voltage.

The battery chargers, both normal and standby, are fed through a 120/208-V cooling tower
distribution panel from a 600-208/120-V transformer. This transformer has two possible feeds,
from either cooling tower bus 2G or 2H. Upon failure of the battery charger or its ac supply,
dc power will be supplied from the 125-V cooling tower battery. This system supplies control
power for the cooling tower fan circuit breakers.
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Analysis of dc Systems

Compliance with General Design Criteria, NRC Regulatory Guides, and
Industry Standards

In this section an analysis of the 125/250-V-dc power system describes the degree of
compliance with the following:

A

General Design Criteria for Nuclear Power Plants, Appendix A of 10 CFR 50.
Compliance with the following general design criteria is discussed in section 3.1:
GDC 17 - Electric Power System

GDC 18 - Inspection and Testing of Electric Power System

NRC Regulatory Guides for Power Reactors

The construction permit for HNP-2 was issued in December 1972. Since the
issuance of the construction permit, a number of new regulatory guides have been
issued that were not available for incorporation into the original design; however,
many requirements of the following regulatory guides are met and discussed

below:

Regulatory Guide 1.6, "Independence Between Redundant Standby (Onsite)
Power Supplies and Between Their Distribution Centers," 1971

Separate Class 1E 125-250-V-dc subsystems supply control power for each of the
Class 1E ac load groups. Complete loss of either one of these subsystems does
not prevent the minimum safety functions from being performed.

Each dc subsystem is energized by one 125-250-V battery and three 125-V battery
chargers (two normal chargers and one spare charger). Each battery is exclusively
associated with a single 125-250-V-dc bus. Each set of battery chargers is
supplied by one ac load group only. The battery and the battery chargers
exclusively associated with on 125-250-V-dc¢ subsystem cannot be interconnected
with any other 125-250-V-dc subsystem. The normal and backup chargers are
supplied from the same ac load group for which the associated dc subsystem
supplies the control power. The loads between the redundant 125-250-V-dc
subsystem are not transferable except for the autodepressurization system where
the redundant logic circuits and the valves are normally fed from the Division | dc
system. If the Division | dc system fails, one logic circuit and the valves are
transferred to the Division Il dc system by the action of a normally energized
voltage-sensing relay. On loss of power, the relay deenergizes, transferring the
redundant logic and valve power supply to a redundant onsite power supply. The
logic in which these relays appear is fused, and the relay contacts involved are a
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break-before-make type. This provides reliable separation between redundant
power sources.

Sufficient independence and redundancy exist between the 125-250-V-dc
subsystems to ensure performance of minimum safety functions assuming a single
failure.

Regulatory Guide 1.30, "Quality Assurance Requirements for the Installation,
Inspection, and Testing of Instrumentation and Electric Equipment," 1972

Regulatory Guide 1.30 is discussed in paragraph 8.3.2.3.

Requlatory Guide 1.32, "Use of IEEE Standard 308-1971, Criteria for Class 1E
Electric Systems for Nuclear Power Generating Stations," 1972

Compliance with Regulatory Position C(b) of this guide concerning dc systems is
as follows:

1. The battery chargers are capable of supplying the normal steady-state dc
loads while completely recharging their associated battery from a minimum
discharge condition.

2.  Additionally, compliance with IEEE Standard 308-1971, as applies to dc
systems, is discussed in paragraph 8.3.2.2.1.C.

Regulatory Guide 1.41, "Preoperational Testing of Redundant Onsite Electric
Power Systems to Verify Proper Load Group Assignment”

Testing of the dc power system, including battery acceptance test, is performed
prior to unit operation and after major modifications or repairs in accordance with
the procedures described in chapter 14.

The charger, battery connections, and charger supply are checked for proper
assignment of ac load group.

Design of the Class 1E dc load groups and buses is such that no electrical
connections exist between the buses, thereby ensuring an absence of voltage on
the buses and loads not under test due to the load group under test.
Consequently, voltage on the buses not under test will not be monitored.

Regulatory Guide 1.75, "Physical Independence of Electric Systems"

The construction permit for HNP-2 was issued in December 1972. The
implementation date given in Section D of Regulatory Guide 1.75 (1975) is
February 1974. For this reason, the recommendations of Regulatory Guide 1.75
(1975) are not required to be met on HNP-2. Physical independence of electric
systems is discussed in paragraphs 8.3.1.4.1.1 and 8.3.1.4.1.2.
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Requlatory Guide 1.81, "Shared Emergency and Shutdown Electric Systems for
Multi-Unit Power Plants," 1974

The plant dc systems are not shared between the two units.
IEEE Standards

The construction permit for HNP-2 was issued in December 1972. Since the
issuance of the construction permit, a number of new IEEE standards were issued
that were not available for incorporation into the original design; however, many
requirements of the following IEEE standards are met and discussed below:

IEEE 308-1971, "IEEE Standard Criteria for Class 1E Electric Systems for Nuclear
Power Generating Stations"

The Class 1E dc system provides dc electric power to the Class 1E dc loads and
for control and switching of the Class 1E systems. Physical separation, electrical
isolation, and redundancy are provided to prevent the occurrence of common
mode failures. The design of the Class 1E dc system includes the following:

1.  The 125/250-V-dc subsystem is separated into two divisions.

2. The safety actions by each group of loads are independent of the safety
actions provided by its redundant counterpart.

3. Each dc subsystem includes power supplies that consist of one battery and
three battery chargers.

4.  The batteries are not interconnected.
5. The Class 1E battery supplies are not shared between the two units.

Each Class 1E distribution circuit is capable of transmitting sufficient energy to
start and operate all required loads in that circuit. Distribution circuits to redundant
equipment are independent of each other. The distribution system is monitored to
the extent that it is shown to be ready to perform its intended function. The

dc auxiliary devices required to operate equipment of a specific ac load group are
supplied from the same load group.

When nonsafety-related circuits are supplied from the safety-related buses, the
circuits are treated as safety related.

Each battery supply is continuously available both during normal operations and,
following the loss of power from the ac system, to start and operate all required
loads.

MCR instrumentation and alarms provided to monitor the status of the battery
supply include:
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° Battery ammeters.

. Battery voltmeter.

. Battery low-voltage alarm.

. Battery ground-fault alarm.

The batteries are maintained in a fully charged condition and have sufficient stored
energy to operate all necessary circuit breakers and to provide an adequate
amount of energy for all required emergency loads for approximately a 2-h period
after loss of ac power.

Each Class 1E battery charger has sufficient capacity to restore the battery from
the design minimum charge to its fully charged state while supplying the maximum
demand of the steady-state loads. The battery charger of one subsystem is
independent of the battery charger for the redundant subsystem. Instrumentation
and alarms provided on the battery charger to monitor its status include:

. Ammeter.

. Voltmeter.

. ac input fail.

. dc output low.

. dc output high.

. Overtemp.

° Blocked air filter.

. Both fans fail.

o dc ground fault (for diesel battery only).

Each battery charger has an input ac and output dc circuit breaker for isolation of
the charger. Each battery charger power supply is designed to prevent the ac
supply from becoming a load on the battery due to a power feedback as the result
of the loss of ac power to the chargers.

Each Class 1E battery charger is subjected to a periodic surveillance test to verify

its ability to deliver a minimum of 100% of its rated output current at the nominal
float voltage for the battery it supplies.
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The Class 1E 125/250-V-dc subsystem is designed to meet Seismic Category |
requirements as stated in section 3.10. The batteries, battery chargers, dc buses,
switchgear, inverters, and other components of the dc subsystem are housed in
the control building, which is a Seismic Category | structure.

IEEE 336, "IEEE Standard, Installation, Inspection, and Testing Requirements for
Instrumentation and Electric Equipment During Construction of Nuclear Power
Generating Stations"

IEEE 336-1971 is discussed in paragraph 8.3.2.3.

IEEE 344, "IEEE Guide for Seismic Qualifications of Class 1 Electric Equipment for
Nuclear Power Generating Stations"

Seismic qualification of Class 1E electric equipment and the extent of compliance
with IEEE 344 are discussed in section 3.10.

IEEE 384, "IEEE Trial-Use Standard Criteria for Separation of Class 1E Equipment
and Circuits"

This standard is referred to in Regulatory Guide 1.75. See discussion of
Regulatory Guide 1.75 (paragraph 8.3.2.2.1.B).

IEEE 450-1987, "Recommended Practice for Maintenance, Testing, Replacement
of Large Stationary-Type Power Plant and Substation Lead Storage Batteries"

The following recommended practices of IEEE 450 for maintenance, testing, and
replacement of batteries are followed for the Class 1E batteries.

1. Maintenance and inspections are carried out on a regularly scheduled basis
to comply with the requirements of IEEE 450-1987.

2.  The procedure for battery capacity tests is in accordance with Section 5 of
IEEE 450-1987.

3.  The battery capacity test schedule is as follows:

a. An acceptance test is performed at the factory to determine whether it
meets the specified discharge rate.

b.  Performance discharge tests are performed in accordance with
IEEE 450-1987.

c. A battery service test is performed at the frequency specified in the
Technical Specifications.

4. Records of the data obtained from inspections and tests are kept along with
test procedures to comply with the requirements.
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8.3.2.3 Conformance with Appropriate QA Standards

A planned QA program is described in chapter 17, which includes a comprehensive system to
ensure that the purchased material, manufacture, fabrication, testing, and QC of the equipment
in the emergency electric power system conforms to the evaluation of the emergency electric
power system equipment vendor QA programs and preparation of procurement specifications
incorporating QA requirements. The administrative responsibility and control to be provided are
described in chapter 17.

These QA requirements include an appropriate vendor QA program and organization, purchaser
surveillance as required, vendor preparation and maintenance of appropriate test and

inspection records, certificates and other QA documentation, and vendor submittal of

QC records considered necessary for purchaser retention to verify quality of completed work.

The procedures for installation, inspection, and testing of instrumentation and electric
equipment conform to Regulatory Guide 1.30 (1972) and IEEE 336-1971.

8.3.24 Independence of Redundant Systems

The general considerations for the independence of Class 1E dc power subsystems are
described in paragraph 8.3.1.4.

8.3.2.5 Physical Identification of Safety-Related Equipment

Physical identification of Class 1E equipment is discussed in paragraph 8.3.1.5.
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TABLE 8.3-1 (SHEET 1 OF 2)

TABULATION OF LOADS ON 4160-V BUSES

4160-V Bus 2A

Recirculation pump 2A ASD
Circulating water pump 2A

4160-V Bus 2B

Recirculation pump 2B ASD
Circulating water pump 2B

4160-V Bus 2C

Condensate pump 2C

Condensate booster pump 2C

Cooling tower feeders

Turbine building refrigerator unit 2A

4160-600-V station service transformer 2A

4160-600-V station service transformer 2AA

4160-600-V station service transformer 2BB

4160-480/277-V lighting and miscellaneous power switchgear transformer
4160-600-V standby transformer 2AB®

4160-V Bus 2D

Condensate pump 2A

Condensate pump 2B

Condensate booster pump 2A
Condensate booster pump 2B

Cooling tower feeders

Turbine building refrigerator unit 2B
4160-600-V station service transformer 2B

4160-480/277-V lighting and miscellaneous power switchgear transformer®

4160-600-V switchyard transformer
4160-600-V standby transformer 2AB®
4160-480/277-V lighting and miscellaneous power hot machine shop

Load
6665 kVA
5000 hp

6665 kVA
5500 hp

1250 hp
3000 hp
3000 hp
1000 hp
1368 kVA
1368 kVA
1368 kVA
425 kVA
1368 kVA

1250 hp
1250 hp
3000 hp
3000 hp
3000 hp
900 hp
1368 kVA
425 KVA
600 kVA
1368 kVA
500 kVA
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TABLE 8.3-1 (SHEET 2 OF 2)

4160-V Bus 2E (Essential)

CS pump 2A

RHR pump 2A

RHRSW pump 2A

CRD pump 2A

Plant service water (PSW) pump 2A
Drywell chiller unit 2A

4160-600-V station service transformer 2C

4160-V Bus 2F (Essential)

RHR pump 2C

RHR pump 2D

RHRSW pump 2C

CRD pump 2B

PSW pump 2C

PSW pump 2D

4160-600-V transformer 2F1
4160-600-V transformer 2F2
4160-600-V standby transformer 2CD®

4160-V Bus 2G (Essential)

RHR pump 2B

RHRSW pump 2B

RHRSW pump 2D

CS pump 2B

PSW pump 2B

Drywell chiller unit 2B

4160-600-V station service transformer 2D

a. Standby loads only.

Load

1000 hp
1000 hp
1250 hp
250 hp
700 hp
600 hp
1368 kVA

1000 hp
1000 hp
1250 hp
250 hp
700 hp
700 hp
225 kVA
75 kVA
1368 kVA

1060 hp
1250 hp
1250 hp
1000 hp
700 hp
600 hp
1368 kVA
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TABLE 8.3-3

SEQUENCE FOR AUTOMATICALLY CONNECTING EMERGENCY
ac LOADS ON LOCA/LOSP®9

Event Time (s)

Low reactor pressure vessel 0
(RPV) water level or high drywell
pressure.

Standby ac system is ready for 12
loading.

RPV depressurizes, allowing 20-23
pressure permissive logic for

LOCA valves to be satisfied.©

One RHR pump and both CS

pumps are operating.

All RHR pumps are operating. 30

Recirculation line discharge valve 60-64
is fully closed. RHR injection

valve is sufficiently open for full

LPCI flow.

Action/Comments

Signal standby ac power supply to start.

Apply power to 600-V emergency load centers
and motor-operated isolation valves.

Start standby gas treatment system (SGTS).

Energize emergency lighting. Power available
to CS injection valves.

Start both CS pumps.

Start on RHR pump

RHR and CS injectionvalves begin to open.
Start three RHR pumps.

Recirculation loop discharge valves begin to
close.

Start two PSW pumps.® CS injection valves
are open. LOCA analysis supports a 31-s
response time for CS.

This assumes a 41-s recirculation discharge
valve stroke time and a 63-s RHR isolation
valve stroke time. LOCA analysis supports a
64-s response time.

a. The sequence for automatic connection of ac loads is based upon operation of all three emergency buses and

diesel generator units.

b. PSW pumps are tripped on an LOSP or a LOCA/LOSP, but not on a LOCA alone.
c. Times are supported by the SAFER/GESTR-LOCA analysis described in subsection 6.3.3. Valve stroke times
are design values and are also supported by the LOCA analysis.
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Loads
HNP-2 DBA

CS pumps
RHR pumps
RHRSW pumps
PSW pumps
600-V loads™

HNP-1 Emergency Shutdown

PSW pumps

RHR pumps

RHRSW pumps

CRD water pumps
Emergency ac lighting
Battery charger

Other 600-V loads

Subtotal demand (hp)
Subtotal demand (kW)
(90% efficiency assumed)

HNP-2-FSAR-8

TABLE 8.3-4

STANDBY DIESEL GENERATOR SYSTEM EMERGENCY LOADS®

Total
No. of
Motors

PR BRDBADN

N NN

Motor
Rating
(hp)

0-10 min 10-60 min 60 min and Beyond
No. of No. of No. of
Minimum Pumps Demand® Pumps Demand® Pumps Demand®
Required Running (hp/kW) Running (hp/kW) Running (hp/kW)
1 2 2000/1596 1 1000/798 1 1000/798
2 4 4320/3448 1 1080/862 1 1080/862
0 0 0/0 2 2450/1954 2 2450/1954
1 2 1200/974 2 1200/974 2 1200/974
- -/ <1193" - -/ < 1869" - -/ < 1869"
<72117 <6457" <6457"
hp hp hp
2 1200 2 1200 2 1200
0 0 1 1080 1 1080
0 0 2 2440 2 2440
0 0 0 0 1 260
- 120 - 120 - 120
2 70 2 70 2 70
1651 1536 1566
3041 6446 6736
2521 5343 5583

a. The LOCA signal will initiate the starting of both CS pumps and all four RHR pumps. The 0- to 10-min loading of the accident unit is based on the operation of
all three essential buses and diesel generator units. The loading beyond 10 min is based on the operator manually switching loads in accordance with
minimum system requirements. The Minimum Required column of this table demonstrates that four of five 2850-kW diesel generator units are adequate to
supply the ESF loads of one unit concurrent with the emergency shutdown loads of the other.

b. See table 8.3-5.
In kKW.

oo

isolated.

e. Three of the motors are rated at 1000 hp; one is rated at 1060 hp.

—h

The values shown are acceptable analyzed values supported by calculations. The present actual loads are less than or equal to these values.

The hp/kW load considered is for the maximum hp/kW load on the pumps, except for the PSW pumps where the load is considered with the turbine building
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TABLE 8.3-5

LOADS ON 600-V ESSENTIAL BUSES

Loads

Drywell cooling units

Drywell cooling units

CS and RHR pump room cooling units

Reactor core isolation cooling pump room cooling units
High pressure coolant injection pump room cooling units
Intake structure essential loads

SGTS exhaust fans

SLC tank startup heaters

SGTS heaters

SLC tank heaters

Diesel generator room fans

Diesel generator water jacket heaters

Diesel generator lube oil heaters

Diesel generator room heaters

Switchgear room heaters

600/208-V essential small fan and pump motors, miscellaneous loads®

Battery chargers

Battery chargers

Service air compressors

Air blowers - outboard

Air blowers - inboard

Air compressor for diesels A and C
Motor-operated valves - intermittent
Emergency lighting

Diesel service water pump

Drywell return air fans

Chilled water recirc pumps

CS jockey pumps

CRD pump room cooling units
Reactor bldg floor drain sump pump
SSAC closed cooling system pump/fans

a. Loads below 5 hp are considered miscellaneous loads.

Total No.

TR ANDNDNRE T OCOOWWOO=2N=_NTT NN

ABREDNNNN-=2

Motor

of Motors ~ Rating

75 hp
25 hp
25 hp
5hp
7.5 hp
15 hp
25 hp
35 kW
24 KW
10 kKW
5hp
15 kW
15 kW
12.5 kW
7.5 kW

67.22 KW
16.46 kW
125 hp
5 hp
5hp
5 hp

REV 25 9/07



HNP-2-FSAR-8

TABLE 8.3-6

LOAD DISTRIBUTION ON EMERGENCY BUSES
(LOSP AND 0-10 min POST-LOCA)

Bus 2E Bus 2F Bus 2G
Pump Services No hp® / kw® No hp®/ kw® No. hp® / kw®
cS 2A 1000 / 798 - 2B 1000 / 798
RHR 2A 1080 / 862 2C 1080 / 862 2B 1080 / 862
2D 1080 / 862
PSW 2A 600 / 487 - 2B 600 / 487
600-V loads | <4849 < 2549 < 4559
TOTAL kW <2631 < 19789 < 2602

a. The horsepower considered is for the maximum load on the pumps, except for the PSW pumps where load is
considered with the turbine building isolated.

b. In converting hp to kW, motor full-load efficiency is considered, except for the PSW pumps, for which efficiency at
75% full load is considered.

c. See table 8.3-5.

d. The values shown are acceptable analyzed values supported by calculations. The present actual loads are less
than or equal to these values.
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Alarm Condition

Lube oil temperature low

Lube oil temperature high
Jacket coolant temperature low
Jacket coolant temperature high
Lube oil pressure low

Fuel oil pressure low

Raw water pressure low
Jacket coolant pressure low
Start Failure

Engine overspeed

High crankcase pressure
Control at engine

Day tank fuel oil level low

Day tank fuel oil level high

Expiration tank jacket cool level low

No. 1 air reserve pressure low
No. 2 air reserve pressure low
Emergency engine shutdown

HNP-2-FSAR-8

TABLE 8.3-7

DIESEL ENGINE ALARMS

Annunicated

Diesel
Sensor Building
Temperature switch Yes
Temperature switch Yes
Temperature switch Yes
Temperature switch Yes
Pressure switch Yes
Pressure switch Yes
Pressure switch Yes
Pressure switch Yes
Time Delay Yes
Speed switch Yes
Pressure switch Yes
Mode switch Yes
Level switch Yes
Level switch Yes
Level switch Yes
Pressure switch Yes
Pressure switch Yes
LO relay No

MCR
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Remarks

These four alarms are
qualified by time delay to
allow pressure buildup after
starting.

Time delay on start
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Alarm Condition

Generator winding temperature high
Generator bearings temperature high
Generator neutral overcurrent
Generator differential operation
Generator overcurrent, volt restraint
Generator overvoltage

Generator loss of excitation
Generator reverse power

Generator field ground

HNP-2-FSAR-8

TABLE 8.3-8

DIESEL GENERATOR ALARMS

Sensor

Temperature monitor
Temperature monitor
IAC relay

CFDs and HEA
IJCVs relay

IAV relay

CEH relay

ICW relay

DGF relay

Annunciated
Diesel
Building MCR
No Yes
No Yes
No Yes
No Yes
No Yes
No Yes
No Yes
No Yes
No Yes

Remarks

Relay target in diesel building.
Relay target in diesel building.

Functions only in TEST mode.
Functions only in TEST mode.
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Abnormal Condition

Starting failure®

Engine overspeed

Lube oil temperature high
Jacket coolant temperature high
Lube oil pressure low

Jacket coolant pressure low
Crankcase pressure high

HNP-2-FSAR-8

TABLE 8.3-9

DIESEL ENGINE PROTECTION

Protective
Device

T-D relay

Speed switch
Temperature switch
Temperature switch
Pressure switch
Pressure switch
Pressure switch

Protective Function Versus
Mode Select Switch Position

NORMAL

Yes
Yes
No
No
Yes
No
No

TEST

Yes
Yes
Yes
Yes
Yes
Yes
Yes

Remarks

T-D on start to allow pressure buildup.
T-D on start to allow pressure buildup.

T-D on start.

a. The start-failure relay operates to interrupt the starting of the diesel generator if the diesel engine fails to start in 7 s. The start-failure relay timer is

deenergized by one of the following signals:
e Lube oil pressure is established.
e Predetermined speed is reached.
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Abnormal Condition

Generator differential
Generator overcurrent, volt restraint®
Generator loss of excitation

Generator reverse power

HNP-2-FSAR-8

TABLE 8.3-10

DIESEL GENERATOR PROTECTION

Protective
Device

CFD and HEA
[JCV and ACB
CEH and HEA

ICW and HEA

Protective Function Versus
Mode Select Switch Position

NORMAL
Yes
Yes

No

No

TEST
Yes
Yes
Yes

Yes

Remarks
Trips LO relay and voltage regulator.
Trips generator ACB only.
Trips LO relay and voltage regulator.

Trips LO relay and voltage regulator.

a. The generator overcurrent voltage restraint is retained for tripping the 4160-V diesel breaker when the mode selector switch is in the normal position while the
diesel generator continues to run. This is considered a desirable function to protect the generator under the following postulated circumstances: a fault on the
4160-V bus or a fault on a 4160-V feeder having a stuck breaker.

Tripping the generator breaker for the serious conditions shown above will limit damage to equipment, permitting prompt repair and return to service while the
redundant diesel carries the essential loads. A study has shown that no step load of the loading sequence will cause the diesel breaker to trip. The heaviest load
condition is at the start of the sequence of loads at time 12 s. (See tables 8.3-3, -4, and -5.) At this point, the generator might carry an inrush current of ~ 1600 A.
From the relay curves, this current would close the relay in 4 to 5 s with zero-voltage restraint. With 78% voltage restraint, this current would close the relay in 17
to 18 s. With the diesel returning to 90% of rated voltage in 2.5 s, the 4160-V diesel breaker will not trip.
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TABLE 8.3-11

POSSIBLE LOAD DISTRIBUTION ON EMERGENCY BUSES
(LOSP, 10-60 min POST-LOCA, RHR LOOP A AVAILABLE,
AND LOSS OF BUS 2E)

Bus 2F Bus 2G
Pump Services No. hp® /[  kw® No. hp® /  kw®
CS - 2B 1000 / 798
RHR 2C 1080 / 862 -
RHRSW 2C 1225 | 977 2B 1225 | 977
2D 1225 7 977
PSW 2D 600 / 487 -
600-V loads® -/ <218@ - <8139
TOTAL kW < 25449 < 2588

a. The horsepower considered is for the maximum load on the pumps, except for the PSW pump where load is
considered with the turbine building isolated.

b. In converting hp to kW, motor full-load efficiency is considered, except for the PSW pump, for which efficiency at
75% full load is considered.

c. See table 8.3-5.

d. The values shown are acceptable analyzed values supported by calculations. The present actual loads are less
than or equal to these values.
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POSSIBLE LOAD DISTRIBUTION ON EMERGENCY BUSES
(LOSP, 10-60 min POST-LOCA, RHR LOOP A AVAILABLE,

Pump Services

CS
RHR

RHRSW

PSW
600-V loads®

TOTAL kW

HNP-2-FSAR-8

TABLE 8.3-12

AND LOSS OF BUS 2F)

Bus 2E
No. hp® /1 kw®
2A 1080 / 862
2A 1225 | 977
2A 600 / 487
_ | < @(d)
< 31649

Bus 2G
No. hp® /  kw®
2B 1000 / 798
2B 1225 | 977
or
2D 1225 | 977
2B 600 / 487
_ /| < w(d)
< 30759

a. The horsepower considered is for the maximum load on the pumps, except for the PSW pumps where load is

considered with the turbine building isolated.

b. In converting hp to kW, motor full-load efficiency is considered, except for the PSW pumps, for which efficiency at

75% full load is considered.
c. See table 8.3-5.

d. The values shown are acceptable analyzed values supported by calculations. The present actual loads are less

than or equal to these values.
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Pump Services

CS
RHR
RHRSW
PSW

600-V loads®®

TOTAL kW
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TABLE 8.3-13

POSSIBLE LOAD DISTRIBUTION ON EMERGENCY BUSES
(LOSP, 10-60 min POST-LOCA, RHR LOOP A AVAILABLE,
AND LOSS OF BUS 2G)

Bus 2E
No. hp® [ kw®
2A 1000 / 798
2A 1225 | 977
- | < &(d)
< 26139

Bus 2F
No. hp® /  kwW®
2C 1080 / 862
2C 1225 | 977
2C 600 / 487
- <2189
< 2544

a. The horsepower considered is for the maximum load on the pumps, except for the PSW pump where load is
considered with the turbine building isolated.
b. In converting hp to kW, motor full-load efficiency is considered, except for the PSW pump, for which efficiency at
75% full load is considered.

c. See table 8.3-5.

d. The values shown are acceptable analyzed values supported by calculations. The present actual loads are less
than or equal to these values.
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TABLE 8.3-14

POSSIBLE LOAD DISTRIBUTION ON EMERGENCY BUSES
(LOSP, 10-60 min POST-LOCA, RHR LOOP B AVAILABLE,
AND LOSS OF BUS 2E)

Bus 2F Bus 2G
Pump Services No. hp® /[  kw® No. hp® /  kw®
CS - 2B 1000 / 798
RHR 2D 1080 / 862 -
RHRSW 2C 1225 | 977 2B 1225 | 977
2D 1225 7 977
PSW 2D 600 / 487 -
600-V loads® -/ <218@ - <8139
TOTAL kW < 25449 < 2588

a. The horsepower considered is for the maximum load on the pumps, except for the PSW pump where load is
considered with the turbine building isolated.

b. In converting hp to kW, motor full-load efficiency is considered, except for the PSW pump, for which efficiency at
75% full load is considered.

c. See table 8.3-5.

d. The values shown are acceptable analyzed values supported by calculations. The present actual loads are less
than or equal to these values.
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TABLE 8.3-15

POSSIBLE LOAD DISTRIBUTION ON EMERGENCY BUSES
(LOSP, 10-60 min POST-LOCA, RHR LOOP B AVAILABLE,
AND LOSS OF BUS 2F)

Bus 2E Bus 2G |
Pump Services No. hp® /1  kw® No. hp® /  kw®
CS 2A 1000 / 798 - |
RHR - 2B 1080 / 862
RHRSW 2A 1225 | 977 2B 1225 | 977

2D 1225 O/r 977

PSW 2A 600 / 487 2B 600 / 487
600-V loads®® - | <8389 -/ <8139 |
TOTAL kW <3100 <3139

a. The horsepower considered is for the maximum load on the pumps, except for the PSW pumps where load is
considered with the turbine building isolated.

b. In converting hp to kW, motor full-load efficiency is considered, except for the PSW pumps, for which efficiency at
75% full load is considered.

c. See table 8.3-5.

d. The values shown are acceptable analyzed values supported by calculations. The present actual loads are less
than or equal to these values.
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Pump Services

CS

RHR
RHRSW
PSW

600-V loads®®

TOTAL kW

POSSIBLE LOAD DISTRIBUTION ON EMERGENCY BUSES
(LOSP, 10-60 min POST-LOCA, RHR LOOP B AVAILABLE,
AND LOSS OF BUS 2G)

HNP-2-FSAR-8

TABLE 8.3-16

Bus 2E
No. hp® /1 kw®
2A 1000 / 798
2A 1225 /| 977
- | <8389

< 26139

Bus 2F
No. hp® /  kw®
2D 1080 / 862
2C 1225 | 977
2C 600 / 487
- ] <2189
< 2544

a. The horsepower considered is for the maximum load on the pumps, except for the PSW pump where load is

considered with the turbine building isolated.

b. In converting hp to kW, motor full-load efficiency is considered, except for the PSW pump, for which efficiency at
75% full load is considered.

c. See table 8.3-5.

d. The values shown are acceptable analyzed values supported by calculations. The present actual loads are less
than or equal to these values.
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TABLE 8.3-17

CABLE AND RACEWAY COLOR CODES

System
RPS and PCIS cables

ESS Divisional 1 cables

Associated cables in Division 1 raceways
Diesel 2A cables

Diesel 1B cables

Nonclassified cables in diesel 1B raceways
ESS Divisional 2 cables

Associated cables in Division 2 raceways

Diesel 2C cables

Color Code
for Cables

Red tags at the
terminal points

Yellow

Blue

Yellow

White

Orange on White
Green

Orange

Green

Color Code
for Raceways

Red tape

Yellow
Yellow
Yellow
White
White

Green

Green

Green
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HNP-2-FSAR-8

TABLE 8.3-18

POSSIBLE LOAD DISTRIBUTION ON EMERGENCY BUSES
(LOSP, 10-60 min POST-LOCA, AND LOSS OF DIESEL
GENERATOR BATTERY 2A)@

Bus 2F Bus 2G

Pump Services No. hp® 7  kw® No. hp® /  kw©
RHR 2C 1080 / 862 2B 1080 / 862
RHRSW 2C 1225 | 977 2B 1225 | 977

2D 1225 O/r 977
PSW 2C 600 / 487 2B 600 / 487
600-V loads® - | <8559 - | <8139
TOTAL kW <3181@ <3139

a. The loading configuration corresponds to the loads required to cope with the worst-case break in the recirculation
and CS loops.

b. The horsepower considered is for the maximum load on the pumps, except for the PSW pumps where load is
considered with the turbine building isolated.

c. In converting hp to kW, motor full-load efficiency is considered, except for the PSW pumps, for which efficiency at
75% full load is considered.

d. See table 8.3-5.

e. The values shown are acceptable analyzed values supported by calculations. The present actual loads are less
than or equal to these values.
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HNP-2-FSAR-8

TABLE 8.3-19

POSSIBLE LOAD DISTRIBUTION ON EMERGENCY BUSES
(LOSP, 10-60 min POST-LOCA, AND LOSS OF DIESEL
GENERATOR BATTERY 2C)@

Bus 2E Bus 2F

Pump Services No. hp® 7 kw© No. hp® /  kw©
RHR 2A 1080 / 862 2D 1080 / 862
RHRSW 2A 1225 | 977 2C 1225 | 977
PSW 2A 600 / 487 2D 600 / 487
600-V loads®® - | <8389 -/ <1899
TOTAL kW <3164 <2515 |

a. The loading configuration corresponds to the loads required to cope with the worst-case break in the recirculation
and CS loops.

b. The horsepower considered is for the maximum load on the pumps, except for the PSW pumps where load is
considered with the turbine building isolated.

c. In converting hp to kW, motor full-load efficiency is considered, except for the PSW pumps, for which efficiency at
75% full load is considered.

d. See table 8.3-5.

e. The values shown are acceptable analyzed values supported by calculations. The present actual loads are less
than or equal to these values.
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Pump Services

RHR
RHRSW
PSW

600-V loads®®

TOTAL kW

POSSIBLE LOAD DISTRIBUTION ON EMERGENCY BUSES
(LOSP, 10-60 min POST-LOCA, AND LOSS OF DIESEL
GENERATOR BATTERY 1B)®@

HNP-2-FSAR-8

TABLE 8.3-20

Bus 2E
No. hp® /1 kw®
2A 1080 / 862
2A 1225 | 977
2A 600 / 487
-/ <8389
<3164

Bus 2G
No. hp® /  kwW®
2B 1080 / 862
2B 1225 | 977
2B 600 / 487
-/ <813@
< 31399

a. The loading configuration corresponds to the loads required to cope with the worst-case break in the recirculation

and CS loops.

b. The horsepower considered is for the maximum load on the pumps, except for the PSW pumps where load is

considered with the turbine building isolated.

c. In converting hp to kW, motor full-load efficiency is considered, except for the PSW pumps, for which efficiency at
75% full load is considered.

d. See table 8.3-5.

e. The values shown are acceptable analyzed values supported by calculations. The present actual loads are less
than or equal to these values.
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Energy to Serve Your World®
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3 INTERLOCK R 4. INTERLOCK _1. P\ _INTERLOCK 3 2 __INTERLOCK 3 4\__NteRtock 4
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SOUTHERN NUCLEAR OPERATING COMPANY
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€O UNIT 2

Energy to Serve Your World®
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8.4  STATION BLACKOUT (SBO) (HNP-1 AND HNP-2)

The information provided in this section is applicable to HNP-1 and HNP-2 unless indicated
otherwise.

8.4.1 INTRODUCTION

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

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

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

8.4.2 SBO COPING EVALUATION

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

NUMARC 87-00 is made, it also includes reference to the supplemental NUMARC letter of
January 4, 1990.? References 3, 4, and 5 summarize the SBO evaluation performed for an
increase in the rated thermal power to 2804 MWh.

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

Systems required for decay heat removal were reviewed to ensure that those portions of the

systems which are required to cope with the consequences of an SBO are available. Effects of
nonavailability of support systems, such as instrument air; heating, ventilation and
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air-conditioning (HVAC); and ac power, are considered. Condensate storage tank (CST) and
battery capabilities were reviewed for adequacy.

For the blacked-out unit, any one of the three emergency diesel generators may be used as an
alternate ac (AAC) source for SBO coping. However, to represent the most limiting condition,
emergency diesel generator 1B is designated as the AAC power source for either unit and can
be aligned to Division 1 load centers and initiated within 1 h to the blacked-out unit when the
diesel loading margins are met. Plant coping is controlled predominately by Class 1E dc power
and steam driven sources until the AAC power is available for loading. A combination of battery
power and emergency ac power from the AAC source is used to bring the blacked-out unit to
and maintain a hot shutdown condition from full power. Tables 8.4-1 and 8.4-2 list the possible
load distribution on emergency buses 1F and 2F, respectively, for an SBO event. Adequate
cooling and equipment necessary to cope with an SBO will be available without interruption to
both the blacked-out unit and the nonblacked-out unit.

8.4.21 SBO Coping Duration

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

1.  Offsite power design characteristic group is classified "P1."
2.  Emergency power configuration group is classified "C."

3. Emergency diesel generator target reliability is 0.95.

8.4.2.2 SBO Coping Analysis Assumptions

The assumptions used in the coping analysis are as follows:

1.  RG 1.155 and NUMARC 87-00 provide general guidance for the SBO coping
analysis.

2. Both units are operating at 100% rated thermal power prior to the event initiation.
3. Initiating conditions are an LOSP to both units. SBO, however, is assumed only for
one unit due to the independence of emergency ac sources. No design basis
accidents, other events, or additional single failures other than the loss of one
emergency diesel generator on the nonblacked-out unit are assumed to occur prior

to or during the SBO event.

4.  Areactor scram immediately follows an LOSP.
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5.  Reactor coolant system (RCS) inventory losses are limited to normal system
leakage and recirculation pump seal leakages (18 gal/min per pump maximum).

6. Credit is taken for operator actions where appropriate.

7.  Emergency diesel generator 1B can be loaded within 1 h of the SBO event if the
diesel loading margins are met. However, AAC power from emergency diesel
generator 1B is not required for suppression pool cooling during the 4-h coping
period.

8.  Equipment needed for the SBO coping duration is available at the site.

9.  After the 4-h coping period, the station operators either restore offsite power or

start the additional emergency diesel generator to bring the plant to a cold
shutdown condition.

8.4.2.3 SBO Coping Capabilities

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

The SBO coping evaluation concludes that the various systems and components required for
reactor core cooling are available. The emergency diesel generator 1B in conjunction with the
battery capacity were found to be adequate for the 4-h coping duration. The ability to maintain
RCS inventory and containment integrity were evaluated and confirmed. The effects of the loss
of ventilation on equipment needed for SBO were evaluated. The plant can successfully cope
with the SBO event for the required 4-h duration with negligible impact on the equipment
qualified life and with no impact on the operability of the equipment.

HNP has the capability to cope with an SBO for the coping duration of 4 h as discussed below:
1. Capability to provide core cooling is demonstrated by the following:
a. RCSisolation

RCS isolation is provided to prevent loss of inventory through normally open
lines.

b. Main steam system isolation

Main steam isolation is achieved by automatic closure of the main steam
isolation valves (MSIVs) upon loss of offsite power. Manual closure
capability of the MSIVs is also available. Controlled steam release capability
is available to remove decay heat via the safety relief valves (SRVs) to the
suppression pool. The SRVs are self-actuating at the set relieving pressure,
but may be operated manually at pressures below the valve setpoint.
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High pressure coolant injection (HPCI) system availability

During SBO, the high injection volume of the HPCI system is not necessary,
since loss of coolant accident conditions are not postulated.

Reactor core isolation cooling (RCIC) system availability

During SBO, a steam flowpath from the reactor vessel and a water flowpath
from either the CST or the suppression pool are available to the turbine-
driven RCIC pump.

The RCIC system starts and initially feeds to the reactor from the CST until
either the CST reaches its low level setpoint or the suppression pool reaches
its high level setpoint. Upon reaching either of these limits, the RCIC suction
automatically shifts to the suppression pool. All necessary instrumentation
and valves required to assure automatic transfer to the suppression pool are
available during an SBO.

CST capacity is as follows:

Adequate condensate inventory is available for the required coping duration
without additional water supply. The inventory of one CST is adequate for
the required SBO coping duration of 4 h.

Battery and battery charger capacities are as follows:

To maintain the electrical and instrumentation components needed for core
cooling and decay heat removal following SBO, Class 1E 125/250-V station
service batteries are capable of powering the required loads for 2 h. The
associated battery chargers for station service batteries 1A or 2A (essential |
division 1) are energized after the emergency diesel generator 1B (AAC
source) is connected within 1 h and power is available to the 600-V-ac load
center buses to support the battery operation in excess of 2 h. The battery
charger for diesel generator 1A or 2A is automatically energized within 1 h via
the 600-V-ac load center buses. The capacity of emergency diesel generator
batteries 1C and 2C is 4 h to support the required loads during SBO. The
battery charger for emergency diesel generator battery 1B is automatically
energized (within 1 h) to support the battery operation after emergency diesel
generator 1B is on line. Therefore, the capacity of emergency diesel
generator battery 1B is adequate to support the SBO loads. To support
alternate diesel generator sources and bus alignment configurations, each of
the emergency diesel generator batteries has a 4-h capacity for SBO loads.

Compressed-air system requirements are as follows:

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

h.  Instrumentation requirements

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

i. Suppression pool cooling

The suppression pool is capable of accepting operation of the RCIC system
and SRVs without any suppression pool cooling during the SBO coping
duration. Although not required, suppression pool cooling capability can be
initiated within 1 h when the AAC source becomes available by meeting the
diesel loading margins.

Ability to maintain adequate RCS inventory is as follows:

As allowed by NUMARC 87-00 guidelines, recirculation pump seal leakage is
assumed not to exceed 18 gal/min per pump. However, the RCIC system, even
with flow reduced by 10% (40 gal/min) below its Technical Specifications minimum
value of 400 gal/min, is capable of providing sufficient makeup inventory to the
reactor pressure vessel to prevent the water level from dropping to Level 1.

Ability to maintain appropriate containment integrity is as follows:

Appropriate containment integrity is provided during the required duration of the
SBO. Valve position indication and closure of certain containment isolation valves
are provided independent of the preferred or Class 1E ac power supplies.

Effects of loss of ventilation are as follows:

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

Equipment environmental evaluation is as follows:

Areas of the plant housing equipment/components required for SBO coping have
environmental conditions which are either below the component environmental
qualification design limit or are only slightly above the design limit and are well
below the minimum generic limit established in NUMARC 87-00. To maintain a
reasonable assurance for operation of the safety-related equipment, the door
between the service building and the 130-ft elevation of the control building, and
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the stairwell doors on the 130-ft elevation of the control building and on the roof of
the main control room must be manually opened. This is to promote natural
circulation into and out of the control building.

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

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

Identification of access to plant areas requirements is as follows:

Area access, as well as the need to gain entry to other locked (secured) areas
where remote equipment operation may be necessary, is not impacted by the
effects of ac power loss, since a dedicated security diesel generator ensures the
operability of the security system.

Emergency lighting requirements are as follows:

Emergency lighting in the MCR is provided to enable station operators to perform
the necessary manual actions to cope with the SBO. Adequate emergency lighting
is available for those areas of the plant where operator actions and/or ingress or
egress are required. Emergency lighting is provided via emergency lighting
cabinets connected to the AAC source bus, the dc batteries, or the self-contained
battery powered Appendix R lighting system.

Identification of required operator training and actions is as follows:

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

Procedures interface considerations are as follows:

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

Diesel generator reliability program requirements are as follows:
Elements of the emergency diesel generator program are contained in RG 1.155.

These elements (or their equivalent) are addressed in the applicable plant
procedures.
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TABLE 8.4-1

POSSIBLE LOAD DISTRIBUTION ON EMERGENCY BUS 1F

Engineered Safety Features

RHR pump 1C
1E11-C002C

RHRSW pump 1C
1E11-C001C

PSW pump 1C
1P41-C001C

DURING SBO (HNP-1)

Emergency 600-V load center 1C

1R23-S003

Diesel generator building MCC 1B

1R24-S026

Diesel generator building MCC 1D

1R24-S048

TOTAL kW

Maximum Load
on Bus 1F

hp(a) / kw(b)

1125 / 902.41

1200 / 957.43

600 / 481.29

- /  688.84

- !/ 151.85

- /[ 12.00

3193.82

a. The horsepower considered is for the maximum load on the pumps except for the PSW pump where load is

considered with turbine building isolated.

b. In converting hp to kW, motor full-load efficiency is considered.
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TABLE 8.4-2

POSSIBLE LOAD DISTRIBUTION ON EMERGENCY BUS 2F

DURING SBO (HNP-2)

Engineered Safety Features

RHR pump 2C
2E11-C002C

RHRSW pump 2C
2E11-C001C

PSW pump 2C
2P41-C001C

Emergency 600-V load center 2C
2R23-S003

Diesel generator building MCC 1B
1R24-S026

Diesel generator building MCC 2D
2R24-5S048

TOTAL kW

considered with turbine building isolated.
In converting hp to kW, motor full-load efficiency is considered.

b.

Maximum Load
on Bus 2F

hp® /

kw(b)

1080 /

1225 /

600 /

861.69

977.38

486.52

591.35

148.89

12.00

3077.83

a. The horsepower considered is for the maximum load on the pumps except for the PSW pump, where load is
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9.0 AUXILIARY SYSTEMS

9.1 FUEL STORAGE AND HANDLING

9.1.1 NEW-FUEL STORAGE (HNP-1 AND HNP-2)

The objective of the new-fuel storage arrangement is to provide specially designed dry, clean
storage areas for the new-fuel assemblies.

9.1.1.1 Design Bases

9.1.1.1.1 Safety Design Bases
The new-fuel storage racks are designed to:

. Maintain sufficient spacing between the new-fuel assemblies to ensure that the
array, when the racks are fully loaded, will have a ke < 0.90 for the dry condition
and a ke¢ < 0.95 in the event of complete flooding of the storage vault and the fuel
racks being brought to their most reactive spacing.

° Withstand earthquake loadings to prevent damage to the structure of the racks and
minimize distortion of the racks arrangement.

Area radiation monitors (ARMSs) for criticality monitoring are not provided.

The Nuclear Regulatory Commission granted an exemption from 10 CFR 70.24 relative to the
authorization to possess special nuclear material at Plant Hatch.” The exemption provides
relief from the requirement to install criticality monitors that are not needed. Inadvertent or
accidental criticality will be precluded through compliance with the following:

. Technical Specifications.

o Geometric spacing of fuel assemblies in the new fuel storage area and spent fuel
storage pool.

. Administrative controls imposed on fuel handling procedures.

. Use of nuclear instrumentation that monitors behavior of nuclear fuel in the reactor
vessel.
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9.1.1.1.2 Power Generation Design Bases

New-fuel storage racks are designed and arranged so that the fuel assemblies can be handled
efficiently.

9.1.1.2 Description

New-Fuel Storage Vault

After receipt, transfer to the operating floor, and uncrating, the new fuel is placed into dry
storage in racks. These racks are contained in a Seismic Category | new-fuel storage vault.
Removable grating, which will withstand a loading of 100 Ib/ft?, is provided over each new-fuel
storage vault. The vaults are provided with drains to prevent water collection.

New-Fuel Storage Racks

The new-fuel storage racks provide a place for storing new fuel in the new-fuel storage vault
(figure 9.1-1). Each new-fuel storage rack (figure 9.1-2) holds up to 10 new channeled or
unchanneled fuel assemblies. The new-fuel storage racks are arranged in rows with a nominal
11.5-in. center-to-center distance between fuel assemblies placed in the storage racks.
New-fuel storage racks are provided for at least 150% of the reactor core load. The fuel
assemblies are loaded into the rack through a hole in the top of each rack. Each hole for a fuel
assembly has adequate clearance for the insertion or withdrawal of the assembly while
enclosed in a protective plastic wrapping. Guides are provided to guide the fuel element
spacers the full length of their insertion into the rack so that damage to the fuel assemblies is
precluded. The spacers and the upper tie plate of the fuel element rest against the rack to
provide lateral support. The design of the racks prevents accidental insertion of the fuel
assembly in a position not intended for the fuel. The weight of the fuel assembly is supported
by the lower tie plate which is seated in a chamfered hole in the rack base.

Each new-fuel storage rack is designed as a Seismic Category | structure to resist sufficiently

the response motion at the installed location within the supporting structure for the design basis
earthquake.

9.1.1.3 Safety Evaluation

The calculations of ke are based upon the geometrical arrangements of the fuel array, and
subcriticality does not depend upon the presence of neutron-absorbing materials. The
arrangement of the fuel assemblies in the fuel storage racks results in ke < 0.90 in a dry
condition, or in the absence of a moderator. In an abnormal condition when the fuel is flooded
with water and the fuel elements are brought to their most reactive spacing, kex < 0.95.
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To ensure that the design criteria stated above are met, the following conditions were analyzed:

. Kerr Of the new-fuel storage array under normal conditions (dry), which resulted in a
Kesr < 0.5.

. Ker Of the new-fuel storage array under abnormal conditions (flooded), which
resulted in ke < 0.867.

The calculations for ke were performed using a 2-dimensional, 3-group diffusion theory code
for a water temperature of 65°C. Room and fuel pool temperatures of 20°C and 65°C,
respectively, were analyzed to ensure that 65°C was the more reactive temperature condition.

Stresses in a fully loaded rack do not exceed applicable specification requirements of the
American Institute of Steel Construction (AISC) when subjected to a seismic loading of 0.72 g
applied in any direction. A safety factor of 2, based upon the material yield strength or local
critical buckling, is used where these specifications are not applicable.

The storage rack structure is designed to absorb an impact energy of at least 7000 ft-Ib on an
impact surface no larger than 3 in. in diameter. Under this impact force, those members which
physically maintain the spacing to assure that k¢ < 0.95 with the vault flooded will remain intact.

The storage racks are designed to withstand a pullup force equal to the load rating of the
overhead crane auxiliary hoist. This is necessary in the event that the fuel assembly or
grappling device accidentally becomes fouled during removal. The stress in those members
required to maintain the abnormal storage subcriticality conditions is < 75% of the material yield
strength or 75% of that stress at which local buckling occurs.

The new-fuel racks are designed to be restrained by holddown lugs to ensure that rack spacing
does not vary under specified seismic loads. Holddown bolts restrain the rack both horizontally
and vertically in case a stuck fuel assembly is inadvertently hoisted. All materials used in the
construction of the new-fuel storage racks are specified in accordance with the applicable
American Society for Testing and Material (ASTM) specifications, and all welds are in
accordance with the American Welding Society (AWS) standards for materials used.

Materials selected are corrosion resistant or treated to provide the necessary corrosion
resistance. The new-fuel storage racks are made from aluminum. The material choice is based
on a consideration of the susceptibility of various metal combinations to an electrochemical
reaction. When considering the susceptibility of metals to galvanic corrosion, aluminum and
300-series stainless steel are relatively close together insofar as their coupled potential is
concerned.

The new-fuel storage racks are designed to meet Seismic Category | requirements as described
in section 3.2.
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9.1.1.4 Tests and Inspections

The new-fuel storage racks do not require any special periodic testing or inspection for nuclear
safety purposes. Prior to receipt of new fuel, the rack arrangement in the new-fuel storage vault
was dimensionally verified.

9.1.2 WET SPENT-FUEL STORAGE (HNP-1 AND HNP-2)
The objective of the wet spent-fuel storage arrangement is to provide specially designed

underwater storage space for the spent-fuel assemblies which require shielding and cooling
during storage and handling.

9.1.2.1 Design Bases

9.1.2.1.1 Safety Design Bases
The spent-fuel storage racks are designed to:

. Ensure that all arrangements of fuel in the spent-fuel storage racks are maintained
in a subcritical configuration having a ke < 0.95.

° Withstand seismic loading to minimize distortion of the wet spent-fuel storage
arrangement and to prevent the loss of fuel pool water.

. Be located within the plant secondary containment to prevent the release of
significant amounts of radioactivity to the environs should the integrity of any fuel
assembly be breached during or after the refueling process.

The fuel pool is designed so that no single failure of structures or equipment will cause inability
to:

. Maintain irradiated fuel submerged in water.

° Reestablish normal fuel pool water level.

. Safely remove fuel from the plant.

A Seismic Category | backup system is provided to add water to the fuel pool if the normal
makeup system is not available.

ARMs for criticality monitoring are not provided. (Reference paragraph 9.1.1.1 for discussion.)
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9.1.2.1.2 Power Generation Design Bases
The fuel pool has a fuel storage capacity of more than five full-core loads of fuel assemblies.
The fuel storage racks are designed and arranged so that the fuel assemblies can be efficiently

handled during refueling operations.

9.1.2.2 Description

The wet spent-fuel storage facility is located on the common refueling floor. Redundant
radiation sensors are provided in the ventilation ducts servicing the refueling floor to detect any
airborne radiation that might accidentally be released during the refueling process. These
sensors activate the standby gas treatment system (SGTS) and isolate the refueling floor upon
sensing high radiation. Additionally, the area radiation monitors on the refueling floor will alarm
in the main control room (MCR) and locally if the refueling floor activity exceeds the normal
background activity during refueling.

9.1.2.2.1 Fuel Storage Pool

The fuel storage pool is designed to Seismic Category | criteria. The fuel pool structure is
designed for the following applied loads:

. Deadweight of the structural elements.

. Live loads acting on the structural elements.

. Hydrostatic load due to the water in the pool.

. Three-component operating basis earthquake (OBE) seismic load.
. Three-component safe shutdown earthquake (SSE) seismic load.

. Thermal loading based on normal operating conditions: pool water temperature of
150°F and ambient air temperature of 90°F.

. Thermal loading based on accident conditions: pool water temperature of 212°F
and ambient air temperature of 90°F.

° Thermal loading based on normal operating conditions: pool water temperature of
150°F and ambient air temperature of 110°F.

o Thermal loading based on accident conditions: pool water temperature of 212°F
and ambient air temperature of 110°F.
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Loading combinations that produce the most severe loading to the structure were incorporated
to verify that the structure would carry the mechanical and thermal loads for the design basis
conditions. A postulated drop of a spent-fuel assembly from beneath the water's surface onto
the spent-fuel pool stainless-steel liner plate and the storage racks was evaluated. It was
determined a spent-fuel assembly dropped from a height of 17 ft above the liner plate (~ 2 ft
above the spent-fuel storage racks) will not perforate the pool's liner plate.

In addition to analyzing load drops from beneath the spent-fuel pool water's surface, the effects
of a drop of a new fuel assembly from ~ 2 ft above the water's surface was evaluated. It was
determined the impact of the dropped fuel assembly could perforate the liner. However, the
breaching of the liner plate will not result in uncovering the fuel in the storage racks. Other
loads of smaller weights and diameters could perforate the liner plate as well. Regardless of
the diameter of the perforation in the liner plate, the leak rate from the pool is controlled by the
diameter of the drain line. Therefore, the effects of a drop of other items are bounded by the
drop of the fuel assembly.

The maximum flowrate of fuel pool water through a breach in the liner plate is limited by the size
of the liner drain system piping, which is 2 in. in diameter.

Interconnected drainage paths behind the liner plate are designed to:
. Prevent pressure buildup behind the plate.

° Prevent the uncontrolled loss of contaminated pool water to other relatively cleaner
locations within the secondary containment.

. Provide expedient liner leak detection and measurement.

No outlets or drains are provided that might permit the pool to be drained below 10 ft above the
top of the upper tie plates (barring, of course, a liner breach). This level provides a cover for the
active fuel. The two inlet lines from the fuel pool cooling and cleanup system (FPCCS)
penetrate the liner near the top of the pool and extend to near the bottom of the pool. Both of
these lines are equipped with two check valves in series to prevent siphoning.

The maximum flowrate through the liner drain system piping was calculated to be 150 gal/min;
therefore, the maximum flowrate out of the breach in the liner plate will be 150 gal/min
regardless of the size of the breach since the flowrate of water from the breach is limited by the
size of the drain system piping. Thus, loads dropped from higher distances above the surface
of the water, while possibly causing larger breaches in the liner plate than the analyzed drop of
a new fuel assembly, will not result in a greater leakage rate and, consequently, are bounded by
this analysis.

The HNP-1 and HNP-2 normal fuel pool water makeup sources are capable of supplying water
at 390 and 500 gal/min, respectively. This is over twice the maximum rate pool water can be
drained through a breach in a liner plate. Consequently, the spent-fuel pools can recover and
normal makeup water sources can maintain fuel pool water level in the event of any size breach
of a pool liner. Additionally, makeup water can be provided to the fuel pool by the
safety-related, Seismic Class 1 plant service water (PSW) system.
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The upper portion of the HNP-1 and HNP-2 spent-fuel pools (i.e., that portion above the storage
racks) contains ~ 800 and 700 gal of water per vertical inch, respectively. If the water is at its
minimum Technical Specifications-required level of 21 ft over the top of irradiated fuel
assemblies seated in the spent-fuel storage racks when the leak starts, it would take the HNP-1
spent-fuel pool ~ 22 h and the HNP-2 spent-fuel pool ~ 20 h to drain to the upper tie plates of the
stored spent fuel at the maximum leakage rate of 150 gal/min. This is sufficient time to respond
to low fuel pool water level alarms and begin makeup water flow from either the normal or
backup makeup water system before the fuel in the storage racks is uncovered.

Low water level alarms are provided locally and in the MCR in the unlikely event of water loss.
As a backup, flow alarms are provided in the drain lines of the reactor vessel-to-drywell seal,
drywell-to-concrete seal, and the drain line of the fuel pool-to-reactor well gates to detect
leakage.

Should the normal makeup water system be inoperable, the Seismic Category 1 PSW system
will supply makeup water to the pool by opening three valves.

9.1.2.2.2 Spent-Fuel Storage Racks

The spent-fuel storage racks provide a storage place at the bottom of the fuel pool for the spent
fuel received from the reactor vessel (figure 9.1-3, sheets 1 and 2). The majority of storage
racks are high-density, poison-type racks, although racks for defective fuel are provided. The
racks are full-length, top entry racks designed to maintain the spent fuel in a space geometry
that precludes the possibility of criticality under normal and abnormal conditions. Normal
conditions exist when the spent fuel is stored at the bottom of the fuel pool in the design storage
position. Abnormal conditions may result from an earthquake, personnel errors, or equipment
malfunctions.

The design of the high-density, spent-fuel storage racks was evaluated using the criteria
provided in "OT Position for Review and Acceptance of Spent-Fuel Storage and Handling
Applications" issued by the Nuclear Regulatory Commission on April 14, 1978, and later
amended on January 18, 1979.

The high-density racks are modular and provide space for fuel assemblies with or without flow
channels. Five basic configurations of modules provide maximum utilization of space in the
pool (figure 9.1-3, sheets 1 and 2). The licensed spent-fuel pool storage capacity for fuel
assemblies is 3349 (actual capacity 3181) for HNP-1 and 2933 for HNP-2. Spent fuel from
HNP-2 can be stored in the HNP-1 pool, and vice versa.

The spent-fuel racks are designed to maintain subcriticality of the fuel, assuming the following
applied loads:

. Dead loads (weight of rack and fuel assemblies) and hydrostatic loads.

. Live loads - the effect of lifting an empty rack during installation.
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Thermal loads - the uniform thermal expansion caused by pool temperature
changes from the pool water and stored fuel.
Seismic forces of OBE and SSE.
Accidental drop of a fuel assembly from the maximum possible height.
Postulated stuck fuel assembly causing an upward force.

Tornado-generated missile.

The size of a load that may be carried over fuel assembilies in the spent-fuel racks and possibly
dropped is limited to < 1250 Ib by the Technical Requirements Manual. Loads > 1250 |b may be
carried over fuel assemblies in the spent-fuel racks provided that all the requirements of the
Technical Requirements Manual are met, thereby precluding any load drop. This value
represents the heavy load limit, defined in NUREG-0612, that represents the combined dry
weight of a single spent-fuel assembly and its associated handling tool as assumed in the fuel-
handling accident analysis. The weight of the handling tool includes the refueling mast and
grapple head. The consequences of dropping any load < 1250 Ib are no more severe than those
of a fuel-handling accident. The provisions employed to prevent movement of heavy objects
over fuel assemblies in the spent-fuel racks are discussed in this section.

A

General Electric Spent-Fuel Racks

Each freestanding, high-density module, as shown on drawing no. S-40969, is
fabricated from fuel storage tubes and made by forming an inner and outer tube of
304 stainless steel with an inner core of Boral poison. The completed storage tubes
are fastened together by angles welded along the corners and attached to a
baseplate to form storage modules. Each module is ~ 15 ft high. The high-density,
spent-fuel racks are a base-supported module design (figure 9.1-4). The
high-density module provides storage spaces for fuel assemblies on ~ 6.5-in.,
center-to-center spacing.

The module support system consists of a module baseplate, 4-ft pad assembilies,
and 4 support pads (figure 9.1-4). The foot pads rest on the support pads to raise
the module baseplate a minimum of 8 in. above the pool floor, allowing sufficient
area to clear the swing bolts on the pool floor and to permit natural circulation of
cooling water to the modules without taking credit for sources of forced cooling.

Most of the structural material used in fabrication of the high-density fuel storage
modules is 304 stainless steel. The only structural material employed in the
structure that is not 304 stainless steel is a special low-friction material used as a
foot pad between the module and the support pad. Boral plates, used as a neutron
absorber, are an integral nonstructural part of the basic fuel storage tube. These
plates are sandwiched between the inner and outer wall of the storage tube and are
not subjected to dislocation, deterioration, or removal. The inner and outer walls of
the storage tube are welded together at each end for mechanical rigidity. Small
openings are formed in the top and bottom of each tube assembly by leaving gaps
in the weld to allow for the venting of the envelope between the inner and outer tube
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walls. At normal pool water operating temperatures, there is no significant
deterioration or corrosion of stainless steel or Boral.

One feature of the high-density racks is that they are not bolted to the fuel pool
floor. Instead, the four corners of the module baseplate sit on special low-friction
foot pads. This arrangement allows the module to slide, thus limiting the shear
forces on the module during the seismic event. Selection of materials assures
sliding will occur between the foot pad and support pad and not between the
support pad and the pool floor inner plate. Sliding and overturning of the module
were studied for SSE and OBE conditions. All of the modules were found to be
stable under the worst postulated seismic loading conditions, and the minimum
2-in. clearance between modules precludes contact during a seismic event.

The high-density fuel storage modules were also evaluated to determine the effect
of an impact load that is possible because of gaps between the fuel bundle and the
module. The maximum internal forces developed in the module and the maximum
sliding displacement of the module due to impact loads were determined to be
acceptable.

The high-density fuel storage modules are arranged so that accidental insertion of
an assembly between modules is impossible. Stress allowables for the
high-density racks are based on American Society of Mechanical Engineers
(ASME), Section lll, Subsection NF. All materials used in the construction of these
racks were specified in accordance with ASME specifications, and all welding was
performed per ASME, Section IX.

Holtec Spent-Fuel Rack (HNP-2)

The Holtec freestanding, high-density rack module (figure 9.1-6, sheet 1), located
in the contaminated equipment storage area (CESA ) of the HNP-2 spent-fuel pool
is constructed of SA240-Type 304 stainless-steel sheet and plate stock, and
SA564-630 (precipitation hardened stainless steel) for the adjustable support
spindles. The neutron absorber material, Boral, is the only nonstainless material
utilized in the rack module. The rack module is ~ 15 ft high and has a center-to-
center spacing of 6.25 in.

The rack module is designed in accordance with Section I, Division 1, Subsection
NF of the ASME Boiler and Pressure Vessel Code, 1995. Allowable stresses for
the high-density rack module are based on ASME Section lll, Subsection NF. All
materials used in the construction of the rack were specified in accordance with
ASME specifications, and all welding was performed per ASME Section IX.

The rack's checkerboard array (figure 9.1-6, sheet 2) is formed from composite box
assemblies. Each composite box is fabricated from two channels and seam
welded. Sheathing is attached to each side of the box with Boral panels installed in
the sheathing cavity.
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The rack module is supported (figure 9.1-6, sheet 3) with remotely adjustable support
pedestals. A bearing pad interposed between the rack pedestals and the pool liner
diffuses the dead load of the loaded rack into the reinforced concrete structure. Sliding
and overturning of the module were studied for design basis earthquake (DBE) and OBE
conditions. The rack module was found to be stable under the worst postulated seismic
conditions, and the rack-to-wall clearances preclude contact during a seismic event.

The rack module is non-flux-trap. Enrichment/burnup restrictions are imposed on all fuel
stored in the rack.

Each spent-fuel storage rack and fixture loaded with fuel is designed to Seismic Category |
criteria.

A separate pool is provided for the spent-fuel cask on the west side of the HNP-2 fuel pool as
shown on drawing no. H-26103. The smaller pool is separated from the spent-fuel pool by walls
extending above the normal water level and a pneumatically sealed gate which is closed during
cask movement.

Protection against the cask drop is afforded by the HNP-1 single-failure-proof reactor building
crane described in HNP-1 Final Safety Analysis Report (FSAR) section 10.20, the
single-failure-proof spent-fuel cask lift yoke described in HNP-2-FSAR paragraph 9.1.5.2, and
the interlocks and administrative controls described in the same section which limit the cask
height over the refueling floor during cask-handling operations.

The HNP design also incorporates several levels of protection against the drop of other crane
loads into the fuel pool and onto stored spent fuel. The HNP-1 reactor building crane is
interlocked to prohibit operation over the fuel pool. These interlocks are independent of the load
being handled by the crane, and can be overridden, but only under strict administrative controls.

The only postulated loads that require bypassing the interlocks which prohibit movement over
the spent-fuel pool are the handling of the fuel pool plugs (10 tons) and gates, and the removal
and installation of the old and new spent-fuel racks. The fuel pool gates and plugs are handled
only under strictly controlled administrative procedures. The procedural controls ensure that
loads > 1250 Ib will not travel over fuel assembilies in the spent-fuel storage pool racks except
under strict administrative controls as described in the Technical Requirements Manual.

The HNP-2 reactor building crane is not a single-failure proof crane but is used under strict
administrative control over the refueling floor.

In addition, the reactor building crane’s bridge and trolley tracks are provided with limit switches
to prevent the trolley from entering the restricted fuel pool area of both units.

If unanticipated load handling should occur, the size of the load that can be handled over stored

spent fuel, by any means, is limited to < 1250 Ib except under strict administrative controls as
described in the Technical Requirements Manual.
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9.1.2.3 Safety Evaluation

The design of the HNP-2 wet spent-fuel storage facility meets the requirements of
Regulatory Guide 1.13 (March 1971).

9.1.2.3.1 Fuel Storage Pool

The fuel pool concrete structure, as well as each spent-fuel storage rack and fixture, are
designed to Seismic Category | criteria.

Provisions are made for level detection to ensure the fuel in the fuel storage is covered with
sufficient water for radiation shielding.

Leakage detection instrumentation is also provided to ensure an adequate fuel pool water level
is maintained. The spent-fuel pool structure was designed to prevent inadvertent draining of the
pool.

In the unlikely event the fuel pool water level dropped to the level of the fuel transfer canal, the
fuel pool water level will be 14 ft 9 in., and the active section of the spent fuel stored in the pool
will remain covered with water. Rapid boiling of the remaining water in the fuel pool will not
occur. It would take 2.75 h for the pool water to reach boiling based on the following data:

Initial water temperature 150°F

Minimum water height 14 ft9in.

Fuel pool cross-section (plan) 40 ft x 33 ft

Heat load (normal condition) 11.60 x 10° Btu/h
Assumed rack capacity 3357

Normal design heat removal condition with a decay heat load of 11.60 MBtu/h represents the
heat load in either HNP-1 or HNP-2 spent-fuel pool 30 days following the beginning of a
refueling outage. The assumed fuel pool rack capacity of 3357 filled racks bounds the actual
fuel pool rack capacity of 3181 for HNP-1 (licensed capacity of 3349) and 2933 for HNP-2. The
time-to-boil period of 2.75 h is bounding for both HNP-1 and HNP-2.

During the 2.75 h, the following corrective actions can be taken to prevent boiling:

. Reposition gate over canal entrance.

. Locally open the condensate storage isolation valve and, from the MCR, start a
transfer pump to initiate makeup from condensate storage (if available).

° Manually align the PSW system in the reactor building to provide pool makeup.
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. Continue refilling pool to normal water level.

The sequence of performance for the above corrective actions would depend on the actual
conditions detected during a water loss. For example, the recovery of sufficient water level
above the irradiated fuel may be required prior to repositioning the gate, should initial radiation
levels be too high for this manual action.

9.1.2.3.2 Spent-Fuel Storage Racks

The design of the spent-fuel storage racks provides for a subcritical multiplication factor (k) for
both normal and abnormal storage conditions. The design criterion for both normal and
abnormal conditions is that ke is < 0.95. Normal conditions exist when the fuel storage racks
are located at the bottom of the pool covered at all times with a normal depth of water (a
minimum of 21 ft over the top of irradiated fuel assemblies seated in the spent-fuel storage
racks) for sufficient radiation shielding and with the maximum number of fuel assemblies in their
design storage position.

A. General Electric Spent-Fuel Racks

A criticality analysis was performed for the high-density racks using a Monte Carlo
program which solves the neutron transport equation as an eigenvalue or a
fixed-source problem including the effects of neutron shielding. The storage space
infinite multiplication factor (k,,) was calculated for the high-density fuel storage
system as defined by the assumptions and exact geometric specifications below:

o Standard boiling water reactor (BWR) fuel configurations.

. Maximum BWR fuel bundle multiplication factor (k.,) of 1.33 in standard core
geometry at 4°C to 100°C; the use of a maximum fuel k., as a criticality base
eliminates the need to analyze the multiplicity of U-235 enrichment and
burnable poison combinations.

. Storage space pitch of 6.563 in.

o Minimum allowable boron (B-10) concentration equivalent to a homogeneous
areal concentration of 0.013 g B"%/cm?.

o Analysis conservatively performed using two-dimensional infinite lattice (X,Y)
model (no credit taken for axial or radial neutron leakage).

° Credit taken for double-wall stainless steel tubes that separate fuel bundles.
This analysis (Reference 5) was performed specifically for GE14 and GNF2 fuel, but also

addresses legacy spent fuel. The results of the calculations for several cases are listed in table
9.1-2. In no case under normal or abnormal conditions will k,, (and therefore, kes) be > 0.95.
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The Westinghouse criticality analysis and documentation of methods for SVEA-96 Optima2 lead
use assemblies when stored in the Hatch SFP racks are contained in reference 4.

B. Holtec Spent-Fuel Rack (HNP-2)

To ensure that the true reactivity will always be less than the calculated reactivity,
the following conservative design criteria and assumptions were made:

e The moderator in the spent-fuel pool is unborated water at a temperature
(4°C) that results in the highest reactivity.

¢ In all cases (except for the assessment of certain abnormal/accident
conditions where neutron leakage is inherent), the infinite multiplication factor,
k.., rather than the effective multiplication factor, ke (i.e., neutron loss from
radial and axial leakage neglected), was used.

¢ Neutron absorption in minor structural members is neglected (i.e., spacer grids
are analytically replaced by water).

e The racks are fully loaded, with the most reactive authorized fuel to be stored
in the facility.

e Incore depletion calculations assume conservative operating conditions and
an allowance for voids during incore BWR operations.

e Conservatively, uniform initial average enrichments, rather than distributed
enrichments, were used for all fuel pins in a fuel assembly.

The two-dimensional CASMO-4 code was used as the principle method of analysis for
the Holtec rack. CASMO-4 was used to perform depletion calculations on the fuel
assembly, and using the restart option in CASMO-4, the fuel of a specified burnup was
analytically transferred into the storage rack at a reference temperature of 4°C (39°F).
The same fuel of a specified burnup was also analytically transferred into the standard
cold-core geometry (SCCG) configuration, which is an infinite lattice with 6-in. spacing at
a temperature of 20°C, with no control blades and no voids. All Xenon present during
the depletion calculations was removed during the restarts in the rack and the SCCG.
The reactivity effect of the natural uranium blankets normally located at the ends of the
assemblies was conservatively neglected, since the infinite fuel length of the most
reactive plane was assumed. Fuel assemblies GE3, GE4, GE5/GE6, GE7B/GES8B,
GE9, ANF-92, GE11/GE13, and GE12/GE14 were analyzed at the maximum enrichment
specified. The maximum k., in the SCCG was specified as 1.33. Using the CASMO-4
results, the burnup corresponding to a k., in the SCCG of 1.33 was determined, and the
corresponding k. in the rack was determined. The reactivity adjustments were added to
the rack k., to determine the maximum value, which was compared with the 0.95 K limit.

The results of the calculations for several cases are shown in table 9.1-3. In no case
under normal or abnormal conditions will k.., and therefore ke, be > 0.95.
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Accordingly, the criteria for spent fuel to be acceptable for storage in the Holtec
spent-fuel rack are:

e Fuel assemblies with a planar SCCG k,, of < 1.33, with a maximum planar average
enrichment < 4.8 wt % U-235.

or

e Fuel assemblies having a maximum planar average enrichment of < 3.3 wt % U-235,
regardless of burnup, gadolinia, or the planar SCCG k..

9.1.24 Tests and Inspections

Dimensional verification of the high-density storage modules was performed. Nondestructive
examination of appropriate welds was performed per Section Ill of the ASME Code and the
American Society for Nondestructive Testing. The concentration and distribution of the
neutron-absorbing material (B,C) was verified by the manufacturer using chemical analyses
and/or neutron transmission tests. The dimensions of these Boral sheets were also checked
prior to assembly of the storage modules. The presence of Boral in the fabricated fuel storage
modules was verified at the site by scanning with a neutron source detector. The corrosion
resistance of the Boral material is periodically assessed by examining Boral samples which are
suspended in the fuel pool.

Prior to the insertion of spent fuel in the spent-fuel racks, the racks and rack arrangement in the
fuel pool were dimensionally verified.

9.1.3 FUEL POOL COOLING AND CLEANUP SYSTEM (HNP-1 AND HNP-2)

The nonpoison fuel pool cooling and cleanup system (FPCCS) is designed to remove the decay
heat generated by the spent-fuel assemblies stored in the fuel pool and maintain the pool water

at a clarity and purity suitable for underwater operations and protection of personnel in the
refueling area.

9.1.3.1 Design Bases

The FPCCS is designed to perform the following functions:

° Maintain the pool water temperature < 150°F under normal operating conditions,
refueling conditions, and core offload conditions.

° Prevent overheating of the fuel assemblies by ensuring the fuel elements are
completely submerged underwater.
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. Maintain a minimum water level above the stored fuel assemblies to limit direct
radiation as required by 10 CFR 20.1 - 20.601 (found in 10 CFR published before
January 1994) for areas designated as unrestricted access.

° Minimize fission product concentration in the water through purification to permit
unrestricted access for plant personnel to the wet spent-fuel storage area.

. Minimize corrosion product buildup to maintain the visual clarity needed for
underwater handling of fuel assemblies.

9.1.3.2 System Description

9.1.3.2.1 General

The HNP-1 FPCCS includes two pumps, two heat exchangers, and two filter-demineralizer units
(drawing nos. H-16002 and H-16003). The HNP-2 FPCCS includes one pump, one heat
exchanger, and one filter-demineralizer unit (drawing nos. H-26039 and H-26040). Table 9.1-4
lists the design parameters of the major equipment in the HNP-1 and HNP-2 FPCCSs.

The two FPCCSs can be shared using an 8-in crosstie header from the HNP-1 to the HNP-2
FPCCS, thus, allowing one of the two HNP-1 trains to be shared with HNP-2 during refueling.
Since both units are not refueled simultaneously, the sharing of the HNP-1 FPCCS with the
HNP-2 FPCCS is practical. Interconnection of the residual heat removal (RHR) system to each
unit's FPCCS is possible in the event unloading of an abnormal amount of irradiated fuel is
required. The decay heat removal (DHR) system is also considered part of the FPCCSs.

All portions of the FPCCS between the RHR system cross connections up to and including the
boundary isolation valves are Seismic Category I. The remainder of the system, including the
heat exchanger, pump, and filter-demineralizer, is nonseismic.

During normal operation, the pump takes suction from the common outlet header of the
spent-fuel skimmer/surge tanks and pumps the water through the heat exchanger and
filter-demineralizer. From the filter-demineralizer, water is returned to the pool through two
diffusers located at the bottom of the pool. The cool water traverses the spent-fuel assemblies,
picking up heat and impurities before repeating the cycle by flowing over the adjustable weirs
into the skimmer/surge tanks. The reactor building closed cooling water (RBCCW) system
removes the heat from the fuel pool cooling heat exchanger.

In the event that an abnormally large amount of irradiated fuel is unloaded or the fuel cooling
train experiences a failure during refueling operations, a cooling train of the RHR system
consisting of an RHR pump and heat exchanger can be used for cooling the pool water. Also,
the DHR system can be placed in service, as described below.

Additional cooling can be provided by the DHR system, which is primarily operated during

refueling outages to provide decay heat removal from either the HNP-1 or the HNP-2 fuel pool.
Use of the DHR system allows the RHR system and/or the FPCCS to be taken out of service for
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inspections, repairs, and/or modifications during outages. The DHR system, which functions
independently of the FPCCS, is divided into a primary and a secondary cooling loop. The
primary cooling loop consists of stainless-steel piping which circulates water from the fuel pool
through heat exchangers and back to the fuel pool. The suction and discharge piping to the fuel
pool is designed with flanged connections just above el 228 ft where the piping penetrates the
refueling floor. The piping is routed from the penetration to either the HNP-1 or the HNP-2 fuel
pool as required. When not in use, the portion of the suction and discharge piping above el 228
ft may be removed and stored with blind flanges installed on the flanges at the refueling floor
penetrations. For convenience, the portion of the piping over the fuel pools is designed and
supported such that it may be removed or left installed even if the remainder of the piping above
el 228 ft is removed. The primary cooling loop equipment consists of two 100% capacity pumps,
two plate and frame heat exchangers, and one strainer, as well as the valves, controls, and
process monitoring equipment necessary for proper system operation. All of this equipment is
located on el 203 ft of the HNP-1 reactor building. Both suction and discharge pipes have anti-
siphon holes located below the water surface but higher than minimum Technical Specifications
levels to prevent inadvertent pool drawdown.

The DHR secondary cooling loop consists of stainless steel piping which circulates cooling water
from the basin of the cooling towers through the heat exchangers and back to the hot water side
of the cooling towers. Controls are provided to maintain the cooling water on the secondary
cooling loop side at a higher pressure than the fuel pool water on the primary cooling loop side to
ensure no leakage to the environment. The secondary cooling loop equipment consists of two
50% capacity pumps and two cooling towers, as well as valves, controls, and process monitoring
equipment necessary for proper system operation. The secondary pumps and cooling towers
are located outside on the roof of the railroad airlock at el 154 ft 4 in. The power supplies for
both the primary cooling loop and the secondary cooling loop are from reliable power sources
and may be backed up by a temporary diesel generator. The need for the diesel generator is
dependent upon the decay heat load. The diesel generator is typically made available if the
DHR system is to be used as the primary source of reactor core decay heat removal during the
first 20 days of a refueling outage.

The DHR system is sized to handle a heat load of 40 MBtu/h. This is approximately equal to the
heat load contributed to the fuel pool by a full-core offload 1 1/2 to 2 days after the reactor is shut
down for refueling. Duplicates of major components (primary pump, heat exchanger, secondary
pump, and cooling tower) are provided so that the loss of any single DHR system component
does not mean total loss of system function. Analysis shows that the DHR system can maintain
the fuel pool temperature < 145°F even with the loss of any single DHR system component.

9.1.3.2.2 Heat Removal Capacity

For all three scenarios described below, heat loads were determined assuming the fuel pool to
be filled to maximum capacity based on the pool initially empty and repopulated with fuel
discharged from 24-month operating cycles at 2804 MWt. All of the discharged fuel batches
were assumed to have operated in cycles which ran at 95% capacity factor. In all scenarios,
the fuel pool was assumed to have 3357 rack locations. Assumed fuel rack capacity of 3357
filled racks bounds the actual fuel rack capacity of 3181 for HNP-1 (licensed capacity of 3349)
and 2933 for HNP-2. Therefore, the heat load analysis for the discharge scenarios described
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below represent a bounding analysis for HNP-1 and HNP-2. Maximum design cooling water
temperatures of 105°F for RBCCW and 97°F for PSW were assumed for the evaluations.

A.

Normal Condition

Normal condition defines the point at which one FPCCS train can maintain
temperature < 150°F. The analysis was performed assuming the following
discharge scenario:

1. Start with empty fuel pool.

2. Repopulate fuel pool from 2804-MWt 24-month operations proceedings as
follows:

o 237 bundles at 44 GWd/MT (first reload).
o 240 bundles at 44 GWd/MT (13 subsequent reloads).

The analysis showed that the heat load is 8.54 x 10° Btu/h, after decaying for
87 days. Temperature is then maintained < 150°F with one train of the FPCCS in
operation.

Realistically, it is desirable to maintain the fuel pool temperature < 125°F. This will
be achievable for normal operating conditions for the following reasons:

1. After a scheduled fall or spring refueling outage, RBCCW temperature should
be < 90°F. This greatly increases the heat removal capacity of the FPCCS.

2.  The DHR system (or a second train of the FPCCS) can be run until the
freshly discharged fuel decays to a heat load where one train of the FPCCS
will keep the pool temperature < 125°F.

Refueling Condition — Fuel Shuffle

A partial-core offload and fuel shuffle represent the same decay heat loads for
spent-fuel pool cooling. A partial-core offload is the discharge fuel that is placed in
the pool during a refueling outage, and a fuel shuffle is rearrangement of the fuel
that is to remain in the core for the next operating cycle. During a fuel shuffle, fuel
to be discharged (normally ~ 40% of the fuel bundles) is removed from the core to
the pool, new fuel assemblies are loaded into the core, and the remaining fuel is
shuffled to new core locations. All of the discharge fuel (partial-core offload) is not
completely removed from the core until near the end of the fuel shuffle. It normally
takes at least 12 days (288 hours) from the time the plant is shut down until the
fuel shuffle is complete and all the discharge fuel is in the pool.

Assumptions for the refueling mode analysis are the same as those for the normal

condition above, except the fuel pool heat load was calculated 150 h after offload
of all discharge fuel and two FPCCS trains are in service. Analysis showed the
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heat load is 17.78 x 10° Btu/h. Temperature is maintained < 150°F with two
FPCCS trains in operation or with DHR system in operation until freshly discharged
fuel decays to a heat load where one train of the FPCCS will keep the pool
temperature < 150°F (normal condition).

C. Refueling Condition — Core Offload

A normal refueling results in either a partial-core offload into the spent-fuel pool or
a discharge of the entire core into the pool. A full-core offload analysis was
performed assuming the following discharge scenario:

1. Start with empty fuel pool.

2. Repopulate fuel pool from 2804 MWt 24-month operations proceedings as
follows:

e 205 bundles at 48 GWd/MT (first reload).

e 216 bundles at 48 GWd/MT (12 subsequent reloads).

e 560 bundles at 48 GWd/MT (final full-core discharge).
3. Calculate fuel pool heat load 150 h after shutdown.

Analysis showed that the heat load was 34.88 x 10° Btu/h, which is the
cumulative heat load in the pool after shutdown. With the DHR system in
service, pool water temperature will be maintained < 150°F. Also, a single
train of the RHR system aligned for fuel pool cooling duty, without the
assistance of either the FPCCS or the DHR system, can maintain pool water
temperature < 150°F.

As an alternative to either placing the DHR system in service or aligning the
RHR system to the fuel pool cooling mode for a full-core offload, the fuel may
be allowed to decay in the reactor vessel until the heat load of the core has
decreased to the point where two FPCCS trains can maintain the maximum
operating temperature < 150°F.

Additionally, the DHR system may be used to remove the decay heat associated with a full-core
offload. The largest heat load during a refueling outage typically occurs early in the outage,
from approximately day 3 to day 9. Some time during this period, off loading of the core will
usually begin. The decay heat load is shared between the RPV and the fuel pool. A
representative value for the decay heat load during this period is ~ 35 x 10° Btu/h. The DHR
system, with its decay heat load removal capacity of 40 MBtu/h, is fully capable of handling the
load during this period.

As stated in paragraph 9.1.3.2.1, the DHR system is capable of handling the heat load to the
spent fuel 1 1/2 to 2 days after the reactor is shut down for refueling. Therefore, the DHR
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system is a viable method of decay heat removal for both the core and the spent-fuel pool, and
may be used for several combinations; e.g., as a backup to shutdown cooling, fuel pool cooling,
and fuel pool cooling assist; or as a primary method of decay heat removal.

For each design condition analyzed above, completely utilizing the fuel pool storage capacity,
the present FPCCS, a single train of the RHR (for the full-core offload condition) or the DHR
system is capable of maintaining pool water temperatures less than the maximum normal
operating temperature of 150°F. Considering the conservative assumptions used in the
calculations and past operating experience, the actual temperatures for each condition are
expected to be lower than those calculated and described above.

Prior to each refueling outage, a realistic calculation of the fuel pool heat load is performed
based on the actual number of assemblies in the fuel pool and the number of fuel assemblies
being offloaded to the pool from the core. This calculation aids outage planners and operators
in ensuring that sufficient decay heat removal is provided throughout different periods of the
outage.

9.1.3.2.21 Local Fuel Bundle Thermal-Hydraulics

A. General Electric Spent-Fuel Racks

The bounding local thermal-hydraulic conditions for the fuel stored in the
high-density storage modules were calculated. The calculation utilized limiting
bundle power assumptions (e.g., enrichment and discharge exposure) and
conservative decay heat parameters which are consistent with 24-month fuel
cycles. Fuel bundle thermal hydraulic assumptions were representative of higher
burnup 8x8 and 9x9 fuel designs. With the bulk water temperature of the fuel
storage pool constant at 150°F, the calculated bundle exit temperature was <
170°F. These temperatures are low relative to structural integrity or corrosion
limits for the structural components of the storage system and fuel.

Additionally, bounding local thermal-hydraulic conditions were calculated for fuel
covered by a storage module identifier plate while stored in the high-density storage
modules. The storage module identifier plate displays the storage module number
and serves as an aid to personnel in locating fuel bundles stored in the spent fuel
pool. The identifier plate is in the shape of a cuboid, one side of which is open and
the opposite side of which has one 1-in. hole drilled in it per storage cell covered.
The open side slides over the bail handles of fuel bundles stored in the storage
module. In this manner, a method to identify the storage module number is
provided while maintaining the ability to utilize all storage locations in the modules.
Using the same limiting bundle power assumptions and conservative decay heat
parameters discussed previously and assuming a bulk pool water temperature of
150°F, the calculated exit temperature for the bundle(s) covered by the identifier
plate was < 210°F. This temperature also is low relative to structural integrity and
corrosion limits for the structural components of the storage system and fuel.
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B. Holtec Spent-Fuel Rack

The local thermal-hydraulic analysis performed for the CESA assumes the bulk
pool temperature is at the design basis maximum 150°F temperature. The CESA
does not have provisions for introducing forced cooling water into the space above
the racks. Forced cooling is available from the spent-fuel pool area surrounding
the CESA to maintain the bulk pool temperature < 150°F design limit. The decay
heat transported from the CESA area fuel rack cells into this space is dissipated
into the general spent-fuel pool area by a buoyancy-driven exchange of relatively
cooler bulk pool water and CESA water. This water exchange exists above the
8-ft-high walls separating the CESA from the remainder of the spent-fuel pool. The
water in the fuel rack will remain subcooled.

9.1.3.2.3 Makeup Water

The normal source of makeup water to the fuel pool is condensate water which is added directly
to the pool from the condensate storage tank (CST). A separate condensate line connects to
the reactor well for filling the reactor well and dryer-separator pool. Other sources of makeup
are demineralized water hose stations located on the refueling floor area and PSW which
serves as a Seismic Category | source.

Normal condensate makeup is set by direct visual observation of water level in the pool. To
ensure that service water is not added inadvertently to the pool, two manual isolation valves are
provided on the makeup line.

9.1.3.24 Cleanup Equipment

The filter-demineralizer system consists of a filter vessel, a resin trap, a holding pump, a precoat
mixing tank, a precoat pump, valves, instrumentation, and controls necessary to achieve the
automatic sequence of operation required for backwashing and application of precoat resin
when the resins are exhausted. Normally, the entire fuel pool cooling water flow is processed
through the filter-demineralizer by way of the filter vessel and the resin trap. The filter vessel
contains stainless-steel cylindrical filter elements to which a layer of resin precoat is suspended
by the action of the flowing process water. Downstream of the filter vessel is the resin trap
which serves to capture the resins in the event of a gross breakthrough of the elements in the
filter vessel. The holding pump is automatically activated whenever the flow of the process
water is insufficient to hold the resins on the filter elements. The precoat resin is prepared in
the precoat tank and is conveyed and applied to the filter elements by the precoat pump.

The filter vessel is enclosed in a shielded cell with components, such as valves and
instrumentation, mounted outside the cell for accessibility.

The filter-demineralizer maintains total dissolved heavy element (Cu, Ni, Fe, Hg) content

at < 0.1 ppm with a pH range of 5.3 to 8.6 and a conductivity limit of < 2.0 uS/cm. The normal
flowrate produces approximately four complete water changes per day of the fuel pool. The
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radioactive particulates removed from the pool are retained in the filter vessel which is enclosed
in a shielded cell; thus, exposure of plant personnel to radiation is minimized.

9.1.3.2.5 Water Level

The normal water level in the pool is ~ 1 1/2 ft below the refueling floor, which is at el 228 ft.
This level is maintained by regulating the addition of makeup and by adjusting the height of the
weirs that overflow water from the pool to the skimmer/surge tanks. All penetrations of the fuel
pool have been installed at such a height that their presence does not provide a possible
drainage route that could lower the water level to < 10 ft above the top of the upper tie plates. A
minimum of 10 ft of water above the top of the upper tie plates is maintained to limit direct
radiation for normal plant operation on the refueling floor. Drainage penetrations are barred
below the recommended safe water level for fuel assemblies. The fuel pool cooling water return
lines are submerged at the bottom of the pool but have two check valves in series located near
the normal water level to prevent siphoning of the pool water.

9.1.3.2.6 Materials
Carbon steel is used on piping, valves, and equipment upstream of the filter vessel.

Downstream of the filter elements, stainless steel is used to minimize the addition of corrosion
products to the pool.

9.1.3.3 Instrumentation Application

The operation of the fuel pool cooling pump is controlled from either the MCR or the local panel
in the pump floor area. The local pump control is convenient for testing the pump. To prevent
cavitation, a pressure switch automatically stops the pump at low-suction pressure. A pressure
switch will initiate an alarm in the MCR caused by low pump discharge pressure. To prevent
shutoff operation, a pressure switch sensing a high discharge pressure will automatically stop the
pump and simultaneously initiate an alarm in the MCR.

Fuel pool level alarms are provided to ensure that the pool water level remains within the limits
allowed for safe fuel handling. Abnormally high or low water levels in the pool will actuate an
alarm in the MCR and pump floor area. A level switch on the skimmer surge tanks will initiate an
alarm for a low surge tank level on the 203-ft elevation and in the MCR. A low water level alarm
could be an indication of a leak in the system. The dryer-separator pool is provided with a high
water level alarm. Level switches on leakoff lines will initiate an alarm in the MCR for leakages in
the pool refueling gate, refueling bellows, and reactor well bellows. The alarms for the fuel pool
and skimmer surge tank levels and the remote control station to actuate power-operated isolation
valves for drains to the condenser hotwell, CST, and radwaste system are located on the pump
floor area.

A high differential pressure and conductivity alarm on the filter vessel will indicate when precoat
resin replacement is required. An alarm for high differential pressure across the resin trap
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indicates a possible breakout of resins from the filter vessel. Alternately, the fuel pool cooling
water conductivity can be monitored by use of laboratory samples.

9.1.34 Safety Evaluation

The FPCCS has no emergency functions during an accident.

In the event that a fuel pool cooling system is inoperable due to the loss of a pump or a heat
exchanger, several options are available. The DHR system can be aligned to the fuel pool and
used for the necessary decay heat removal. Also, the spare HNP-1 cooling train may be
aligned to cool the fuel pool. If the DHR system and the spare HNP-1 cooling train are
unavailable, cooling will be transferred to the RHR system, which has the capacity to handle the
maximum postulated heat load in the pool and the reliability inherent to a safeguard system.

An analysis was performed to determine the plant conditions at which pool boiling might occur
and the subsequent radiological impact.

A full-core offload creates the highest heat load in the fuel pool. However, with no fuel in the
reactor pressure vessel (RPV), the RHR system is available for unrestricted fuel pool cooling.
The redundant Seismic Category | design of the RHR system provides a high degree of
assurance that it operates satisfactorily in the fuel pool cooling assist mode.

It was determined that the plant condition which would result in maximum pool boiling and
radiological impact is the concurrent failure of both HNP-1 and HNP-2 FPCCSs and DHR
system. Both fuel pools are loaded as delineated in paragraph 9.1.3.2.2.B. HNP-1 and HNP-2
are shut down for refueling 21 days apart, an assumed minimum time required to complete a
refueling operation. Subsequently, each unit's FPCCS is lost 150 h after the second unit is shut
down. Since decay heat loads for both units are conservatively assumed to be the same, either
unit can be in the refueling condition first.

Calculations using pool volumes of 38,293 ft* indicate that the time to boil for HNP-1 and HNP-2
is 8.2 h. The makeup water requirement following boiling was calculated to be ~ 37 gal/min per
unit. During transition to boiling, no credit is taken for evaporative heat losses. Water level is
maintained by the Seismic Category | PSW system. Conservatisms are included in the analysis
by assuming that all decay heat is rejected to the pool water and none is rejected to the
structures. Also, the heat capacity of the makeup water is neglected.

After ~ 150 h following the second unit shutdown, the decay heat contributed by the balance of
the core in the second unit RPV has decreased enough to allow aligning one train of RHR to
provide fuel pool cooling and RPV cooling. With the RPV head and the fuel pool gates
removed, the RHR system can be aligned for fuel pool and RPV cooling by installation of two
spectacle flanges and operation of four isolation valves. The time required for realignment

is 8 h.

A radiological analysis was performed to determine the thyroid dose at the site boundary/low

population zone (LPZ), assuming that the HNP-1 and HNP-2 pools boil and that there has been
an iodine spike in the pools. The assumptions used are as follows:
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A.  The time to reach boiling is 8.2 h for both units assuming an initial pool
temperature of 150°F.

B. Boiling rate of the pool water is 18,300 Ib/h for both units.
C. Volume of water in each pool is 38,293 ft°.

D. Allfailed fuel rods of the full core (average 1% of the core) are present in the
portion of the core discharged to the pool.

E. The normal I-131 release rate coefficient for leaking rods at 150 h for both pools is
conservatively assumed as 4.6 x 107°s™. These release rates are assumed to be
constant during the heatup and boiling periods.

F.  The above release rate coefficient is spiked by a factor of 100 to simulate the
heatup conservatively.

G. The decontamination factor for I-131 during boiling is conservatively assumed to
be unity.

H. No credit is taken for iodine plate-out or filtration by the SGTS.

. Conservative ground-level accident X/Q values are assumed for the dose
calculation.

The results are summarized below:
° Site boundary/LPZ thyroid dose (0-2 h) 2.8 rem
° Site boundary/LPZ thyroid dose (0-4 days) 17.8 rem

To prevent uncovering the fuel elements (drainage penetrations are not allowed below the
minimum required water cover for the fuel assemblies), return and makeup lines running to the
bottom of the pool are provided with check valves to prevent siphoning of the pool water, and
the spent-fuel cask storage is detached from the wet spent-fuel storage area.

The filter-demineralizer normally operates in conjunction with the cooling train, but in the event
of its malfunctioning or if it is desired to enhance the cooling capacity of the system, the filter
can be bypassed in favor of retaining only the cooling portion of the system.

Continuing efficiency of the heat exchange from the spent fuel to the pool water depends on the
convectional waterflow through the storage tube and flow channel which, if present,
encompasses a fuel bundle. The floc-like crud that adheres to the surfaces of the spent-fuel
bundles was studied to determine whether it is a potential mechanism for blocking flow through
the channel. The floc was found to be extremely fine; pieces that spalled off of the aggregate
did not settle, but they flowed upward with the convectional current. Additionally, the floc was
so fine that some of it passed through the conventional laboratory filter papers. Growth of
floc-like crud in fuel storage conditions has not been observed in commercial facilities. The
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potential for channel plugging by sedimentation or by blockage of flow passages is therefore
negligible.

The HNP-2 FPCCS meets the requirements of Regulatory Guide 1.13 (March 1971), except that
the primary water storage facility, the CST, is not Seismic Category I. The CST design is
discussed in HNP-1-FSAR section 11.9 and HNP-2-FSAR subsection 9.2.6. The backup
system for providing makeup water to the fuel pool is the Seismic Category | PSW system.

9.1.3.5 Tests and Inspections

Special tests are not required since, except during infrequent operations, the FPCCS is in
continuous operation while spent fuel is stored in the pool. Routine visual inspection and
checking of system components, instrumentation, and alarms are adequate to verify system
operability.

During infrequent operations when an FPCCS is shut down or realigned such that it is not
operating with a suction from its associated fuel pool and the spare HNP-1 fuel pool cooling
subsystem is not aligned and operating, monitoring of pool temperature via the FPCCS pump
suction temperature indicator is not available. In this situation, the DHR system may be placed
in service and its temperature indications used to monitor fuel pool temperatures. The system is
placed in service within 1 h following the loss of temperature indication. If the DHR system is
not placed in service within the 1 h time frame, two calibrated temporary temperature monitoring
instruments will be installed in the fuel pool. If the temperature reaches 120°F, either the DHR
system will be placed in service, or the FPCCS will be returned to normal alignment and placed
in service.

9.1.4 FUEL-HANDLING SYSTEM
The fuel-handling system provides a safe and effective means for transporting and handling fuel

from the time it reaches the plant until the time it leaves the plant after post-irradiation cooling.

9.1.4.1 Reactor Building Crane

HNP-2 shares the reactor building crane provided for HNP-1 (HNP-1-FSAR section 10.20). A
special provision for continuous rails between the HNP-1 and HNP-2 refueling floors is provided
to bridge the 3-in. gap without structurally linking the buildings. The design utilizes a short
wedge-shaped rail section held in place by clamps, which are designed to fail before excessive
loads are transmitted from one building to the other. The wedge-shaped section is separated
from the rails of the HNP-1 and HNP-2 buildings by ~ 1/4 in., thus allowing for the smooth
movement of the crane over this section but maintaining the building separation for any minor
building movements.

Use of the HNP-2 crane is administratively controlled (reference drawing H-10167). It is not

single-failure proof and will not be used over any equipment required to reach and maintain cold
shutdown. For conformance with industry initiative NEI 08-05, removal of the HNP-1 and HNP-
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2 reactor vessel heads is restricted to use of the HNP-1 single-failure proof crane. Use of the
HNP-1 and HNP-2 reactor building cranes complies with the refueling floor load paths shown on
drawing H-10167, as appropriate.

9.1.4.2 Fuel-Servicing Equipment and Servicing Aids

A fuel preparation machine is used to strip the channel from spent-fuel assemblies and to install
the used channels on new fuel bundles. This machine is designed to be removed from the pool
for servicing. A channel-gauging fixture consisting of a "go, no-go" gauge is mounted near the
fuel preparation machine.

A new fuel inspection stand is used to restrain the fuel bundle in a vertical position for
inspection. The inspection stand can hold two bundles.

The general purpose grapple is a small, hand-actuated tool used generally with the fuel. The
grapple can be attached to the reactor building auxiliary hoist, jib crane, and the auxiliary hoists
on the refueling platforms. The general purpose grapple is used to remove new fuel from the
vault, place it in the inspection stand, and transfer it to the fuel storage pool. It also can be used
to shuffle fuel in the pool and to handle fuel during channeling.

A channel-handling boom with a spring loaded takeup reel is used to assist the operator in
supporting a portion of the weight after the channel is removed from the fuel assembly. With the
channel-handling tool attached to the reel, the channel may be conveniently moved between
fuel preparation machines.

General area underwater lights are provided with a suitable reflector for downward illumination.
Suitable light support brackets, independent of the platform, are furnished to support the lights in
the reactor vessel to allow the light to be positioned over the area being serviced. Local area
underwater lights are small diameter lights for additional downward illumination. Drop lights are
quartz lamps with no reflector and are used for intense radial illumination where needed. These
lights are small enough in diameter to fit into fuel channels or control blade guide tubes. A
portable underwater television camera and monitor are part of the plant optical aids. This assists
in the inspection of the vessel internals and general underwater surveillance in the reactor vessel
and fuel storage pool. A general purpose clear plastic viewing aid that floats is used to break the
water surface for better visibility.

A portable submersible-type underwater vacuum cleaner is provided to assist in removing crud
and miscellaneous particulate matter from the pool floor or from the reactor vessel. The pump
and the filter unit can be completely submerged for an extended period. Fuel pool tool
accessories are also provided to meet servicing requirements.

9.1.4.21 RPV Servicing Equipment

RPV servicing equipment is supplied for safe handling of the RPV head and its component,
including nuts, studs, bushings, and seals.
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The head strongback or RPV head carousel / tensioner assembly is used for lifting the RPV
head. The strongback is designed to keep the head level during lifting and transport. It is
cruciform in shape with four equally spaced lifting points. The strongback is designed so that no
single component failure can cause the load to drop or to swing uncontrollably.

The RPV head carousel / tensioner assembly is an integrated RPV head strongback and a stud
tensioner carousel track, which is designed to carry the weight of the RPV head, stud tensioning
system, and all head closure nuts and washers. The RPV head carousel / tensioner assembly
strongback lifting function is identical to the head strongback.

A vessel nut-handling tool is provided. This tool handles one nut and features a spring device
to lift the nut and clear the threads.

The head-holding pedestals are designed to properly support the vessel head and permit seal
removal and replacement, seal surface cleaning, and inspection. The mating surface between
RPV head and pedestal is selected to minimize the possibility of damaging the RPV head.

9.1.4.2.2 In-Vessel Servicing Equipment

The instrument strongback is attached to the reactor building crane auxiliary hoist and is used to
lift replacement incore detectors from their shipping container. The instrument-handling tool is
attached to the incore detector by the operators on the refueling platform. The strongback
initially supports in the incore detector until the detector is lifted into the vessel. The incore
detector is then decoupled from the strongback and is guided into place by a spring reel cable
from below the reactor vessel. Final incore insertion is accomplished with the
instrument-handling tool.

The instrument-handling tool is attached to the refueling platform auxiliary hoist and is used for
removing and installing fixed incore detectors as well as handling neutron source holders and
the source range monitor/intermediate range monitor dry tubes.

Each incore instrumentation guide tube is sealed by an O-ring on the flange. In the event that
the seal needs replacing, an incore guide tube sealing tool is provided. The tool is inserted into
an empty guide tube and sits on the beveled guide tube entry in the vessel. When the drain on
the spring reel is opened, hydrostatic pressure seals the tool. The flange can then be removed
for seal replacement.

The auxiliary hoist on the refueling platform is used with appropriate grapples to handle control
rods, flux monitors, sources, and other internals of the reactor. Interlocks on both the grapple
and auxiliary hoists are provided for safety purposes. The refueling interlocks are described
and evaluated in subsection 7.6.1.

9.1.4.2.3 Refueling Equipment

The refueling platform is used as the principal means of transporting fuel assemblies back and
forth between the reactor well and the fuel storage pool. The platform travels on tracks
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extending along each side of the reactor well and the fuel storage pool. The platform supports
the refueling grapple and auxiliary hoists. The grapple is suspended from a trolley system that
can traverse the width of the platform. Platform operations are controlled from an operator
station on the trolley. The platform contains a position indicating system that indicates the
position of the fuel grapple over the core.

All equipment and structures into which fuel bundles are inserted are designed such that the
possibility of jamming is remote. In addition, the refueling hoist is provided with a motor
overload trip to prevent damage to the fuel bundle should it stick.

9.14.24 Storage Equipment

Specially designed fuel storage racks are provided. For a description of fuel storage racks and
fuel arrangement, see subsections 9.1.1 and 9.1.2.

Defective fuel assemblies are placed in defective-fuel storage containers, which in turn are
normally stored in the defective-fuel storage rack. These are used to isolate leakage of
defective fuel while in the fuel storage pool and during shipping. A defective-fuel storage
container containing a fuel bundle can be picked up and moved. It is also possible to remove a
channel from a fuel bundle which is in a defective-fuel storage container.

Fuel container sipping heads, panels, and containers are separate pieces of equipment used for
out-of-core wet sipping at any time. They are used to isolate a fuel bundle in a closed system.
The containers cannot be used for transporting fuel bundles. The bail on the container head is
designed so that it will not fit into any of the grapples.

9.1.4.2.5 Under RPV Servicing Equipment

The necessary equipment to remove several control rod drives (CRDs) during a refueling
outage is provided. An equipment handling platform with a rectangular open center is provided.
This platform can rotate to provide space under the vessel so that a CRD can be lowered and
removed. A CRD facile which clamps onto the drive flange and directs water from the drive to a
sump is used during drive removal. If a control rod guide tube must be removed, the thermal
sleeve within the CRD housing must be rotated to disengage the guide tube. A thermal sleeve
tool which permits installation or complete removal at the thermal sleeve is provided for this
purpose. Special tools and instruments to service and test individual CRD hydraulic units are
also provided.

Miscellaneous wrenches, a tapering tool, and a flaring tool are provided to install and remove
the neutron detectors. The spring reel pulls the fixed incore detectors string into the incore
guide tube and also seals the opening in the incore flange during incore servicing. A drain can
be opened after incore insertion to drain any residual water. Correct seating of the incore string
is indicated when drainage ceases.

9.14.3 Fuel-Handling System
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The fuel-handling system provides a safe and effective means for transporting and handling fuel
from the time it reaches the plant until it leaves the plant after post-irradiation cooling. The
previous subsection has described the equipment and methods utilized in fuel handling. The
following paragraphs describe the integrated fuel transfer system which ensures that the power
generation design bases of the fuel-handling system and the requirements of Regulatory

Guide 1.13 (March 1971) are satisfied.

9.1.4.3.1 Arrival of Fuel at the Plant Site

Fuel arrives at the plant site by truck. The fuel elements, enclosed in a plastic bag, are shipped
in steel boxes which support the fuel element along its entire length. The steel box is contained
in an overpack consisting of a wooden crate. Cushioning material positions the steel box in the
wooden overpack. Each crate is designed to ensure subcritical geometry in handling. The fuel
can be safely handled by operators wearing gloves and other protective clothing.

9.1.4.3.2 Departure of Fuel From the Plant Site

Fuel assemblies from the spent-fuel pool are conveyed by the fuel-handling bridge crane into
the spent-fuel cask located in the HNP-2 cask pit. After insertion of the spent-fuel assemblies
into the spent-fuel cask, the spent-fuel cask is transported to the reactor vessel head laydown
area for closure and decontamination operations. Upon completion of the closure and
decontamination operations, the cask is transported to the independent spent-fuel storage
installation (ISFSI). The spent fuel will be stored at the ISFSI pending shipment to an
NRC-approved repository or interim storage facility.

9144 Refueling Procedure

Plant procedures describe the work efforts required during a refueling outage.

9.1.5 DRY SPENT-FUEL STORAGE (HNP-1 AND HNP-2)

In order to provide additional temporary spent-fuel storage capacity, Southern Nuclear
Operating Company (SNC) elected to utilize the general license issued for storage of spent fuel
in an ISFSI in accordance with 10 CFR 72, Subpart K. The general license is limited to storage
of spent fuel which the general licensee is authorized to possess at the site under the specific
license for the site and is restricted to use of spent-fuel casks that are approved by the NRC.

The ISFSI is located south of the protected area for the main plant, adjacent to the main rail line
as shown on figure 1.2-1 and drawing no. E-10173. The ISFSI is located in a separate protected
area and consists of four small pads, which are designed to accommodate 12 spent fuel casks
each and support equipment and a large pad designed to accommodate 72 spent fuel casks and
support equipment.
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An evaluation of the cask designs and their acceptability for use at HNP is provided in the
HNP ISFSI 10 CFR 72.212 report.

9.1.51 Spent-Fuel Cask

SNC selected the Holtec HI-STAR 100 and HI-STORM 100 cask systems for storage of spent
fuel in the ISFSI. The NRC reviewed and approved the HI-STAR 100 design and issued
Certificate of Compliance (CoC) 1008 to Holtec for the HI-STAR 100 cask in accordance with
the requirements of 10 CFR 72. Similarly, the NRC reviewed and approved the HI-STORM 100
design and issued CoC 1014 for the HI-STORM 100 cask in accordance with the requirements
of 10 CFR 72.

9.1.5.11 HI-STAR 100 Description

The HI-STAR 100 spent-fuel cask is composed of a multi-purpose canister (MPC) and overpack
designed and certified for storage (10 CFR 72) and transportation (10 CFR 71) of spent nuclear
fuel. The MPC is a stainless-steel container which contains a basket designed specifically for
BWR fuel assemblies. The loaded MPC is placed inside the overpack which provides missile
protection and shielding.

Each HI-STAR 100 spent-fuel cask is equipped with two, single-load path, lifting trunnions
which are rated for a combined maximum load of 125 tons. The lifting trunnions for the
HI-STAR 100 cask are designed in accordance with ANSI N14.6 and NUREG-0612 with a
minimum safety factor of:

° Six times the weight of the cask to the yield strength of the materials of
construction.

. Ten times the weight of the cask to the ultimate strength of the materials of
construction.

A detailed description of the HI-STAR 100 cask is provided in Holtec Report HI-941184,
"Topical Safety Analysis Report (TSAR) for the Holtec HI-STAR 100 Cask System."?

9.1.5.1.2 HI-STORM 100 Description

The HI-STORM 100 spent-fuel cask is part of the Holtec family of MPC-based spent fuel cask
designs and utilizes the same MPC as the HI-STAR 100 cask system described above. As
such, the MPC for the HI-STORM 100 cask system is certified for both storage and
transportation of spent nuclear fuel in accordance with 10 CFR 72 and 10 CFR 71, respectively.

The HI-STORM 100 overpack is a steel and concrete cylindrical vessel that is certified for
storage only in accordance with 10 CFR 72. The HI-STORM 100 overpack provides missile
protection and shielding for the MPC during storage. All MPCs used in conjunction with the
HI-STORM 100 cask system will be transferred to HI-STAR 100 overpacks prior to shipment.
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Unlike the HI-STAR 100 overpack, the HI-STORM 100 overpack is not designed to be placed in
the spent-fuel pool during MPC loading but, instead, utilizes a HI-TRAC 125 transfer cask for
movement of the MPC to and from the spent-fuel pool. There are two configurations of the HI-
TRAC 125 transfer cask approved for use at Hatch. In one configuration, the HI-TRAC 125
transfer cask is equipped with two interchangeable bottom lids, a pool lid and a transfer lid. The
pool lid is used for all underwater activities associated with the HI-TRAC 125 transfer cask. The
transfer lid is equipped with sliding doors to facilitate transfer of the MPC from the HI-TRAC 125
transfer cask to the HI-STORM 100 overpack for loading operations and vice-versa for
unloading operations. The transfer lid is not placed in the spent-fuel pool during loading or
unloading operations. A specially designed transfer slide is used to facilitate the HI-TRAC 125
transfer cask bottom lid change.

An optional configuration of the HI-TRAC 125 involves use of an adapter plate attached to the
HI-TRAC 125 bottom flange to accommodate use of the pool lid and mating device originally
designed for the HI-TRAC 125D. Use of the HI-TRAC 125 in this configuration will facilitate use
of the supplemental cooling system (SCS), if required, and eliminates the need for bottom lid
changeout prior to MPC transfer operations. This configuration may be used to load or unload
any cask approved for use in the Hatch ISFSI but is required for those casks for which the SCS
is required by Holtec Certification of Compliance (CoC) 1014.

The HI-TRAC 125 transfer cask is equipped with two, single-load path, lifting trunnions which
are rated for a combined maximum load of 125 tons. The lifting trunnions for the HI-TRAC 125
transfer cask are designed in accordance with ANSI N14.6 and NUREG-0612 with a minimum
safety factor of:

. Six times the weight of the cask to the yield strength of the materials of
construction.

o Ten times the weight of the cask to the ultimate strength of the materials of
construction.

A detailed description of the HI-STORM 100 system is provided in Holtec Report HI-2002444,
"Final Safety Analysis Report (FSAR) for the Holtec HI-STORM 100 Cask System."®

9.1.5.2  Spent-Fuel Cask Lift Yoke

The HI-STAR 100 and HI-TRAC 125 casks are designed to use the same spent-fuel cask lift
yoke to provide the interface between the HI-STAR 100 or HI-TRAC 125 casks and the HNP-1
reactor building crane. The spent-fuel cask lift yoke is a single-load-path special lift device
designed in accordance with ANSI N14.6 and NUREG-0612, and is rated for a maximum load of
125 tons. The spent-fuel cask lift yoke is used for:

. Vertical lifting and handling of the HI-STAR 100 cask and HI-TRAC 125 transfer
cask.
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. Remote underwater installation of the MPC lid.

. MPC transfer between the HI-TRAC 125 transfer cask and the HI-STORM
100 overpack (not applicable to HI-STAR 100 casks).

The spent-fuel cask lift yoke (figure 9.1-5) consists of two parallel strongbacks that sandwich the
crane hook and connect to the crane hook at the two main lift yoke pins which form the primary
load path. The spent-fuel cask lift yoke has two closed-loop arms that fit over either the
HI-STAR 100 or HI-TRAC 125 cask trunnions located near the top of each cask. Each lift yoke
arm transmits the load to the strongbacks via a pair of actuation plates that allow the lift yoke
arms to open and close. The actuation plates are attached to the strongbacks via solid steel
pins. Each lift yoke arm attaches to the actuation plates via a slotted keyway. The spent-fuel
cask lift yoke is designed such that it does not contain any load bearing welds. The weight of
the cask is transferred from the trunnions to the main hook of the HNP-1 reactor building crane
as follows:

. Lift yoke arms.
. Actuation plates.

. Actuation plate pins.
. Strongbacks.
. Main lift yoke pins.

In addition to use for movement of the HI-STAR 100 and HI-TRAC 125 casks, the spent-fuel
cask lift yoke is equipped with slots and pins designed to support the weight of a loaded MPC
during the HI-TRAC 125 transfer cask bottom lid change. Either the slots or the pins, in
conjunction with slings meeting the guidance of NUREG-0612, may be used to support the
weight of the MPC inside the HI-TRAC 125 transfer cask. The spent-fuel cask lift yoke arms
remain attached to the HI-TRAC 125 transfer cask lifting trunnions during the bottom lid
changeout operation.

The spent-fuel cask lift yoke slots and pins are also used during MPC transfer from the
HI-TRAC 125 transfer cask to the HI-STORM 100 overpack. Either the slots or pins, in
conjunction with slings that meet the guidance of NUREG-0612, may be used to slightly lift the
MPC inside the HI-TRAC 125 transfer cask to remove the weight of the MPC from the pool lid or
transfer lid, as applicable. The spent-fuel cask crane lift arms are not attached to the HI-TRAC
125 transfer cask trunnions during MPC transfer operations.

The weight of the cask is transferred from the MPC lift cleats to the main hook of the HNP-1
reactor building crane as follows:

. MPC slings.

. Strongback slots or MPC pins.
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. Strongbacks.
. Main lift yoke pins.

Two spacers are used to position each pair of actuation plates. Four strongback spacers are
provided to position the strongbacks.

The load bearing members of the spent-fuel cask lift yoke are designed to lift six times the
maximum allowable weight of the loaded HI-STAR 100 or HI-TRAC 125 cask (i.e., 125 tons)
without generating a shear stress or maximum tensile stress at any point in the device in excess
of the corresponding minimum vyield strength of their materials of construction. Additionally, the
spent-fuel cask lift yoke load bearing members are designed to lift ten times the maximum
allowable weight of the loaded HI-STAR 100 or HI-TRAC 125 cask without exceeding the
ultimate strength of the materials of construction.

Structural fabrication of the spent-fuel cask lift yoke is performed to standards consistent with
the service intended. All material is certified as to chemical and physical properties. In addition,
all stressed members are inspected for internal defects.

Prior to first use, the spent-fuel cask lift yoke was subjected to a load test equal to 300% of the
maximum load to which the device will be subjected. Following the load test, critical areas of
the lift yoke were subjected to nondestructive testing in accordance with Section 5.5 of

ANSI N14.6. For continued qualification of the spent-fuel cask lift yoke, the yoke is tested
annually by one of the following methods:

A.  After sustaining the test load (equal to 300% of the maximum load to which the
device is subjected) for a period = 10 min, critical areas are visually inspected for
defects, and all components inspected for permanent deformation.

B. If surface cleanliness and conditions permit, dimensional testing, visual inspection,
and nondestructive testing are performed in accordance with Section 5.5 of
ANSI N14.6.

If the spent-fuel cask lift yoke has not been used for a period > 1 year, the above testing is not
required. However, testing of the lift yoke as described above is required prior to subsequent
use.

The HI-STAR 100 and HI-TRAC 125 cask lifting trunnions are designed to mate with the
elliptical loops of the lift arms of the spent-fuel cask lift yoke. Design of the HI-STAR 100 and
HI-TRAC 125 lifting trunnions, the spent-fuel cask lift yoke, and HNP-1 single-failure-proof
reactor building crane, preclude the accidental drop of a spent-fuel cask.

9.1.5.3 Spent-Fuel Cask Handling

Due to differences in the design of the HI-STAR 100 and HI-STORM 100 systems, handling
operations for each system are described separately below. During handling, administrative
controls are used to prevent continued hoisting of the crane load block to the point of contact
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with the upper head block of the crane (i.e., "two-block" condition) that could result in failure of
the hoisting cables and uncontrolled lowering of the load. In addition, redundant limit switches
are used to prevent the cask from being lifted to a height that would result in a "two-block"
condition. The upper limit switch is set to stop the hoisting motion of the crane when 1 ft. 6 in.
remain before reaching the "two-block" condition.

The essential elements for cask handling activities are normal care and rigging skills for
handling heavy loads as described in NUREG-0612. The normal crane lift and travel controls
are sufficient to perform the necessary handling activities associated with spent-fuel cask
loading and unloading operations.

9.1.5.3.1 HI-STAR 100 Handling

The HI-STAR 100 cask is delivered to the area outside the HNP-1 railroad airlock using the
cask transporter and is placed on the transfer cart. The transfer cart is designed to handle the
HI-STAR 100 cask in a vertical orientation and to support the weight of a loaded MPC,
HI-TRAC 125 transfer cask and HI-STORM 100 overpack during MPC transfer operations,
which conservatively bounds the weight of the HI-STAR 100 system.

For MPCs not equipped with load attachment points meeting the guidance of NUREG-0612, the
MPC must be placed inside the HI-STAR 100 overpack prior to movement into the reactor
building and cannot be removed from the overpack while inside the reactor building. For MPCs
equipped with load attachment points that meet the guidance of NUREG-0612, the empty MPC
may be placed inside the HI-STAR 100 overpack prior to movement into the reactor building or
placed on the transfer cart and moved into the HNP-1 reactor building equipment hatch. The
transfer cart is precluded from significant movement and loss of its load during a design-basis
seismic event by seismic restraints attached to the floor. MPCs with load attachment points
meeting the guidance of NUREG-0612 may be moved as necessary within the reactor building in
accordance with administrative controls to implement the applicable HNP commitments to
NUREG-0612.

A small switchyard engine is used to move the transport cart into and out of the HNP-1 reactor
building equipment hatch via the railroad airlock. When loaded with the HI-STAR 100 cask
and/or a MPC and located in the HNP-1 equipment hatch, the transfer cart is precluded from
significant movement and loss of its load during a design-basis seismic event by restraints
installed in the floor.

The spent-fuel cask lift yoke is attached to the main hook of the HNP-1 single-failure-proof
reactor building crane. The lift arms of the spent-fuel cask lift yoke are engaged with the cask
by moving the lift arms to the down position with the elliptical loops of the lift arms over the cask
trunnions. The spent-fuel cask is lifted to the refueling floor and placed in the HNP-1 or HNP-2
reactor vessel head laydown area or the HNP-1 dryer separator storage area for loading
preparation operations. Upon completion of the preparation operations, the spent-fuel cask is
moved to the HNP-2 spent-fuel cask pit, using the HNP-1 single-failure-proof reactor building
crane. The spent-fuel cask pit gates are installed during movement of the spent-fuel cask to or
from the HNP-2 spent-fuel cask pit.
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The spent-fuel cask lift yoke is removed from the HI-STAR 100 spent-fuel cask to provide
access to the MPC for loading of spent-fuel assemblies using the fuel-handling bridge. Upon
completion of the spent-fuel loading operation, the MPC lid is placed on the MPC and the spent-
fuel cask lift yoke reattached to the cask trunnions. Prior to movement of the flooded HI-STAR
100 spent-fuel cask from the spent-fuel cask pit, water is removed from the spent-fuel cask, as
necessary, to assure that the weight of the flooded cask does not exceed the 125-ton rating of
the HNP-1 reactor building crane, spent-fuel cask lift yoke, or HI-STAR 100 spent-fuel cask
lifting trunnions. Following determination that the weight of the HI-STAR 100 cask does not
exceed 125 tons, the spent-fuel cask is moved to the HNP-1 or HNP-2 reactor vessel head
laydown area or the HNP-1 dryer separator storage area for decontamination and closure
operations. Following decontamination and closure operations, the loaded spent-fuel cask is
lowered from the refueling floor to the HNP-1 railcar airlock using the HNP-1 single-failure-proof
reactor building crane and spent-fuel cask lift yoke onto the transfer cart in preparation for
transport to the ISFSI. The HI-STAR 100 cask and transfer cart are moved from the reactor
building to the turnaround pad where the HI-STAR 100 cask is removed from the transfer cart
by the cask transporter. The cask transporter is used to move the HI-STAR cask to the ISFSI.
Movement of the cask transporter is limited to the heavy load path shown on H-45458 to
preclude damage to underground conveyances.

9.1.5.3.2 HI-STORM 100 Handling

HI-STORM 100 loading operations begin with movement of the HI-TRAC 125 transfer cask to
the refueling floor. If stored outside the reactor building, the HI-TRAC 125 transfer cask is
delivered to the area outside the railroad airlock using the cask transporter and placed on the
transfer cart. The transfer cart is designed for movement of the HI-STORM 100 cask into and
out of the reactor building with the cask in a vertical orientation.

For MPCs not equipped with load attachment points meeting the guidance of NUREG-0612, the
MPC must be placed inside the HI-TRAC 125 transfer cask prior to movement into the reactor
building. MPCs not equipped with load attachment points meeting the guidance of
NUREG-0612 cannot be removed from the transfer cask while inside the reactor building except
when lifted by the MPC lid lift cleats attached to the MPC lid. For MPCs equipped with load
attachment points that meet the guidance of NUREG-0612, the empty MPC may be placed
inside the HI-TRAC 125 overpack prior to movement into the reactor building or placed on the
transfer cart and moved into the HNP-1 reactor building equipment hatch. MPCs with load
attachment points meeting the guidance of NUREG-0612 may be moved as necessary within
the reactor building using administrative controls to implement the applicable HNP commitments
to NUREG-0612.

A small switchyard engine is used to move the transport cart into and out of the HNP-1 reactor
building equipment hatch via the railroad airlock. When loaded with the HI-TRAC 125 transfer
cask and/or a MPC and located in the HNP-1 equipment hatch, the transfer cart is precluded
from significant movement and loss of its load during a design-basis seismic event by restraints
attached to the floor.

The spent-fuel cask lift yoke is attached to the main hook of the HNP-1 single-failure proof
reactor building crane. The lift arms of the spent-fuel cask lift yoke are engaged with the cask by
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moving the lift arms to the down position with the elliptical loops of the lift arms over the cask
trunnions. The HI-TRAC 125 transfer cask is moved to the refueling floor and placed in the
HNP-1 or HNP-2 reactor head laydown area or the HNP-1 dryer separator storage area for
loading preparations. Upon completion of loading preparations, the HI-TRAC 125 transfer cask
is moved to the HNP-2 spent-fuel cask pit using the HNP-1 reactor building crane. The
spent-fuel cask pit gates are installed during movement of the spent-fuel cask to or from the
HNP-2 spent-fuel cask pit. The spent-fuel cask lift yoke is removed from the HI-TRAC 125
transfer cask to provide access to the MPC for loading of spent-fuel assemblies using the
fuel-handling bridge. Upon completion of spent-fuel loading, the MPC lid is placed on the MPC
and the spent-fuel cask lift yoke is reattached to the HI-TRAC 125 transfer cask trunnions.

The HI-TRAC 125 is moved to the HNP-1 or HNP-2 reactor vessel head laydown area or the
HNP-1 dryer separator storage area for decontamination and closure operations. Following
completion of the decontamination and MPC closure activities, the spent-fuel cask lift yoke arms
are attached to the HI-TRAC 125 transfer cask and the loaded MPC is attached to the spent-
fuel cask lift yoke strongback slots or the MPC pins. The transfer cask and loaded MPC are
moved using the HNP-1 reactor building crane and positioned above the transfer slide using the
HNP-1 reactor building crane. The transfer slide is used to facilitate changing the transfer cask
bottom lid from the pool lid to the transfer lid. The transfer lid is designed to interface with the
alignment plate installed on the HI-STORM 100 overpack to facilitate MPC transfer from the HI-
TRAC 125 transfer cask to the HI-STORM 100 overpack. Use of the transfer slide and
alignment plate is not required when the HI-TRAC 125 is configured for use with the pool lid and
the mating device.

Prior to lowering the HI-TRAC 125 transfer cask from the refueling floor, the HI-STORM 100
overpack is loaded onto the transfer cart and moved into the HNP-1 equipment hatch, and the
mating device or alignment device, as applicable, is lowered from the refueling floor and placed
onto the HI-STORM using the HNP-1 reactor building crane.

Use of the HI-TRAC 125 configured for use with mating device requires the following:
o the transfer cart be equipped with a seismic isolation device (e.g., HERMIT);

e the seismic restraints be installed in the equipment hatch area at elevation 130’ to
preclude movement of the cart perpendicular to the rails; and

¢ the mating device be bolted to both the HI-STORM 100 overpack and to the HI-TRAC
125.

If the HI-TRAC 125 is configured for use with the alignment device and the transfer lid, the
seismic isolation device is not used between the HI-TRAC 125 and the transfer cart. Seismic
restraints are installed to preclude movement of the transfer cart both parallel and perpendicular
to the rails except during movement into or out of the equipment hatch area. In addition, the
alignment plate used in conjunction with the transfer lid is not required to be bolted to the HI-
STORM 100 overpack or the HI-TRAC 125 transfer cask.

The HNP-1 reactor building crane is used to lower the HI-TRAC 125 transfer cask from refueling
floor onto the HI-STORM 100 overpack resting on the transfer cart. The HNP-1 reactor building
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crane is disconnected from the HI-TRAC 125 transfer cask and reattached to the MPC lift cleats
via slings through the opening in the transfer cask lid. The HNP-1 reactor building crane is used
to lift the MPC slightly inside the transfer cask in order to remove the weight of the MPC from
the pool lid or the transfer lid, as applicable, and allow the pool lid or transfer doors to be
opened. A dedicated person is stationed at the HNP-1 reactor building crane switchgear to
remove power from the crane in the unlikely event of uncontrolled lifting of the MPC from the HI-
TRAC 125 transfer cask. Following removal of the pool lid using the mating device or opening
of the doors on the transfer lid, as applicable, the MPC is lowered into the HI-STORM 100
overpack. The slings are removed from the MPC and the HNP-1 reactor building crane is
reattached to the HI-TRAC 125 transfer cask. The HI-TRAC 125 transfer cask is removed from
the HI-STORM 100 overpack following MPC transfer and moved to the HNP-1 dryer separator
pit or the HNP-1 or HNP-2 spent-fuel storage cask area using the HNP-1 reactor building crane.

Following removal of the HI-TRAC from the HI-STORM 100 overpack, the HI-STORM 100
mating device, either with or without the pool lid or the alignment plate, as applicable, is
transported to the refueling floor.

Upon completion of the MPC transfer, the seismic restraints are removed as necessary and the
HI-STORM 100 overpack and loaded MPC are removed from the HNP-1 reactor building to the
turnaround pad where the overpack lid is installed. Following installation of the overpack lid, the
lift brackets are attached and the loaded HI-STORM 100 system is moved to the ISFSI using
the cask transporter. Movement of the cask transporter is limited to the heavy-load path shown
on H-45458 to preclude damage to underground conveyances.
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TABLE 9.1-2 (SHEET 1 OF 2)

GENERAL ELECTRIC SINGLE-CELL, HIGH-DENSITY

FUEL STORAGE CRITICALITY RESULTS

Description
Nominal rack dimensions®
with flow channel at 20°C

Nominal rack dimensions
without flow channel at 20°C

Same as case 1, except at
100°C

Same as case 1, except
at4°C

Eccentric Loading (4 Close
fitting central bundles)®

Eccentric Loading (Close
fitting 10x10 array)®

Eccentric Loading
(Groups of 4)@

Every Other Bundle Rotated
90 degrees'®

All Bundles Rotated 90
degrees®

Ko

0.90628

0.90334

0.89995

0.90703©

0.90600

0.89677

0.89338

0.90648

0.90685

Error (15)

0.00028

0.00026

0.00026

0.00028

0.00026

0.00025

0.00026

0.00026

0.00027

AK

Uncertainty (26)®

0.00079

0.00078

Independent AK uncertainties combined using square root of the sum of the squares for applicable terms.
6.563-in. pitch with nominal material thickness.
Largest positive reactivity increase from nominal case for each term is included in roll-up of AKgas.
Analysis with channeled bundles.
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TABLE 9.1-2 (SHEET 2 OF 2)

GENERAL ELECTRIC SINGLE-CELL, HIGH-DENSITY
FUEL STORAGE CRITICALITY RESULTS

Spent Fuel Storage Rack Results Summary®

Term Value

Knormal 0.90628

AKBias 0.00682
AKTolerances 0.00618
AKuncertainty 0.00925
Kmax(9s/95) 0.92853

a. The maximum reactivity, considering all biases, tolerances, and uncertainties is calculated by the following:
Kmax(95/95) = KNc:rmaI/NominaI + AKBias + AKTc:Ierance + A}‘(Uncem’:linty
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Case

4(8)

6(6)

HNP-2-FSAR-9

TABLE 9.1-3

HOLTEC SINGLE-CELL,

HIGH-DENSITY FUEL STORAGE CRITICALITY RESULTS

Description

Nominal rack dimensions
with flow channel at 20°C

Nominal rack dimensions
without flow channel at 20°C

Same as case 2, except
at 65°C

Increased pitch without
flow channel at 20°C

Same as case 2 but with
eccentric bundle position

Minimum pitch without flow
channel at 20°C

K..(+20)
0.9113 + 0.0021

0.9097 + 0.0022

0.9025 + 0.0021

0.9070 + 0.0022

0.8936 + 0.0019

0.9129 + 0.0022

a. Criticality values for cases 4 and 6 were based upon deterministic CASMO calculations for which no uncertainty
is available. Therefore, an uncertainty was assigned based upon similar MCNP studies, e.g., case 2 ¢ was assigned

to cases 4 and 6.
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Fuel Pool Cooling Pump

Type of pump

Number

Service

Design conditions
Pressure (psig)
Temperature (°F)

Normal operating conditions
Capacity (gal/min)
Total developed head (ft)
Suction pressure (maximum psig)
Pumping temperature (°F)
Type of drive

Fuel Pool Heat Exchangers
Type
Number
Duty (Btu/h)

Design conditions
Fluid
Type of water
Flow (gal/min)
Design pressure (psig)
Design temperature (°F)
Normal pressure drop (psi)
Heat duty (Btu/h)
Inlet temperature (°F)
Outlet temperature (°F)

HNP-2-FSAR-9

TABLE 9.1-4 (SHEET 1 OF 2)

FPCCS PARAMETERS AND EQUIPMENT LIST

HNP-1

Centrifugal (horizontal)
2
Continuous

150
150

610

260

20

125
Electric motor

Shell and tube (horizontal)

HNP-2

Centrifugal (horizontal)
1
Continuous

150
150

610

190

18

125
Electric motor

Shell and tube (horizontal)
1

8.48 x 10° 4.24 x 10°
Tube Side Shell Side Tube Side Shell Side
Fuel pool cooling RBCCW Fuel pool cooling RBCCW
Demineralized H,O Inhibited demineralized H,O Demineralized H,O Inhibited demineralized H,O
610 1200 610 1200
150 150 150 150
200 200 200 200
7.182 12.686 7.182 12.686
4.24 x 10° 4.24 x 10° 4.24 x 10° 4.24 x 10°
125 105 125 105
110.9 1121 110.9 112.1
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Fuel Pool Demineralizer Units
Type of unit
Number supplied
Design conditions

Flowrate
Design pressure (psig)
Temperature (°F)

Power sources
Pumping
Control

HNP-2-FSAR-9

TABLE 9.1-4 (SHEET 2 OF 2)

HNP-1

Filter-demineralizer
2

610
150
125

Normal auxiliaries
Plant batteries

HNP-2

Filter-demineralizer
1

610
150
150

Normal auxiliaries
Plant batteries
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COvER

STORAGE
VAULT

Note:

1. Spent-fuel storage racks (Refer to figures 9.1-3 and 9.1-4 for detail arrangement).
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SOUTHERN NUCLEAR OPERATING COMPANY FUEL STORAGE ARRANGEMENT
SOUTHERN &= EDWIN I. HATCH NUCLEAR PLANT

Energysoservevourwirize UNIT 1 AND UNIT 2

FIGURE 9.1-1




d
{
N
172 ;,36 \{Q:\ \ | | ‘ﬂ 1 @APPQOMMME WEIGHT = 770 LB,
. ol HH
wazs” AT
2 gl ,;\\L\\\\
e - y | NN
.88 [ d T\:KL‘K L
LA
i g i \\\N‘ 250 tmz-"va'cun 'Y 7
/’.
, £ 06
//' E .50
- r~—637§” : ;:Fbﬁ—_— ] 3_53'0«
D
. 1 I 300 TYP .0 PLACLS
] o
r
.a:ag IRIRINIRINIEIEN
= Ok - - '
.u:A 10;1.357,4'
L 150 R
REV 29 9/11
SOUTHERN NUCLEAR OPERATING COMPANY NEW FUEL STORAGE RACK OUTLINE

SOUTHERN EDWIN I. HATCH NUCLEAR PLANT
E.,,,,.sf,‘,’,.'_','%' ANY' UNIT 1 AND UNIT 2

FIGURE 9.1-2




B
L
g e
5 T
: ]
%‘ =
: 2 ae ! 13X18 ': 1IN ey T wack M §
- | TL aiiy
we | [ Jl EH-
» [V | gg"g
— | i
' X7 g
;1; S L y it
.‘;L: =
=

REV 19 7/01

HIGH-DENSITY FUEL

SOUTHERNER, CoWIN | HATCH NUCLEAR PLANT STORAGE ARRANGEMENT

EnergysoSersetourwriae  UNIT 1

FIGURE 9.1-3 (SHEET 1 OF 2)
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9.2 WATER SYSTEMS

9.2.1 PLANT SERVICE WATER (PSW) SYSTEM

9.21.1 Design Bases

9.2.1.1.1 Safety Design Bases

The PSW system is designed to supply a reliable source of cooling water to equipment required
for accident conditions.

9.21.1.2 Power Generation Design Bases

The PSW system is designed to:

. Provide screened cooling water to the plant during normal operating and shutdown
conditions.

. Provide makeup water to the circulating water system.

9.2.1.2 System Description

The PSW system is shown schematically in figure 9.2-1. Table 9.2-1 provides an additional
description of the major components of the system. The physical arrangement of the
PSW system components in the intake structure is shown on drawing no. H-21102.

The PSW system consists of four, one-third capacity vertical wetpit service water pumps
(located in the river water intake structure), distribution piping, and controls.

Automatic, self-cleaning strainers are provided on the discharge side of the pumps to remove
suspended matter from the pumped water.

The PSW system provides cooling water to:

. Turbine building heat exchangers associated with power conversion systems
located in the turbine building.

o Reactor building closed cooling water (RBCCW) system heat exchangers.
. Radwaste building closed cooling water heat exchangers.

. Standby diesel generator heat exchangers.
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° Primary containment (drywell) chiller condensers (subsection 9.4.6).
. Residual heat removal (RHR) pump coolers.

° Safeguard equipment heating, ventilation, and air-conditioning (HVAC) system
(paragraph 9.4.2.2.3).

° Main control room environmental control (MCREC) system (subsection 9.4.1).

Three PSW pumps are required for normal operation; however, only one PSW pump from each
division is required for plant startup, shutdown, and emergency shutdown. The fourth PSW
pump is a standby pump available for use if one of the other three PSW pumps fails, if
emergency conditions exist, or if plant conditions (such as increased heat load due to high
ambient temperatures) warrant its use. The pumps are controlled so that if the operating pumps
cannot maintain the required system pressure, the standby pump will start automatically. A
separate standby diesel generator PSW pump is supplied to service standby diesel

generator 1B.

The intake structure is supplied with traveling screens which prevent fouling of the pumps with
small debris. Drawing nos. H-11142, H-21102, and S-55894 show the physical arrangement of
the PSW system components inside the intake structure and the traveling water screens and
screen wash equipment. The traveling water screens are designed to prevent small debris from
entering the portion of the intake structure from which the pumps take suction. Larger debris
are prevented from reaching the screens by the trash racks. The screen system is composed of
two traveling screens, two motors, and two screen wash lines which operate in parallel to serve
the common bay from which both the HNP-1 and HNP-2 pumps take suction. Post earthquake
operation of the traveling water screens was not a design requirement; however, the
specifications for both the trash rack and traveling water screens require that they maintain their
structural integrity following a design basis earthquake (DBE). Therefore, the pumps would
continue to be protected from river debris by both the trash racks and the traveling screens. In
the unlikely event that the traveling water screens should begin to collect debris to the extent of
impeding flow, redundant level switches located in the intake structure provide indication and
annunciation in the main control room (MCR). Since any collection of debris on the traveling
water screens would occur slowly, an ample amount of time would be available for plant
operators to clear the screens.

The capability is provided to inject (as required) sodium hypochlorite, a corrosion inhibitor, and a
silt dispersant into the systems to control organic biofouling, corrosion, and silt deposition in the
pipe lines and heat exchangers. Drawing nos. H-11982 and H-43801 show the schematic
arrangement of the water treatment system components/piping.

9.2-2 REV 34 8/16



HNP-2-FSAR-9

Water for equipment cooling is taken from the river via the intake structure by the PSW pumps
and distributed by way of two header pipes to different areas of use. After passing through the
components served by the PSW system, the water is discharged to the circulating water flume
to make up for the drift and evaporation losses from the circulating water system. The PSW
flow can exceed the makeup requirements of the circulating water system. A bypass is
provided to allow discharge of the excess PSW directly to the river. Table 9.2-2 lists the
components of the PSW system during normal and emergency conditions.

Figure 9.2-2 shows a typical PSW pump curve. When the PSW pumps are delivering their rated
capacity of 8500 gal/min, 48 in. of submergence over the pump suction bell is required to
provide adequate net positive suction head (NPSH) and preclude vortexing. The actual PSW
pump suction elevation is at 57.2 ft mean sea level (msl); thus, the minimum water level in the
pump well for maximum capacity PSW pump operation is 57.2 ft, plus the 4 ft of required
submergence or 61.2 ft. This is equal to a river level at the intake structure of 61.3 ft msl with
allowance for a 0.1-ft head loss through the trash racks and traveling screens. When the plant
is operating at full power, only three of the four PSW pumps are required, each delivering ~
7840 gal/min; thus, a water level of 61.2 ft in the pump well is more than adequate for full-power
operation.

Shutdown cooling of the plant requires only one PSW pump, delivering 4428 gal/min. The
Technical Specifications require plant shutdown if the water level, as measured in the pump

well, decreases to < 60.5 ft msl. This is well above the minimum required to operate at the |
throttled level (7000 gal/min) and considerably more than required for single-pump operation for
plant shutdown.

Both PSW divisions cross-connect to the corresponding RHRSW division. These cross-
connections shall not be used during normal or design basis accident conditions at the plant.
The cross-connections between PSW and RHRSW are provided with manual, double isolation
valves which shall be maintained closed, except for periodic plant maintenance activities such
as dead-leg flushing. The PSW-RHRSW cross-connections are only to be used in response to
a beyond design basis external event (BDBEE).

9.21.3 Instrumentation Application

Pressure switches 2P41-N301A and B are used to start the standby pump or pumps on low
system pressure. (See drawing no. H-21033.) Differential pressure switches are used to
automatically backwash the PSW strainers. Differential pressure switches 2P41-N307A-D
provide annunciation in the MCR on high flow into the turbine building supply header which is
indicative of a rupture in the turbine building PSW piping. Pressure switches initiate an alarm in
the MCR on low system pressure. Flow, pressure, and temperature test points and gauges are
provided throughout the system.

A radiation monitor is provided in the PSW line returning to the flume and river. The monitor is

equipped with a control room alarm and recorder. The monitor and alarm are for information
only so that any radiation leak into the PSW system can be identified and isolated.
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9.2.1.4 Safety Evaluation

The PSW pumps are located in the Seismic Category | intake structure. Also, the portions of
the system, including the pumps, which are required for emergency cooling are designed as a
Seismic Category | system and meet the single failure criteria.

The portion of the PSW system that supplies cooling water for equipment required for accident
conditions is designed to:

. Withstand the DBE without impairing its function.
. Provide reliable cooling with sufficient capacity and redundancy.
o Operate during a loss-of-offsite power (LOSP).

The maximum theoretical flood level of the river is 105 ft msl, with a maximum wave crest height
of 108.3 ft msl. The pump motors are all located at el 111 ft 0 in. msl in the intake structure so
that they are able to operate during maximum flood conditions. The automatic backwash
strainers are located below the flood level, but flooding only prevents backwashing operation
and not the operation of the strainer. The strainer is designed so that, even without
backwashing and assuming a 90% clogging of the strainers, the strainer differential pressure is
no > 3 psid and the system flow is not retarded.

There are two pumps for each header. These headers distribute water to the diesel generator
building, the reactor building, the control building, and the turbine building. There is no
safety-related equipment requiring cooling water in the turbine building. During certain
emergency conditions [LOSP and loss-of-coolant accident (LOCA)], the supply to this area is
automatically isolated. All piping, except that in the turbine building and the discharge to the
flume, is Seismic Category |.

The diesel generators, RHR pump seals, RHR pump room area coolers, high-pressure coolant
injection (HPCI) pump room area coolers, and MCR air-conditioning units may require PSW
during and following an LOSP, a LOCA, or a seismic event.

A PSW system single-failure analysis was performed in response to Generic Letter 89-13,
“Service Water System Problems Affecting Safety Related Equipment.” The analysis evaluates
individual single failures of all active components of the safety-related portion of the PSW
system, assuming a LOCA, an LOSP, and a seismic event. The analysis demonstrates that the
PSW system has adequate redundancy.

The failure of all surrounding nonseismic equipment or piping will not affect either of the two
redundant PSW divisions and will not affect the operation of the system.

The potential for failures or malfunctions caused by freezing, icing, and other adverse
environmental conditions is minimal based on historical weather data. As stated in section 2.4,
the Altamaha River has never been known to freeze over; therefore, icing is not considered to
be a problem. The winters in this part of Georgia, as reported in section 2.3, are mild. The
average minimum temperature for the coldest month of the year is ~ 5°F above the freezing
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point of water. Therefore, days during which temperatures drop below freezing for a short
period of time would be infrequent; and prolonged periods (> 1 day) of below freezing
temperatures are even less frequent. However, the possibility of below freezing weather was
considered in the design of the water systems in the intake structure. It should be pointed out
that the PSW pumps are required to be operating when the plant is operating and that the heat
from these motors aids in maintaining the intake structure at a higher temperature than the
surrounding air. Diverse environmental conditions are therefore not expected to cause failures
or malfunctions in the components located in the intake structure.

Upon receipt of an LOSP or a LOCA signal, the system is automatically isolated from the turbine
building; and essential portions are divided into two redundant systems, division | and .
Division | consists of pumps A and C, and division Il consists of pumps B and D. Each division
contains one header pipe. The turbine building is isolated at this time, and one pump in each
division is automatically started. Each pump is connected to one of the essential buses; i.e.,

2E, 2F, or 2G.

The PSW to the MCR HVAC is a backup source only, since these HVAC units are already
supplied with cooling water from the HNP-1 PSW system. The two systems are capable of
being isolated from each other.

While operating in the normal mode, supplying water to the turbine building, the headers for
both divisions are interconnected by the turbine building supply header because three pumps
are required for this operation. Valves 2P41-F316A, B, C, and D are provided to isolate the
turbine building supply header. The following signals will cause these valves to close, isolating
the turbine supply header:

o Manual close signal.

° Turbine building flooding.
. Loss-of-offsite power.

o Loss-of-coolant accident.

Once these valves are closed, there is no intertie between the two division headers, and
divisions | and Il are completely redundant to each other.

Flow from each division into the turbine building supply header is monitored by a system of
orifices and differential pressure switches. High flow into the turbine building supply header
(indicative of a possible pipe break) is alarmed in the MCR. Low pressure in either main header
is alarmed in the MCR on separate annunciator windows.

In the normal operating mode, the pump controls are manual with the operator selecting which
pumps are put into service. The operator positions the control switch of the remaining pump in
the auto position; and, upon low pressure in the header, the standby pump is automatically
started by pressure switch 2P41-N301A or B.
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With the LOSP, all diesels are automatically started, connected to the respective 4160-V buses,
and the load sequencers automatically start one pump in each division. When started from the
standby condition and operated at full load, the diesel engines will operate for at least 3 min
without a supply of plant service water to the heat exchangers.

While operating in the hot shutdown mode with an LOSP, diesels 2A and 2C ensure that both
divisions of pumps, valves, controls, etc., have power. Either 600-V bus 2C (division I) or
bus 2D (division Il) may be supplied from diesel generator 1B via 4160-V bus 2F.

Diesel generator 1B is normally supplied with cooling water from standby diesel 1B PSW
pump 2P41-C002. This pump is completely independent of diesels 2A and 2C and is powered
by diesel generator 1B. The capability exists to manually cross-connect the HNP-1 PSW
system to supply cooling to diesel generator 1B during times when the standby PSW pump is
inoperable.

The PSW pumps, strainers, piping, and valves in the intake structure, reactor building, and
diesel generator building are all designed to American Society of Mechanical Engineers (ASME)
Code, Section lll, Class 3.

All underground piping was installed with HNP-1 and is designed to USAS B31.7, Class Il

The four PSW pumps are divided into two divisions of two pumps. Each division is isolated from
the other by steel plates so that a line break in one division could not damage the other. The
divisions are also isolated, by use of steel plates, from other equipment in the intake structure
so that a break in any other system could not damage the PSW system.

Corrosion allowance was considered in the design of RCIC system components.

9.2.1.5 Tests and Inspections

Pumps, other components, and the system were inspected and tested after installation and prior to
operation of the unit.

Additionally, the PSW system is proven operable by its use during normal plant operation.

9.2.2 REACTOR BUILDING CLOSED COOLING WATER (RBCCW) SYSTEM

9.2.2.1 Design Bases

The RBCCW system is designed to perform the following functions:
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° Cool auxiliary plant equipment located in the reactor building.

. Serve as a closed-cycle barrier between potentially radioactive systems and the
PSW system.

o Provide a cooling system utilizing clean inhibited water to substantially reduce the
erosion and corrosion of the cooled components.

9.2.2.2 System Description

The RBCCW system is a closed-loop cooling system consisting of three 50% capacity pumps,
2 full-capacity heat exchangers, a surge tank, a chemical addition system, and a corrosion test
loop with solids filter. The cooling water is conveyed by the pumps to the various system
coolers and returned to the pumps by way of the RBCCW heat exchanger. Two of the RBCCW
pumps are normally operating with the third pump on standby. The heat rejected by the
RBCCW system to the heat exchanger is removed by the PSW system. A single RBCCW heat
exchanger maintains the design RBCCW temperature <105°F, with a maximum PSW
temperature of 95°F under all modes of operation.

During reactor blowdown to the condenser or radwaste system, two RBCCW pumps and one
heat exchanger are used to remove heat, including the increased heat load from the reactor
water cleanup (RWC) system nonregenerative heat exchanger. The use of both RBCCW heat
exchangers is optional. Cooling water leaving the heat exchangers during the blowdown mode
is 105°F maximum based on 95°F PSW.

The RBCCW system was reviewed for any impact associated with operation at 2804 MWt and
an increase of the service water temperature to 97°F. The actual heat load cooled by the
RBCCW heat exchanger was determined to be within the heat removal capability of the system
with a service water temperature to 97°F and the design flow rate. Therefore, the heat
exchanger has sufficient heat removal capability to maintain the RBCCW system supply
temperature below the design limit of 105°F.

An atmospheric surge tank, located at the highest point in the system, serves the following
functions:

. Absorbs volumetric changes in system water inventory induced by temperature
variations.

. Maintains a positive head in the system.
. Detects gross leakages in the system.
° Serves as a point for adding makeup water to the system.
The demineralized water transfer system supplies makeup water to the RBCCW system at the

surge tank and to the chemical addition mixing tank. The overflow from the tanks is conveyed
to the chemical waste neutralizer tank.
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A corrosion inhibitor is added as necessary by the chemical addition system to minimize
corrosion in the RBCCW system. The inhibitor is mixed in a chemical tank and then fed to the
system by a metering type, positive displacement pump.
Corrosion is monitored by a corrosion test loop located near the RBCCW pumps. A small
amount of flow from the pump discharge is routed through a coupon rack and returned to the
pump suction piping. Sample coupons are examined periodically to verify the effectiveness of
the corrosion inhibitor. A filter for removing solids from the system is also located in the test
loop.
The following components are cooled by the RBCCW system:

. Two recirculation pump seal coolers, motor bearings, and air coolers.

. One drywell equipment drain sump cooler.

. One reactor building equipment drain sump cooler.

o Two control rod drive (CRD) pump coolers.

° Two reactor primary system sample coolers.

. Two reactor recirculation pump adjustable speed drive (ASD) heat exchangers.

. Two RWC system pump coolers.

. One RWC system nonregenerative heat exchanger.

o One fuel pool cooling heat exchanger.

. Two drywell pneumatic system coolers.
Each RBCCW pump has a connection for a permanent pressure gauge on the discharge side
and for a temporary pressure gauge on the suction side for monitoring pump performance.
Each pump has an associated pressure switch on the discharge header which starts the
standby pump on sensing a decreasing pressure and actuates an alarm in the MCR. A flow
element on the discharge header is used for evaluating the performance of the system.
The inlet and outlet connections of the RBCCW heat exchangers are provided with pressure
gauges and temperature connections to monitor heat exchanger performance. A temperature
element downstream of the heat exchanger records and indicates water temperature conditions,

as well as provides high- and low-temperature alarms in the MCR.

Pressure gauges or connections for temporary pressure gauges are installed across each
system cooler for flow balancing.

Makeup to the surge tank is regulated by an automatic level control. The high- and low-level
alarm settings on the tank are located outside the extreme level variations induced by the
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maximum and minimum predicated temperatures of the water to avoid spurious alarms. The
extreme temperatures assumed for this purpose were 35°F and 105°F.

The RBCCW system is monitored continuously by the process radiation monitoring system and
alarms for high radiation levels in the RBCCW are annunciated in the MCR.

The RBCCW system is designed to American National Standards Institute (ANSI) B31.1.0 and
is qualified to Seismic Category | for piping inside the primary containment including the
isolation valve outside the containment. The isolation valve and pipe outside containment up to
the containment penetration are designed to ASME Code, Section lll, Class 2.

A schematic diagram of the RBCCW system is shown on drawing nos. H-26054 and H-26055.
Table 9.2-4 provides an additional description of the major components of the system.

9.2.2.3 Safety Evaluation

The RBCCW system is not required to be operable following a LOCA.

The reactor recirculation pump seals are still required for economic, not safety, reasons to be
cooled following a shutdown of the pump caused by an LOSP. Cooling is maintained by
running one RBCCW pump off the emergency diesels and resuming the flow of PSW to the
RBCCW heat exchanger after plant safety shutdown conditions have been met. To ensure that
adequate flow reaches the recirculation pump seal coolers, valve 2P42-F033 is closed to isolate
nonessential equipment. The output of a single RBCCW pump far exceeds the cooling water
requirements inside the containment; therefore, flow is restrained by also closing

valve 2P42-F034 and diverting the water through restricting orifice 2P42-D001.

The incoming and outgoing RBCCW lines to the containment can be isolated by
motor-operated valves (MOVs) remotely actuated from the MCR.

The loss of one of the two active RBCCW pumps causes the discharge pressure to drop and
activate a pressure switch to start the standby pump and initiate an alarm in the MCR.

Service can be transferred to the second RBCCW heat exchanger should the active unit need to
be taken off service.

Leakage from the RBCCW system is detected by monitoring abnormal sump flows and noting
frequent replenishment of makeup to the surge tank. To prevent the release of chemically
treated water to the environment, the PSW at the heat exchanger is maintained at a higher
pressure than the RBCCW side. System drains are conveyed to the chemical radwaste system,
except the heat exchangers and pumps which drain to the floor drain system.

The RBCCW heat exchangers, pumps, surge tank, chemical addition system, corrosion test
loop, and critical valves requiring frequent operation are located in accessible areas. Piping is
routed so as not to jeopardize safety-related equipment as a result of a pipe break since all
piping outside the containment is not Seismic Category |.
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In the unlikely event that the RBCCW system is unavailable, the plant would be brought to a
safe shutdown condition.

9.2.2.4 Tests and Inspections

Pumps in the RBCCW system are proven operable by their use during normal plant operation.
Rotating the operation of pumps and heat exchangers verified the availability of each unit.
Motor-operated isolation valves are tested to ensure that they are capable of opening and
closing by operating remote manual switches in the MCR and observing the position indicating
lights. Routine visual inspection and testing of system components, instrumentation, and
alarms is adequate to verify system operability.

9.2.3 MAKEUP DEMINERALIZED WATER SYSTEM (HNP-1 AND HNP-2)

9.2.3.1 Design Bases

The objective of the makeup water treatment demineralized water system is to provide a supply
of treated water suitable as makeup for the plant and reactor coolant cycles and other
demineralized water requirements.

The makeup water treatment system is designed to:

. Provide makeup water of reactor coolant quality.

° Provide an adequate supply of treated water for all plant operating requirements.

9.2.3.2 System Description

The makeup water system equipment is located in a building separated from the main power
generation building ~ 300 ft to the north of HNP-1 and receives its supply water from two
750-gal/min capacity deep wells on the site. The system is shared with HNP-1 and consists of
four filters arranged in parallel.

The demineralized water is stored in a 100,000-gal demineralized water storage tank from
which it is pumped by two transfer pumps (one standby) to supply the plant requirements for
demineralized water. The system is designed to produce 50 gal/min of demineralized water.
The effluent is monitored. The piping and associated equipment are fabricated from
corrosion-resistant materials which prevent contamination of the makeup water.

In addition to the demineralized water storage, a 500,000-gal condensate storage tank (CST)
for each unit is provided to supply the necessary volume of high-purity water for initial testing
and cleaning and to provide the required volume for refueling and emergency requirements
(HPCI, reactor core isolation cooling (RCIC), condensate makeup, and reject).
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The makeup demineralizer is started manually and shut down automatically by a high-level
signal from the demineralized storage tank. It is automatically isolated from the demineralized
water storage tank upon detection of high-effluent conductivity to prevent contamination of
stored water.

The quality of water stored for makeup is maintained at the following purity level in accordance
with BWRVIP-190, "BWR Water Chemistry Guidelines," or the latest approved industry
guidance.

Conductivity < 1.0 umho/cm at 25°C
Chlorides (as ClI) <10 ppb
pH Neutral

(6.0to 7.5 at 25°C)
Boron (as BO;) 0.1 ppm

The four filters are each rated at 250 gal/min. The backwashing and rinsing of the filters is
manually controlled.

The makeup water system wastes are routed to the neutralizing sump and recirculated to a
waste collecting tank for pH neutralizing prior to being discharged to the river through the
radwaste diffusion water discharge line.

The makeup water system supplies demineralized water to the following plant equipment and
systems:

. Decontamination areas.

. Condensate storage and transfer system.

. RBCCW system.

. Standby liquid control system.

. Radioactive waste control system.

° Pressure suppression pool.

. Laboratories.

. Spent-fuel storage pool and fuel pool cooling and cleanup system.
° Vacuum pump.

o Stator winding cooling unit.

° Diesel generator expansion tanks.
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. Plant heating system.

. HVAC chilled water systems.
. Off-gas system.

. Hot machine shop.

9.2.3.3 Instrumentation Application

The makeup water treatment system is furnished with a control panel located in the water
treatment building which is designed for control of the system. Suitable alarms, pressure
indicators, flow indicators, conductivity monitors, pH monitors, and silica analyzers are provided.

9.2.34 Safety Evaluation

The system does not provide any functions that are necessary to safely shut down the reactor,
maintain the plant in a safe shutdown state, or mitigate the consequences of an accident. The
system is designed so that malfunctions do not cause damage to safety-related equipment or
systems.

9.2.3.5 Tests and Inspections

The makeup water treatment system is an operational system in daily use and does not require
periodic testing to assure operability. The performance of the system is under surveillance at all
times. High demineralizer effluent conductivity automatically isolates the system and initiates an
alarm. Grab samples are periodically tested in the laboratory to verify demineralizer
performance and to ascertain stored water quality.

9.24 POTABLE AND SANITARY WATER SYSTEM (HNP-1 AND HNP-2)

9.2.4.1 Design Basis

The potable and sanitary water system is designed to:
. Provide pressurized, filtered, chlorinated water for HNP-1 and HNP-2.
. Furnish water for drinking and sanitary purposes.

. Provide water which meets Georgia Department of Natural Resources,
Environmental Protection Division, standards.
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9.24.2 System Description

Water is supplied to the system from two deep wells located on the plant site. Each of the two
well pumps is capable of providing 750 gal/min at 100 psig through antracite pressure filters in
the makeup demineralizer to the 100,000-gal filtered water storage tank. The 20,000-gal
sanitary water tank is filled from the filtered water storage tank by two 400 gal/min sanitary
water booster pumps. Two 110-gal/min sanitary water pumps provide water from the sanitary
water tank to designated locations in the plant through the distribution piping system. The
sanitary water pumps maintain system pressure at 80 psig.

The sanitary water system is chlorinated by a hypochlorinator metering pump which draws
sodium hypochlorite from storage bottles and injects it into the system. Hypochlorite solution is
injected into the fill line running from the sanitary water booster pumps to the sanitary water
tank. The system is chlorinated only when the sanitary water tank is being filled.

All nonradioactive sanitary waste water and sanitary waste water from hot toilets for both units is

collected and then processed by the sewage treatment plant. All sanitary waste water from hot
showers and hot lavatories is collected and then processed by the HNP-1 radwaste system.

9.24.3 Instrumentation Application

The instrumentation which monitors and controls the potable and sanitary water system
includes a level controller to monitor and maintain the water level in the sanitary water tank.
This controller automatically operates the sanitary water booster pumps and the hypochlorite
metering pump to maintain an adequate supply of chlorinated water in the sanitary water tank.
Two pressure switches on the discharge header from the sanitary water pumps automatically
control the pumps to maintain system pressure. Sanitary water pump A maintains system
pressure through continuous running; however, if system pressure drops to the setpoint of the
first pressure switch, it will automatically start sanitary water pump B. When system pressure is
restored, the second pressure switch automatically stops pump B.

9.24.4 Safety Evaluation

The system does not provide any functions that are necessary to safely shut down the reactor,
maintain the plant in a safe shutdown state, or mitigate the consequences of an accident. The
system is designed so that piping malfunctions do not cause damage or flooding of
safety-related equipment or systems. The system design does not permit impurities to backflow
into the piping system. The sanitary water system is not required for plant operation, and no
potential for radioactive contamination exists since it is not connected to any radioactive
systems. The system is provided with instrumentation that monitors and controls the potable
and sanitary water processes to ensure system reliability over the full range of normal plant
operation.
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9.24.5 Tests and Inspections

The potable and sanitary water system has been preoperationally tested to demonstrate that the system
will function in accordance with the design criteria set forth in the specifications and design drawings for
this system. The design performance of the well water pumps, sanitary water pumps, and the sanitary
water chlorination system was proven in a documented preoperational test.

Periodic water samples are taken to ensure that the system meets Georgia Department of
Natural Resources, Environmental Protection Division, standards.

9.2.5 ULTIMATE HEAT SINK

9.2.5.1 Design Bases

9.2.5.1.1 Safety Design Bases

The ultimate heat sink is designed to provide adequate cooling to allow safe shutdown and
cooldown of the plant following an accident in accordance with Regulatory Guide 1.27, "Ultimate
Heat Sink," (March 1974).

9.2.5.1.2 Power Generation Design Bases

The ultimate heat sink is designed to provide adequate cooling water to dissipate waste heat

from the plant during normal operation.

9.2.5.2 System Description

During normal operation, waste heat is removed from the plant by the circulating water system
which dissipates the heat through the plant cooling towers. Makeup water is provided to the
cooling towers from the PSW system. The normal service water requirements for HNP-1 and
HNP-2 are ~ 47,127 gal/min.

During shutdown and accident conditions, waste heat is dissipated through the RHR heat
exchangers to the residual heat removal service water (RHRSW), which is discharged to the
cooling tower flume. During shutdown, this water may overflow the tower no. 2 basin into the
overflow basin to the Altamaha River. Cooling water for the RHR heat exchangers is provided
by four 50% capacity RHRSW pumps. Diesel and equipment cooling requirements during and
following an accident are met by one of the four PSW pumps. Diesel generator 1B, which is
shared with HNP-1, has a separate cooling water pump. This pump is referred to as the
standby diesel generator service water pump and is considered part of the PSW system. All of
these pumps are located in the river intake structure.
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The Altamaha River is the sole source of water for the RHRSW, PSW pumps, and the diesel
generator 1B cooling water pump. The average riverflow is 13,000 ft*/s. The recorded
minimum flow measured in 1925 at Charlotteville (~ 20 miles above the site) was 1200 ft*/s. For
a more detailed description of the RHRSW and PSW systems, see subsections 9.2.1 and 9.2.7.

9.2.5.3 Instrumentation Application

Instrumentation is provided to indicate whether the RHRSW or PSW systems are operating
properly. In the event of an accident, automatic controls operate the PSW system as required
for safety. In the event of a LOCA, automatic controls trip the RHRSW system as required.

9.254 Safety Evaluation

The RHRSW pumps are designed to operate at rated capacity when the river elevation is 59 ft,
corresponding to a river discharge rate of 100 ft*/s. The PSW pumps are designed to deliver a
rated flow of 8500 gal/min when the river elevation is 61.7 ft, which corresponds to a river
discharge rate of 800 ft*/s. The requirement of the PSW pumps during shutdown or emergency
operations is one pump operating at 4428 gal/min. By throttling the pump discharge to slightly
over 8400 gal/min, the required river level is reduced to 61.2 ft, which corresponds to a river
flowrate of 600 ft*/s. The diesel generator 1B cooling water pump is designed to deliver a flow
of 700 gal/min when the river elevation is 61.2 ft. Technical Specifications require plant
shutdown if the river water level in the PSW pump well of the intake structure falls below 60.5 ft |
msl. These measures ensure that adequate cooling water is available even in the event of
incredibly low flows. Also, close surveillance is given to maintaining the depth of the approach
channel in the river during periods of low river flows to ensure that water is available to the
pumps. In this respect, the area in front of the intake across the entire river is sounded each
year in late spring or early summer. The rating curves, figures 2.4-8 and 2.4-34, will be verified
at regular intervals at the permanent gauge station just downstream of the U.S. Highway No. 1
bridge by the United States Geologic Survey under an agreement with the Georgia Power
Company. If any shift occurs in a manner which could adversely affect the water supply to the
pumps, appropriate action will be taken to maintain the water supply capability under low-flow
conditions. For more detailed discussion of the Altamaha River, see section 2.4.

The RHRSW and PSW systems are designed to Seismic Category | requirements and are
designed such that no single failure in either system can prevent that system from performing its
intended function.

The intake structure is designed to withstand severe natural phenomena such as the DBE,
operating basis earthquake, tornado winds, and tornado-induced missiles.

Water enters the pump bay of the intake structure through two inlet bays each 9 ft 2 in. wide.
(See drawing no. H-12192.) Each inlet bay is protected by a steel trash rack including a
catenary trash rack and a traveling water screen. The trash rack section is separated from the
traveling water screen section by a 2-ft 6-in.-thick reinforced concrete wall, and the traveling
water screen section is separated from the pump bay by another 2-ft 6-in.-thick reinforced
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concrete wall. Water passage through these walls is by an 11-ft-high opening from the structure
base slab. At normal water level (71 ft 6 in.), these openings are ~ 4 ft below the water level.
There is no commercial barge traffic on the river at present. However, the intake structure is
protected by steel sheet pile cells from a direct hit by river traffic or debris flowing in the
direction of the river channel. Traffic across the channel would of necessity be slow moving and
would not damage the structure. The cells are further protected by wood fender piles to
dissipate a part of the dynamic effect of a moving load. Periodic inspections and maintenance
are conducted to ensure an open, well-defined channel to the intake structure. A 6-ft-long by
6-ft-high extension to the center wall between the inlet bays prevents blockage of both bays by
the sinking of a boat or debris in front of the structure. Presently, there is no commercial river
traffic passing the plant, and none is anticipated carrying cargoes of oil, toxic chemicals,
explosives, or other potentially hazardous materials. River diversion has been considered and
is discussed in section 2.4.

The inlet bays to the pump bay have been sized such that one bay can supply the water
requirements for operating or for safe shutdown of both Units 1 and 2 at all river levels; thus,
blockage of one bay, by any means, will not affect plant operation.

Results of analyses to determine the adequacy of the ultimate heat sink are:

A. The standard procedure used by General Electric in calculating total decay heat is
to make the following conservative assumptions:

1. At the time the design basis accident (DBA) occurs, the reactor is at 105% of
rated steam flow. This maximizes the decay heat generated.

2. The decay heat curve used is the ANS-S standard plus 20% for the first
1000 s and ANS-S standard plus 10% thereafter.

Table 9.2-7 shows the ANS-S normalized standard values as obtained from
NEDO-10625. Table 9.2-8 shows the total integrated decay heat for HNP-2
obtained as per the assumptions above. Figure 9.2-3 displays the results given in
table 9.2-8 in graphical form. Table 9.2-9 gives the decay heat injection rate, with
figure 9.2-4 showing the results in graphical form.

B. The heat rejection rate and integrated heat rejected by the station auxiliary
systems are based on the following equipment being in operation continuously for
the 30-day period following the accident:

. Two core spray (CS) and RHR jockey pumps.
° Two RHR pumps.
. One HPCI pump room cooler.

. Two RHR and CS pump room coolers.

. Two diesel generators.
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The auxiliary heat rejection rate and the integrated auxiliary heat rejected for the 30
days following an accident are shown in tables 9.2-10 and 9.2-11 and are also
shown graphically in figures 9.2-5 and 9.2-6.

C. Tables 9.2-12 and 9.2-13 show the sensible heat rejection rate and integrated
sensible heat rejected. The results are shown graphically in figures 9.2-7
and 9.2-8.

D. The total integrated heat rejected is the sum of the integrated decay heat,
integrated auxiliary heat, and integrated sensible heat. The total integrated heat
rejected is shown in table 9.2-14 and is shown graphically in figure 9.2-9. The total
flow requirement for the heat exchangers is 24 ft*/s. The lowest flow recorded in
the river from 1931 - 1979 is 1430 ft*/s, with the estimated minimum low flow being
1200 ft*/s. (Reference subsection 2.4.11.)

E. The maximum allowable inlet water temperature is 97°F. This temperature is the
design basis for the heat exchangers in the RHRSW and PSW systems, which are
open systems discharging back to the Altamaha River downstream of the intake
structure.

F.  Figure 9.2-10 gives the curve for the PSW pump required NPSH, and also depicts
the minimum NPSH available to the pump. The minimum NPSH is based on the
river level at the theoretical minimum flow of 900 ft*/s, which corresponds to a level
of 62 ft, and a low barometric pressure of 29 in. of mercury.

The decay heat rejection rate and the integrated decay heat based on APCSB 9-2 are
provided in tables 9.2-16 and 9.2-17. Figures 9.2-12 and 9.2-13 show graphically the
rejection rate and integrated decay heat.

The decay heat release rate is based on data taken from figures 1, 2, and 3 of
APCSB 9-2, as provided in table 9.2-15, and using the 105% rated steam flow power
of 2.417 x 106 Btu/s.

The total integrated heat rejected is provided in table 9.2-18 and is shown graphically in
figure 9.2-14.

The total integrated heat is the sum of the integrated decay heat values from
table 9.2-17 and the integrated auxiliary heat values and sensible heat rejected values
from tables 9.2-11 and 9.2-13.

More recent analyses were performed for a rated core thermal power of 2804 MWi.
These analyses, which are documented in section 6.2, do not significantly affect the
adequacy of the ultimate heat sink.

Table 3.2-1 and drawing nos. H-21033, H-21039, H-26050, and H-26051 delineate the Seismic
Category | and quality group classification boundaries for the PSW system and the

RHRSW system. Drawing nos. E-10173 and H-21102 show the layout arrangement for the
intake structure and the location of the intake structure and discharge point in the plant layout.
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9.2.5.5 Tests and Inspections

Tests and inspections for the RHRSW system and PSW system are included in
subsections 9.2.1 and 9.2.7.

9.2.6 2 CONDENSATE STORAGE AND TRANSFER SYSTEM

9.2.6.1 Design Bases

The condensate storage and transfer system is designed to:
o Store condensate for the RCIC and HPCI systems.
. Maintain the level of condensate in the condenser hotwell.

° Provide condensate to other plant systems where required.

9.2.6.2 System Description

The condensate storage and transfer system schematic is shown on drawing no. H-26046. The
condensate storage system consists of a 500,000-gal stainless-steel storage tank, two
500-gal/min condensate transfer pumps, and the necessary piping and instrumentation to
convey and monitor the water to various systems. Additional equipment parameters are listed
in table 9.2-5.

The CST is a covered atmospheric storage tank located outdoors and built to the requirements
of ASME Section lll, Class 3. The tank and transfer pumps are surrounded by a Seismic
Category | and missile-proof retaining wall, integrally sized to hold the entire water inventory of
the tank. With the exception of small instrument connections, a drain line, which is normally
closed by a valve and a blind flange, and RCIC and HPCI suction connections to the tank, all
other lines terminate inside the tank above the 100,000-gal level to ensure that RCIC and HPCI
systems are not deprived of their minimum reserve storage requirements by other less essential
systems. An overflow connection on the tank is piped to the radwaste system waste surge tank.

A single condensate transfer pump is required to furnish condensate water to various
equipment in the reactor and radwaste building except for the RCIC, HPCI, CRD, CS, and
condenser hotwell transfer lines which draw directly from the tank. The introduction of a low
pump discharge pressure signal will automatically start the standby pump and simultaneously
initiate an alarm in the MCR. To accelerate the filling of the reactor well and dryer separator
pool during refueling, both transfer pumps are operated in parallel.

The CST is maintained with a water level > 15 ft above the tank bottom through the addition of
demineralized water makeup. High tank level (43 ft above the tank bottom) will alarm in the
MCR. Should the level in the tank fall below a preset level, a low-level signal automatically
switches the HPCI and RCIC pump suctions to the suppression pool. Pressure gauges are
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located at various points in the condensate transfer system for convenience in checking
operating conditions.

A cross-connect line between HNP-1 and HNP-2 storage tanks provides the capability of

transferring water between the two tanks, thereby increasing condensate storage capacity to
either unit.

9.2.6.3 Safety Evaluation

The condensate transfer system is not a safety-related system.

The CST is the initial source of water for the RCIC and HPCI systems. By providing standpipes
inside the tank for outlet lines designated for other systems, the RCIC and HPCI systems are
assured of a 100,000-gal reserve. Should the water supply in the tank be depleted far below
the minimum 100,000 gal, through operation of the HPCI and/or RCIC systems, or through
leakage, a low-level signal automatically shifts the HPCI and RCIC pump suction paths to the
suppression pool.

Plant administrative control limits the radioactivity level in the tank to 10 pCi/cc. With this level
of activity, the dose at the site boundary to an individual due to direct radiation from the tank
does not exceed the requirements of 10 CFR 20.1001 - 20.2401.

The reinforced concrete retaining wall surrounding the tank has the capacity to contain the

contents of the storage tank to preclude spillage of condensate water to the environs in the
event that the tank suffers a leak.

9.2.64 Tests and Inspections

The condensate transfer pumps are proven operable by virtue of being in service during normal
plant operation and by periodically rotating the operation of the pumps. Routine visual
inspection and checking of components, instrumentation, and alarms are adequate to verify
system operability.

The CST vertical and horizontal joints between shell plates are full penetration welded with complete
fusion as specified in ND-3844 of Section Il of the ASME Boiler and Pressure Vessel Code, Winter 1971
Addenda. These joints have received a 100% radiographic examination exceeding the code requirements
as specified above.
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9.2.7 RESIDUAL HEAT REMOVAL SERVICE WATER (RHRSW) SYSTEM

9.2.71 Design Bases

9.2.7.1.1 Safety Design Bases

The RHRSW system is designed to provide cooling water to the RHR system under
post-accident conditions.

9.2.71.2 Power Generation Design Bases
The RHRSW is designed to:

° Preclude leakage of radioactive contamination to the RHRSW system from the
RHR system.

° Provide cooling water to the RHR heat exchangers as required, during normal
shutdown, and reactor isolation modes.

9.2.7.2 System Description

The RHRSW system is an open-loop system of piping, water pumps, valves, controls, and
instrumentation as shown on drawing no. H-21039. Table 9.2-6 lists the design parameters of
the major equipment in the system.

The RHRSW system has four pumps. The pumps are designed to develop sufficient head to

ensure that the pressure on the cooling water side of the heat exchanger is always greater than
the primary water side of the heat exchanger. The pumps provide at least 3500 gpm per pump
at the minimum permissible river level of 60.5 ft MSL as required by the Technical Specifications |
for the Ultimate Heat Sink.

The cooling water is pumped from the Altamaha River to the RHR heat exchangers through the
two main supply headers. After removing heat from the heat exchangers, the coolant is piped
back through the 24-in. drain to the cooling tower flume.

The RHRSW system is designed for remote manual initiation. The power supply for the system
is taken from an essential 4160-V-ac bus.

RHRSW is provided with two divisions to allow each system loop to operate independently.
Two normally closed motor-operated crossover valves provide system flexibility so that any
division | or division Il operable pump may be lined up with any operable pump of the other
division to supply the heat exchanger of the other division. Additionally, two manual isolation
valves provide a second normally closed crossover between division | and division II.
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The capability is provided to inject (as required) diluted solutions of sodium hypochlorite, sodium
bromide, a corrosion inhibitor, and a silt dispersant into the RHRSW system to control organic
biofouling, corrosion, and silt deposition in the pipe lines and heat exchangers.

Both RHRSW divisions cross-connect to the corresponding PSW division. These cross-
connections shall not be used during normal or design basis accident conditions at the plant.
The cross-connections between RHRSW and PSW are provided with manual, double isolation
valves which shall be maintained closed, except for periodic plant maintenance activities such
as dead-leg flushing. The RHRSW-PSW cross-connections are only to be used in response to
a beyond design basis external event (BDBEE).

9.2.7.3 Instrumentation Application

The RHRSW system is designed for remote manual initiation and operates during testing,
reactor shutdown, containment spray, and suppression pool cooling modes. The system is
stopped automatically should low pressure coolant injection (LPCI) operation be required.

A flow control valve is provided on the RHR heat exchanger service water outlet. Its function is
to maintain the pressure on the tube side above the pressure on the shell side inlet at all cooling
water flowrates, thereby preventing reactor water leakage into the river water. Pressure
switches on the service water inlet to the RHR heat exchanger provide a permissive for
throttling of the flow control valve upon sensing sufficient pressure indicative of RHRSW pump
availability to that RHR heat exchanger. This permissive can be overridden prior to pump start
so that the RHRSW pump may be started with the flow control valve open to prevent subjecting
the piping system to pump deadhead pressure. The operator restores the pressure interlock
once the pump has started.

Pressure and flow indicators located in the MCR inform the operator of pump performance
and/or line integrity.

Temperature elements located at the RHRSW discharge line from the RHR heat exchanger
signal any abnormal temperature of RHRSW and sound an alarm in the MCR.

A 3- to 5-gal/min supply of sanitary water is provided for pump seal lubrication during pump
starting. However, during emergency conditions, the RHRSW pumps may be started without
this seal water, if necessary. A normally closed, solenoid-operated valve is provided for
prelubrication of pump’s rubber shaft bearings. Prior to pump starting, this valve is opened
upon receiving a signal from a remote manual switch in the MCR, thereby providing water for
prelubrication of pump’s rubber shaft bearings.

The pump motors are cooled by water from the PSW system.
A low-flow bypass is provided from the pump discharge to the intake structure. The bypass flow

is required to prevent the pump from overheating when pumping against a closed discharge
valve. A pressure control valve limits the bypass flow.
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9.2.7.4 Safety Evaluation

The RHRSW system provides a reliable source of cooling water for the RHR heat exchangers,
which are essential to a safe reactor shutdown following a design basis LOCA. Either of the two
main supply headers provides adequate cooling water to meet safe shutdown requirements.
The entire system is designed to withstand a DBE without impairing its function.

The RHRSW system is designed with sufficient redundancy so that no single active system
component failure can prevent it from achieving its safety objective.

The intake structure, which houses the pumps, is designed to Seismic Category | requirements.

A cross-connect line is provided between the RHR system and RHRSW system so that service
water may be pumped directly into the reactor vessel or into the containment via the spray
headers.

The RHRSW system is designed to be operable during an LOSP.

The RHRSW pumps, strainers, piping, and valves in the intake structure and the reactor
building are all designed to ASME Section lll, Class 3, and Seismic Category | requirements.
The potential for failures or malfunctions caused by freezing, icing, and other adverse
environmental conditions was considered. The only components of the RHRSW system that
are essential in attaining and maintaining a safe shutdown that are not housed within
temperature controlled areas are those that are in the intake structure. The RHRSW pumps
and associated piping are shown on drawing no. H-21102. As stated in section 2.4, the
Altamaha River has never been known to freeze over; therefore, icing is not considered to be a
problem. The winters in this part of Georgia, as reported section 2.3, are mild. The average
minimum temperature for the coldest month of the year is ~ 5°F above the freezing point of
water. Therefore, days during which temperatures drop below freezing for a short period of time
are infrequent, and prolonged periods (> 1 day) of below freezing temperatures are even less
frequent. However, the possibility of below freezing weather was considered in the design of
the water systems in the intake structure. It should be pointed out the PSW pumps are required
to be operating when the plant is operating, and the heat from these motors would aid in
maintaining the intake structure at a higher temperature than the surrounding air. Diverse
environmental conditions are therefore not expected to cause failures or malfunctions in the
components located in the intake structure.

9.2.7.5 Tests and Inspections

The equipment and system were inspected and tested upon installation to ensure the integrity
and capacity of the system. The tests and inspections included the following:

A. Pumps and Drive Motors
Each pump is started and ran for sufficient time to ensure its proper operability.

The operator records discharge pressures and abnormal vibration, and provides
maintenance as needed.
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B. Manual Valves

Each manual valve is operated through its complete range to ensure that it is in
operating condition.

C. Check Valves

Check valves associated with equipment necessary for safe shutdown are tested
periodically.

D. Control Valves

Each control valve is operated through its complete range of movement. Hand
jacks are operated. Position lights on the panel are observed.

E. Power-Operated Isolation Valves

Power-operated isolation valves are tested to ensure that they are capable of
opening and closing by operating manual switches in the MCR and observing the
valve position lights.

In addition to the testing and inspection of individual system components, periodic functional
testing is performed to ensure the operability of the system as a whole. The tests ensure, under
conditions as close to design as practical, the performance of the full operational sequence that
brings the system into operation for reactor shutdown and for LOCAs, including operation of
applicable portions of the protection system and the transfer between normal and standby
power sources.
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TABLE 9.2-1

PSW SYSTEM EQUIPMENT DATA

PSW Pumps

Quantity
Type
Flow and head each
Material
Casing
Impeller
Shaft

Motor
Size
Voltage/phase/cycle
rpm

Automatic Strainers

Quantity

Type
Capacity
Pressure drop

Standby Diesel Service Water Pump

Quantity

Type

Flow and head

Material
Casing/impeller/shaft

Motor
Size
Voltage/phase/cycle
rpm

a. This is a nominal reference value.

Four 1/3 capacity
Vertical turbine
8500 gal/min at 275 ft®

Stainless steel
Bronze
Stainless steel

700 hp
4160/3/60
1180

Two full capacity
Automatic, self-cleaning
25,500 gal/min

2 psi

One
Vertical turbine
700 gal/min at 231.5 ft

Cast steel/bronze/stainless steel

60 hp
550/3/60
1780
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TABLE 9.2-2 (SHEET 1 OF 2)

PSW SYSTEM COMPONENT REQUIREMENTS

During normal operating conditions, water is supplied to the following:

Flowrate®
Equipment (gal/min) (each)
Drywell chiller condenser 900
RCIC pump room cooler 43
RHR pump seal cooler 20
RHR and CS pump room cooler 150
CRD pump room cooler 40
HPCI pump room cooler 40
Diesel generator cooler (during testing) 700
Waste gas refrigerator 25
Radwaste building closed cooling water heat exchanger 3000
Turbine building chiller condenser 1400
Vacuum pump heat exchanger 144
Condensate pump motor cooler 5
Condensate booster pump oil cooler 10
Main generator hydrogen cooler 625
Generator bus heat exchanger 80
Stator cooler 940
RBCCW heat exchanger 6193
Reactor feed pump turbine oil coolers 80
Main turbine oil coolers 2135
Electrohydraulic coolers 10
PSW pump motor cooler 2
RHRSW pump motor cooler 4
Hot machine shop air handling unit coil 38
Condenser unit sample room 5
Sampling system chiller assembly 34
Water analysis room air-conditioner 11
Main steam sample condenser 2
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TABLE 9.2-2 (SHEET 2 OF 2)

Under emergency conditions, water is supplied to the following equipment to meet accident heat

loads with a river water temperature of 97°F:

Flowrate®®
Equipment (gal/min) (each)
Diesel generator 725
Drywell chiller condenser 900
RCIC pump room cooler 43
RHR pump seal cooler 20
RHR and CS pump room cooler 150
CRD pump room cooler 40
HPCI pump room cooler 40
PSW pump motor cooler 2
RHRSW pump motor cooler 4

a. The actual flowrate varies depending on system alignment and demand.
b. Require minimum flowrate to meet accident heat load maybe less.
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TABLE 9.2-4 (SHEET 1 OF 2)
RBCCW SYSTEM EQUIPMENT DATA

RBCCW Pumps
Quantity Three 50% capacity each
Type Horizontal, centrifugal

Flow and head
Flow medium

3000 gal/min at 160-ft TDH
Inhibited demineralized water

Material:

Casing Cast iron

Impeller Castiron

Shaft Carbon steel with stainless-steel sleeve
Voltage/phase/cycle 550 V/3 phase/60 Hz
rpm 1750

RBCCW Heat Exchangers

Quantity Two 100% capacity each
Type Horizontal shell and tube
Capacity 35.0 x 10° Btu/h
Shell design
Pressure/temperature 150 psig/200°F
Material Carbon steel
Flow medium Inhibited demineralized water, RBCCW
Tube design:
Pressure/temperature 150 psig/200°F
Material Admiralty
Flow medium PSW
RBCCW Surge Tank
Quantity One
Type Vertical vented
Capacity, nominal 1000 gal
Design pressure Atmospheric
Design temperature 150°F
Fluid Inhibited demineralized water, RBCCW
Material Coated carbon steel

RBCCW Chemical Addition System

Mixing tank One 100 gal, vented, stainless steel

Feed pump One metering type 170 gal/h, 100 psig
maximum 1/2 hp, 208 V/3 phase/60 Hz

Agitator One 1/3 hp, 208 V, 3 phase/60 Hz
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TABLE 9.2-4 (SHEET 2 OF 2)

RBCCW Corrosion Test Loop

Coupon Rack Four coupon holders with stainless-steel
interconnecting piping and isolation valves,
PVC mounting plate

Filter 6 5/8-in. diameter vertical tank with 1-in. inlet
and outlet, 1/4-in. vent and drain connections,
carbon steel; four-element stacks, each three
elements high, design - 225 psig/300°F

Sample Sink 15 in. by 15 in. by 7 in. high, stainless steel
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TABLE 9.2-5
CONDENSATE STORAGE AND TRANSFER SYSTEM

COMPONENT DESCRIPTION

Condensate Transfer Pumps

Quantity Two
Type Horizontal-centrifugal
Capacity 500 gal/min
Head 180-ft TDH
Flow medium Condensate water
Material:

Casing Cast iron

Impeller Bronze

Shaft Carbon steel
Horsepower 40
Voltage/Phase/Cycle 550/3/60 Hz
CST
Quantity One
Type Cylindrical
Capacity 500,000 gal
Diameter/height 44 ft/44 ft
Design pressure Atmosphere

Design temperature
Material

20°F to 120°F
Stainless steel
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HNP-2-FSAR-9

TABLE 9.2-6

RHRSW SYSTEM DESIGN PARAMETER

Pumps
Quantity Four (50% capacity)
Fluid River water
Type Vertical turbine
Nominal flow and head (each) 4000 gal/min at system
pressure as specified by Design
Calculation SMNH 04-008.
Material:
Casing Fabricated carbon steel A-53 or
stainless steel
Shaft 416 stainless steel |
Impellers Bronze or Stainless Steel
Motors
Size 1250 hp
Voltage/phase/cycle 4000/3/60
rpm 1780
Service factor 1.00

System Requirements

Service water pressure at RHR heat exchangers is at least 20 psi greater than reactor water
pressure at the heat exchangers; thus, any leakage goes into the reactor water.
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a. Exposure (MWd/t) = - ; irradiation time (s) = eo.

Time After
Shutdown

(s)

20.0
30.0
40.0
50.0
60.0
70.0

ANS
(P/Po)

0.0582
0.0541
0.0512
0.0492
0.0477
0.0462
0.0451
0.0442
0.0434
0.0412
0.0382
0.0360
0.0345
0.0330
0.0318
0.0308
0.0300
0.0286
0.0275
0.0265
0.0257

NORMALIZED DECAY HEAT®

Time After
Shutdown

(s)

3.0 E+06
1.0 E+06
9.0 E+05
8.0 E+05
7.0 E+05
6.0 E+05
5.0 E+05
4.0 E+05
3.0 E+05
2.0 E+05
1.0 E+05
9.0 E+04
8.0 E+04
7.0 E+04
6.0 E+04
5.0 E+04
4.0 E+04
3.0 E+04
2.0 E+04
1.0 E+04
9.0 E+03
8.0 E+03
7.0 E+03
6.0 E+03
5.0 E+03
4.0 E+03
3.0 E+03
2.0 E+03
1.0 E+03

HNP-2-FSAR-9

TABLE 9.2-7

Experimental
Mean

(P/Po)

1.79 E-03
2.84 E-03
2.98 E-03
3.12 E-03
3.30 E-03
3.49 E-03
3.77 E-03
4.11 E-03
4.57 E-03
5.27 E-03
6.50 E-03
6.69 E-03
6.90 E-03
7.15 E-03
7.43 E-03
7.78 E-03
8.21 E-03
8.80 E-03
9.68 E-03
1.14 E-02
1.17 E-02
1.20 E-02
1.24 E-02
1.29 E-02
1.36 E-02
1.44 E-02
1.55 E-02
1.72 E-02
2.04 E-02

May-Witt
(P/Po)

1.90 E-03
2.67 E-03
2.78 E-03
2.91 E-03
3.08 E-03
3.30 E-03
3.58 E-03
3.97 E-03
4.50 E-03
5.30 E-03
6.68 E-03
6.89 E-03
7.13 E-03
7.40 E-03
7.71 E-03
8.08 E-03
8.55 E-03
9.17 E-03
1.01 E-02
1.19 E-02
1.22 E-02
1.26 E-02
1.30 E-02
1.35 E-02
1.42 E-02
1.51 E-02
1.64 E-02
1.84 E-02
2.23 E-02

ANS
(P/Po)

1.90 E-03
2.64 E-03
2.74 E-03
2.86 E-03
3.00 E-03
3.19 E-03
3.42 E-03
3.74 E-03
4.18 E-03
4.84 E-03
6.03 E-03
6.21 E-03
6.43 E-03
6.67 E-03
6.95 E-03
7.30 E-03
7.74 E-03
8.33 E-03
9.23 E-03
1.10 E-02
1.13 E-02
1.17 E-02
21 E-02
.26 E-02
.32 E-02
41 E-02
1.53 E-02
1.71 E-02
2.08 E-02

1
1
1
1
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HNP-2-FSAR-9

TABLE 9.2-8

INTEGRATED DECAY HEAT® (HNP-2)

Time After Integrated Time After Integrated Time After
Shutdown Decay Heat Shutdown Decay Heat Shutdown
(s) (10° Btu) (s) (10° Btu) (s)
1.0 x 10° 3.5 x 10? 36.26 1.0x 10*

2.0 4.0 41.1 2.0

3.0 45 44.71 3.0

4.0 5.0 48.34 4.0

5.0 5.5 51.97 5.0

6.0 6.0 55.59 6.0

7.0 6.5 58.0 7.0

8.0 7.0 61.63 8.0

9.0 7.5 65.26 9.0

1.0 x 10’ 3.82 8.0 68.88 1.0 x 10°
1.0 5.27 8.5 72.51 2.0

3.0 6.48 9.0 74.93 3.0

4.0 7.61 9.5 77.34 4.0

5.0 8.82 1.0x 10° 81.69 5.0

6.0 9.91 2.0 132.94 6.0

7.0 11.12 3.0 176.44 7.0

8.0 12.08 4.0 217.53 8.0

9.0 13.54 5.0 253.78 9.0

1.0 x 10° 14.50 6.0 290.04 1.0 x 10°
15 19.34 7.0 319.04 3.0x 10°
2.0 2417 8.0 350.47

25 29.00 9.0 381.89

3.0 33.35

a. Assume P, (at 105% rated steam flow) = 2.417 x 10° Btu/s; exposure = oo; irradiation time = oo,

Integrated
Decaby Heat
(10° Btu)

410.89
679.76
918.46
1135.99
1329.35
1546.88
1691.90
1885.26
2054 .45
2223.64
3625.50
4834.00
6042.50
7009.30
8459.50
8822.10
9668.00
10393.10
11118.20
21269.60
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HNP-2-FSAR-9

TABLE 9.2-9

DECAY HEAT REJECTION RATE

Time After Time After
Shutdown Decay Rate Shutdown
(s) (Btu/s x 10%) (s)
2.0x 10’ 16.80 1.0 x 10*

3.0 15.70 2.0

4.0 14.80 3.0

5.0 14.30 4.0

6.0 13.80 5.0

7.0 13.40 6.0

8.0 13.10 7.0

9.0 12.80 8.0

1.0 x 10 12.60 9.0

1.5 11.90 1.0 x 10°
2.0 11.10 2.0

2.5 10.40 3.0

3.0 10.00 4.0

3.5 9.60 5.0

4.0 9.20 6.0

4.5 8.90 7.0

5.0 8.70 8.0

6.0 8.30 9.0

7.0 7.90 1.0 x 108
8.0 7.70 3.0x 10°
9.0 7.50

1.0x 10° 6.00

2.0 4.52

3.0 4.07

4.0 3.75

5.0 3.51

6.0 3.35

7.0 3.22

8.0 3.11

9.0 3.00

Decay Rate
(Btu/s x 10%)

2.92
2.45
2.21
2.06
1.94
1.85
1.77
1.71
1.65
1.60
1.29
1.1
0.99
0.91
0.85
0.80
0.76
0.73
0.70
0.51
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HNP-2-FSAR-9

TABLE 9.2-10
AUXILIARY HEAT REJECTION RATE
(Btu/s)

Heat Rejected

Equipment for Equipment
Two CS and RHR jockey pumps 30
Two RHR pumps 61
One HPCI pump room cooler 34
Two RHR and CS pump room coolers 550
Two diesel generators 5610
Total rejection rate for 30 days after LOCA 6285
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HNP-2-FSAR-9

TABLE 9.2-11

INTEGRATED AUXILIARY HEAT REJECTED

Time After Integrated Time After Integrated
Shutdown Auxiliary Heat Shutdown Auxiliary Heat
(s) (Btu) (s) (Btu)

1.0 x 10" 6.285 x 10* 7.0x10° 4.399 x 10’
2.0 1.257 x 10° 8.0 5.028 x 10’
3.0 1.886 x 10° 9.0 5.657 x 107
4.0 2.514 x 10° 1.0 x 10* 6.285 x 107
5.0 3.143 x 10° 2.0 1.257 x 108
6.0 3.770 x 10° 3.0 1.886 x 108
7.0 4.399 x 10° 4.0 2.514 x 108
8.0 5.028 x 10° 5.0 3.143 x 108
9.0 5.657 x 10° 6.0 3.770 x 108
1.0 x 10° 6.285 x 10° 7.0 4.399 x 108
2.0 1.257 x 10° 8.0 5.028 x 108
3.0 1.886 x 10° 9.0 5.657 x 10®
4.0 2.514 x 10° 1.0x 10° 6.285 x 108
5.0 3.143 x 10° 2.0 1.257 x 10°
6.0 3.770 x 10° 3.0 1.886 x 10°
7.0 4.399 x 10° 4.0 2.514 x 10°
8.0 5.028 x 10° 5.0 3.143 x 10°
9.0 5.657 x 10° 6.0 3.770 x 10°
1.0x 10° 6.285 x 10° 7.0 4.399 x 10°
2.0 1.257 x 107 8.0 5.028 x 10°
3.0 1.886 x 107 9.0 5.657 x 10°
4.0 2.514 x 107 1.0 x 10° 6.285 x 10°
5.0 3.143 x 10’ 2.0 1.257 x 10"°
6.0 3.770 x 10’ 2.6 1.634 x 10"°
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HNP-2-FSAR-9

TABLE 9.2-12

SENSIBLE HEAT REJECTION RATE

Time After Sensible Heat Time After
Shutdown Rejection Shutdown
(s) (Btu/s) (s)
1.0 x 10" 0.0 7.0x10°

2.0 0.0 8.0
3.0 0.0 9.0
4.0 0.0 1.0 x 10*
5.0 0.0 2.0
6.0 0.0 3.0
7.0 0.0 4.0
8.0 0.0 5.0
9.0 0.0 6.0
1x 10 1.0 x 10* 7.0
2.0 1.0 x 10* 8.0
3.0 1.0 x 10* 9.0
4.0 1.0 x 10* 1.0x 10°
5.0 1.0 x 10* 2.0
6.0 1.0 x 10* 3.0
7.0 8.0 x 10* 4.0
8.0 13.0 x 10* 5.0
9.0 9.0 x 10* 6.0
1.0x 10° 6.5 x 10* 7.0
2.0 2.0x 10* 8.0
3.0 0.8 x 10* 9.0
4.0 0.7 x 10* 1.0 x 10°
5.0 0.3x 10* 2.0
6.0 0.2 x 10* 2.6

Sensible Heat
Rejection

(Btu/s)

0.1 x 10*
0.0
0.0
0.0
0.0
0.0
0.5 x 102
0.0
0.2x10°
0.2x10°
0.1x10°
0.5 x 102
0.5 x 102
0.5 x 102
0.3 x 102
0.3 x 102
0.1 x 102
0.0
0.0
0.0
0.0
0.0
0.0
0.0
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HNP-2-FSAR-9

TABLE 9.2-13

INTEGRATED SENSIBLE HEAT REJECTED

Time After Integrated Time After Integrated
Shutdown Sensible Heat Shutdown Sensible Heat
(s) (Btu) (s) (Btu)
1.0 x 10" 0.0 7.0x10° 1.01 x 108
2.0 0.0 8.0 1.01 x 108
3.0 0.0 9.0 1.01 x 108
4.0 0.0 1.0 x 10* 1.01 x 108
5.0 0.0 2.0 1.01 x 108
6.0 0.0 3.0 1.01 x 108
7.0 0.0 4.0 1.01 x 108
8.0 0.0 5.0 1.01 x 108
9.0 0.0 6.0 1.03 x 108
1.0 x 10° 1.0 x 10° 7.0 1.05 x 108
2.0 2.0x 108 8.0 1.06 x 108
3.0 3.0x 10° 9.0 1.06 x 108
4.0 4.0 x 10° 1.0x 10° 1.07 x 108
5.0 5.0 x 10° 2.0 1.14 x 108
6.0 6.0 x 10’ 3.0 1.17 x 108
7.0 1.4 x 107 4.0 1.20 x 108
8.0 2.7 x 107 5.0 1.21 x 108
9.0 3.6x 10’ 6.0 1.22 x 108
1.0x10° 4.3 x 10’ 7.0 1.22 x 108
2.0 7.7 x 107 8.0 1.22 x 108
3.0 8.8 x 10’ 9.0 1.22 x 108
4.0 9.5x 10’ 1.0 x 10° 1.22 x 108
5.0 9.8 x 10’ 2.0 1.22 x 108
6.0 1.0 x 108 2.6 1.22 x 108
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Time After
Shutdown

(s)

1.0 x 10"
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
1.0 x 10°
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
1.0 x 10°
2.0
3.0
4.0
5.0
6.0

HNP-2-FSAR-9

TABLE 9.2-14

Total

Integrated Heat

(Btu)

3.88 x 10°
5.39 x 10°
6.67 x 10°
7.86 x 10°
9.13 x 10°
1.03 x 10’
1.15x 107
1.26 x 10’
1.41 x 107
1.61x 10’
2.75x 107
3.83x 107
4.76 x 10’
5.61 x 107
6.54 x 107
8.04 x 107
1.01 x 108
1.17 x 108
1.31 x 10®
2.20 x 108
2.87 x 108
3.40 x 108
3.79 x 108
4.28 x 108

TOTAL INTEGRATED HEAT REJECTED

Time After
Shutdown

(s)

7.0x10°
8.0
9.0
1.0 x 10*
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
1.0x 10°
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
1.0 x 10°
2.0
2.6

Total

Integrated Heat

(Btu)

4.65 x 108
5.01 x 108
5.38 x 10®
5.74 x 10®
9.07 x 108
1.21 x 10°
1.45x 10°
1.71 x 10°
2.03x 10°
2.24 x 10°
2.49x10°
2.72 x10°
2.96 x 10°
5.00 x 10°
6.84 x 10°
8.66 x 10°
1.03 x 10"
1.24 x 10"
1.33x 10"
1.48 x 10"
1.62 x 10"
1.75x 10"
3.01x 10"
3.61x10"
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HNP-2-FSAR-9

TABLE 9.2-15

DECAY HEAT RELEASE RATE

Time After Time After
Shutdown Shutdown
(s) Watts/Watt (s)

1.0 x 10 0.087 7.0
2.0 0.086 8.0
3.0 0.085 9.0
4.0 0.084 1.0x 103
5.0 0.083 2.0
6.0 0.0825 3.0
7.0 0.082 4.0
8.0 0.081 5.0
9.0 0.080 6.0
1.0 x 10° 0.079 7.0
2.0 0.075 8.0
3.0 0.072 9.0
4.0 0.070 1.0 x 10*
5.0 0.068 2.0
6.0 0.067 3.0
7.0 0.066 4.0
8.0 0.065 5.0
9.0 0.064 6.0 x 10*
1.0 x 10" 0.063 7.0
2.0 0.060 8.0
3.0 0.060 9.0
4.0 0.052 1.0 x 10°
5.0 0.050 2.0
6.0 0.048 3.0
7.0 0.046 4.0
8.0x 10’ 0.045 5.0
9.0 0.044 6.0
1.0 x 10° 0.042 7.0
2.0 0.036 8.0
3.0 0.033 9.0
4.0 0.030 1.0 x 108
5.0 0.029 2.0
6.0 0.028 3.0

Watts/Watt

0.027
0.026
0.025
0.025
0.019
0.016
0.015
0.014
0.0134
0.0127
0.0122
0.012
0.0115
0.0095
0.0084
0.0076
0.0070
0.0066
0.0062
0.006
0.0058
0.0057
0.0046
0.0040
0.0036
0.0033
0.003
0.0029
0.0027
0.0026
0.0025
0.0018
0.0005
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HNP-2-FSAR-9

TABLE 9.2-16

DECAY HEAT REJECTION RATE

Time After Time After
Shutdown Decay Rate Shutdown
(s) (Btu/s x 10%) (s)

1.0 x 10 21.02 7.0
2.0 20.78 8.0
3.0 20.54 9.0
4.0 20.30 1.0x 103
5.0 20.06 2.0
6.0 19.94 3.0
7.0 19.82 4.0
8.0 19.58 5.0
9.0 19.34 6.0
1.0 x 10° 19.09 7.0
2.0 18.13 8.0
3.0 17.40 9.0
4.0 16.92 1.0 x 10*
5.0 16.19 2.0
6.0 16.19 3.0
7.0 15.95 4.0x10*
8.0 15.71 5.0
9.0 15.47 6.0
1.0 x 10" 15.23 7.0
2.0 14.50 8.0
3.0 13.40 9.0
4.0 12.57 1.0 x 10°
5.0 12.09 2.0
6.0 11.60 3.0
7.0x 10’ 11.12 4.0
8.0 10.88 5.0
9.0 10.63 6.0
1.0 x 102 10.15 7.0
2.0 8.70 8.0
3.0 7.98 9.0
4.0 7.25 1.0 x 108
5.0 7.01 2.0x 10°
6.0 6.77 3.0x 10°

Decay Rate
(Btu/s x 10%)

6.53
6.28
6.04
6.04
4.59
3.87
3.63
3.38
3.24
3.07
2.95
2.90
2.78
2.29
2.03
1.84
1.69
1.59
1.49
1.45
1.40
1.38
1.1
0.97
0.87
0.79
0.73
0.70
0.65
0.63
0.60
0.44
0.12
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HNP-2-FSAR-9

TABLE 9.2-17

INTEGRATED DECAY HEAT

Time After Integrated Time After Integrated
Shutdown Decay Heat Shutdown Decay Heat
(s) (Btu) (s) (Btu)
1.0 x 10 2.102 x 10* 7.0 5.88 x 107
2.0 419 x 10* 8.0 6.52 x 10’
3.0 6.26 x 10* 9.0 7.14 x 107
4.0 8.30 x 10* 1.0x 10° 7.74 x 107
5.0 1.03 x 10° 2.0 1.31x 108
6.0 1.23 x 10° 3.0 1.73 x 108
7.0 1.43 x 10° 4.0 2.10 x 108
8.0 1.62 x 10° 5.0 2.46 x 108
9.0 1.82 x 10° 6.0 2.79 x 108
1.0 x 10° 2.01 x 10° 7.0 3.10 x 108
2.0 3.87 x10° 8.0 3.40 x 108
3.0 5.65 x 10° 9.0 3.69 x 108
4.0 7.37 x10° 1.0 x 10* 3.98 x 10®
5.0 9.02 x 10° 2.0 6.52 x 108
6.0 1.06 x 10° 3.0 8.68 x 10°
7.0 1.23 x 10° 4.0 x 10* 1.06 x 10°
8.0 1.38 x 10° 5.0 1.24 x 10°
9.0 1.54 x 10° 6.0 1.40 x 10°
1.0 x 10" 1.69 x 10° 7.0 1.55 x 10°
2.0 3.18 x 10° 8.0 1.70 x 10°
3.0 457 x10° 9.0 1.85x 10°
4.0 5.87 x 10° 1.0 x 10° 1.98 x 10°
5.0 7.11 x 108 2.0 3.23x 10°
6.0 8.29 x 10° 3.0 4.27 x 10°
7.0x 10’ 9.43 x 10° 4.0 5.19 x 10°
8.0 1.05 x 107 5.0 6.03 x 10°
9.0 1.16 x 10’ 6.0 6.79 x 10°
1.0 x 10° 1.26 x 107 7.0 7.50 x 10°
2.0 221 x 107 8.0 8.18 x 10°
3.0 3.05 x 107 9.0 8.82 x 10°
4.0 3.81 x 107 1.0 x 108 9.43 x10°
5.0 453 x 10’ 2.0x 10° 1.46 x 10"
6.0 5.21 x 107 3.0x 10° 1.74 x 10"
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After Time
Shutdown

(s)

1.0 x 10"
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
1.0 x 10°
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
1.0 x 10°
2.0
3.0
4.0
5.0
6.0

HNP-2-FSAR-9

TABLE 9.2-18

Total Heat
Released

(Btu)

1.753 x 10°
3.306 x 10°
4.759 x 10°
6.121 x 10°
7.424 x 10°
8.667 x 10°
9.87 x 10°
1.100 x 107
1.217 x 107
1.423 x 107
2.536 x 10’
3.539 x 10’
4.461 x 10’
5.344 x 10’
6.187 x 10’
7.72 x 107
9.723 x 10’
1.131 x 108
1.267 x 108
2.206 x 108
2.799 x 108
3.301 x 108
3.754 x 10®
4.167 x 108

TOTAL INTEGRATED HEAT REJECTED

Time After
Shutdown

(s)

7.0
8.0x 10°
9.0
1.0 x 10*
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
1.0x 10°
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0
1.0 x 10°
2.0
3.0

Total Heat
Released

(Btu)

4.55 x 10®

4913 x 108
5.266 x 108
5.619 x 10®
8.787 x 108
1.158 x 10°
1.412 x 10°
1.655 x 10°
1.88 x 10°

2.095 x 10°
2.309 x 10°
2.522 x 10°
2.716 x 10°
4.601 x 10°
6.273z10°
7.824 x 10°
9.294 x 10°
1.068 x 10"°
1.202 x 10"
1.333x 10"
1.459 x 10'°
1.584 x 10"°
2.729 x 10"
3.386 x 10"
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9.3 PROCESS AUXILIARIES

9.3.1 COMPRESSED AIR SYSTEMS

9.3.1.1 Design Bases

The compressed air systems are designed to provide the following:

. A continuous supply of dry, oil-free, filtered, compressed instrument air for use in
the various plant instrumentation and other pneumatically powered equipment.

. A continuous supply of oil-free compressed service air to operate various types of
plant servicing equipment and tools.

. A source of high-volume, low-pressure air for the fuel pool cooling and cleanup
system (FPCCS) filter-demineralizers and reactor water cleanup (RWC) system
filter-demineralizer backwashing operations.

. A source of high-volume, oil-free compressed service air to supply the air surge
tank for the condensate polishing filter-demineralizer backwashing operations.

9.3.1.2 System Description

The compressed air systems, shown schematically on drawing nos. H-21028 and H-21077,
consist of the service air and the instrument air systems. The instrument air system is divided
into the following two subsystems:

. Noninterruptible: This system provides instrument air for the operation of certain
emergency system components.

. Interruptible: This system provides instrument air to all other components not
supplied by the noninterruptible system.

Motive gas for components within the drywell is supplied by the drywell pneumatic system and
is discussed in subsection 9.3.6. The requirements for the remainder of the compressed air
systems are supplied by 3 oil-free, screw-type air compressors (2 with a 500-sf*/min capacity
and 1 with a 700-sf*/min capacity) connected in parallel and 2 low-pressure, high-volume air
blowers.

The instrument air system includes an air dryer and two 100% capacity prefilters and afterfilters
connected in parallel.

Internal to the air compressor, each screw-type (station service) air compressor has an intake
filter, silencer, intercooler, aftercooler, moisture separator, blowoff cooler, oil cooler, oil reservoir
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and automatic load controls. External to the air compressor, each has an aftercooler, moisture
separator, dryer, receiver, valves, instrumentation, and associated piping. All compressor water |
jackets and coolers, as well as the external aftercoolers, are cooled by demineralized water in a
closed loop which rejects its heat to a fan-cooled heat exchanger. Closed cooling water flow is
maintained by two 100% capacity pumps. A portion of the cooling water return flow from the
compressor cooling circuit is utilized as a heating source for the HVAC heating coil, which
serves station battery rooms 2A and 2B. During normal operation, the one 700-sf*/min
compressor supplies all the compressed air requirements throughout the plant, exclusive of the
drywell and the low-pressure requirements for demineralizers, with one of the two 500-sf*/min
compressors on automatic standby and the other in backup mode requiring operator action for
energization.

The three station service air compressors discharge into a common manifold which feeds the
instrument and service air systems. The instrument air passes through a prefilter, a heat
reactivated desiccant dryer, and an afterfilter system that dries the air to a dew point of -40°F

and removes up to 98% of particles 1.0 um or larger before distribution throughout the plant.

The service air is distributed throughout the plant for services not requiring filtered air. |
Automatic controls are provided to prevent the use of service air when the instrument air

pressure decreases to 70 psig.

A low-pressure air blower supplies large volumes of low-pressure (18 psig) air to the FPCCS
filter-demineralizers, and the RWC system filter-demineralizers for backwashing operations.

The condensate polishing system utilizes a large volume of service air to air surge backwash
the demineralizer vessels. In this operation, an air surge tank stores service air for use during
backwashing operations. The air surge backwash technique uses a short-duration, high-
velocity burst of high-pressure service air that drives water to back wash the vessel elements.

9.3.1.3 Instrumentation Application

Instrumentation for the instrument and service air systems is primarily local and consists of
pressure, differential pressure, and temperature indication and/or control. Pressure
transmitters, pressure switches, indicating lights, and annunciation provide MCR indication of
the system condition for both air systems. Both systems are intended to be maintained at
constant pressure with local pressure reduction as required. Each station service air
compressor may be started or stopped locally or from the MCR; local control is by a
microprocessor-based system which provides indication, diagnostics, and equipment protection
features.

9.3.1.4 Safety Evaluation

The compressed air systems are required for normal operation and startup of the plant. The air
receiver capacity is adequate to supply instrument air to vital instrumentation for a period of not
< 10 min in the event all air compressors fail. Because compressed air is not essential for safe
shutdown of the plant, the compressed air systems do not switch automatically to operation
from diesel generator power following a loss of normal power. However, either station service
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compressor, 2A or 2B, has the capability of being operated from the standby diesel generation
system.

Self-actuated valves are used to isolate nonessential portions of the instrument and service air
systems on an abnormal pressure decay.

The noninterruptible portion of the instrument air system services certain valves in emergency
systems for which operation is desirable, though not essential, following loss of pressure in the
service air or interruptible portion of the instrument air system. The noninterruptible air system
is Quality Group D with the exception of that portion serving the main steam isolation valves
(MSIVs) which are Quality Group B and designed to be Seismic Category |I. Check valves are
provided to prevent the noninterruptible air header from depressurizing along with the rest of the
air system in the short term. A nonredundant safety-grade nitrogen system automatically
supplies the noninterruptible air system with long-term compressed gas based on low header
pressure.

In addition, certain valves served by the noninterruptible air system, including MSIVs, are
provided with Seismic Category | accumulators. These accumulators provide for reliable short-
term operation of these valves if the nitrogen backup system is not available. Table 9.3-1 lists
the valves provided with accumulators. Drawing nos. H-26260 and H-26261 show the
arrangement of the accumulators.

The following vessels located onsite contain service and instrument air under pressure:
A. Service Air Receivers (2P51-A001 A, B, C)

The service air receivers (2P51-A001 A, B, C) are located inside the control
building compressor room at el 112 ft 0 in. as shown on drawing no. H-12629. The
design pressure and temperature for the receivers is 125 psig and 450°F,
respectively. The normal operating pressure is 100 psig at a temperature of
100°F. The receivers are manufactured and tested in compliance with the
American Society of Mechanical Engineers (ASME) Code, Section VIII, Unfired
Pressure Vessels. The accumulators are equipped with safety relief valves which
are set at 125 psig.

Since the service air receivers are located adjacent to the station battery room 2A,
the possibility of failure has been evaluated. The normal operating temperature of
100°F is far above the nil ductility transition temperature (NDTT) for carbon steel.
Thus, no mechanism for vessel rupture exists and only a line break is considered.
At 125 psig and a maximum temperature of 125°F, the total internal energy that
could be released is 5 x 10° ft-Ib.

Postulating a complete break of the 8-in. line at the nozzle location 135 in. above

the base flange, the maximum thrust at the nozzle is 11,400 Ib at a pressure of
125 psig.
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The critical section of the base, occurring through the center of the holes at 4.5 in.
above the base flange, would be subjected to a moment of 1.49 x 10° in.-Ib. The
resulting bending stress would be 25,000 psi.

This does not exceed the ultimate material allowable stress of 70,000 psi. Thus,
the tank will not break loose as a result of pipe failure and will not act as a missile.

As shown above, there will be no possibility of loss of the batteries as a result of
failure of these receivers.

The consequences of failure of the HVAC heating coil serving station battery
rooms 2A and 2B were evaluated. Calculations determined that the weight of the
volume of water from the closed cooling system in the HVAC supply duct in station
battery rooms 2A and 2B would not result in the failure of the duct or its hangers,
that spray from a coil failure would be contained in the duct and not spray onto the
batteries, and that emptying the entire water volume of the cooling system into the
station battery room with the resulting flood level would not damage or disable the
station batteries.

Instrument Air Accumulators (2P52-A001 through -A016, 2P52-A018, and
2B21-A002 A, B, C, D)

There are 17 instrument air accumulators, 2P52-A001 through -A016 and
2P52-A018, located around the reactor building (drawing nos. H-26260 and
H-26261). The design and normal operating pressures for the accumulators are
150 psig and 100 psig, respectively. The design and normal operating
temperatures are 150°F and 100°F, respectively. The accumulators employ
nitrogen as a backup source of motive gas. The liquid nitrogen system provides
gaseous nitrogen at a maximum pressure of 140 psig.

The accumulators are constructed of SA-240, Type 304, stainless steel in
compliance with the ASME Code, Section VIII, Division 1.

Since the accumulators are constructed of stainless steel, no possibility of brittle
fracture is foreseen, nor is stress corrosion cracking considered a possibility
because the accumulators are not subjected to a salt environment nor exposed to
other fluids; therefore, no mechanism for vessel rupture exists.

The bursting pressure of the accumulators, based on minimum ultimate strength of
the material is 1300 psig. The calculated burst pressure is 9.3 times the maximum
operating pressure of 140 psig. At a maximum temperature of 125°F, the total
internal energy that could be released would be 2.1 x 10° ft-Ib.

Postulating a separation of the largest line entering the accumulators, which is
1in., a thrust of 181 Ib results, assuming a pressure of 140 psig.

This force is a much smaller load than the strength of the holddown bolts. The
force needed to fail one bolt is 15,600 Ib. Thus, the tank will not break loose as a
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result of pipe failure and will not act as a missile. In addition, there are four
instrument air accumulators (2B21-A002-A through D), as shown on drawing

no. H-26070, in the instrument air system for the MSIVs. These accumulators
have a design and operating pressure of 150 psig and 100 psig, respectively and
are also designed for a 70-psig external pressure. These accumulators are
backed up by the liquid nitrogen system which has a maximum operating pressure
of 140 psig.

The accumulators are designed as Seismic Category vessels and in accordance
with the ASME Code, Section lll, Class 2. The design temperature is 150°F. The
accumulators are constructed of SA-240, Type 304 stainless steel.

Since the accumulators are constructed of stainless steel, no possibility of brittle
fracture is foreseen, nor is stress corrosion cracking considered a possibility
because the accumulators are not subjected to a salt environment nor exposed to
other corrosive fluids. Therefore, no mechanism for vessel rupture exists.

The bursting pressure of the accumulators, based on a minimum ultimate strength
of the material, is 1460 psig. The calculated burst pressure of the accumulators is
10.4 times the maximum operating pressure which is assumed to be 140 psig. At
a maximum temperature of 125°F, the total internal energy that could be released
would be 2.1 x 10° ft-Ib.

Postulating a separation of the largest line entering the accumulator which is 1 in.,
a thrust of 181 Ib results assuming a pressure of 140 psig. The force is a much
smaller load than the strength of the holddown bolts. The force needed to fail one
bolt is 15,600 Ib. Thus, the tank will not break loose as a result of pipe failure and
will not act as a missile.

Transfer Canal Transition Piece Seal Air Accumulator (2P51-A002)

The transfer canal accumulator is a 13-ft* tank (liquid volume) located on the
refueling floor at el 228 ft 0-in. near the 3-in. gap between the HNP-1 and HNP-2
reactor buildings. This accumulator supplies air to the transfer canal transition
piece horizontal seals. It has a design pressure of 200 psig and a normal
operating pressure of 100 psig at 100°F with a safety relief valve set at 125 psig.
The accumulator is manufactured and tested in accordance with the ASME Boiler
and Pressure Vessel Code, Section VIII, Unfired Pressure Vessels.

The accumulator tank is mounted seismically to ensure that it cannot damage any
safety systems in the area. Since it does not perform a safety function itself, it is
not required to function after a seismic event; however, the supply piping to the
tank and the discharge piping to the seals have been analyzed and installed to
meet Seismic Category Il/I criteria.

The normal operating temperature is far above the NDTT for carbon steel; thus, no
mechanism for vessel rupture exists, and only a line break is considered. At
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125 psig and a maximum temperature of 100°F, the total internal energy that could
be released is 43,400 ft-Ib.

Postulating a complete break of the 2-in. line at the nozzle connection, the
maximum thrust is 500 Ib at a pressure of 125 psig. This thrust generates a
combined shear-tension load of < 5 of the anchor bolt allowables. Thus, the tank
will not break loose as a result of pipe failure and will not act as a missile. (See
HNP-1-FSAR section 10.11.)

The entry of contaminants into the system has been minimized by employing oil-free,
screw-type air compressors, moisture separators, air dryers, and particulate filters. The system
is designed for 150 psig and 150°F. Compressor relief valves prevent system pressure from
exceeding 125 psig.

The posterection cleaning consists of a series of blowdowns from the system normal pressure
with the first blowdown point as near to each compressor as practical. The blowdown point
progresses away from the compressors as determined by the absence of oil, moisture, and
particles from the blowdown. The cleaning media is the oilfree air supplied by the compressor.
Seismic Category | piping is used for noninterruptible services. All of the piping in the system is
designed to the American National Standards Institute (ANSI) B31.1.0 Code with the following
exceptions:

A.  Service air entering the primary containment is ASME Code, Section lll, Class 2,
and Seismic Category |.

B. Nonsafety-related air accumulators and receivers are designed to ASME Code,
Section VIII, Seismic Category |.

C. Safety-related air accumulators for the MSIVs are designed to ASME Code,
Section Ill, Class 2, Seismic Category |I.

9.3.1.5 Tests and Inspections

The instrument air and service air systems are pneumatically tested for leaks after posterection cleaning.
Soap-bubble testing is used on joints and welds where feasible. Observable leaks are repaired by joint
tightening or weld repair. Preoperational testing of the instrument air system meets the intent of
Regulatory Guide 1.80 (June 1974).

The instrument and service air systems operate continuously and are observed and maintained
during normal operation.
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9.3.2 PROCESS SAMPLING SYSTEM

9.3.2.1 Design Bases

The process sampling system is designed to:
. Provide representative liquid and gas samples for laboratory or online analysis.
These samples provide information required to monitor plant and equipment
performance and changes to operating parameters.

. Minimize the contamination and radiation at the sample station.

9.3.2.2 System Description

Samples are taken from various streams and locations as indicated on table 9.3-2. Sample
points are grouped as much as possible at normally accessible locations and drains are
provided at these locations to limit the risk of contamination. Lines are sized to ensure purging
and sufficient velocities to obtain representative samples. The system is supplied with local
sampling valves at the sampling stations for drawing process fluid into a closed sample
container. These grab samples are then taken to the laboratory for appropriate analysis. In
addition, continuous automatic monitoring and alarm of undesirable conditions is provided using
inline detectors where necessary.

High-temperature, high-pressure fluid samples first pass through sample coolers, are
processed, and then are routed to the sample sink. All other liquid process samples are routed
directly to the sample sink. The sample sink is furnished with an exhaust hood, a sink, a chiller,
and a demineralized water supply. The sink drains discharge to either the clean radwaste, dirty
radwaste, or chem radwaste drains, depending upon the nature of the sample.

9.3.2.3 Instrumentation Application

Local temperature indicators, after the high-temperature and high-pressure sample heat
exchangers, indicate the sample temperature before a sample is drawn in a sample sink.

Local pressure indicators, after the high-temperature and high-pressure sample heat
exchangers, guide the adjustment of throttling valves. Pressure reduction valves are provided
to protect the equipment and operators.

Inline process monitors and analyzers send output signals to panel-mounted indicators and

recorders at the sample stations, and to panel-mounted recorders and alarm consoles in the
main control room (MCR).
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9.3.24 Safety Evaluation

The process sampling system has no safety design basis. The system is not classified as
Seismic Category I; however, the sample lines in the reactor building only are installed as
Seismic Category I. Fume hoods with exhaust fans are provided at the sampling stations to
minimize exposure of operators to contaminated air and vapor when grab samples are being
taken.

9.3.2.5 Tests and Inspections

The process sampling system is proved operable by its use during normal plant operation.
Grab samples are taken to verify the proper operation of the continuous samplers. Portions of
the system normally closed to flow can be tested to ensure the operability and integrity to the
system.

9.3.3 EQUIPMENT AND FLOOR DRAINAGE SYSTEM

9.3.3.1 Design Bases

The equipment and floor drainage system is designed to:

. Collect waste liquids from their points of origin and remove to a suitable disposal
area.

. Ensure that the sump pumps discharge at a flowrate adequate for preventing sump
overflow during normally anticipated drainage periods.

. Detect abnormal leak rates in the primary containment and in the reactor building
through the use of sump pump run timers and instrumented drainage sumps.

9.3.3.2 System Description

9.3.3.2.1 General Description

The collection systems, drainage sources, and collection points from areas of potential
radioactivity are shown on drawing nos. H-21061 through H-21063, H-26002, H-26075,
H-26076, and H-26092. The equipment and floor drainage systems consist of collection piping,
equipment drains, floor drains, vents, traps, cleanouts, and collection sumps.
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Component Description
Collection Piping

In areas of potential radioactivity, the collection system piping for the liquid waste
system is carbon steel. The collection system piping for potentially radioactive
chemical waste is stainless steel. Where deemed necessary to vent radwaste
drainage collection systems, connections are provided to the filtered ventilation
system. Offsets in the piping are provided where necessary for radiation shielding.
The fabrication of the piping provides for a uniform slope which induces waste to
flow in the piping at a velocity of not < 2 ft/s.

All floor drains are installed with rims flush with the low point elevation of the
finished floor. Floor drains in areas of potential radioactivity are welded directly to
the collection piping and are provided with expandable T-handle plugs.

Reactor Building and Primary Containment Equipment Drains

Reactor containment equipment wastes are collected in two separate systems.
The drywell equipment drains sump system collects all equipment drains located in
the primary containment. The reactor building equipment drain sump system
handles drainage from equipment drains located in the secondary containment.
Equipment wastes are collected in closed piping and discharged to an equipment
drain sump. Pumps are provided to transfer these wastes from the sumps to the
radwaste system. Containment is provided in transferring waste from the sumps to
the radwaste system by maintaining a minimum water level in the sump which
seals the pump suction lines. The drywell equipment drain discharge line
penetrating the primary containment has two isolation valves which close upon a
high drywell pressure signal or low reactor water level (level 3) signal.

A leak detection feature is provided by monitoring the frequency and duration of
pump runs. Presence of large leaks is further indicated by a temperature alarm in
the MCR, sensed by a temperature element in the sump.

The discharge lines of the drywell floor drain and equipment drain sumps are
provided with radiation monitors which shut off the sump pumps automatically on
high radiation. This prevents pumping of high level contaminants to the radwaste
building.

The reactor building diagonal rooms that house the emergency core cooling
system (ECCS) equipment, the high-pressure coolant injection (HPCI) room, and
the torus chamber room are each equipped with instrumented floor drain sumps.
(See drawing no. H-26076.) No single failure of any instrumentation (including
LS-N006) prevents any of the protective actions, i.e., sump isolation, from
occurring. These sumps gravity drain to the reactor building floor drain sumps
located in the southeast and southwest diagonal rooms.
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The instrumented sumps are isolatable from each other by means of
remotely-operated valves and are equipped with instrumentation capable of
monitoring leakage rates and providing alarms in the MCR in the event of
excessive leakage.

The reactor building floor drain sumps are each provided with two 50-gal/min sump
pumps which are sized to remove the maximum amount of anticipated drainage
during normal operation and maintenance periods. Control of these sumps is
described in paragraph 9.3.3.3.

In the event of flooding from the torus, detectors in the torus chamber room sumps
would detect and alarm the excessive leakage condition. Should the floor drain
sump pumps be unable to discharge the excess drainage, the torus room sumps
are automatically isolated to prevent flooding in the diagonal rooms. The diagonal
rooms are separated from the torus chamber room by 2-ft-thick concrete walls that
are designed to withstand the hydrostatic loads due to torus flooding. Piping
penetrations into the diagonal rooms below the calculated maximum height of torus
chamber flooding are sealed to prevent leakage. Entrance into the diagonal rooms
is from above, thereby preventing potential leakage paths.

Flooding of a diagonal room or the HPCI room due to a line break in the room can
be confined to that room alone by means of the remotely operated isolation valves
in the drainage system. Redundancy of essential equipment and physical
separation of the diagonal rooms, coupled with the remote isolation capability of
the drainage system, ensures the protection of the ECCS against common flooding
events.

Design provisions for protection against flooding due to natural phenomena are
discussed in section 3.4.

Turbine Building Equipment Drains

The turbine building radioactive equipment drainage begins with drains at all items
of equipment which require draining, collects in branch lines, empties into main
waste lines, and discharges into the equipment drain sump located below the
basement level. Sump pumps are provided to pump the discharge from the turbine
building to the radwaste system.

Radwaste Building Equipment Drains
The radwaste building radioactive equipment drainage begins with drains at all
items of equipment, collects in branch lines, and empties into main waste lines to a

collecting sump. Sump pumps are provided to pump the discharge from the
radwaste building sumps to the radwaste system.
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E. Waste Gas Treatment Building Equipment Drains

The waste gas treatment building radioactive equipment drainage begins with
drains at all items of equipment, collects in branch lines, and empties into main
waste lines to a collecting sump. Sump pumps are provided to pump the waste
from the waste gas treatment building sumps to the radwaste system.

F. Radioactive Floor Drainage System

Except for the floor drains in the condensate backwash receiving tank area, all
floor drains for the reactor building, turbine building, waste gas treatment building,
control building, and radwaste building are collected in branch lines, emptied into
main waste lines, and discharged into floor drain sumps located in the basements
or the lowest level of the buildings. Sump pumps transfer these wastes from the
building sumps to the radwaste system.

The floor drain sump pumps in the reactor building and primary containment also
incorporate the leak detection feature described above under reactor building and
primary containment equipment drains; however, no temperature detection system
is provided.

Floor drains in the condensate backwash receiving tank area are collected by a
small sump and its sump pump discharges its collected drains to the turbine
building floor drain sump.

G. Technical Support Center Carbon Filter Drains
The technical support center carbon filter drains empty into a collection sump
located in the technical support center mechanical equipment room. No sump
pumps are provided to discharge from this sump.

H. Nonradioactive Water Drainage System
Roof drains from the reactor building, radwaste building, turbine building, control
building, and service building are collected and discharged to the storm drain
system which discharges to the river.
Floor drains in the technical support center are also discharged to the storm drain
system.

9.3.3.3 Instrumentation Application

Primary containment and reactor building sumps are provided with the following instruments
and controls:
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A.  One of two sump pumps is started or stopped on rise or fall of the sump level as
selected by the electrical alternator. If the level of water in the sump reaches an
abnormally high level, both pumps are started automatically.

B. A leak detection feature is provided by monitoring the frequency and duration of
pump runs. Presence of large leaks is further indicated by a temperature alarm in
the MCR, sensed by a temperature element in the equipment sump.

C. Aflow totalizer is provided in the discharge line of the drywell equipment and floor
drain sumps to provide for periodic checks of identified and unidentified leakage
rates.

D. High radiation levels sensed in the discharge lines of the primary containment
sumps shut off the sump pumps automatically to prevent pumping of high-level
contaminants to the radwaste building.

The other sumps, including other equipment drain sumps and turbine and radwaste building
floor drain sumps, are provided with instrumentation similar to the above, except that they have
no separate level switch for alarm, no temperature element or alarm, no leak detection system,
and no high-radiation detection.

9.3.34 System Evaluation

To provide reliable operation of the plant equipment and floor drainage system, the sumps are
provided with duplex sump pumps which were originally designed in accordance with the ASME
Boiler and Pressure Vessel Code, Section lll, Class 3, with the exception of the condensate
backwash receiving tank area sump pump. Replacement pumps may be procured and
designed to the manufacturer's standard code.

Additionally, those sumps located within the reactor building and the primary containment are
qualified to Seismic Category | requirements.

9.3.3.5 Tests and Inspections

Portions of the plant equipment and floor drainage systems were hydrostatically or air tested during
erection to assure integrity of the system.

Other portions are proved operable by use during normal plant operation.
9.34 CHEMICAL, VOLUME CONTROL, AND LIQUID POISON SYSTEMS

This subsection is not applicable to a boiling water reactor (BWR). The standby liquid control
system (SLCS) is discussed in section 4.2.
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9.3.5 FAILED FUEL DETECTION SYSTEM

Although the BWR core is designed to operate for the full-fuel cycle with essentially no fuel rod
failures, the process radiation monitoring system provides the capability to detect rod failures.

In the event of gross rod failure, the increased activity in the coolant will be transferred to the
steam and detected by the main steam line radiation monitoring system. Downstream of the
steam line monitors are the carbon bed vault monitoring subsystem, the air ejector off-gas RMS,

and off-gas vent pipe radiation monitoring system. These subsystems are described in chapter
11.

9.3.6 DRYWELL PNEUMATIC SYSTEM

9.3.6.1 Power Generation Design Bases

A. The drywell pneumatic system supplies clean, dry, oilfree gas nominally at 90 psig
to the equipment within the drywell requiring motive gas.

B. Gas receiver storage capacity is adequate to supply vital equipment with gas for a
minimum period of 10 min.

9.3.6.2 Safety Design Bases

Provide pneumatic supply to safety relief valves (SRVs) to ensure short-term capability to
actuate these valves when required.

A. Provide pneumatic supply to SRVs to ensure long-term capability to actuate these
valves when required.

B. Protect against inadvertent actuation of SRVs and MSIVs due to excess pneumatic
supply pressure.

C. Provide containment isolation capability.
D. Protect against depletion of the nitrogen supply and overpressurization of drywell

due to rupture of the pneumatic header in drywell.

9.3.6.3 System Description

During normal operation, valves 2P70-FO01A & B are opened, allowing the makeup nitrogen
supply from the nitrogen inerting system (2T48) to satisfy motive gas requirements. The
nitrogen is piped from the nitrogen supply through particulate filters and pressure regulators and
ultimately distributed to the equipment in the drywell by two separate headers. (See drawing
nos. H-26066 and H-28023.)
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Supply header pressure regulators reduce the gas pressure to ~ 107 psig to maintain the
pneumatic header pressure in the drywell above the minimum allowable 90 psig.

Vital components, such as MSIVs and main steam SRVs, have gas accumulators to ensure
reliable operation in case of interruption of gas supply. In order to utilize receiver 2P70-A001
with the nitrogen supply, the internals of check valve 2P70-F016 must be removed and
valve 2P70-F015 locked closed.

The original plant design utilized redundant compressors to take suction from the drywell atmosphere
and return compressed gas to the drywell equipment. These compressors are now out of service. The
compressors and the system malfunction alarm in the MCR are disconnected. The containment isolation
valves on the compressor suction line remain operable and in place in a normally closed position.

A backup supply of nitrogen to the drywell is provided through three interchangeable nitrogen

bottles and a manifold system at one of two emergency nitrogen hookup stations. This alternate
mode of operation is described in paragraph 9.3.6.5.6.

9.3.6.4 Instrumentation Application

All control instrumentation for the drywell pneumatic system is located on the local panel except
for the alarms which are located in the MCR. The remote manual switches for the makeup
nitrogen supply valves and containment isolation valves are also located in the MCR.

Instrumentation consisting of pressure switches, level switches, pressure indicators, and
differential pressure indicators is provided to ensure proper functioning of the system.

Pressure control valves are installed after the drywell pneumatic filters to reduce the supply gas
pressure to meet the component requirement.

9.3.6.5 Safety Evaluation

Except for the main steam SRVs, pneumatic-operated devices in the drywell are designed for
the fail-safe mode and do not require continuous gas supply under emergency or abnormal
conditions.

9.3.6.5.1 Short-Term SRV Pneumatic Supply

Short-term SRV pneumatic supply requirements are satisfied by the individual accumulators
provided for each ADS valve and installed for each non-ADS SRV. Each accumulator is sized
to ensure two SRV actuations at 70% drywell design pressure (0.70 x 62 = 43.4 psig) within the
first half hour. This elevated drywell pressure is the result of the largest primary system break
for which the ADS is required. For smaller breaks in the drywell, or for breaks outside the
drywell, the accumulator availability will be extended considerably. For events not involving
breaks in the drywell, accumulator capacity is sufficient to ensure multiple SRV actuations

for> 2 h.

9.3-14 REV 25 9/07



HNP-2-FSAR-9

The ADS is required for events where following an isolation, the reactor remains at high
pressure, and the high-pressure makeup systems (e.g., HPCI) are not available to maintain
vessel level. Specifically, for events resulting in reactor isolation or for small-break
loss-of-coolant accidents (LOCAs) where break flow is insufficient to depressurize the reactor
and HPClI is not available, the ADS valves must act to depressurize the vessel so that the
low-pressure coolant injection (LPCI) mode of the residual heat removal (RHR) system and the
core spray (CS) system can be used to restore and maintain vessel level.

There are seven ADS valves, each provided with an accumulator. Analysis has shown that a
maximum of one ADS valve could become pneumatically or electrically disabled due to a pipe
break in the drywell. Therefore, a minimum of six ADS valves will be available during the first
half-hour to depressurize the vessel if HPCI is not available. Per the Boiling Water Reactor
Owners Group (BWROG) Emergency Procedure Guidelines (EPGs), the minimum number of
SRVs required for rapid depressurization is three. In addition, for breaks less than three SRV
port areas, at least three of the four non-ADS SRVs will be available. These valves can be
manually actuated to help depressurize the vessel.

Soft-seated check valves were installed at the inlet to each ADS valve accumulator, as required
by IE Bulletin 80-01, thus ensuring adequate leaktightness of the ADS valve accumulators in
case their pneumatic supply is cut off. Pressure switches with alarms installed in the drywell
pneumatic system supply headers will generate a low-pressure signal and alert the operator if
the ADS accumulators are not being properly charged. A minimum accumulator pressure of

90 psig must be maintained during normal plant operation.

Other short-term pneumatic supply requirements for certain SRVs are stipulated by the low-low
set (LLS) relief logic system.

9.3.6.5.2 Long-Term SRV Pneumatic Supply

Long-term SRV pneumatic supply requirements are satisfied by the modified drywell pneumatic
system and the safety grade compressed nitrogen system. If the vessel has not been
depressurized within the first half-hour after an isolation event (with or without a break in the
drywell), at least three SRVs or an equivalent break size must be available to depressurize the
vessel if required. Also, following certain events, a minimum of two SRVs may be required to
provide an alternate shutdown cooling path for the vessel. (Reference BWROG EPG,

Revision 18, August 27, 1981, written in response to NUREG-0737, Item I.C.1.) Specifically,
this alternate shutdown cooling path is required when the RHR shutdown cooling path is not
available.

9.3.6.5.3 Overpressure Protection Requirements
A pressure switch and alarm (2P70-PS-N017) installed in the common pneumatic supply header
will alert the operator to excess pneumatic pressure which could cause inadvertent actuation of

the SRVs or MSIVs. A relief valve (2P70-F100) provides positive overpressure protection. The
high-pressure alarm and relief valve were added as required by |IE Bulletin 80-25.
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9.3.6.5.4 Containment Isolation Requirements

The design of the drywell pneumatic system satisfies the requirements of 10 CFR 50,
Appendix A, General Design Criterion 56, concerning containment isolation. Two automatic
isolation valves are provided for each header in the modified drywell pneumatic system.

Protection of the headers during a LOCA is provided by the flow instrumentation which will
generate a high-flow signal and automatically close redundant isolation valves should an air
header be ruptured inside the drywell. Provisions are included to allow containment leakage
testing per 10 CFR 50, Appendix J.

9.3.6.5.5 Flow Instrumentation

Flow instrumentation is provided to sense a high flow or a rupture of either pneumatic header
inside the drywell. The ruptured header will be automatically isolated, thus satisfying
containment isolation requirements and ensuring that the liquid nitrogen tank (2T48-A001) will
not be depleted and that the drywell will not be overpressurized due to uncontrolled nitrogen
flow. A time delay is included in the high-flow isolation logic to ensure that isolation does not
occur during normal actuation of air-operated valves in the drywell.

9.3.6.5.6 Protection Against Postulated Failures

The modified drywell pneumatic system uses two separate pneumatic headers inside the
drywell, each supplying one-half of the SRVs (11 total) and other air-operated valves in the
drywell. Four ADS valves and two non-ADS SRVs are on one header; the other three

ADS valves and two non-ADS SRVs are on the second header. The two headers tie into a
common header outside the drywell which is supplied by a safety grade, single-failure-proof
compressed nitrogen system.

Separation is such that no pipe break in the drywell with a break area less than or equal to three
SRV port areas can concurrently damage both pneumatic headers. This is significant because
at least three SRVs, or an equivalent break size, are required to adequately depressurize the
vessel. In addition, separation is such that no break described above can disable more than
one ADS valve and one non-ADS SRV. Loss of one pneumatic header, one ADS valve, and
one non-ADS SRV still leaves a minimum of three SRVs available for depressurization and
alternate shutdown cooling. The ability of the SRVs to depressurize the reactor during design
basis events is further protected by individual accumulators provided for each ADS valve.

These accumulators are sized to ensure two SRV actuations at 70% drywell pressure. For
smaller breaks, the accumulator availability will be extended considerably.

The drywell pneumatic system and the nitrogen system are not specifically protected from pipe
break effects outside the drywell, except at the drywell penetrations. Credit is taken for local
operator action to restore within 2 h the pneumatic supply, if damaged by a pipe break outside
the drywell.
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Three interchangeable nitrogen bottles and a manifold system are provided at the emergency
nitrogen hookup station (2P70-F084) so the operator can restore pneumatic supply to the
drywell in the event that the nitrogen supply from the purge and inerting system becomes
unavailable as the result of a fire. The nitrogen bottles and manifold system are functionally not
safety related. However, to protect the integrity of other safety-related systems in the area, the
bottle rack is a Seismic Category | structure. A safety-related missile shield is installed above
the bottle rack.

The drywell pneumatic system air receiver (2P70-A001) is located in the reactor building at

el 158 ft as shown on drawing no. H-26066. The design pressure and temperature for the
receiver are 150 psig and 200°F, respectively. The normal operating pressure is 125 psig at a
temperature of ~ 100°F. The receiver is equipped with an SRV set at 145 psig and is
manufactured and tested in compliance with ASME Code, Section I, Class 2.

The normal operating temperature of ~ 100°F is far above the NDTT of stainless steel. Thus,
no mechanism for vessel rupture exists and only a line break is considered. At the design
pressure and temperature, the total internal energy that could be released is 2.5 x 10° ft-Ib.

The force needed to fail one bolt holding the manhole inspection cover is 75,750 Ib. The force
exerted on the cover at a pressure of 150 psig is 54,287 Ib shared among 16 bolts. Postulating
a separation of the largest line entering the receiver, which is a 2-in. line, a thrust of 797 Ib
results.

The critical section of the base would be subjected to a moment of 5.26 x 10* in.-Ib. The force
exerted would be shared by two of the four holddown bolts. However, assuming that only one
bolt was subjected to the force exerted, the force would be 2664 Ib. The force needed to fail
one boltis 57,750 Ib. Thus, neither the tank nor any part of the tank will break loose or become
a missile as a result of a pipe failure.

Each nozzle has been located such that it is not directed toward any essential or safety-related
equipment. Therefore, jet loads resulting from the rupture of any piping connection would not
impinge on any essential or safety-related equipment.

It is concluded that no protection beyond the existing fasteners and supports is required to
protect against the aforementioned postulated failures.

The gas receiver and accumulators are designed, constructed, examined, tested, and stamped

in full compliance with ASME Code, Section Ill, Class 2. All welded joints are 100%
radiographed. A Seismic Category | design requirement is also specified.

9.3.6.6 Tests and Inspections

Preoperational inspection and testing were performed for each component during installation.

The drywell pneumatic system operates continuously when required and is monitored and
maintained during normal plant operation.
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SRV accumulator system leakage is checked during every refueling outage. Combined leakage
from all points (i.e., check valve, solenoid valves, actuator, fittings, etc.) must be < 4.5 sf/h.
Repairs needed to bring the leakage rate within the allowable value are made prior to plant
startup.

9.3.7 TORUS DRAINAGE AND PURIFICATION SYSTEM

The torus drainage and purification system is typically not used either during plant shutdown or
plant operation. A spool piece is removed and two manual isolation valves located adjacent to
the torus are locked closed to ensure that torus water level cannot be inadvertently raised or
lowered through system operation or leakage.

Alternate means are employed for torus cleaning during maintenance outages. Typically, a
portable vacuum system with filters is used to periodically desludge the torus. The frequency of
such torus cleaning is sufficient to ensure that the ECCS pump suction strainers can perform
their function.

9.3.71 Design Bases

The torus drainage and purification system is designed to:

. Facilitate suppression pool drainage during plant outages requiring maintenance
and inspection in the torus.

. Provide a means for cleanup of the suppression pool during drainage.

. Provide the capability for a low-flow cleanup of the suppression pool during normal
plant operation.

9.3.7.2 System Description

The torus drainage and purification system is shown schematically on drawing no. H-26042.
For ease of discussion, the torus drainage and purification system is subdivided as follows:

. Torus drainage and purification system (plant shutdown).

. Torus purification system (plant operating).

9.3.7.21 Torus Drainage and Purification System (Plant Shutdown)
The torus drainage and purification system for plant shutdown periods consists of the torus

suction piping, a 1200-gal/min pump, and other piping and valves (drawing no. H-26042) as
required to allow torus suppression pool waters to be transferred from the torus to either the

9.3-18 REV 25 9/07



HNP-2-FSAR-9

condensate storage tank (CST), the main condenser hotwell, or directly to the radwaste system
storage tanks.

Discharge of the torus waters to the CST and the main condenser hotwell will be via the
condensate polishing system (described in chapter 10) for removal of suspended and ionic
impurities. Makeup to the suppression pool is provided by gravity drain from the CST.

Discharge of the torus waters to the radwaste system storage tanks is provided to facilitate the
complete drainage of the suppression pool during shutdown should this ever be required.

The system is fitted with a temperature switch on the discharge piping to terminate pump
operation in the event pump discharge temperature exceeds 150°F in order to prevent rapid
resin depletion due to elevated temperatures. Additionally, the pump is fitted with a low suction
pressure trip to protect the pump during torus drainage.

9.3.7.2.2 Torus Purification System (Plant Operating)

In order to provide cleanup of the torus waters, a low-flow vacuum drag and gravity drain
makeup system consisting of remotely actuated valves and drilled flow-control orifices allow the
torus waters to be vacuum dragged from the torus to the main condensate pump common
suction line. The condensate pump then directs the water to the reactor by way of the
condensate polishing system. Replenishment of the torus water is by gravity drain from the
CST once the remotely actuated makeup valves are manually operated from the MCR.

The vacuum drag and gravity drain systems are designed to operate simultaneously to maintain
the torus water level within the design level control band. Deviation from normal water level due
to differential flows in the drag and makeup systems automatically results in influent and effluent
valve closure upon receipt of high and/or low torus water level (2 in. from reference),
respectively. Once tripped, these valves remain in their closed positions until deliberate
operator action is initiated to clear the trip condition and restore the system to operation.

Additionally, the valves are automatically tripped, terminating system operation and isolating the
containment upon receipt of either a high drywell pressure signal or an MSIV closure.

The torus water effluent valves are also tripped closed on actuation of any turbine trip signal.

9.3.7.3 Instrumentation Application

9.3.7.3.1 Torus Drainage and Purification System (Plant Shutdown)

A pressure switch which senses pump suction pressure is provided to prevent pump damage
during torus drainage due to inadequate suction pressure. This switch is set at 0.5 psig
decreasing. A temperature switch is provided on the pump discharge piping to automatically
initiate pump trip at 150°F increasing water temperature to prevent rapid depletion of filter
demineralizer powdered ion-exchange resins. Pump discharge pressure may be determined by
reading the local pressure indicator at the pump discharge piping.
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9.3.7.3.2  Torus Purification (Plant Operating)
A differential pressure-indicating switch is provided across the flow-control orifice in the torus

effluent line which actuates a lamp in the MCR to indicate that system flow has been initiated.

9.3.7.4 Safety Evaluation

The torus drainage and purification system is typically not used either during plant shutdown or
plant operation. A spool piece is removed and two manual isolation valves located adjacent to
the torus are locked closed to ensure containment integrity and to ensure that torus water level
cannot be inadvertently raised or lowered through system operation or leakage.

9.3.7.41 Torus Drainage and Purification (Plant Shutdown)

The torus suction penetration and piping out to and including the first spectacle flange are
designed in accordance with ASME Code, Section Ill, Class 2, piping requirements and to meet
Seismic Category | requirements.

In order to prevent inadvertent pump operation, the local pump starting switch is provided with a
key-lock feature which provides for close administrative control of the start-switch position.
Remote switches in the main and radwaste control rooms are provided with only two selection
positions: permissive (which allows the pump to be started locally, provided the key is available)
and stop.

9.3.7.4.2  Torus Purification System (Plant Operating)

The torus water effluent piping out to the second isolation valve is designed in accordance with
ASME Code, Section lll, Class 2, piping requirements and to meet Seismic Category |
requirements. Automatic trip features are provided to cause the isolation valves to close upon
initiation of any trips, terminate system operation, and close isolation valves to maintain
containment integrity and containment heat removal capability. The air-operated isolation
valves are designed to fail closed on a loss of electrical power to the pilot solenoid valve, as well
as on a loss of air supply.

With the exception of the containment isolation function, the torus drainage and purification
system is not safety-related. Its performance is not required to mitigate the consequences of
any design basis accident (DBA). The design, as indicated above, is such that no single failure
causes reduction or degradation in the operation of any safety-related system.

9.3.7.5 Tests and Inspections

Prior to placing the systems in service, system and component operability was verified by manufacturer's
performance testing where applicable and the system was preoperationally tested to determine that it
performed its intended design functions.
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System instrumentation was tested and calibrated initially during preoperational testing and
subsequently in accordance with the quality assurance program described in section 17.2.
Remotely operated valves are periodically cycled to determine operability.

9.3.8  AUXILIARY STEAM (HNP-1 AND HNP-2)

9.3.8.1 Design Bases

The auxiliary steam system is designed to provide a source of low-pressure noncontaminated
steam for various startup and plant service functions. These functions include:

. Supplying low-pressure steam to the reactor feed pump turbines during startup.

° Supplying low-pressure steam to the main steam moisture separator reheaters for
blanketing. This function is currently not in use because blind flanges were
installed to prevent leakage from the main steam system into the auxiliary steam
system. These blind flanges are shown on FSAR drawings H-26063, H-11018,
and H-11601.

. Supplying low-pressure heating steam to the refueling floor heating system heat
exchangers.

. Supplying low-pressure heating steam to the condensate-polishing demineralizer
precoat water heater.

° Supplying low-pressure steam to the HPCI and RCIC systems for overspeed
testing.

9.3.8.2 System Description

The auxiliary steam system shown schematically on drawing no. H-26063 is supplied by a
fossil-fired boiler that is common to both Hatch Nuclear Plant-Unit 1 (HNP-1) and Hatch Nuclear
Plant-Unit 2 (HNP-2). Ten thousand pounds of steam per hour at ~ 200 psig are available for
use for plant heating during cold weather and for the common steam vaporizer which converts
liquid nitrogen into a gaseous state for inerting the HNP-1 and HNP-2 drywells.

The turbine building, reactor building, and radwaste building are served by a common header
that enters the HNP-2 turbine building from the HNP-1 turbine building. A motor-operated
isolation valve is provided in the header near the point at which it enters the HNP-2 turbine
building. Branch lines to the various services are provided with either manual isolation valves or
motor-operated isolation valves.
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Condensate from the equipment served by the auxiliary steam system is collected in a common
return header which joins the HNP-1 condensate collection header prior to returning to the
circulating water flume.

The auxiliary boiler is a single-drum, fire-tube boiler designed to burn no. 2 fuel oil. Water is
provided to the auxiliary boiler from the demineralized water system.

The plant heating system is comprised of two hot water heaters supplied by auxiliary steam
centrifugal pumps for recirculating the hot water and various heating coils which are an integral
part of the plant heating, ventilation, and air-conditioning (HVAC) systems which are further
discussed in section 9.4. However, analysis indicates that the design temperatures of various
buildings can be maintained with internal heat loads; therefore, use of the hot water heating
coils/unit heaters is not necessary.

9.3.8.3 Instrumentation Application

The auxiliary steam system is provided with the following instrumentation:
A. Pressure indicators are installed in the main header and each branch line.

B. Temperature indicators are installed in the main header in the turbine building and
radwaste building.

C. Flow elements are installed in the branch lines serving the HPCI turbine, the RCIC
turbine, and the radwaste reboiler.

9.3.84 Safety Evaluation

The auxiliary steam system is not a safety-related system itself, but it has been analyzed with
regard to effects of line breaks on safety-related equipment. Routing of the piping is such that
there is no jet impingement on safety-related cables or other equipment from a critical-size
crack in the line (paragraph 15A.5.6.2).

Auxiliary steam branch lines that serve as a backup to equipment normally supplied by reactor

steam are provided with isolation valves plus a check valve to ensure there is no backflow of
reactor steam into the auxiliary steam system.

9.3.8.5 Tests and Inspections

The auxiliary steam system was hydrostatically tested following erection to ensure the integrity of the
system.

System instrumentation is periodically calibrated to ensure its accuracy.
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Fail/Position®
Open
Open

Open

Open
Open
Open
Open
Open
Closed®
Open

Open
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TABLE 9.3-1

PNEUMATICALLY OPERATED VALVES
PROVIDED WITH ACCUMULATORS

Valve No.
2E51-F003
2E41-F051

2T48-F310, F311

2E21-FO19A, B

2P41-F066, FO67
2E11-FO65A, B, C, D
2P33-F004, FO03, FO12, FO11
2P33-F007, FO15
2B21-F028A, B, C,D
2P33-F002, FO5, FO10, FO13

2P33-F006, FO14

Service
RCIC torus suction
HPCI torus suction

Reactor building to torus vacuum
breaker

Core spray system torus suction
Service water to reactor building
RHR system torus suction

H,/O, analysis A system - drywell
H./O, analysis A system - torus
Main steam line isolation

H>/O, analysis B system - drywell

H./O, analysis B system - torus

a. Fail position is defined as that position assumed by the valve upon loss of either pneumatic or electrical power.
b. All main steam line isolation valves will fail closed on loss of electrical power; however, these valves are fitted
with air accumulators and redundant electrical power supplies.
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Description

Nuclear Steam Supply System

Main steam

Suppression pool

SLCS

Reactor water

Reactor water

HNP-2-FSAR-9

TABLE 9.3-2 (SHEET 1 OF 2)

PROCESS SAMPLING SYSTEMS

Location

Main steam line

Suppression pool

SLCS tanks

Recirculation system

Recirculation system

Main Condenser Circulating Water System

Circulating water

Pump discharge

Spent-Fuel Pool Cooling and Demineralizer System

Fuel pool filter-demineralizer

Fuel pool filter-demineralizer

Condensate System

Condensate

Condensate demineralizer

Condensate

Inlet

Outlet

Condensate pump
discharge

Outlet

Condensate booster
pump discharge

Purpose

Carryover quality

Monitor corrosion and
activity

Sodium pentaborate
concentration

Monitor reactor water
when cleanup is isolated

Zinc concentration

Determine chlorine
concentration

Fuel pool quality

Filter efficiency

Condensate quality and
tube leaks

Condensate quality

Condensate quality
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TABLE 9.3-2 (SHEET 2 OF 2)

Description

Reactor Feedwater System

Feedwater

Feedwater

Feedwater

RWC Demineralizer System

Filter-demineralizer

Filter-demineralizer

Makeup
CST

Location

Six places in heater train
feed piping

After last heater

GEZIP skid

Inlet

Outlet

Pump discharge

Reactor Building Closed Cooling Water System

Cooling water

Radwaste System - Liquid

Waste surge tank

Waste collector tank

Floor drain collector tank
Waste sample tank

Floor drain sample tank
Radwaste filter-demineralizer
Chemical sample tank
Chemical waste tank

Chemical waste/floor drain
neutralizer tank

Pump discharge

Pump discharge
Pump discharge
Pump discharge
Pump discharge
Pump discharge
Outlet

Pump discharge
Pump discharge

Pump discharge

Purpose

Water quality

Water quality

Zinc concentration

Reactor water quality

Filter efficiency

Water quality

Water quality

Process data
Process data
Process data
Discharge suitability
Discharge suitability
Filter efficiency
Discharge suitability
Process data

Process data
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9.4  AIR-CONDITIONING, HEATING, COOLING, AND VENTILATION SYSTEMS

9.4.1 MAIN CONTROL ROOM (HNP-1 AND HNP-2)

9411 Design Bases

9.4.1.1.1 Safety Design Bases
The main control room environmental control system (MCRECS) is designed:
. With sufficient redundancy and separation of active components to provide reliable
operation under normal conditions and ensure operation under emergency

conditions.

. To provide purging capability for removing radioactive and foreign material from
the main control room (MCR) environment.

° To detect and limit the introduction of radioactive material into the MCR.

9.4.1.1.2 Power Generation Design Bases
The MCR air-conditioning and filtration system is designed to:

. Provide an environment with controlled temperature to ensure both the comfort
and safety of the operators and the integrity of the MCR components.

. Minimize the possibility of exhaust air recirculation into the air intake.

9.4.1.2 System Description

The MCRECS is shown on drawing nos. H-16042 and H-26094. Major system components and
significant parameters associated with each component are listed in table 9.4-1. Flowrates for
the various modes of operation are shown on drawing no. H-26094.

The MCR is a shared facility divided into two adjacent open areas; one area serves HNP-1, and
the other area serves HNP-2.

The MCR is fully air-conditioned and maintained at ~ 72 to 79°F dry bulb throughout the year.
The air-conditioning system consists of three condensing units (chillers) and three
corresponding air-handing units (AHUs). Each AHU has two stages of cooling. The first stage
of cooling is activated when the associated AHU is placed into service. A duct-mounted
thermostat operates the second stage of cooling when additional cooling is required. Two of the
three AHUs have operable electric heaters in the associated room air supply duct.
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Wall-mounted thermostats in the MCR control operation of the heaters for winter heating.

The air-conditioning system is operated with one or two AHUs in service such that upon failure
of a normally operating AHU, at least one AHU will remain in operation, or the designated
standby AHU will autostart to assist the MCRECS pressurization mode in maintaining

2 0.1-in. water gauge (WG) positive pressure relative to the turbine building. Upon failure of an
operating AHU and low-flow subsequent autostart of the designated standby unit, the
associated dampers will reposition, and an alarm will annunciate in the MCR. (A discussion of
the pressurization mode is provided in paragraph 6.4.1.2.2.1.)

The two MCR exhaust fans are normally not operated and are normally isolated from the
outside air via normally closed isolation dampers. The fans are operated only for purging
smoke from the MCR in the event of a fire. When operating, the fans exhaust to the reactor
building vent plenum. The exhaust air flowrate is controlled by two-position volume dampers in
the exhaust fan inlet.

Two filter trains (described in detail in section 6.4) with two booster fans remove any airborne
radioactivity from the MCR environment. Each filter assembly is designed to serve both areas.
Both filter assemblies are normally placed in the automatic mode. When required for MCR
pressurization, both booster fans automatically initiate. Upon verification of proper operation of
the fans and exhaust dampers, one fan may be shut off and placed in the standby position. If
the fan motor in the operating assembly fails, the standby assembly comes on automatically,
and an alarm is annunciated in the MCR. Except for testing during normal operation, the filter
assemblies are not in use.

The MCR is protected from high radiation due to airborne radioactivity by pressurization
(section 6.4).

When operated, as above, the MCRECS maintains MCR temperature between 72 and 79°F
dry bulb with outside air temperature variations from 20 to 95°F dry bulb. MCR relative humidity
is not directly controlled but will not exceed 75%.

For purging, the air-conditioning systems have the capability of meeting 50% supply and 100%
exhaust air requirements of the MCR. The exhaust fan discharge is directed to the reactor
building exhaust plenum. The flowrate is ~ 14,000 ft*/min for supply and 11,500 ft*min for
exhaust during purging.

9.41.21 Other Modes

Though not normally used, two other modes of the MCRECS exist, the isolation and purge
modes. These modes are manually controlled by the plant operator.

In the isolation mode, the inlet outside air dampers 1Z41-F015 and 1Z41-F016 are manually
closed with the control switches. This mode is used to eliminate outside air makeup in the
event of a toxic environment outside of the MCR.

In the purge mode, both of the above-mentioned dampers are manually opened. One of the two
100% capacity exhaust fans, 1Z41-C011A or B, is manually started. Following the manual start
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of the fan, the associated exhaust damper, 1Z41-F018A or B, automatically opens, and the
associated volume control damper, 1Z41-F017A or B, is opened with its control switch. The
purge mode is used, if necessary, to purge the smoke from the MCR, for example, in the event
of a fire.

Both the isolation and purge modes are overridden by a pressurization signal.

9.4.1.3 Safety Evaluation

A safety evaluation for the MCRECS filters is presented in paragraph 6.4.1.4.

A discussion of MCR habitability during a design basis accident (DBA) is presented in
section 15.3.

A failure analysis of major system components is presented in table 9.4-2. A failure analysis for
the MCR filtration filters and fans is presented in table 6.4-2. No single active or passive
electrical failure will cause the loss of supply or exhaust air for the MCR. The single-failure
criterion is met, since all active components are located in the redundant portions of the system.
Where redundancy does not exist (e.g., restroom exhaust dampers and exhaust fan isolation
dampers), the system is normally operated such that at least one isolation barrier is normally
closed. In the case of the restrooms, the doors provide that barrier. Upon verification that the
exhaust dampers have closed for the pressurization mode, access to the restrooms is provided
via these doors. In the case of the exhaust fan isolation dampers, the fans are normally not
operated, and the dampers are normally closed.

If the outside air supply is shut off and the MCR is placed into the isolation mode, the MCR will
remain habitable in the isolation mode for ~ 14 people for at least 50 h.

Evacuation instructions are prescribed in the Emergency Implementing Procedures (EIPs).

9414 Tests and Inspections

Preoperational and startup testing were performed on this system during the preoperational and
startup testing of HNP-1 in 1974. Normal operational surveillance is in accordance with the
HNP-1 and HNP-2 Technical Specifications.
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9.4.2 REACTOR BUILDING

9.4.2.1 Design Bases

9.4.211 Safety Design Bases
The reactor building emergency core cooling system (ECCS) room coolers are designed:

. With sufficient redundancy and separation of components to provide reliable
operation under normal conditions and to ensure operation under emergency
conditions.

. To provide a source of cooling to support the operation of the ECCS.

9.4.2.1.2 Power Generation Design Bases

The remainder of the reactor building heating, ventilation, and air-conditioning (HVAC) system is
designed to:

. Provide an environment with controlled temperature and airflow to ensure the
comfort and safety of operating personnel and to optimize equipment performance
by the removal of the heat dissipated from the plant equipment.

. Promote air movement from operating areas and areas of lower airborne
radioactivity potential to areas of greater airborne radioactivity potential prior to
final filtration and exhaust.

. Minimize the release of potential airborne radioactivity to the environment during
normal plant operation by exhausting air, through a filtration system, from the
areas in which a significant potential for radioactive particulates and/or radioiodine
contamination exists.

9.4.2.2 System Description

The reactor building HVAC system is shown schematically on drawing nos. H-26008, H-26025,
H-26067, H-26071, H-26072, and H-50563. Major system components and the significant
parameters associated with each component are listed in table 9.4-3.

For ease of system description, the reactor building HVAC system is divided into the following
subsystems:
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. Refueling zone HVAC system.
o ECCS room coolers.
. Reactor building and radwaste building chilled water system.

. Steam chase cooling.

9.4.2.21 Reactor Zone HVAC System

The reactor zone HVAC system, shown schematically on drawing no. H-26067, is not a
safety-related system. During normal plant operation, the system maintains the normally
accessible areas of the reactor building between 65°F and 90°F with outside temperature
variations between 20°F and 95°F dry bulb.

Fresh supply air is filtered and tempered through a bank of prefilters and a hot water heating
coil and distributed by two supply fans via ducting to the accessible areas of the reactor
building. However, analysis indicates that the design temperature of the reactor building can be
maintained with internal heat loads; therefore, use of the hot water heating coil is not necessary.
Normally, one supply fan is in operation while the other is in standby condition. If the operating
fan motor fails, the standby fan starts automatically and an alarm indicating fan failure is
annunciated in the MCR.

Heat acquired by the ventilation air in the accessible areas is removed by local recirculating fan
coil cooling units. Where required, chilled water cooled fan coil cooling units are provided to
supplement the forced-air ventilation system in heat removal, thereby minimizing the quantity of
outside air that must be circulated through the reactor building.

The ventilation air follows a flowpath starting with the supply air in the accessible areas and
finally exhausting via the inaccessible areas. By virtue of exhaust air system register locations,
and since the exhaust air system is designed to maintain the reactor building at a slightly
negative pressure with respect to atmosphere, cooled air from accessible areas is caused to
flow to inaccessible areas of the reactor building.

Exhaust air is collected via ducting in the inaccessible areas and routed to the exhaust system
filter train. This exhaust system filter train consists of a prefilter, carbon adsorber and a
high-efficiency particulate air (HEPA) filter. The exhaust system is provided with one filter train
and two exhaust fans.

Normally, one fan is in operation while the other is maintained on standby. In the event of
operating fan motor failure, the standby fan is started automatically and an alarm is annunciated
in the MCR. Normally, exhaust air is discharged to the environment via the reactor building
exhaust plenum.

The reactor zone exhaust ventilation system is fitted with duct-mounted radiation monitors. In

the event of high radiation in the airstream, the monitors will cause shutdown of the normal
supply and exhaust systems and initiate standby gas treatment system (SGTS) operation. A
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description of the SGTS is provided in subsection 6.2.4. Detailed information concerning the
process radiation monitoring system is provided in subsection 11.4.1.

9.4.2.2.2 Refueling Zone HVAC System

The refueling zone HVAC system, shown schematically on drawing no. H-26072, is not a
safety-related system. During normal plant operation, the system maintains the refueling floor
area between 65°F and 104°F dry bulb with outside temperature variation between 20°F and
95°F dry bulb.

Fresh supply air is filtered and tempered through a prefilter and a hot water heating coil and
distributed by two supply fans via ducting to selected areas of the refueling floor. However,
analysis indicates that the design temperature of the refueling floor can be maintained with
internal heat loads; therefore, use of the hot water heating coil is not necessary. Normally, one
fan is in operation while the other is maintained on standby. If the running fan motor fails, the
standby fan is started automatically and an alarm indicating fan failure is annunciated in the
MCR.

Exhaust air may be drawn either from the floor area or, to reduce the potential for airborne
radioactivity during work in the fuel pool, by a sweep action from the fuel pool surface via
ducting.

All exhaust air collected is then discharged via two 50% filter trains by one of two 100% exhaust
fans. Operation of the exhaust fans is identical to that described for the supply air fans. Supply
and exhaust fan blades may be adjusted manually to allow for 50% capacity operation during
filter train maintenance. The filter trains are similar to those described in paragraph 9.4.2.2.1.

The refueling zone exhaust system is fitted with duct-mounted radiation monitors for monitoring
the exhaust air stream. If the radiation monitors detect a high-radiation level, the supply and
exhaust fans in the refueling zone HVAC system will be automatically stopped, the isolation
dampers will be closed, and an alarm will be annunciated in the MCR.

A high-radiation condition in the HNP-2 refueling zone initiates simultaneously the stopping of
HNP-1 refueling and reactor zone HVAC systems, since the HNP-2 refueling zone
communicates with the HNP-1 refueling zone and the latter with the HNP-1 reactor zone. At the
same time, alarms in the HNP-1 portion of the MCR are initiated and the SGTSs of HNP-1 and
HNP-2 are started automatically.

The HNP-2 loss-of-coolant accident (LOCA) signals (drywell high pressure or reactor pressure
vessel (RPV) low water level 2) will also shut down the HNP-2 refueling floor HYAC system and
initiate the HNP-2 SGTS.

During normal conditions, exhaust air is discharged to the environment via the reactor building
exhaust plenum.
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9.4.2.2.3 ECCS Room Coolers

Safety-related plant service water (PSW) cooled cooling units, shown schematically on

drawing no. H-26071, are provided to remove the heat buildup due to emergency core and
shutdown cooling, suppression pool cooling, and suppression pool spray (residual heat removal
(RHR) and core spray (CS) pumproom coolers only) operation in the following locations:

. High-pressure coolant injection (HPCI) pumprooms.
. RHR and CS pumprooms.

Cooling units of the same quality are also provided in the reactor core isolation cooling (RCIC)
pumproom and the control rod drive hydraulic system (CRDHS) pumproom.

Each room is provided with two 100% capacity fan coil units.

During normal plant operation for the control rod drive (CRD), RCIC, and HPCI pumproom
coolers, both coolers are maintained in AUTO. Separate temperature sensing elements are
provided for each unit. The CRD pumproom coolers start automatically when the respective
room temperature exceeds a preset value. The HPCI and RCIC pumproom coolers start
automatically when the respective turbine steam supply valve opens (system startup) or if the
respective room temperature exceeds a preset value. The auto start logic for high temperature
and system startup is sealed in upon initiation. The fans must be manually shut down and the
auto start logic manually reset. Additionally, any one cooler can be operated as needed by
placing the control switch in the RUN position. The cooler in AUTO will start automatically if the
operating cooler fails or if the respective room temperature exceeds a preset value. If the failed
unit restarts, the AUTO unit automatically stops and returns to the auto start condition. Upon
startup of a cooler, the associated PSW control valve opens, initiating cooling water flow
through the unit cooling coils.

During normal plant operation, all four of the RHR/CS pumproom coolers are in AUTO.
Separate temperature sensing elements are provided for each unit. A cooling unit in AUTO will
start automatically if the respective room temperature exceeds a preset value, on respective
pump startup, or if the running unit fails. If any of these conditions clears, the unit automatically
stops and returns to the auto start condition. Upon startup of a cooler, the associated PSW
control valve opens, initiating cooling water flow through the unit cooling coils.

The ECCS room coolers described above are designed to assure operability during and
subsequent to the design basis earthquake (DBE) to support the operation of those systems
required to mitigate the consequences of the DBA.

All components, including fans, supports, instrumentation, ductwork, and connecting piping and
valves, have been designed to Seismic Category | requirements. Quality group classifications
of these components are discussed in subsection 3.2.2.

The cooling units maintain the temperature in these rooms, as described in paragraph 9.4.2.2.1,

during normal plant operation, RHR shutdown cooling, suppression pool cooling, and
suppression pool spray operation.
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Under conditions requiring ECCS initiation and operation, the cooling units maintain the
temperature below a maximum of 148°F dry bulb in the HPCI and RCIC pumprooms, below a
maximum of 110°F dry bulb in the CRDHS pumprooms, and less than a maximum of 145°F dry
bulb in the RHR and core spray pumprooms commensurate with an outside temperature of 95°F
dry bulb.

9.4.2.24 Reactor Building and Radwaste Building Chilled Water System

The reactor building and the radwaste building chilled water system (drawing nos. H-26008,
H-26025, and H-50563) consists of two chilled water pumps, two centrifugal chillers, two
condenser circulation water pumps, two cooling towers, and several fan coil units. Each chiller
consists of a refrigerant compressor, condenser, cooler, accessories, and controls. Each chilled
water pump circulates chilled water through the respective chiller and fan coil units. Condenser
water from the cooling towers is circulated through the chiller condensers for cooling by the
condenser circulation water pumps.

Normally, one chiller, one condenser circulation water pump, and one chilled water pump
operate while the others are on standby. If the operating chiller fails, the MCR is alarmed and
the standby chiller is started manually. Necessary controls and instrumentation have been
provided to protect the chiller components against abnormal pressure or temperature within the
system.

The chilled water is supplied to the fan coil units. The fan coil units transfer heat from the areas
in which they are located to the recirculated chilled water system. For areas with variable
cooling loads, the fan coil units have automatic three-way mixing valves to modulate the
waterflow according to cooling requirements. For other areas with constant cooling load,
manual valves will suffice to maintain a uniform flow of chilled water through the fan coil units.

Corrosion and water volume control for the chilled water side of the system are provided by the
chemical feed pump, the chemical addition tank, and the expansion tank of the primary
containment chilled water system which is discussed in subsection 9.4.6. Treatment of the
condenser water side of the system is provided by a packaged, automatic chemical treatment
system located in the chiller equipment building. This system is automatic and controls pH and
conductivity.

The mechanical forced-draft cooling towers are designed to furnish water at 85°F to the
condensers with return water at 95°F. Chiller condenser return flow to the cooling towers will be
automatically bypassed as necessary to maintain minimum chiller condenser cooling water
temperature for winter operation. The tower basin water level is automatically controlled.
Makeup water for towers 2P65-B004A,B is provided by the potable water system. The outdoor
piping is heat traced for winter operation. The equipment for the chilled water system is located
on the roof of the HPCI room at el 132 ft. This system supplies the fan coil units in the reactor
building and the radwaste building. The reactor building fan coil units are described in
paragraph 9.4.2.2.1; the radwaste building fan coil units are described in paragraph 9.4.3.2.
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9.4.2.2.5 Steam Chase Cooling

The steam chase area is served by two cooling units: a primary unit and a secondary unit.
Each cooling unit consists of a unit housing containing a chilled water cooling coil and a supply
fan. Both units have ducted supply air; however, only the primary unit has ducted return air. It
is for this reason that the secondary unit is not considered as 100% backup, even though the
rated cooling capacity of both units is the same. The cooling coils of the two units are piped in
series and are served by the reactor building and radwaste building chilled water system
(2P65).

During normal plant operation, only the primary unit is in operation. High temperature in the
steam chase area, which would indicate primary unit failure, automatically starts the secondary
unit. When the secondary unit is in operation, annunciation in the MCR alerts the operator that
the secondary unit in the steam chase has been activated.

Both cooling units in the steam chase area are considered nonsafety related.

9.4.2.3 Safety Evaluation

9.4.2.3.1 Reactor Zone HVAC System

The reactor zone HVAC system, described in paragraph 9.4.2.2.1, is not a safety-related
system.

However, the HVAC system incorporates some features designed to assure reliable operation
for the normal operating plant conditions. Such features include:

. A 100% standby supply air fan.

. A 100% standby exhaust air fan.

. A 100% capacity normally operating exhaust filter train.

. A 100% standby fan on one of the fan coil cooling units.
At the secondary containment boundary, the supply and exhaust ducts penetrating the walls, as
well as the double isolation dampers on either side of the walls, are designed to Seismic
Category | requirements. The dampers automatically close to isolate the secondary
containment on a LOCA and high-radiation signal and fail closed. The isolation of the reactor

building HVAC system simultaneously activates the SGTS.

Radiological consequences are discussed in chapter 12. A failure analysis for major system
components is presented in table 9.4-4.
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9.4.2.3.2 Refueling Zone HVAC System

The refueling zone HVAC system, described in paragraph 9.4.2.2.2, is not a safety-related
system. However, the HVAC system incorporates some features designed to assure reliable
operation for normal operating plant conditions. Such features include:

. A 100% standby supply air fan.
. A 100% standby exhaust air fan.
. Two 50% capacity normally operating exhaust filter trains.

. Provision to adjust manually the supply and exhaust fan flowrates so that one filter
(50% normal airflow) can be used during filter maintenance periods.

The integrity of the HNP-2 refueling zone HVAC system is assured by Seismic Category |.
Dampers on both sides of the supply and exhaust ducts penetrating the refueling area walls
automatically close on initiation of high radiation in the refueling area or a LOCA condition. The
dampers fail closed and are designed to Seismic Category | requirements. Isolation of the
fuel-handling area from the reactor building and the outside atmosphere simultaneously
activates the SGTS. Both of these postulated accidents are detected by redundant
instrumentation and annunciated in the MCR. (See chapter 7 for a description of
instrumentation for engineered safety features and subsection 6.2.4 for a description of the
SGTS.)

Radiation detectors are located in the exhaust ducts close to the storage pools so that radiation
can be detected promptly and the refueling area isolated before any appreciable amount of
radioactivity leaves the area. The small amount of contaminated air that does leave the area
will be processed through the exhaust filter train.

The HNP-1 fuel-handling area and reactor building, as well as the HNP-2 fuel-handling area,
communicate; thus, a high-radiation condition in any of these areas will automatically isolate the
HVAC systems for all three areas.

Radiological consequences are discussed in chapter 12. A failure analysis is presented in
table 9.4-4.

9.4.2.3.3 ECCS Room Coolers

Operation of the ECCS room coolers, as described in paragraph 9.4.2.2.3, is required to support
ECCS component operation and, in the case of the RHR and CS pumproom coolers, the
shutdown cooling, suppression pool cooling, and suppression pool spray functions of the RHR
system. Consequently, these units must remain functional during and after the DBE and are,
therefore, designed in accordance with Seismic Category | requirements.
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Because these units are located in the rooms occupied by major ECCS components, the
cooling units are afforded the same degree of protection from missiles, fire, and other hazards
that the ECCS components themselves are afforded.

A safety evaluation of the ECCS subsystems is presented in section 6.3. A failure analysis for
the major system components is presented in table 9.4-4.
9.4.2.3.4 Reactor Building and Radwaste Building Chilled Water System

The reactor building and the radwaste building chilled water system, as described in
paragraph 9.4.2.2.4, is not a safety-related system.

However, the reactor building and the radwaste building chilled water system incorporates some
features designed to assure reliable operation for the normal operating plant conditions. The
chillers are composed of two 100% redundant units with their associated recirculation pumps.
On loss of the active unit, an alarm would be annunciated in the MCR and the standby chiller
would be started manually.

A failure analysis for major system components is presented in table 9.4-4.

9.4.24 Tests and Inspections

The reactor building HVAC system, which encompasses those subsystems described in
subsection 9.4.2, was inspected, component by component, prior to installation and is available
for periodic inspection during plant operation. Instruments and controls were tested for
actuation at the proper setpoints, and alarm functions were checked for operability and limits
during preoperational testing.

The filtration and air-conditioning equipment, including refrigerant piping and distribution
ductwork, was tested for leaks and balanced after installation in accordance with the Sheet
Metal and Air Conditioning Contractors National Association Low Velocity Duct Construction
and the Associated Air Balance Council Standards for Field Measurement and Instrument, Form
81266, Volume [, 1970.

Because the system is in use during normal plant operation, the availability of active
components is evident to the plant operators. The ECCS room coolers were tested during
testing of the ECCS pumps.

The HEPA filters were tested before installation. Each filter was dioctyl phthalate (DOP) smoke
tested containing 0.3-um particle size to determine the efficiency of the HEPA filter media and
the leaktightness of the filter frame and gasket. Particle penetration did not exceed 0.03% for
0.3-um-diameter homogeneous particles of DOP.

In-place filter testing was initially performed prior to placing the system into service. Since the
HEPA filters are credited in the offsite dose analysis for compliance with 10 CFR 50 Appendix I,
they are in-place tested periodically in accordance with ASME N510-1989. The charcoal is
replaced as needed.
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The HEPA filters are procured with a particulate removal efficiency of 99.97% and the carbon
filter with a methyl iodide removal efficiency of 97.0% when tested at 30°C and 95% relative
humidity per ASTM D3803-1989.

9.4.3 RADWASTE BUILDING

9.4.3.1 Design Bases

The radwaste area HVAC system is designed to:
. Provide temperature control and air movement control for personnel comfort.

. Optimize equipment performance by removal of heat dissipated from plant
equipment.

. Provide a sufficient quantity of filtered fresh air for personnel.

. Provide for air movement from areas of lesser potential airborne radioactivity to
areas of greater potential airborne radioactivity prior to final exhaust.

° Minimize the possibility of exhaust air recirculation into the air intake.
. Minimize the escape of potential airborne radioactivity to the outside atmosphere
during normal operation by exhausting air, through a suitable filtration system, from

the areas in which a significant potential for radioactive particulates and radioactive
iodine contamination exists.

9.4.3.2 System Description

The radwaste area HVAC system is shown schematically on drawing no. H-26090.

The major system components and the significant parameters associated with each component
are listed in table 9.4-5.

During normal system operation, outside air is ducted to the radwaste building by two supply
fans. Normally, one supply fan operates while the other is on standby. If the operating fan
motor fails, the standby fan starts automatically and an alarm is annunciated in the radwaste
control room.

Outside air is filtered and tempered by filter trains and a hot water heating coil. However,
analysis indicates that the design temperature of the radwaste building can be maintained with
internal heat loads; therefore, use of the hot water heating coil is not necessary. The filtered
and tempered air is then discharged into the building corridor and working floor areas for
distribution to equipment cells or areas of higher potential airborne radioactivity; from there, it is
eventually removed by the exhaust system.
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Exhaust air is ducted from the radwaste building into the reactor building vent plenum. The
exhaust system consists of two 50% capacity filter trains and two 100% capacity exhaust fans.
One exhaust fan normally operates while the other is on standby. If the operating exhaust fan
fails, the standby fan starts automatically and an alarm is annunciated in the radwaste control
room.

System operation as described above maintains temperatures between 65°F and 110°F in
occupied areas other than the radwaste control room, consistent with outside temperature
variations of between 20°F and 95°F anticipated throughout the year. In areas other than those
designed for frequent personnel occupancy, such as storage-tank rooms, pumprooms, and
other equipment cells, temperatures are allowed to approach 120°F.

Three local chilled water fan coils are provided in particular areas of the radwaste building to
reduce the ventilation air temperature and remove the heat dissipated from the equipment.

The local chilled water fan coils are supplied cooling water from the reactor building and the
radwaste building chilled water system, described in paragraph 9.4.2.2.4.

The radwaste control room HVAC system consists of a primary system and a secondary
system. The primary system consists of an air-handling unit with a direct expansion coil and a
roof-mounted condensing unit. The secondary system consists of a fan coil unit mounted inside
the radwaste control room. The primary HVAC system for the radwaste control room normally
operates to provide temperature control for the control room, and the secondary system is only
used as a backup to the primary system.
Each exhaust filter train consists of the following components:

. Prefilter.

o Charcoal adsorber.

o HEPA filter.
Radiation monitors are provided in the exhaust duct of the radwaste building to detect high
radiation. If these monitors detect a high-radiation level or the monitor fails, an alarm will be
annunciated on the radiation monitoring panel in the MCR.
Instruments are provided to monitor pressure drop across the filter train and its components.
A temperature sensor provided in each charcoal bed stops the operating fan on detection of

increasing temperature, and an alarm is annunciated in the radwaste control room. A water
deluge system is manually activated.
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9.4.3.3 Safety Evaluation

The radwaste area HVAC system is not a safety-related system. However, the HVAC system
incorporates some features that are designed to assure radwaste system operation for normal
operating plant conditions. Such features include:

. A 100% standby supply air fan.

. A 100% standby exhaust air fan.

. Two 50% capacity normally operating charcoal filter trains.

. Provision to adjust supply and exhaust fan flowrates manually so that one filter
(50% of normal airflow) can be used during filter maintenance periods.

. A 100% standby reactor/radwaste building water chiller and recirculating water
pump.

Radiological consequences are discussed in chapter 12. A failure analysis for major system
components is presented in table 9.4-6.

9.4.3.4 Tests and Inspections

System equipment, piping, and distribution ductwork were tested and balanced after installation
in accordance with the Sheet Metal and Air Conditioning Contractors National Association
Standard for High Velocity Duct Construction and the Associated Air Balance Council Standards
for Field Measurement.

The HEPA filters were tested before installation. Each filter was dioctyl phthalate (DOP) smoke
tested containing 0.3-um particle size to determine the efficiency of the HEPA filter media and
the leaktightness of the filter frame and gasket. Particle penetration did not exceed 0.03% for
0.3-uym-diameter homogeneous particles of DOP.

In-place filter testing was initially performed prior to placing the system into service. Since the
HEPA filters are credited in the offsite dose analysis for compliance with 10 CFR 50 Appendix I,
they are in-place tested periodically in accordance with ASME N510-1989. The charcoal is
replaced as needed.

The HEPA filters are procured with a particulate removal efficiency of 99.97% and the carbon

filter with a methyl iodide removal efficiency of 99.0% when tested at 30°C and 95% relative
humidity per ASTM D3803-1989.
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TURBINE BUILDING

Design Bases

The turbine building HVAC system is designed to:

9.44.1.1

Provide temperature control and air movement control for personnel comfort.

Optimize equipment performance by the removal of heat dissipated from plant
equipment.

Provide a sufficient quantity of filtered fresh air for personnel.

Provide for air movement from areas of lesser potential airborne radioactivity to
areas of greater potential airborne radioactivity prior to final exhaust.

Minimize the possibility of exhaust air recirculation into the air intake.
Minimize the escape of potential airborne radioactivity to the outside atmosphere
during normal operation by exhausting air, through a suitable filtration system, from

the areas in which a significant potential for radioactive particulates and radioactive
iodine contamination exist.

Alternative Source Term (AST) Design Function

As part of the implementation of an AST (reference subsection 15.1.11), the exhaust only
portion of the turbine building HVAC is credited with purging the area around the main control
room following a LOCA, MSLBA, and control rod drop accident (CRDA). The credited exhaust
rate is 15,000 ft*/min.:

o With sufficient redundancy to ensure reliable operation within 9 h of a LOCA, main
steam line break (MSLB), or CRDA.

e To purge the area around the MCR to reduce the activity available for leakage into the
MCR following a LOCA, MSLB, or CRDA.

e To operate without being dependent upon the availability of offsite power supplies.

¢ With sufficient redundancy so that no single active system component failure can
prevent the system from fulfilling its safety function.

9.44.2

System Description

The turbine building HVAC system is shown schematically on drawing no. H-26086.
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The major system components and the significant parameters associated with each component
are listed in table 9.4-7.

Fresh air from outside is supplied to the turbine building by a duct system with two supply fans.
Normally, one fan operates while the other is on standby. The supply air may be augmented by
opening the turbine building railroad door. If an operating supply fan fails, the standby fan starts
automatically, and an alarm is annunciated in the MCR. The normal outside supply air is filtered
through filter trains and tempered through a hot water heating coil.

Air is exhausted from the turbine building by a duct system to the outside environment via the
reactor building vent plenum by two exhaust fans. The exhaust from the turbine building is
filtered by two 50% capacity filter trains. Each filter train consists of a bank of prefilters, carbon
adsorbers, and HEPA filters. The carbon adsorber bank is provided with a water deluge
system. Only one of the two 100% capacity exhaust fans is normally operating. If the operating
exhaust fan fails, the standby exhaust fan starts automatically and an alarm is annunciated in
the MCR.

The following describes the changes implemented to turbine building ventilation exhaust system
to support the AST credited function of purging the area around the main control room following
a LOCA, MSLBA, and CRDA. The credited exhaust rate is 15,000 ft*/min. The turbine building
ventilation exhaust system consists of four exhaust fans, two per unit, and associated exhaust
ductwork. The exhaust fans are normally supplied by nondiesel-backed power; however, after
the referenced DBAs with loss of offsite power (LOSP), each fan is capable of being supplied
with diesel-backed power by manually transferring power via a manual transfer switch
positioned to the diesel-backed power source. Also, the associated solenoid valves are
powered with diesel-backed power that controls operation of the fan inlet dampers required for
exhaust fan operation. The operator manually aligns each associated fan manual transfer
switch to the alternate diesel-backed power supply position. Operator manual action is
administratively controlled after the initial 10 min post DBA. Finally, noninterruptible instrument
air with backup nitrogen is provided to the turbine building ventilation exhaust system control
panel, damper air actuators which control the variable pitch of the exhaust fans, and the damper
air actuators that control the inlet damper to the exhaust filtration units.

Inlet vane control is provided for each supply and exhaust fan to maintain a constant fan
capacity. Adequate instrumentation is provided to monitor the performance of the system.

Fan coil cooling units are provided to remove heat dissipated from the equipment and piping.
These cooling units are located in areas of maximum heat dissipation to provide local cooling of
the affected areas and to minimize the amount of ductwork. Each cooling unit consists of a
chilled water cooling coil, the plenum, and an adjustable pitch vaneaxial fan. The chilled water
is circulated through the cooling coils.

Hot water unit heaters are provided along the exposed walls of the turbine building above

el 164 ft 0 in. The hot water is supplied from a closed pump loop called the plant heating
system. However, analysis indicates that the design temperature of the turbine building can be
maintained with internal heat loads; therefore, use of the hot water heating coil/unit heaters is
not necessary.
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The turbine building exhaust fans and filter trains are located at el 203 ft O in. of the reactor
building. The turbine building supply fans are located in the radwaste building at elevation
178 ft 0 in. The fan coil cooling units and hot water unit heaters are located at various
elevations of the turbine building.

The turbine building chilled water system (drawing nos. H-26088 and H-26089) consists of two
chilled water pumps, two centrifugal chillers, and several fan coil units. Each chiller consists of
a refrigerant compressor, condenser, cooler, accessories, and controls. Each chilled water
pump circulates chilled water through the respective chiller and fan coil units. The cooling of the
chiller condensers is provided by the plant service water system.

Normally, one chiller and one chilled water pump operate while the others are on standby. If the
operating chiller fails, the MCR is alarmed and the standby chiller is automatically started.
Necessary controls and instrumentation have been provided to protect the chiller components
against abnormal refrigerant pressure or temperature within the system.

During peak summer months both chillers, along with their respective chilled water pumps, may
be operated in parallel to compensate for high temperature in the turbine building.

9.4.4.3 Safety Evaluation

The turbine building HVAC system is not a safety-related system. However, the HVAC system
incorporates some features designed to assure turbine building operation for normal operation
plant conditions. Such features include:

. A 100% standby supply air fan.
. A 100% standby exhaust air fan.
. Two 50% capacity normally operating charcoal filter trains.

. Provision to adjust supply and exhaust fan flowrates manually so that one filter
(50% of normal airflow) can be used during filter maintenance periods.

Radiological consequences are discussed in chapter 12. A failure analysis for major system
components is presented in table 9.4-8.

As part of the implementation of an AST (reference subsection 15.1.11), the turbine building
ventilation exhaust system is credited with purging the area around the main control room
following a LOCA, MSLBA, and CRDA. The credited exhaust rate is 15,000 ft>/min. The
exhaust fans are normally supplied by nondiesel-backed power; however, after the referenced
DBAs with LOSP, each fan is capable of being supplied with diesel-backed power by manually
transferring power via a manual transfer switch positioned to the diesel-backed power source.
Operator manual action is administratively controlled after the first 10 min. Also,
noninterruptible instrument air is provided to increase system reliability. Finally, applying the
precedent established by NRC approval of the nonsafety-related main steam isolation valve
alternate leakage treatment path, seismic verifications were developed and are maintained to

9.4-17 REV 31 9/13




HNP-2-FSAR-9

demonstrate that the HNP-1 and HNP-2 turbine building exhaust ductwork will remain in place
and maintain exhaust flow in the event of a design basis earthquake. These verifications are
based on earthquake experience data and use the methodology documented in Electric Power
Research Institute (EPRI) Technical Report 1007896,” Seismic Evaluation Guidelines for HVAC
Duct and Damper Systems,” dated April 2003.

9444 Tests and Inspections

System equipment, piping, and distribution ductwork were tested and balanced after installation
in accordance with the Sheet Metal and Air Conditioning Contractors National Association
Standard for High Velocity Duct Construction and the Associated Air Balance Council Standards
for Field Measurement.

The HEPA filters were tested before installation. Each filter was dioctyl phthalate (DOP) smoke
tested containing 0.3-um particle size to determine the efficiency of the HEPA filter media and
the leaktightness of the filter frame and gasket. Particle penetration did not exceed 0.03% for
0.3-uym-diameter homogeneous particles of DOP.

In-place filter testing was initially performed prior to placing the system into service. Since the
HEPA filters are credited in the offsite dose analysis for compliance with 10 CFR 50 Appendix I,
they are in-place tested periodically in accordance with ASME N510-1989. The charcoal is
replaced as needed.

The HEPA filters are procured with a particulate removal efficiency of 99.97% and the carbon
filter with a methyl iodide removal efficiency of 97.0% when tested at 30°C and 95% relative
humidity per ASTM D3803-1989.

9.4.5 DIESEL GENERATOR BUILDING

9.4.5.1 Design Bases

9.4.5.1.1 Safety Design Bases

The diesel generator building heating and ventilation system is designed to:
. Be operable from either normal or emergency power supply systems.
° Perform the intended functions before, during, and after a DBE.
. Provide temperature and air movement control to prevent the ambient

temperatures in the diesel generator room from exceeding the maximum allowable
temperature of 122°F when the diesel generator is running.
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9.4.51.2 Power Generation Design Bases
The diesel generator building heating and ventilation system is additionally designed to:

. Automatically isolate the diesel generator bays and/or fuel oil day tank rooms if the
carbon dioxide flooding systems are activated.

. Exhaust heat and fumes from the switchgear rooms and/or the diesel generator
building battery rooms in the event of a fire.

. Prevent hydrogen gas generated in the diesel generator building battery rooms
from concentrating in an explosive mixture.

9.4.5.2 System Description

The diesel generator building ventilation system is shown on drawing no. H-12619. The major
system components and the significant parameters associated with each component are listed
in table 9.4-9.

To simplify description, the system is discussed in the context of the following subsystems:
. Diesel generator rooms heating and ventilating systems.
. Battery rooms ventilation systems.
. Switchgear rooms heating and ventilation systems.

. Oil storage rooms ventilation systems.

9.4.5.21 Diesel Generator Rooms Heating and Ventilation Systems

The diesel generator rooms heating and ventilating systems consist of one power roof (normal)
exhaust ventilator in each room for exhausting heat from the rooms when the generator is shut
down and two 100% capacity power roof exhaust ventilators in each room for exhausting heat
from the rooms during generator actuation. Two motor-operated wall air intake louvers, with fire
dampers in each room, replenish the air removed by the exhaust ventilation. One louver serves
as the air intake to the generator area; the other serves as the air intake to the battery rooms
through the generator area.

The systems consist of controls that automatically activate and deactivate the exhaust
ventilators and open and close the wall louvers. Three 50% capacity electric resistance unit
heaters maintain a minimum temperature within the rooms.

On a rise in temperature in each room, a room thermostat fully opens the main wall louver in its
respective room on reaching its setpoint. On a continued rise in temperature in the respective
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room, the ventilating thermostat for the normal exhaust ventilator activates this ventilator and
sends a redundant open signal to the main wall louver when its setpoint is reached. The failure
of the main louver (LV-6) to open > 50% of the louver area, or the failure of more than two of the
four louver sections to open may result in room temperature exceeding the maximum allowable
ambient operating temperature of 122°F. The ramification of this failure has been evaluated in
table 9.4-10 and is shown to be acceptable. On even further rise in temperature in each room,
the ventilating thermostats for the two 100% capacity exhaust ventilators activate the primary
100% capacity exhaust ventilator in its respective room on reaching its setpoint. On a drop in
temperature in each room, the ventilating thermostat for the primary exhaust ventilator and the
thermostat for the normal exhaust ventilator deactivates these ventilators. The room thermostat
closes the main wall louver in its respective room on reaching its setpoint. On an additional
temperature drop in each room, each heating thermostat activates its respective electric heater
on reaching its setpoint.

Each heating thermostat will deactivate its respective electric heater when the room
temperature rises above its setpoint. On failure of the primary roof exhaust ventilator, its airflow
switch activates its matching standby 100% capacity exhaust ventilator fan. Upon reaching its
setpoint, a firestat and/or CO, triggering device in each generator room deactivates all exhaust
ventilators (generator room, oil storage room, and battery room), closes the wall louvers, and
closes the fire dampers in its respective room.

9.4.5.2.2 Battery Rooms Ventilation Systems

The battery rooms ventilation systems consist of two 100% capacity exhaust ventilators in each
room for exhausting hydrogen from the rooms, a motor-operated wall air intake louver in each
generator room for supplying air to the battery rooms through the generator rooms, and a
battery room air intake fire damper.

The ventilation systems are provided electrical power by the associated diesel generator in the
event of a loss of offsite power (LOSP).

The battery rooms exhaust ventilators were designed for automatic cyclic operation by use of a
timer to reduce hydrogen concentration in the battery rooms. The timer activates one selected
exhaust ventilator in each battery room and fully opens the wall louver in its respective
generator room. Following each cycle run, the timer deactivates the selected exhaust ventilator
and closes the wall louver in its respective generator room. Upon reaching its setpoint, the
firestat in each battery room activates the selected battery room exhaust ventilator fan motor
and opens the wall louver in its respective generator room. The battery room air intake fire
damper closes on direct exposure to fire passing through the opening or on a signal from any
generator room/oil storage room firestat and/or CO, triggering device. The signal from the
generator room/oil storage room firestat and/or CO, triggering device also deactivates the
battery room exhaust ventilator.

The battery rooms exhaust ventilators can also be operated manually, and administratively
controlled by a plant procedure. In manual mode, one exhaust ventilator in each battery room is
operated. If the operating exhaust ventilator should fail, the redundant exhaust ventilator in the
affected battery room is manually activated.
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9.45.2.3 Switchgear Rooms Heating and Ventilation Systems

The switchgear rooms heating and ventilation systems consist of two 100% capacity power roof
exhaust ventilators in each room for exhausting heat from the rooms, a motor-operated wall air
intake louver in each room to replenish the air removed by the exhaust ventilators, and three
50% capacity electric resistance unit heaters in each room for maintaining a minimum
temperature within the rooms.

The ventilation system consists of controls for automatically activating and deactivating the
exhaust ventilators and unit heaters, for automatically switching to standby equipment in the
event of failure of primary equipment, for opening and closing the wall louvers, and for activating
the ventilation systems in the event of a fire within the rooms.

On a rise in temperature in each room, the ventilating thermostat activates the primary roof
exhaust ventilator and fully opens the wall louver in its respective room on reaching its setpoint.

On a drop in temperature in each room, the ventilating thermostat deactivates the primary
exhaust ventilator and closes the wall louver in its respective room on reaching its setpoint. On
a continued drop in temperature in each room, each heating thermostat activates its respective
electric heater on reaching its setpoint. Each heating thermostat deactivates its respective
electric heater when the room temperature rises above its setpoint.

On failure of the primary roof exhaust ventilator, its airflow switch activates its matching standby
exhaust ventilator fan. Upon reaching its setpoint, the firestat in the switchgear room activates
both exhaust ventilators in the room and opens the wall louver in its respective room.

9.45.2.4 Oil Storage Rooms Ventilation Systems

The oil storage rooms ventilation systems consist of two 100% capacity power roof exhaust
ventilators in each room for exhausting fumes from the rooms, a motor-operated wall air intake
louver in each room to replenish the air removed by the exhaust ventilators, and a fire damper in
each room for sealing the louver opening in the event of a fire within the room.

The primary exhaust ventilator in each oil storage room operates continuously under normal
operating conditions. Upon failure of the primary exhaust ventilator, the standby exhaust
ventilator autostarts. The oil storage rooms ventilators can also be operated manually and
administratively controlled by a plant procedure. In the manual mode, one exhaust ventilator in
each oil storage room is operated continuously. If the operating exhaust ventilator should fail,
the redundant exhaust ventilator in the affected oil storage room is manually activated. The wall
louver in each room is fully open under normal operating conditions.

Upon reaching its setpoint, a firestat and/or CO, triggering device in the generator

room/oil storage room deactivates all exhaust ventilator fan motors and closes the wall louvers
in their respective rooms.
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9.4.5.3 Safety Evaluation

A failure analysis of the diesel generator building heating and ventilation system is presented in
table 9.4-10.

Analyses have been performed to investigate the operational effect on the function of the diesel
engine combustion air intake system under any meteorological and accident condition due to:

. Recirculation of the diesel generator exhaust.
. A fire inside the diesel generator building.
. A nitrogen storage tank rupture.
Table 9.4-11 provides the results of these analyses.
The ventilation system components are designed to Seismic Category | requirements.

Drawing no. H-12619 shows the arrangement of the diesel generator rooms, complete with the
air intake louvers, and figure 9.4-1 shows the location of the diesel engine exhaust chambers.

Paragraph 8.3.1.1.3 describes the seismic qualification of the diesel engine generator units,
including component parts and associated systems.

Tornado missile protection afforded the diesel generator combustion air intakes and exhaust is
shown on drawing no. H-12619, which shows the arrangement for a typical diesel generator
room, battery room, switchgear room, and oil storage room. Combustion air for diesel operator
generation is supplied through the corridor and then through the individual diesel generator
room combustion air intakes. Tornado missile protection is provided by the corridor exterior wall
immediately opposite the ventilation air louvers. Cooling air to prevent the ambient room
temperature from exceeding the maximum allowable ambient operating temperature of 122°F is
supplied to each diesel generator room through its main louver, LV-6. Drawing no. H-12320
further illustrates the general arrangement of the diesel generator building, which shows that the
corridor itself is protected from tornado missiles by the labyrinth at each end of the diesel
generator building. Each generator diesel drive exhausts through a Seismic Category | muffler
located on the roof of the diesel generator building. The mufflers present a relatively low profile
target and are protected from missiles by the building roof parapet. In addition, the engine
exhaust mufflers are separated from each adjacent muffler by ~ 30 ft.

In the event of an LOSP, all system equipment will automatically receive electrical power from
the diesel generator associated with its respective room. Therefore, in an LOSP, the loss of an
active diesel generator will only affect its own ventilation system and not the ventilation and
operation of the other diesel generators.

Normal override is provided to activate or deactivate each exhaust-ventilation fan motor and
louver motor as required.
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Each wall air intake louver is equipped with a mechanical spring that automatically closes the
louver upon loss of power to the drive mechanism.

9454 Tests and Inspections

All components of the diesel generator building heating and ventilation system were
preoperationally tested before placing the system in service and have been periodically tested
thereafter.

9.4.6 PRIMARY CONTAINMENT (DRYWELL) COOLING

9.4.6.1 Design Bases

The primary containment (drywell) cooling system is designed:

. With sufficient redundancy and separation of components to provide reliable
operation under normal conditions and to ensure operation of the fans under
emergency conditions.

. To control temperature and prevent thermal stratification in the drywell area.

. To optimize equipment performance by removal of heat dissipated from the plant

equipment .

9.4.6.2 System Description

9.4.6.2.1 Drywell Cooling (Air Side) System

The drywell cooling system is shown schematically on drawing nos. H-26074, H-26080,
and H-26081. The significant parameters associated with the major components of the HVAC
system and its chilled water system are listed in table 9.4-12.

The drywell cooling system maintains a maximum temperature of 135°F dry bulb in the drywell
area during normal operation and a maximum temperature of 165°F dry bulb in the event of a
loss-of-offsite power. (The drywell average air temperature limit for normal operation

is < 150°F.) During periods of extended maintenance or extended shutdown, the temperature of
the drywell space is maintained by circulation from areas around the vessel and from the reactor
building which is maintained at a minimum of 65°F.

The drywell cooling system consists of eight fan coil units and recirculating fans which are not
required to operate following a LOCA. The fan coil units and recirculating fans are automatically
disengaged during a LOCA but may be restored to service manually by the operator.
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The function of the fan coil units is to remove the heat in the drywell by drawing the hot air in the
space through cooling coils. In turn, the cooling coils are cooled by the primary containment
(drywell) chilled water system. The two recirculating fans at el 196 ft O in. are tied to the
operation of the two fan coil units at el 183 ft 6 in. A typical fan coil unit consists of a housing
enclosing one full-capacity fan and two 50% capacity cooling coils. 2T47-B010A,B consist of a
housing enclosing one full-capacity fan and three 33 1/3% capacity cooling coils. Ductwork,
dampers, and controls are added to the discharge side of the fan coil units for proper
distribution of cooling air.

The function of the recirculating fans is to assist the fan coil units in mixing the drywell air, thus
maintaining a uniformly even temperature throughout the drywell space. There are four
recirculating fans, each provided with its own ductwork. The two recirculating fans at

el 183 ft 6 in. are tied to the operation of the two fan coil units at el 196 ft 0 in. and are
redundant to each other. The two recirculating fans at el 117 ft 0 in. are both normally in
operation and independent of the fan coil units. A single recirculating fan at el 117 ft 0 in. in
operation will be sufficient.

In the event of an LOSP, all fan coil units (except 2T47-B010A,B), recirculating fans, and
primary containment water chillers are transferred to the emergency diesels. The fan coil units
and recirculating fans are started automatically from diesel power on an LOSP. However, the
drywell fan coil units perform no active safety-related function. The primary containment chilled
water system provides cooling to the units. The chilled water system forms a closed loop inside
the containment with primary containment isolation valves on the outboard side of both the
supply and return headers. Therefore, the cooling coils within the fan coil units form a portion
of the closed-loop pressure boundary. The fan coil units are classified as safety related to
support the containment boundary safety-related function.

Temperature elements on fan coil discharge ducts convey temperature indications as well as
actuating alarms for high air temperature in the MCR. The loss of chilled water in an operating
fan coil unit raises the air temperature and causes the actuation of an alarm in the MCR.

Space temperature sensors at critical areas of the drywell detect hot spots. An alarm is initiated
in the MCR upon activation of the standby recirculating fan and associated fan coil units.

Loss of airflow on all fan coil discharge ducts (except 2T47-B010A,B) is detected by flow
switches and is alarmed in the MCR.

9.4.6.2.2 Primary Containment (Drywell) Chilled Water System

The primary containment (drywell) chilled water system (drawing nos. H-26080 and H-26081)
consists of two chilled water recirculation pumps, two centrifugal chillers, a chemical addition
tank, a chemical feed pump, an expansion tank, and several fan coil units. Each chiller consists
of a refrigerant compressor, condenser, cooler, accessories, and controls. Each chilled water
recirculation pump circulates chilled water through the respective chiller and fan coil units. The
cooling of the chiller condensers is provided by the PSW system.
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Normally, one chiller and one chilled water recirculation pump operate while the others are on
standby. If the operating chiller fails/trips, the MCR is alarmed and the standby chiller is started
automatically. Necessary controls and instrumentation have been provided to protect the chiller
components against abnormal pressure or temperature within the system. A microprocessor
based local control panel includes the following information:

. Compressor motor thrust bearing temperature.

Refrigerant temperature.

. Condenser evaporator refrigerant temperature.

. Compressor discharge temperature.

. Chilled water leaving/supply water temperature.

. Chilled water return water temperature.
In addition, the local panel provides the following chiller trip information:

. Low oil pressure.

. High condenser pressure.

. High motor journal bearing temperature.
The recirculated chilled water is supplied to the fan coil units. The fan coil units transfer heat
from the areas in which they are located to the recirculated chilled water system. For areas with
constant cooling load, manual valves will maintain a uniform flow of chilled water through the fan
coil units.
A chemical feed pump and a chemical feed tank are provided to treat the chilled water
chemically to prevent corrosion. An expansion tank is provided to compensate for fluctuations
in water volume as the water temperature varies. In addition, the tank serves as a medium for
making up water lost due to minor leaks in the system, as well as a means of detecting gross
leakages.
This makeup water is supplied from the demineralized water system. (Reference
subsection 9.2.3.) The chemical addition tank, the feed pump, and the expansion tank are

shared with the reactor building and the radwaste building chilled water system.

The equipment for the chilled water system is located at el 164 ft O in. of the reactor building.
The system supplies the drywell coolers.
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9.4.6.3 Safety Evaluation

9.4.6.3.1 Primary Containment (Drywell) Cooling (Air-Side System)

The drywell cooling system is not a safety design system. However, the drywell cooling system
incorporates certain features, described below, that are designed to assure availability of the
system not only for normal operating plant conditions but also for the fan portion following a
postulated LOCA:

. A standby recirculating fan in lieu of one of the three normally operating
recirculating fans.

. Three standby fan coil units in lieu of the five normally operating fan coil units.

. A 100% standby chilled water pump and chiller for the chilled water serving the
cooling coils.

. Provision to connect the fans of all fan coil units (except 2T47-B010A,B) and the
recirculating fans to the emergency diesels in the event of an LOSP.

. The fans and electric motor drivers for the fan coil units and the recirculating fans
are designed and documented to withstand LOCA conditions. However, they are
not required to meet 10 CFR 50.49 regulations.

. Provision to restore fans to service manually following automatic LOCA trip.
Radiological consequences are discussed in chapter 12.

A failure analysis for major components of this system and its chilled water system is presented
in table 9.4-13.

9.4.6.3.2 Primary Containment (Drywell) Chilled Water System

The primary containment (drywell) chilled water system, described in paragraph 9.4.6.2.2, is not
a safety-related system.

However, the primary containment (drywell) chilled water system incorporates some features
designed to assure reliable operation for the normal operating plant conditions. The chillers are
composed of two 100% redundant units with their associated recirculating pumps. On loss of
the active unit, an alarm would be annunciated in the MCR and the standby chiller would be
started automatically. The chillers can be operated from the emergency diesels in the event of
an LOSP.

The chillers are not required to operate following a LOCA. The chillers are automatically tripped

during a LOCA, but may be restored to service manually by the operator.
A failure analysis for major system components is presented in table 9.4-13.
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9.4.6.4 Tests and Inspections

The drywell cooling system, which consists of fans, cooling coils, ductwork, instruments, and
controls, is tested before installation as follows:

Major System Components Standard
Fans Air Moving and Conditioning Association (AMCA) 210-67
Cooling coils American Refrigeration Institute Standard 410-64

The distribution ductwork is tested for leaks and balanced after installation in accordance with
the Sheet Metal and Air Conditioning Contractors National Association Low Velocity Duct
Construction and the Associated Air Balance Council Standards for Field Measurement and
Instrumentation, Form 81266, Volume 1, 1970.

Each component was inspected prior to installation and is available for periodic inspection.
Instruments and controls are tested for actuation at the proper setpoints, and alarm functions
are checked for operability and limits during preoperational testing.

Because the drywell cooling system is in use during normal plant operation, the availability of
active components is evident to the plant operators, and there is no need for further online
testing. Portions of the system normally closed to flow are periodically tested to ensure
operability and integrity of the system. Standby fan coil units and recirculating fans are tested
periodically to ensure the reliability of all system components.

9.4.7 CONTROL BUILDING
The MCR HVAC system is discussed separately in subsection 9.4.1 and section 6.4. The

HVAC systems for the remaining portions of the control building are covered in this section.

9.4.71 Design Bases

9.4.711 Safety Design Bases

The control building HVAC systems are designed with sufficient redundancy and separation of
components to provide reliable operation under normal conditions and to ensure operation
under emergency conditions of ventilation for the battery rooms and cooling for the low pressure
coolant injection (LPCI) inverter room.

9.4.71.2 Power Generation Design Bases

The control building HVAC systems are additionally designed to:
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. Provide temperature and air movement control for personnel comfort and
equipment operation.

. Optimize equipment performance by the removal of heat dissipated from plant
equipment.

. Provide an adequate supply of filtered fresh air for personnel.

. Minimize the possibility of exhaust air recirculation into the air intake.

9.4.7.2 System Description

The control building HVAC systems are shown schematically in drawing nos. H-16034,
H-16035, H-16040 through H-16042, H-26093, H-26094, H-26116, H-40056, H-51178, and
H-51179. The significant parameters associated with the major components of the systems are
listed in table 9.4-14. A single-failure analysis for major system components is presented in
table 9.4-15. The control building HVAC systems are described in the paragraphs below.

9.4.7.21 Computer Room (HNP-1 and HNP-2)

Computer room facilities are used jointly by HNP-1 and HNP-2. The computer room (drawing
no. H-16035) is air conditioned by three packaged-type air conditioners. Normally, two air
conditioners operate while the third is on standby and operated as needed during peak summer
months. When energized, each unit operates independently of the other and is controlled by a
separate thermostat. Each unit is started manually.

Makeup and exhaust air to the computer room is provided by the control building ventilation
system. Inside the computer room, conditioned air is recirculated by the air-conditioning units.
The air discharged from the three air conditioners is combined into two supply ducts leading to
the computer room.

A temperature switch at the cooling coils regulates the temperature of the conditioned air. A
flow switch at each fan initiates an alarm in the MCR on a loss of flow.

The computer room HVAC is designed to maintain the computer room temperature at a
maximum of 76°F dry bulb and 50% RH when the outside temperature is between 20 to 95°F
dry bulb.

The package-type air conditioners are located at el 147 ft O in.
9.4.7.2.2 Water-Sampling Room

The water sampling room (drawing no. H-16035) is air conditioned by two 100% packaged-type
air conditioners. Normally, one air-conditioning unit operates while the other is on standby.
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When energized, each unit operates independently of the other and is controlled by a separate
thermostat. Each unit is started manually.

Makeup air to the water sampling room is provided by the control building ventilation system.
Fume hoods are provided on sample sinks to prevent the spread of potential airborne
contaminants. Both fume hoods and room space exhaust to the control building exhaust
system. This exhaust is then released to the outside environment via the reactor building vent
plenum.

An electric reheat coil is provided on the fan discharge duct of each of the two air-conditioning
units. The electric reheat coils are controlled by room thermostats.

A temperature switch at the cooling coils regulates the temperature of the conditioned air. A
temperature switch at the electric reheat coils regulates air temperature. When the airflow
drops to a predetermined level, a flow switch cuts off power to the reheat coils to prevent
burning out the heating elements.

The water-sampling room HVAC is designed to maintain the water-sampling room temperature
at a maximum of 76°F dry bulb and 50% relative humidity when the outside temperature is
between 20 to 95°F dry bulb.

The package-type air conditioners are located at el 112 ft O in.

9.4.7.2.3 Radio Chemistry Laboratory and Health Physics Area (HNP-1 and HNP-2)

The radio chemistry laboratory and health physics area are shared jointly by HNP-1 and HNP-2.
The radio chemistry laboratory and health physics area (drawing no. H-16034) are air
conditioned by two air-conditioning systems, which are the normally operating air-conditioning
system (NOACS) and the emergency operating air-conditioning system (EOACS). The NOACS
consists of two air-handling units (Z41-BO05A and B), two condensing units (Z41-BO09A and B),
and associated supply and return ducts. Normally, both NOACS trains operate. When in
operation, each train operates independently of the other and is controlled by a separate
thermostat, (Z41-TIS-N300A and Z41-TIS-N300B), respectively.

The air discharged from the air conditioners is distributed through branch ducts. An electric
heating coil is located in each of the branch ducts. Except for the annunciator room, each
electric heating coil provides zone temperature control in the area it serves by reheating the air.

Makeup air is provided from the adjoining ventilated area of the control building. Exhaust air
from the laboratory and hoods is ducted to the turbine building exhaust system. This exhaust is
filtered and then released to the outside environment via the reactor building vent plenum.
Exhaust from the noncontaminated areas (toilets and showers) is ducted to the control building
exhaust system.

Recirculated air from the conditioned spaces is ducted back to the air-conditioning units.
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A temperature switch at the cooling coils regulates the temperature of the conditioned air. A
temperature switch for the electric reheat coils regulates the air temperature. When airflow
drops to a predetermined level, a flow switch cuts off power to the reheat coils to prevent
burning out the heating elements.

The radio chemistry and health physics area HVAC is designed to maintain the radio chemistry
and health physics area temperature at a maximum of 76°F dry bulb and 50% relative humidity
when the outside temperature is between 20 and 95°F dry bulb.

For the NOACS, the condensing units and air-handling units are located in the control building
atel 130 ft O in.

The EOACS consists of one air-handling unit (Z41-B100), one chilled water unit (Z41-B101),
one charcoal filter train (Z41-D013), one electric heating coil (Z41-B102), and associated supply
and return duct.

Occasionally, the EOACS may be used during maintenance of the NOACS and basically is
used during emergency operations. The EOACS is designed to maintain a slightly positive
pressure in the health physics area and the radio chemistry laboratory. The EOACS is
controlled by a separate thermostat (Z41-TS-N034). The supply and return air from this system
is integrated to the duct system of the NOACS.

The return air and outside makeup air is mixed, heated as required, conditioned, and filtered by
the charcoal filter train. The filter train has instrumentation and controls to maintain desired
temperature and relative humidity. The filter train has a manually activated deluge water system
for fire protection.

The chilled water unit has its own control to control the leaving chilled water temperature.

The chilled water unit, air-handling unit, electric heating coil, and charcoal filter train are located
outside near the control building outside air intake.

9.4.7.24 Cold Lab (HNP-1 and HNP-2)

The cold lab facilities are shared jointly by HNP-1 and HNP-2. The cold lab (drawing no. H-
40056) is air conditioned by two packaged-type air conditioners. Normally, both air conditioners
operate when energized; each unit operates independently of the other and is controlled by a
separate thermostat.

Both air conditioners discharge air into a common supply duct. An electric reheat coil is located
in the supply duct to maintain the indoor design temperature. The room thermostat controls the
reheat coil.

Makeup air for the conditioned space is provided from the adjoining control building ventilated
area. Room air is recirculated through the air-conditioning units. Exhaust from the conditioned
space is ducted to the turbine building exhaust system. This exhaust is filtered and then
released to the outside environment via the reactor building vent plenum.
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A temperature switch at the cooling coils regulates the temperature of the conditioned air. A
temperature switch for the electric reheat coils regulates air temperature. When the airflow
drops to a predetermined level, a flow switch cuts off power to the reheat coils to prevent
burning out the heating elements.

The cold lab HVAC is designed to maintain the cold lab temperature at a maximum of 76°F dry
bulb and 50% relative humidity when the outside temperature is between 20 to 95°F dry bulb.

The package-type air conditioners are located in the cold lab conditioned space atel 112 ft 0 in.

9.4.7.2.5 Cable Spreading Area (HNP-1 and HNP-2)

The cable spreading area facilities are shared jointly by HNP-1 and HNP-2. The cable
spreading area (drawing nos. H-16042 and H-26094) is ventilated by a supply and exhaust fan.

Outside air is ducted to the cable spreading room at el 147 ft 0 in. by one supply fan. The
outside air supply is filtered through a roll filter.

Exhaust air from the cable spreading room is ducted to an exhaust fan. The exhaust fan
discharges the air to the outside environment via the reactor building vent plenum.

When the outside air falls below 57°F, a portion of the exhaust air is diverted from the exhaust
fan discharge and mixed with the incoming outside air to keep the room above 57°F. A damper
on the exhaust fan discharge automatically maintains the room temperature by regulating the
quantity of exhaust air diverted for mixing.

Outside air supply at a maximum temperature of 95°F adequately holds the cables below 135°F,
which is well below the actual rating of 90°C (194°F) for all safety-related cables.

The supply and exhaust fans are located in the control building at el 180 ft 0 in.

The cable spreading room supply fan and exhaust fan are automatically tripped upon the
automatic initiation of the pressurization mode of the MCREC system. The cable spreading
room supply and exhaust fans are secured to preclude a potential malfunction of those fans
which could potentially impact the capability to maintain the MCR at a positive pressure relative
to the surrounding turbine building. Refer to HNP-2-FSAR paragraph 6.4.1.2.2.1 for a
discussion of the pressurization mode of the MCREC system.

9.4.7.2.6 Battery Rooms

The battery room (drawing nos. H-16041 and H-26093) exhaust fans are designed to operate
automatically in the event of an LOSP when normal ventilation is not available and to perform
the following functions:
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. Provide ventilation at the rate of 12 air changes per hour.

. Prevent the hydrogen generated in the room from concentrating in excess of 4%
by volume.

Two emergency exhaust fans are provided for the battery rooms (which include the station
batteries) in the control building. The two exhaust fans are independent of each other. Under
normal conditions, the control building ventilation is adequate for removing any hydrogen
concentration. These fans may be manually operated when the normal ventilation system is not
operating or as required by operations personnel. To ensure operation during an LOSP, the
fans are automatically aligned and started from the emergency diesels. Operation from the
diesels is maintained until normal power is restored.

The air exhausted from the battery rooms is replaced by air drawn from the control building
normal supply ventilation system ductwork. Replacement air is supplied at the rate of 12 air
changes per hour.

Station service battery rooms 2A and 2B are provided with a common hot-water heating coil to
temper the outside air during the winter months to ensure the design capacity of the batteries
can be discharged upon demand.

The fans, instruments, and supply and exhaust ductworks are designed to meet Seismic
Category | requirements.

9.4.7.2.7 Shift Supervisor's Area

The shift supervisor's area consists of an office, kitchen, and storage room. The area is
maintained at 76°F dry bulb £ 2°F and 50% relative humidity (max) year round by an
independent HVAC system. The major system components are an air-handling unit, water
cooled condenser, electric duct heater, and small exhaust fan. All components are sized for
100% capacity.

The air-handling unit consists of a fan section, direct expansion cooling coil, and filter section.
The water cooled condensing unit has a refrigerant cooled compressor, anti-short cycle circuit,
and cylinder unloading controls. The heater is an electric-duct insert-type, and the exhaust fan
is a low-capacity roof ventilator-type.

The air-handling unit is located in the ceiling space of the storage room, and the condenser is
located on the roof of the building. Air is supplied to each room (storage, office, and kitchen)
and is returned to the air-handling unit from the ceiling space. Registers are located in each
room to allow return air to flow into the ceiling space. A fan exhausts kitchen air to the turbine
building atmosphere. Makeup air is provided to the system from the cable spreading room
supply air header.

Once the system is manually energized, a thermostat takes over and dictates operation of the

air-handling unit and condenser. If the condition dictates, the thermostat will be manually
switched to the heating mode, and the duct heater will operate as necessary. The kitchen
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exhaust fan is manually energized from a local switch in the kitchen area and is operated as
necessary.

9.4.7.2.8 Other Control Building Ventilation Areas

Ventilation for various other control building ventilation areas (drawing no. H-16034) is provided
by supply and exhaust fans of the control building ventilation.

Supply air from the outside is delivered to these control building areas by a duct system with
three supply fans common for both HNP-1 and HNP-2. Normally, two supply fans are operating
while the third is on standby. The outside supply air is filtered through a roll filter.

The HNP-2 control building is provided with its own exhaust fans. Exhaust from the control
building area for HNP-2 is ducted to the outside environment through the reactor building vent
plenum by two exhaust fans. Normally, one exhaust fan is operating while the second fan is on
standby. The failure of the operating exhaust fan motor automatically activates the standby
exhaust fan. In case both exhaust fans fail upon loss of power supply, a natural convection
flowpath may be established by opening access doors in the ductwork upstream of the exhaust
fans.

When the outside air falls below 40°F, the supply air is tempered by the hot water heating coils
(plant heating system) to maintain a comfortable working temperature of at least 65°F inside the
building. However, analysis indicates that the design temperature of the control building can be
maintained with internal heat loads; therefore, use of the hot water heating coils is not
necessary. A maximum temperature of 110°F is maintained when the outside air is 95°F.

The control building supply fans are located at el 130 ft 0 in. and the exhaust fans at
el 228 ft 0 in.
9.4.7.29  LPClInverter Room®

The LPCI inverter room, which is used jointly by HNP-1 and HNP-2, is served by a normal
air-handling unit.

a. HNP-1 and HNP-2 LPCI inverters were replaced with Class 1E power supplies backed by dedicated diesel
generators (HNP-1-FSAR figure 8.5-1, HNP-2-FSAR figure 8.3-8). The PSW supply for the two essential LPCI
inverter room coolers has been retired in place.
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9.4.7.2.9.1 Normal LPCI Inverter Room Cooling. The LPCI inverter room is maintained at
~ 76°F dry bulb by the normal air-handling unit located within the room (drawing no. H-51179).
The normal air-handling unit is sized for 100% capacity and is nonsafety related.

The normal air-handling unit is a vertical, floor-mounted unit that consists of a fan section, a
chilled water cooling coil section, a filter section, and a discharge plenum. Control building
chilled water flows through the cooling coil to remove the room heat load (drawing no. H-51178).
The air-handling unit recirculates the air within the room.

The normal air-handling unit is controlled from a switch on the locally mounted combination
starter. Once energized, the fan of the air-handling unit operates continuously to circulate the
air within the LPCI inverter room. If power is lost and then restored, the unit will automatically
restart. As the room temperature fluctuates, a temperature controller throttles the three-way
control valve to vary the chilled water flow through the cooling coil and thus controls the room
temperature.

9.4.7.2.10 Vital ac Room (HNP-2)

The HNP-2 vital ac room is maintained at ~ 76°F dry bulb by a dedicated air-handling unit
located within the room (drawing no. H-51179). The air-handling unit is sized for 100% capacity
and is nonsafety related. The air-handling unit is a vertical, floor-mounted unit that consists of a
fan section, a chilled water cooling coil section, a filter section, and a discharge plenum. Control
building chilled water flows through the cooling coil to remove the room heat load (drawing no.
H-51178). The air-handling unit recirculates the air within the room. During normal operations,
the ventilation fan exhausts air from the room, with makeup ventilation being induced through
the wall transfer grille (drawing no. H-16041). The air change rate satisfies the hydrogen
removal requirements.

Under accident conditions, air from the working floor area is induced through the wall transfer
grille by the control building emergency exhaust fans, discussed in paragraph 10.9.3.6.7 of the
Unit 1 FSAR, to limit hydrogen concentrations in the room (drawing no. H-16041).

The air-handling unit is controlled from a switch on the locally mounted combination starter.
Once energized, the fan of the air-handling unit operates continuously to circulate the air within
the vital ac room. If power is lost and then restored, the unit will automatically restart. As the
room temperature fluctuates, a temperature controller throttles the three-way control valve to
vary the chilled water flow through the cooling coil and thus controls the room temperature.

9.4.7.2.11 Reactor Protection System (RPS) Motor-Generator (MG) Set Rooms

A chilled water cooling coil module is mounted in the outside air supply air duct to provide
cooling during summer months to the HNP-1 and HNP-2 RPS M-G set rooms. The cooling coil
module consists of an inlet (shutoff) damper, two 1-in. 30% efficiency filters, moisture eliminator
and an outlet (balancing) damper. The cooling coil is served by the control building chilled
water system (2P67). The cooling coil is drained during the winter months to prevent the coil
from freezing.
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The cooling coil module is nonsafety related.

9.4.7.2.12 Control Building Chilled Water System

The LPCI inverter room, the HNP-1 and HNP-2 vital ac rooms, and the HNP-1 and HNP-2 RPS
M-G set rooms are normally cooled by a nonessential control building chilled water system.

The control building chilled water system (drawing no. H-51178) consists of an air-cooled, skid-
mounted chiller unit, two full-capacity chilled water circulating pumps, an expansion tank, an air
separator, a chemical addition tank, and related piping, valves, and instrumentation. The chiller
unit and circulating pumps are located in the yard due west of the control building and due south
of the service building passageway to the power block. A chilled water pump is run
continuously to guard against freezing during winter operation. The other pump is secured,
isolated, and drained during winter operation. The air separator, chemical addition tank (both
located in the HNP-2 control building, el 130 ft 0 in.) and expansion tank (located in the HNP-2
turbine building, el 164 ft 0 in.) are installed on the pump suction header.

The chiller and chilled water pump utilize 480-V/3 phase/60 Hz power coming from HNP-2
turbine building 600-V MCC 2R24-S040 through a 575-480 V transformer, 2R11-S102.
Nameplate voltage of the chiller and pumps is 460 V.

The supply and return piping headers are routed from the yard through the control building to
supply chilled water to air-handling unit 2Z41-B100 located in the LPCI inverter room, to cooling
coil 2Z41-B023 mounted in the branch air duct supplying HNP-1 and HNP-2 RPS MG

set rooms, and to air-handling units Z41-B040 and 2Z41-B040 located in the HNP-1 and HNP-2
vital AC rooms, respectively.

The chilled water supply uses a three-way control valve around each AHU to allow for cooling
load fluctuations. These three-way control valves are controlled by temperature sensors and
temperature controllers. These control circuits are pneumatic with the air supply coming from
the HNP-2 instrument air system (2P52).

The chilled water pumps are controlled from switches on locally mounted combination starters.
The chiller is controlled by a local switch, by an interlock between the pumps and the chiller,
and by the chiller's internal interlocks. Once energized, the control building chilled water system
(chiller and one pump) is in continuous service during all periods of normal plant operation. If
power is lost and then restored, the equipment will automatically restart after a time delay. This
time delay is internal to the chiller logic and is required to prevent unit damage. The system
functions with one of two chilled water circulating pumps in operation. The other pump serves
as a manual backup.

The chiller unit (2P67-B001) operates as demand dictates to maintain a constant supply water
temperature. If demand is low, the chiller reduces capacity by one of the following methods:
fan cycling, cylinder unloading, or unit shutdown. Permissive controls between the chiller and
the pumps are provided. If the operating chilled water pump or the chiller trips, a trouble alarm
is initiated in the MCR.
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Makeup water to the expansion tank/system is manual via piping connected to the HNP-1
demineralized water system (P21). The expansion tank is fitted with a level gauge and a level
switch which alarms in the MCR on low level.

All three alarm conditions (chiller compressor and pump trips and low water level in the

expansion tank) are annunciated through one common trouble alarm on MCR panels H11-P657
and 2H11-P657.

9.4.7.3 Safety Evaluation

9.4.7.3.1 Personnel Rooms
The systems listed below provide adequate capacity to ensure that proper temperatures are
maintained in the various portions of the control building under operating and shutdown
conditions in all types of weather. The systems are located within the control building and
arranged for ease of access, control, and monitoring. These HVAC systems are not engineered
safeguard systems, and no credit is taken for their operation in analyzing the consequences of
any accident:

° Computer room.

. Water sampling room.

. Radiochemistry laboratory and health physics area.

o Cold lab.

. Cable spreading area.

. Shift supervisor's area.

. HNP-2 vital AC room.

. Other control building areas.
Areas in the control building subject to oil fires are enclosed inside firewalls and protected by
automatic fixed-spray systems that annunciate in the MCR.
9.4.7.3.2 Battery Rooms
The exhaust fans provided for the battery rooms (which include both the HNP-1 and HNP-2 vital
ac rooms) prevent the buildup of hydrogen concentration in the rooms by exhausting the air

continually during the periods when the control building ventilation is not operating. The LOSP
automatically energizes the exhaust fans. Under normal conditions, the control building
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ventilation fans are adequate for removing any hydrogen concentration; however, the
emergency exhaust fans may be manually operated as required.

Airflow switches in each exhaust fan duct actuate an alarm in the MCR when any of the battery
room exhaust fans are not operating.

To ensure the operability of the battery room exhaust system, the exhaust fans, ductwork,
instrumentation, and controls are designed to meet Seismic Category | requirements.

9474 Tests and Inspections

The control building ventilation systems, which consists of fans, heating coils, refrigeration units,
ductworks, instruments, and controls, were tested before installation as follows:

Major System Components Standard
Battery room exhaust fans AMCA 211 and 300-67
Other fans AMCA 210-67 and 74

The distribution ductwork was tested for leaks and balanced after installation. For original plant
construction, testing was performed in accordance with the Sheet Metal and Air Conditioning
Contractors National Association Low Velocity Duct Construction Standard and the Associated
Air Balance Council Standards for Field Measurement and Instrumentation, Form 81266,
Volume 1, 1970.

Each component was inspected prior to installation. Components of each system are
accessible for periodic inspection during plant operation.

Instruments were calibrated during testing. Automatic controls were tested for actuation at the
proper setpoints. Alarm functions were checked for operability and limits during preoperational
testing.

The systems were operated and tested initially with regard to flow paths, flow capacity, and
mechanical operability.

9.4.8 WASTE GAS TREATMENT BUILDING

9.4.8.1 Design Bases

The waste gas treatment building HVAC system is designed:

. With sufficient redundancy and separation of components to provide reliable
operation under normal conditions.
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. To provide temperature control, humidity control, and air movement control for
personnel comfort.

. To optimize equipment performance by the removal of heat dissipated from plant
equipment.

. To provide an adequate supply of filtered fresh air for personnel.

. To minimize the possibility of exhaust air recirculation into the air intake.

9.4.8.2 System Description

The waste gas treatment building HVAC system is shown schematically in drawing
no. H-16549. The significant parameters associated with the major components of the system
are listed in table 9.4-16.

The waste gas treatment building HVAC is designed to maintain the building temperature,
excluding the carbon adsorber vaults, within 70 to 90°F dry bulb when the outside temperature
is between 20 to 95°F dry bulb. The operating temperature inside the carbon adsorber vaults
can be selected and maintained within a range of 60 to 80°F dry bulb when the outside
temperature is between 20 to 95°F dry bulb.

The waste gas treatment building HVAC system consists of two redundant chillers and two
recirculating pumps that supply chilled water to the waste gas treatment air-handling units of
HNP-1 and HNP-2. HNP-2 consists of two air-handling units inside the carbon adsorber vaults
and one air-handling unit in the waste gas treatment building space. An air-handling unit
consists of rows of cooling and heating coils and a vaneaxial fan to circulate air through the
coils and rooms. Chilled water is supplied to the cooling coils; the heating coils are electrically
powered.

Normally, a chiller and an associated recirculating pump are operating while the other chiller
and recirculating pump are on standby. The chillers and associated recirculating pumps are
manually started.

The two air-handling units inside the carbon adsorber vaults are redundant units; one is
normally in operation while the other is on standby. Failure of the active unit causes a flow
switch to be actuated, energizing the standby unit and initiating an alarm in the MCR. The
vaneaxial fans in the carbon adsorber vault and waste gas treatment building units recirculate
the conditioned air as well as the makeup air added to the rooms.

The outside air made up to the vault and building space is passed through roll filters before
entering the air-handling units. Air from the vault and building space is expelled to the main
stack by two 100% capacity exhaust fans serving both waste gas treatment areas of HNP-1 and
HNP-2. One exhaust fan is normally operating while the second is on standby. Failure of the
operating fan causes the standby fan to start automatically and initiates an alarm in the MCR.
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A differential pressure switch installed across the inlet and outlet chilled water lines to the chiller
indicates loss of flow, thus alerting the operator to start the standby recirculating pump or chiller.
A three-way flow regulator on the chilled water line to each air-handling unit controls the cooling
temperature in the associated air-handling unit.

A flow switch on the exhaust fan and one on the operating air-handling unit automatically start
the standby fan and air-handling unit upon loss of airflow. An alarm is sounded in the MCR
upon loss of flow to the operating vault air-handling unit, building air-handling unit, and the
operating exhaust fan.

9.4.8.3 Safety Evaluation

The waste gas treatment building HVAC system is not a safety-related system. However, the
system incorporates certain features designed to assure availability of the system for normal
operating plant conditions.

Radiological consequences are discussed in chapter 12. A single-failure analysis for major
system components is presented in table 9.4-17.

9484 Tests and Inspections

The distribution ductwork is tested for leaks and balanced after installation in accordance with
the Sheet Metal and Air Conditioning Contractors National Association Low Velocity Duct
Construction and the Associated Air Balance Council Standards for Field Measurement and
Instrumentation, Form 81266, Volume 1, 1970.

The air-handling units were tested and inspected prior to installation and are available for
periodic inspection during plant operation. Instruments and controls were tested for actuation at
the proper setpoints, and alarm functions were checked for operability and limits during
preoperational testing.

Because the air-handling units are in use during normal plant operation, the availability of active
components is evident to the plant operators, and there is no need for frequent online testing.
Portions of the system normally closed to flow are periodically tested to ensure operability and

integrity of the system. Standby air-handling units are periodically tested to ensure the reliability
of all system components.

9.49 TECHNICAL SUPPORT CENTER

9.4.9.1 Design Basis

The Technical Support Center (TSC) HVAC system is nonsafety related and is designed to:
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. Maintain a suitable environment for personnel occupancy and equipment operation
during radiological events.

. Provide an adequate supply of filtered fresh air during normal operation and
accident conditions.

. Minimize airborne radioactivity in the TSC during and after an accident.

9.4.9.2 System Description

The TSC is shown schematically on drawing no. H-26002. The significant parameters
associated with the major components of the system are listed in table 9.4-18.

During the normal mode of operation, the TSC HVAC system central air-handling unit
(X75-B001) draws outside air through a louver located on the east side of the mechanical
equipment room at a rate of 5500 ft*/min and provides environmentally controlled air throughout
the TSC via a ductwork system. The air-handling unit consists of a roll filter and a direct
expansion (DX) cooling coil supplied by a condensing unit (X75-B002). The air-handling unit is
located in the mechanical equipment room, and the condensing unit is located outside at the
south end of the building. A separate duct-mounted electric heater (X75-B004) maintains the
TSC space temperature when dehumidification is provided and supplies heat during winter
months. Cutout switches are provided for the electric heater for low airflow or high temperature.
The roll filter is equipped with a high differential pressure alarm.

Additional system components include a duct silencer (X75-D006) downstream of the
air-handling unit, an electric duct heater (X75-B003) in the conference room, a flow-indicating
switch (X75-R006), and a restroom exhaust fan (X75-C002). The flow switch alarms on low
airflow. The duct heater has cutout switches for both low airflow and high temperature. All
components are sized for 100% capacity.

If emergency conditions exist, filter train fan unit X75-C001 will be activated causing automatic
damper alignment to direct the outside air and some recirculation air to the filter train
(X75-D001) first before entering the central air-handling unit. This activation will be automatic
on a high-radiation signal at the TSC air intake louver. The filter train fan may also be manually
activated from the TSC.

Once in the accident mode, air is circulated throughout the TSC with an outside air makeup rate
of 500 ft*/min as before. In the accident mode of operation, the TSC can maintain a slight
positive pressure with respect to the ambient surroundings. The restroom exhaust fan will be
manually isolated in the accident mode which will automatically close the exhaust damper. A
differential pressure-indicating switch will alarm on low positive pressure and a
radiation-indicating switch will alarm on high radiation in the discharge ductwork.

The filter train consists of a prefilter, electric heater, high-efficiency particulate air (HEPA) filter,
two carbon adsorber banks, another HEPA filter, and the separate centrifugal fan (X75-C001)
as mentioned before. Differential pressure indicators are provided for each filter train section.
A pressure switch will alarm upon a high overall pressure drop through the filter assembly.
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Temperature elements located inside the filter train will annunciate an alarm upon carbon bank
high temperature, trip filter train fan X75-C001, and automatically realign the dampers to divert
the outside air directly to the central air-handling unit similar to normal mode operation. Upon
fire detection in the filter train assembly, a deluge sprinkler system can be manually actuated. A
timer is provided to monitor filter train usage.

9.4.9.3 Safety Evaluation

The TSC HVAC system is not a safety-related system. However, the system includes a
nonredundant, nonsafety-related filter train that will reduce the occupants' radiation exposure in
the event of an accident.

Radiological consequences are discussed in chapter 12. A failure analysis for major system
components is presented in table 9.4-19.

9494 Tests and Inspections

The distribution ductwork was tested for leaks and balanced after installation in accordance with
applicable low-velocity duct construction codes.

The air-handling units were tested and inspected prior to installation and are available for
periodic inspection.

The filter train system was tested in accordance with AMCA 210-74, AMCA 500-75, and
ANSI N510-75.

Other safety codes for fire protection, electrical wiring, and refrigeration systems are also
applicable.

9.4.10 RIVER INTAKE STRUCTURE (HNP-1 AND HNP-2)

9.4.10.1 Design Bases

9.4.10.1.1 Safety Design Bases

The river intake structure ventilation system is designed to:
A.  Operate from normal and emergency power supply systems.
B. Limit the average ambient temperature in the area to 122°F.

C. Perform before, during, and after a DBA.
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9.4.10.1.2 Power Generation Basis

The river intake structure HVAC is additionally designed to limit the minimum temperature in the
area to 40°F with the outside air temperature at 10°F.

9.4.10.2 System Description

The river intake structure HVAC system consists of three 50% capacity roof-mounted exhaust
ventilators, four wall-mounted gravity-operated air intake louvers, and six wall-mounted unit |
heaters (drawing no. H-44073). The ventilators are powered from separate power sources (one
each from HNP-1, division I; HNP-1, division II; and HNP-2, division I). Each ventilator has a
separate control station and is operated by an individual thermostat. The independent controls
are powered from the MCC control transformer for the associated fan. Since plant service water |
pumps operate during normal and accident conditions in the plant, the three thermostats and

the individual fan control stations are located in the HNP-1 and HNP-2 plant service water pump
bay area. The locations of the thermostats ensure the ventilation system is always activated

when operation of the plant service water pumps causes a heat buildup in the area. The six unit
heaters and their associated thermostats are strategically located at different areas of the

building to provide adequate area coverage for maintaining the building above freezing
temperatures.

9.4.10.3 Safety Evaluation

A failure analysis of the river intake structure ventilation system is presented in table 9.4-20.
The ventilation system components are designed to Seismic Category | requirements. In the
event of loss of offsite power, the ventilation system is powered from diesel generators.
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TABLE 9.4-1

MCR AIR-CONDITIONING AND FILTRATION SYSTEM
COMPONENT DESCRIPTION

Air-handling units
No.
Size (each) (% capacity)
Type
Capacity (each) (sf*/min)
Heat removal capacity (each) (Btu/h)
Motor

Condensing units
No.
Size (each) (% capacity)
Compressor type
Compressor capacity (ton)
Motor
Condenser cooling water flow (each) (gal/min)
Cooling water source

Electric heating coils
No.
Size (each) (% capacity)
Rating (each) (kW)

Exhaust fans
No.
Type
Capacity (each) (ft¥min)
Motor

Booster fans
No.
Type
Capacity (each) (sf*/min)
Motor

NOTE:
Filter trains are discussed in section 6.4.

3

50

Horizontal draw-through
14,000 (15,500 for BOO3C only)
483,000

15 hp, 550 V/60 Hz/3 phase

3

50

Open, reciprocating

40.2

50 hp, 550 V/60 Hz/3 phase
120

PSW

3 (2 active, 1 disconnected)
50
60

2

Axial with variable inlet vane control
11,500

7 1/2 hp, 550 V/60 Hz/ 3 phase

2

Centrifugal

2500

5 hp, 550 V/60 Hz/3 phase
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TABLE 9.4-2 (SHEET 1 OF 2)

MCR HVAC SYSTEMS FAILURE ANALYSIS

Component Malfunction Comments
Air handling unit Failure of fan motor Overload protection device trips

motor, annunciates in the MCR,
and starts standby AHU.
Low-flow switch on fan discharge
also alarms in the MCR.

Reduced flow Low-flow switch on fan discharge
alarms in the MCR and
automatically starts the standby
AHU.

Loss of refrigerating unit Operators in MCR detect rise in
room temperature and start the
standby AHU.

Loss of heating coils Operators in MCR notice drop in
room temperature and start the
standby AHU

Loss of airflow Low-flow switch automatically
through heating coils shuts off power to the coils to
prevent burnout.

Booster fan Motor overload Overload protection device trips
motor. Low-flow switch on fan
discharge alarms in the MCR and
automatically starts the standby
booster fan.

Reduced flow Low-flow switch on fan discharge
alarms in the MCR and
automatically starts the standby

booster fan.
Condensing unit Loss of PSW Trip of the operating unit. The
divisional cooling standby unit will be manually
water supply aligned to the available PSW

division, and will be started.
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Component

Exhaust fan

Dampers

Power source

Filter trains

HNP-2-FSAR-9

TABLE 9.4-2 (SHEET 2 OF 2)

Malfunction

Motor overload

Reduced flow

Failure of dampers

LOSP

All postulated failures

Comments

Overload protection device trips
motor. Discharge and inlet
dampers close to isolate MCR.
Operator starts standby exhaust
fan.

Operators in the MCR sense the
reduced flow and manually start
the standby exhaust fan.

Dampers connecting the charcoal
filters to the outside fail open on
loss of electrical power or
operating air. This is the desired
position for MCR pressurization.
The dampers are provided with
Seismic Category | air
accumulators and receive power
from the emergency diesels to
ensure they can be closed if
isolation is required. Double
damper isolation is provided with
all other isolation dampers failing
closed.

Dampers in the AHUs fail open,
thus ensuring operation of the
AHUs is not restricted.

The HVAC equipment in the MCR
is shifted to emergency diesel
power.

See table 6.4-2.
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TABLE 9.4-3 (SHEET 1 OF 4)
DESCRIPTION OF REACTOR BUILDING HVAC SYSTEM, AND REACTOR BUILDING

AND RADWASTE BUILDING CHILLED WATER SYSTEM MAJOR COMPONENTS

Safety-Related Components®

Reactor bldg HVAC System (2T41)

ECCS fan coil units (RHR pumprooms)

Equipment MPL nos.

Coils/unit

Air flowrate (each) (sf*/min)
Cooling capacity (each) (Btu/h)

Cooling media

Design inlet water temperature (°F)
Cooling media flowrate (gal/min)
Fans/unit

Capacity (each) (sf¥/min)

Motor

ECCS fan coil units (HPCI pumproom)
Equipment MPL nos.

Coils/unit

Air flowrate (each) (sf*/min)
Cooling capacity (each) (Btu/h)
Cooling media

Design inlet water temperature (°F)
Cooling media flowrate (gal/min)
Fans/unit

Capacity (each) (sf¥/min)

Motor

RCIC pump room coolers

Equipment MPL nos.

Coils/unit

Air flowrate (each) (sf*/min)
Cooling capacity (each) (Btu/h)
Cooling media

Design inlet water temperature (°F)
Cooling media flowrate (gal/min)
Fan/unit

Motor

2T41-B002A&B; BO0O3A&B
1

25,600

975,000 (BO02A&B)
900,000 (BOO3A&B)

PSW

95

150

1

25,600

25 hp, 550 V/60 Hz/ 3 phase

2T41-B005A&B

1

12,000

110,000

PSW

95

40

1

12,000

7.5 hp, 550 V/60 Hz/3 phase

2T41-B004A&B

1

7000

75,000

PSW

95

43

1

5 hp, 550 V/60 Hz/3 phase

a. Evaluation of the safety-related components has demonstrated that the components are capable of providing
adequate heat removal to meet accident requirements with cooling water temperature of 97°F.
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TABLE 9.4-3 (SHEET 2 OF 4)

Nonsafety-Related Components

Reactor bldg HVAC system (2T41)

Reactor zone supply air filter
Equipment MPL no.
Type

Reactor zone supply fans
Equipment MPL nos.
Type
Capacity (each) (sf*/min)
Motor

Reactor zone exhaust filter trains
Equipment MPL no.
Type
Media
Capacity
HEPA efficiency (%)
Charcoal efficiency
Methyl iodine at 30°C and 95% RH®

Charcoal depth (in. minimum)

Reactor zone exhaust fans
Equipment MPL nos.
Type
Capacity (each) (sf¥/min)
Motor

Refueling zone supply filter train
Equipment MPL no.
Type

Refueling zone supply fans
Equipment MPL nos.
Type
Capacity (each) (sf¥/min)
Motor

2T41-D001
Horizontal, draw-through, floor-mounted

2T41-C001A&B

Vaneaxial

6500

15 hp, 550 V/60 Hz/3 phase

2T41-D005

Draw-through, floor-mounted
TEDA-impregnated

6500

99.97 (for 0.3 um)

97 (New Carbon)

8

2T41-C007A&B

Vaneaxial

6500

25 hp, 550 V/60 Hz/3 phase

2T41-D002
Horizontal, draw-through, floor-mounted

2T41-C002A&B

Vaneaxial

30,000

50 hp, 550 V/60 Hz/3 phase
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TABLE 9.4-3 (SHEET 3 OF 4)

Refueling zone exhaust filter trains

Equipment MPL nos.
Type

Media

Capacity (each) (sf*/min)
HEPA efficiency (%)
Charcoal efficiency (%)

Methyl iodine at 30°C and 95% RH

Charcoal depth (in. minimum)

Refueling zone supply fans

Equipment MPL nos.
Type

Capacity (each) (sf*/min)
Motor

2T41-D007 & -D008
Draw-through, floor-mounted
TEDA-impregnated

15,000

99.97 (for 0.3 um)

99 (New Carbon)
4

2T41-C005A&B

Vaneaxial

30,000

100 hp, 500 V/60 Hz/3 phase

Reactor bldg and radwaste bldg chilled water system (2P65)

Chillers

MPL nos.

Type

Capacity (each) (tons)
Motor

Cooling water flow (gal/min)
Chilled water flow (gal/min)

Chilled water pump

Equipment MPL nos.
Type

Capacity (each) (gal/min)
Head (ft)

Motor

Condenser circulation water pump

Equipment MPL nos.
Type

Capacity (each) (gal/min)
Head (ft)

Motor

2P65-B001A&B

Centrifugal compression

175

238 hp, 575 V/60 Hz/3 phase
875

250

2P65-C001A&B

Centrifugal

250

156

20 hp, 575 V/60 Hz/3 phase

2P65-C002A&B

Centrifugal

700

83

20 hp, 575 V/60 Hz/3 phase
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TABLE 9.4-3 (SHEET 4 OF 4)

Cooling towers

Equipment MPL no. 2P65-B002

Type Counterflow, forced-draft
Fan 1

Motor 40 hp, 575 V/60 Hz/3 phase
Equipment MPL no. 2P65-B004A&B

Type Crossflow, induced-draft
Fans 2

Motor 20 hp, 575 V/60 Hz/3 phase

a. RH = relative humidity.

REV 34 8/16



HNP-2-FSAR-9

TABLE 9.4-4 (SHEET 1 OF 5)

REACTOR BUILDING HVAC SYSTEM, AND REACTOR BUILDING AND
RADWASTE BUILDING CHILLED WATER SYSTEM FAILURE ANALYSES

Component

Supply fan

Heating coils

Inlet guide vanes
on fans

Fan coil units

Malfunction

Comments

Reactor Zone HVAC System

Failure of fan
motor

Reduced flow

Loss of hot
water heating
coils

Closure of
guide vanes

Failure of
fan motor

Reduced flow

Loss of cooling
coils

Overload protection device trips motor,
actuates alarm at the MCR, and automatically
starts the standby supply fan. Low-flow
switch on fan discharge also alarms in the
MCR.

Low-flow switch on fan discharge alarms in the
MCR. The operator starts the standby supply
fan.

The design temperature of the reactor bldg
can be maintained with internal heat loads;
therefore, use of the hot water heating coils is
not necessary. Loss of the hot water heating
coils will not affect equipment/plant operation.

Guide vanes revert to a minimum opening,
which stops the active fan and initiates an
alarm in the MCR. The operator starts the
standby fan.

Overload protection device trips motor. Fan
coil unit BO17 supplies air to most of the
building areas. A standby fan starts upon loss
of the active fan. A low-flow switch alarm
alerts the operator start the standby fan.
Other fan coil units with single fans are located
in areas where loss of cooling will not be
detrimental to plant operation.

See discussion above on failure of fan motor.

The areas served by the chilled water units
can withstand the loss of the fan coil units.
Only ECCS areas are provided with PSW
cooled cooling units.
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Component

Exhaust fan

Dampers

Power source

Exhaust
filter train

HNP-2-FSAR-9

TABLE 9.4-4 (SHEET 2 OF 5)

Malfunction

Comments

Reactor Zone HVAC System (continued)

Failure of
fan motor

Reduced flow

Failure of
dampers

Loss-of-offsite
power

Obstruction of
filter elements

High temperature

in charcoal bed
coal bed

Overload protection device trips motor,
actuates alarm in the MCR, and automatically
starts the standby exhaust fan. Low-flow
switch on fan discharge also alarms in the
MCR. Supply fan stops if both exhaust fans
fail.

Low-flow switch on fan discharge alarms in the
MCR. Operator starts standby exhaust fan.
Supply fan stops if both exhaust fans stop.

Dampers on the supply and exhaust fans fail
close, thus preventing accidental release of
room atmosphere outside the building.
Low-flow switches alarm in the MCR.

Temporary loss of ventilation will not harm
equipment or affect plant operation. Supply
and exhaust dampers fail closed to isolate the
building. Ventilation may be shifted to SGTS.

High differential pressure across specific filter
elements alarms in the MCR. The exhaust
and supply fans are stopped by the operator,
and intake and outlet isolation dampers are
closed. The SGTS may be activated while the
defective filter is replaced or, if no radiation is
evident, the supply and exhaust fans may be
operated with the guide vane adjusted to 50%
capacity. The fan coil cooling units will
continue to operate.

A temperature sensor in the charcoal bed
senses high temperature and stops the active
exhaust fan and corresponding supply fan,
and an alarm is annunciated in the MCR. The
deluge system is manually activated as
needed.
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Component

Supply fan

Heating coils at
supply filter

Hot water
heaters

Exhaust fan

Inlet guide vanes
on fans

Dampers
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TABLE 9.4-4 (SHEET 3 OF 5)

Malfunction

Comments

Refueling Zone HVAC System

Failure of
fan motor

Reduced flow

Loss of hot
water heating
coils

Loss of hot
water heating
coils

Failure of fans

Failure of
fan motor

Reduced flow

Closure of
guide vanes

Failure of
dampers

Overload protection device trips motor,
actuates an alarm in the MCR, and
automatically starts the standby supply fan.

Low flow condition on the fan discharge is
alarmed in the MCR. The operator starts the
standby supply fan.

The design temperature of the refueling floor
can be maintained with internal heat loads;
therefore, use of the hot water heating coils is
not necessary. Loss of the hot water heating
coils will not affect equipment/ plant operation.

The design temperature of the refueling floor
can be maintained with internal heat loads;
therefore, use of the hot water heaters is not
necessary. Loss of the hot water heaters will
not affect equipment/plant operation.

See discussion on loss of heating coils.

An overload protection device trips the motor,
actuates an alarm in the MCR, and
automatically starts the standby exhaust fan.
A low-flow switch on the fan discharge also
initiates an alarm in the MCR. The supply fan
automatically stops if both exhaust fans stop.

A low-flow switch on the fan discharge initiates
an alarm in the MCR. The operator starts the
standby exhaust fan. The supply fan
automatically stops if both exhaust fans stop.

Guide vanes revert to a minimum opening,
which stops the active fan The operator starts
the standby fan.

Dampers on the supply and exhaust fans fail
closed, thus preventing release of room
atmosphere outside the building. A low-flow
switch initiates an alarm in the MCR.
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Component

Power source

Supply and
exhaust filter
train

Fan (all)

Isolation valves
(PSW)

Power source
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TABLE 9.4-4 (SHEET 4 OF 5)

Malfunction

Comments

Refueling Zone HVAC System (continued)

LOSP

Obstruction of
filter elements

High temperature
in charcoal bed

Loss of ventilation will not harm equipment or
affect plant operation. Supply and exhaust
dampers fail closed to isolate the area.
Ventilation may be shifted to the SGTS.

High differential pressure across specific filter
elements alarms in the MCR. The exhaust
and supply fans are stopped by the operator,
and the intake and outlet isolation dampers
are closed. The SGTS may be activated while
the defective filter is replaced or, if no
radiation is evident, the supply and exhaust
fans may be operated with the fan blades
adjusted to 50% capacity. The fan coil cooling
units will continue to operate.

A temperature sensor in the charcoal bed
senses high temperature and stops the active
exhaust fan and corresponding supply fan;
an alarm is annunciated in the MCR. The
deluge system is manually activated as
needed.

ECCS Room Coolers

Failure of
fan motor

Reduced flow

Failure of
power

LOSP

The standby fan unit will automatically start if
the primary fan unit fails with a MCC breaker
trip, or if room temperature exceeds the preset
value. A low-flow switch on the fan discharge
initiates an alarm in the MCR.

A low-flow switch on the fan discharge initiates
an alarm in the MCR. The operator starts the
standby fan coil unit.

Isolation valves for service water to fan coil
units fail open, thus ensuring that waterflow to
to units is not interrupted.

Fan coil units are transferred to emergency
diesels.
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Component

Water chiller

Power
source

Chilled water
recirculation pump

Condenser
circulation
water pumps

Cooling tower
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TABLE 9.4-4 (SHEET 5 OF 5)

Malfunction

Comments

Reactor Bldg and Radwaste Bldg Chilled Water System

Loss of operating
chiller

Failure of isolation
valve on chilled
water lines to fan
coil units

LOSP

Loss of operating
pump

Loss of operating
pump

Loss of cooling
tower

An alarm is annunciated in the MCR, and the
standby chiller can be started locally.

The valve fails open; thus, chilled waterflow to
the fan coil units is not interrupted.

Loss of chilled water will not harm equipment
or affect plant operation.

The low-flow alarm is annunciated on the local
panel, and the standby pump can be started
locally.

The low-flow alarm is annunciated on the local
panel, and the standby pump can be started
locally.

A loss of chilled water from the reactor bldg
and radwaste bldg chilled water system
chillers occurs, but chilled water can be
provided from the primary containment
(drywell) chilled water system. The loss of
water will not harm equipment or affect plant
operation.
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TABLE 9.4-5

RADWASTE AREA HVAC SYSTEM MAJOR COMPONENTS

Supply filter train
No.
Type

Supply fan
No.
Type
Capacity (sf*/min)
Motor

Exhaust filter train
No.
Type
Capacity (each) (sf¥/min)
Media
HEPA efficiency (%)
Charcoal efficiency (%)
Methyl iodine at 30°C and 95% RH
Charcoal depth (in. minimum)

Exhaust fans
No.
Type
Capacity (each) (sf¥/min)
Motor

2
Prefilter with heating coil

2

Vane

24,000

20 hp, 550 V/60 Hz/3 phase

2

Charcoal adsorber
13,000
TEDA-impregnated
99.97

99 (New Carbon)
4

2

Vaneaxial

24,000

60 hp, 550 V/60 Hz/3 phase
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Component

Supply fan

Supply heating
coils

Chilled water

Exhaust fan

Variable pitch
blades on fan
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TABLE 9.4-6 (SHEET 1 OF 2)

Malfunction

Failure of fan motor

Reduced flow

Loss of hot water
heating coils

Failure of fan motor
or blade

Loss of chilled water

Failure of fan motor

Reduced flow

Failure of variable
pitch blades

RADWASTE AREA HVAC SYSTEM FAILURE ANALYSES

Comments

Overload protection device trips motor, actuates an
alarm in the local control room, and automatically
starts standby supply fan. Low-flow switch on fan
discharge alarms in the local control room.

A low-flow switch on the fan discharge initiates an
alarm in the local control room. The operator starts
the standby supply fan.

The design temperature of the radwaste building
can be maintained with internal heat loads;
therefore, use of the hot water heating coils is not
necessary. Loss of the hot water heating coils will
not affect equipment/plant operation.

Rising temperature in the room will not harm
equipment or affect plant operation. Supply and
exhaust fans hold down the room temperature.

See preceding discussion of failure of fan motor or
blade.

Overload protection device trips motor, actuates
alarm at local control room, and automatically
starts standby exhaust fan. A low-flow switch on
fan discharge initiates an alarm in the local control
room.

A low-flow switch on the fan discharge initiates an
alarm in the local control room. The operator starts
the standby exhaust fan.

Blades revert to a minimum pitch, which initiates a
low-flow alarm in the local control room. The
operator starts the standby fan.
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TABLE 9.4-6 (SHEET 2 OF 2)

Component Malfunction Comments
Supply and Obstruction of filter High differential pressure across a specific filter
exhaust filter train  elements element alarms in the local control room. The

exhaust and supply fans are stopped by the
operator and reenergized with fan blades adjusted
to 50% capacity. The chilled water cooling system
continues to operate while the defective filter is
replaced.

High temperature in A temperature sensor in the charcoal bed senses

charcoal bed high temperature and stops the active exhaust fan;
an alarm is annunciated in the main and local
control rooms. The operator manually stops the
supply fan. The deluge system is manually
activated as needed.

Power source LOSP Loss of the HVAC system will not harm equipment
or affect plant operation.
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TABLE 9.4-7 (SHEET 1 OF 2)

DESCRIPTION OF TURBINE BUILDING HVAC SYSTEM
MAJOR COMPONENTS

Supply air filters
No.
Type

Supply fans
No.
Type
Capacity (sf¥/min)
Motor

Exhaust filter trains
No.
Type
Capacity (sf¥/min.)
Media
HEPA efficiency (%)
Charcoal efficiency
Methyl iodine at 30°C and 95% RH

Charcoal depth (in. minimum)

Exhaust fans
No.
Type
Capacity (sf°/min)
Motor

Hot water unit heaters
Quantity
Fan type
Heating duty (Btu/h)
Capacity (sf*/min)
Motor

Chilled water system

Chillers
No.
Type
Cooling capacity (tons)

Compressor 2A
Type of compressor
No. of stages
Type of refrigerant
Motor

1

Horizontal draw-through, floor-mounted

2

Vaneaxial

20,000

20 hp, 550 V/60 Hz/3 phase

2

Draw-through, floor-mounted
15,000

TEDA-impregnated

99.97 (for 0.3 um)

97 (New Carbon)

8

2

Vaneaxial

25,000

75 hp, 550 V/60 Hz/3 phase

4
Vaneaxial

350,000

8200

5 hp, 208 V/60 Hz/3 phase

2
Centrifugal
700

Centrifugal

2

R134a

1000 hp, 4000 V/60 Hz/3 phase
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TABLE 9.4-7 (SHEET 2 OF 2)

Compressor 2B
Type of compressor
No. of stages
Type of refrigerant
Motor

Refrigerant condenser
Flowrate (gal/min)
Pressure drop (ft WG)
Entering water temperature (°F)
Leaving water temperature (°F)
Heat rejection (thousand Btu/h)

Evaporator
Flowrate (gal/min)
Pressure drop at rated flow (ft WG)
Entering water temperature (°F)
Leaving water temperature (°F)

Recirculating pump (chilled water)
Quantity
Type
Capacity (gal/min)
Head (ft)
Motor

Chemical feed pump and tank pump
Quantity
Maximum pump capacity (gal/min)
TENV motor (hp)
rpm

Chemical addition tank
Material
Capacity (gal)
Wall thickness (gage)

Expansion tank
Quantity
Capacity (gal)
Design pressure (psig)
Design temperature (°F)
Size
Material

Centrifugal

2

R134a

900 hp, 4000 V/60 Hz/3 phase

1600
13.0
90.0
103.3
10,528

1000
10.6
66.8
50.0

2

Centrifugal

1040

107

75 hp, 550 V/60 Hz/3 phase

1
18.0
1/3
1700

Stainless-steel 304
50
15

1

90

75

200

24-in. x 4-ft straight length
Carbon steel
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TABLE 9.4-8 (SHEET 1 OF 2)

TURBINE BUILDING HVAC SYSTEM FAILURE ANALYSES

Components

Supply fan

Supply heating coils

Chilled water cooling
units

Water chillers and
recirculating pumps

Hot water unit
heaters

Malfunction

Failure of fan motor

Reduced flow

Loss of hot water

heating coils

Failure of fan motor

Loss of chilled water

Failure of fan motor

Loss of hot water
heating coils

Comments

An overload protection device trips the motor,
actuates an alarm in the MCR, and
automatically starts the standby supply fan. A
low-flow switch on the fan discharge also
initiates an alarm in the MCR.

A low-flow switch on the fan discharge initiates
an alarm in the MCR. The operator starts the
standby supply fan.

The design temperature of the turbine building
can be maintained with internal heat loads;
therefore, use of the hot water heating coils is
not necessary. Loss of the hot water heating
coils will not affect equipment/plant operation.

Rising temperature in the room will not harm
equipment or affect plant operation. Supply
and exhaust fans hold down the room
temperature.

In the event of loss of an active unit, the
operator starts the standby unit.

The design temperature of the turbine building
can be maintained with internal heat loads;
therefore, use of the hot water heaters is not
necessary. Loss of the hot water heaters will
not affect equipment/plant operation. Supply
and exhaust fans hold down the room
temperature.

See preceding discussion on failure of fan
motor.
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Components

Exhaust fan

Inlet guide vanes on
fans

Supply and exhaust
filter train

Power source

HNP-2-FSAR-9
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Malfunction

Failure of fan motor

Reduced flow

Closure of guide vanes

Obstruction of filter
elements

High temperature in
charcoal bed

LOSP

Comments

An overload protection device trips the motor,
activates an alarm in the MCR, and
automatically starts the standby exhaust fan.
A flow switch on the fan discharge initiates an
alarm in the MCR.

A low-flow switch on the fan discharge initiates
an alarm in the MCR. The operator starts the
standby exhaust fan.

Guide vanes revert to a minimum opening,
which stops the active fan. The operator starts
the standby fan.

High differential pressure across specific filter
elements alarms in the MCR. The supply and
exhaust fans are stopped by the operator and
reenergized with fan blades adjusted to 50%
capacity.

A temperature sensor in the charcoal bed
senses high temperature and stops the active
exhaust fan; an alarm is annunciated in the
MCR. The operator manually stops the supply
fan. The deluge system is manually activated
as needed.

Loss of the HVAC system will not harm
equipment.
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TABLE 9.4-9

DIESEL GENERATOR BUILDING HEATING AND VENTILATION

Equipment

Roof ventilator, V-1 motor

Roof ventilator, V-2 motor

Roof ventilator, V-3 motor

Roof ventilator, V-4 motor

Roof ventilator, V-5 motor

Heater, H-1

Heater, H-2

SYSTEM COMPONENTS

Capacity

30,000 ft*/min,
5 hp, 550 V/
60 Hz/3 phase

5300 ft*/min,
3/4 hp, 208 V/
60 Hz/3 phase

4000 ft*/min,
3/4 hp, 208 V/
60 Hz/3 phase

720 ft3/min,
3/4 hp, 208V/
60 Hz/3 phase

350 ft*/min,
1/2 hp, 208 V/
60 Hz/3 phase

12.5 kW, 550 V/
60 Hz/3 phase

7.5 kW, 550 V/
60 Hz/3 phase

Remarks

Ventilators redundant,
two 100% units each
generator room

No redundancy

Ventilators redundant
two 100% units each
switchgear room

Ventilators redundant,
two 100% units
each battery room

Ventilators redundant,
two 100% units each
oil storeroom

Heaters redundant,
three 50% units each
generator room

Heaters redundant,

three 50% units each
switchgear room
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DIESEL GENERATOR BUILDING HEATING AND VENTILATION SYSTEM
FAILURE ANALYSES

Component

Roof vent, V-2

Roof vent, V-1

Louvers, LV-6

Heater, H-1

Malfunction

Comments

Generator Room

Failure of normal roof
exhaust ventilator or

control, resulting in high

generator room
temperature

Failure of primary roof
exhaust ventilator or
control, resulting in no
airflow

Failure of louver
operator

Fire damper MK FD-3
closed or louver

LV-6 closed (more
than two out of four
louver sections)

Failure of heater control,

resulting in no output
or low output

If operating ventilator fails, fan thermostats
sense a continued rise in temperature and
activate primary roof exhaust ventilator V-1.

If operating ventilator fails, its airflow switch
activates its matching standby exhaust
ventilator fan motor.

The louvers are divided into four sections
with individual power operators. The
louvers fail closed, but the closing of

one section would still leave sufficient
opening in the remaining sections to keep
the diesels supplied with air. The operator
can override the louver limit switch to start
the roof vent fans.

Cooling airflow through the louver is
reduced or shutoff such that ambient
temperatures in the affected diesel
generator room may exceed the maximum
allowable ambient operating temperature of
122°F. Operator surveillance of the diesel
generator rooms will determine the high
temperature in the room. This will initiate
corrective action to solve the high
temperature problem or to declare the
affected diesel generator inoperable. The
alternate diesel generator train is available.

If one heater fails, the remaining two
heaters have capacity to adequately heat
generator room automatically.
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Component Malfunction Comments

Battery Room

Roof vent, V-4 Failure of primary roof  If operating ventilator fails, its airflow switch
exhaust ventilator or activates its matching standby exhaust
control, resulting in no ventilator fan motor, thus preventing
airflow high hydrogen concentration. Manual

activation of the standby exhaust ventilator
can also be administratively controlled by
plant procedures.

Louvers, LV-8 in Failure of louver The louvers fail close. Louvers LV-6 located

generator room operator beside louvers LV-8 can continue to supply
air to the battery room provided they are
opened manually, or automatically on high
room temperature. An operator must
override louver LV-8 limit switch to start roof
vent fan.

Switchgear Room

Roof vent, V-3 Failure of primary roof  If operating ventilator fails, its airflow switch
exhaust ventilator or activates its matching standby exhaust
control, resulting in no ventilator fan motor.
airflow

Louvers, LV-5 Failure of louver The louvers are divided into two sections
operator with individual power operators. The

louvers fail close, but the closing of one
section still leaves sufficient opening in the
remaining section to keep the room
supplied with air. The operator can
override the louver limit switch to start the
roof vent fan.

Heater, H-2 Failure of heater or If one heater fails, the remaining two
control, resulting in no  heaters have capacity to adequately heat
output or low output switchgear room automatically.
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Component Malfunction Comments
Oil Storage Room
Roof vent, V-5 Failure of primary roof  If operating ventilator fails, its airflow switch
exhaust ventilator or activates its matching standby exhaust
control, resulting in no  ventilator fan motor, thus preventing high
airflow fume concentration. Manual activation of

the standby exhaust ventilator can also be
administratively controlled by plant
procedures.
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TABLE 9.4-11

RESULTS OF ANALYSES ON DIESEL
ENGINE COMBUSTION AIR INTAKE SYSTEM

Limiting
Concentration at Concentration for
Diesel Generator Intake 100% Efficiency
Condition % %
Recirculation of exhaust CO,-0.1 15
N.-0.5
Fire in room (CO,)®
Normal operation 10.5 15
Fire door failure 104
Louvers failure <10
Vent motor failure <5
Fire in oil storage room <5
Nitrogen storage tank rupture ~5 15

a. The diesel engine in the room where the fire occurs will be shut down with high CO, concentration in the
combustion air intake. The concentrations at the intake given are for the diesel generator adjacent to the one in
which the fire occurs.
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PRIMARY CONTAINMENT (DRYWELL) COOLING SYSTEM EQUIPMENT LIST

Nonsafety-Related Equipment

Primary containment (drywell) chilled water system (2P64)

Chillers
Equipment MPL nos. 2P64-BO06A&B (one standby)
Type Centrifugal compression
Capacity (each) (tons) 450
Motor 600 hp, 4000 V/60 Hz/3 phase
Cooling water media PSW
Cooling media water flow (gal/min) 900
Chilled water flow (gal/min) 675
Refrigerant R134a
Recirculation pump
Equipment MPL nos. 2P64-C008A&B
Type Centrifugal
Capacity (each) (gal/min) 675
Head (ft) 160
Motor 50 hp, 550 V/60 Hz/3 phase
Chemical addition tank
Equipment MPL no. 2P64-A002
Type Vertical, with agitator
Capacity (gal) 52
Chemical feed pump
Equipment MPL no. 2P64-C009
Type Diaphragm
Capacity (gal/min) 7 (maximum)
Motor 1/3 hp, 115 V/60 Hz/1 phase
Expansion tank
Equipment MPL no. 2P64-A001
Capacity (gal) 100
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Primary containment (drywell) cooling (air-side) system (2T47)

Fan coil units (el 114 ft 6 in.)
Equipment MPL nos.
Design temperature (°F)

Coils per unit
Capacity of three-coil unit (Btu/h)
No. of coils per unit
Design pressure (psig)
Pressure drop (ft of water)
Type of water

Fans per unit
Capacity (sf*/min)
No.

Type
Motor

Fan coil units (el 127 ft9in.)
Equipment MPL nos.
Design temperature (°F)

Coils per unit
Capacity of two-coil unit (Btu/h)
No. of coils per unit
Design pressure (psig)
Pressure drop (ft of water)
Type of water

Fans per unit
Capacity (sf*/min)
No.

Type
Motor

Fan coil units (el 183 ft 6 in.)
Equipment MPL nos.
Design temperature (°F)

Coils per unit
Capacity of two-coil unit (Btu/h)
No. of coils per unit
Design pressure (psig)
Water pressure drop (ft)
Type of water

2T47-B010A&B
135 normal

1,100,000

3

150

12.2

Primary containment (drywell) chilled water system

14,000

1

Vaneaxial, adjustable pitch

Direct-drive, 25 hp, 550 V/60 Hz/3 phase

2T47-BO0BA&B; 2T47-BO09A&B
135 normal

2,442,300

2

150

16.8

Primary containment (drywell) chilled water system

25,000

1

Vaneaxial, adjustable pitch

Direct-drive, 75 hp, 550 V/60 Hz/3 phase

2T47-BO07A&B
135 normal

586,160

2

150

4.3

Primary containment (drywell) chilled water system
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Primary containment (drywell) cooling (air-side) system (2T47) (continued)

Fans per unit

Capacity (sf*/min)
No.

Type

Motor

Recirculating fan (el 196 ft 0 in.)

Equipment MPL nos.
Capacity per fan (sf*/min)
Type

Motor

Recirculating fan (el 117 ft 0 in.)

Equipment MPL nos.
Capacity per fan (sf*/min)
Type

Motor

8,000

1

Vaneaxial, adjustable pitch

Direct-drive, 30 hp, 550 V/60 Hz/3 phase

2T47-C001A&B

12,000

Vaneaxial, adjustable pitch

Direct-drive, 30 hp, 500 V/60 Hz/3 phase

2T47-C002A&B

3000

Vaneaxial, adjustable pitch
Direct-drive, 2 hp, 208 V/60 Hz/3 phase
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PRIMARY CONTAINMENT (DRYWELL) COOLING SYSTEM FAILURE ANALYSES

Component Malfunction

Comments

Air Side of System (except 2T47-B010A&B)

Fan coil unit Failure of fan motor

Reduced flow

LOSP

Loss of chilled water

Recirculating fan Failure of fan motor

An overload protection device trips the motor,
actuates an alarm in the MCR, and
automatically starts the standby fan coil unit.
A low-flow switch on the fan discharge also
initiates an alarm in the MCR.

A low-flow switch on the fan discharge initiates
an alarm in the MCR. The operator starts the
standby fan coil units.

Fan coil units, recirculating fans, and chillers
are transferred to the emergency diesels. All
fan coil units and recirculating fans
automatically start upon an LOSP.

Cooling coils are not required during and after
a DBE or LOCA.

For normal operation, loss of the operating
chiller actuates an alarm in the MCR and
starts the standby chiller. The chiller can be
supplied by the emergency diesels during and
after an LOSP.

High air duct temperature also alarms in the
MCR.

An overload protection device trips the motor,
actuates an alarm in the MCR, and, for
recirculation fans at el 196 ft 0 in. only, the
standby fan coil unit and associated
recirculation fan automatically start. Tripping
the recirculating fan motor at el 117 ft 0 in.
alarms only in the MCR, since the remaining
recirculating fan is adequate.
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Component

Recirculating fan
(cont)

Ventilation supply
ducts

Primary containment
water chillers

Recirculation pump

HNP-2-FSAR-9
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Malfunction

Reduced flow

LOSP

Failure or gross
leakage of ducts on fan
coil units

Failure or gross
leakage of ducts on
recirculating fans

Comments

The fan motor overheats from lack of airflow
and tripout. An alarm is annunciated in

the MCR, and for the recirculating fan at

el 196 ft 0 in., the standby fan coil unit and
associated recirculating fan automatically start.

Hot spots in certain areas of the drywell are
detected by space temperature sensors, and
an alarm is annunciated in the MCR. The
operator starts the standby fan coil unit and
associated recirculating fan at el 196 ft 0 in.

All recirculating fans and associated fan coill
units are automatically transferred to diesel
power.

Decrease or loss of air flow actuates a flow
switch and initiates an alarm in the MCR. The
operator starts the standby unit.

An overheated fan motor or hot spots in the
drywell alarm in the MCR. The operator starts
the standby unit.

Water Side of System

Loss of operating
chillers

LOSP
Failure of isolation

valve on chilled water
line

Loss of operating pump

An alarm is annunciated in the MCR, and the
operator starts the standby chiller.

Chillers will be transferred to the emergency
diesels.

The valve will fail open; thus, waterflow to the
fan coil units is not interrupted.

The low-flow alarm is annunciated in the MCR,
and the standby pump can be started locally.
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CONTROL BUILDING HVAC SYSTEMS EQUIPMENT LIST

Computer room air-conditioning units

No.

Type

Capacity (tons)
Compressor motor
Fan capacity (ft*min)
Fan motor

No. of electric coils
Capacity per coil (kW)

Water sampling room air-conditioning units

No.

Size (% capacity)
Type

Capacity (tons)
Compressor motor
Fan capacity (ft/min)
Fan motor

No. of electric coils
Capacity per coil (kW)

Radiochemistry laboratory and health physics area units

No.

Size (% capacity)
Type

Capacity (tons)
Compressor motor
Fan capacity (ft¥min)
Fan motor

No. of electric coils
Capacity per coil (kW)

3

Package refrigeration

5

1.5 hp, 208 V/60 Hz/3 phase
2000

1.5 hp, 208 V/60 Hz/3 phase
2

10

2

100

Package refrigeration

5

1.5 hp, 208 V/60 Hz/3 phase
2000

1.5 hp, 208 V/60 Hz/3 phase
2

17.6

2

100

Package refrigeration

20

25 hp, 208 V/60 Hz/3 phase
4100

3 hp, 208 V/60 Hz/3 phase
3

20
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Cold lab air-conditioning units

No.

Size (% capacity)
Type

Capacity (tons)
Compressor motor
Fan capacity (sf¥/min)
Fan motor

No. of electric coils
Capacity per coil (kW)

Cable spreading room units

Supply fan
No.
Type of fan
Capacity (ft*min)
Motor
Drive

Exhaust fan
No.
Type of fan
Capacity (ft¥/min)
Motor
Drive

Battery room exhaust fan units

HNP-2-FSAR-9

No.

Type of fan
Capacity (ft*/min)
Motor

Drive

Shift supervisor's area

Air-handling unit
No.
Size (% capacity)
Type
Capacity (tons)
Fan capacity (ft¥min)
Fan motor

TABLE 9.4-14 (SHEET 2 OF 6)

2

100

Package refrigeration

3

1 hp, 208 V/60 Hz/3 phase
1000

1 hp, 208 V/60 Hz/3 phase
1

20

1
Centrifugal, backward-inclined
15,700

7.5 hp, 550 V/60 Hz/3 phase
V-belt

1

Centrifugal, backward-inclined
14,800

5 hp, 550 V/60 Hz/3 phase
V-belt

2

Vaneaxial

1800

1.5 hp, 208 V/60 Hz/3 phase
Direct

1
100

Horizontal, draw-through
8.7

3000

1 hp, 200 V/60 Hz/3 phase
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Shift supervisor's area (continued)

Condensing unit
No.
Size (% capacity)
Type
Capacity (tons)
Compressor motor
Condenser cooling water flow (gal/min)
Cooling water source

Electric duct heater
No.
Size (% capacity)
Rating (kW)

Kitchen exhaust fan
No.
Type
Capacity (ft¥/min)
Motor

Control building ventilation units

Supply fans
No.
Type of fan
Capacity (ft*/min)
Motor
Drive

Exhaust fans
No.
Type of fan
Capacity (ft*min)
Motor
Drive

Heating coils
No.
Type
Capacity of first coil (Btu/h)
Capacity of second coil (Btu/h)

1
100

Water cooled, reciprocating
8.7

10 hp, 208 V/60 Hz/3 phase
42

PSW

Centrifugal roof fan
225
0.03 hp, 120 V/60 Hz/1 phase

3

Centrifugal, backward-inclined
67,900

50 hp, 550 V/60 Hz/3 phase
V-belt

2

Vaneaxial

56,000

50 hp, 550 V/60 Hz/3 phase
Direct

2
Hot water

1.124 x 10°
0.342 x 10°
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LPCI inverter room essential coolers®

Equipment MPL no.
Size/unit (% capacity)

Cooling coil
Capacity (Btu/h)
No. of coils/unit
Design water flowrate (gal/min)
Design inlet water temperature (°F)
Water pressure drop (ft)
Cooling water source

Fan
Capacity (ft*/min)
No./unit
Type
Motor

LPCI inverter room normal air-handling unit®

Equipment MPL no.
Design temperature (°F)

Cooling coil
Capacity of coil (Btu/h)
No. of coils per unit
Design pressure (psig)
Water pressure drop (ft)
Type of water

Fan
Capacity (ft*min)
No.
Type
Motor

Filter
Quantity
Type

2741-B020A, B020B
100

90,000
1

60

95

6.6
PSW

9850

1

Vaneaxial

15 hp 550 V/60 Hz/3 phase

2741-B100

76 normal

180,000

1

150

9.63

Control building chilled water system

6800

1

Forward curved centrifugal

Belt-drive, 5 hp, 550 V/60 Hz/3 phase

6 (16 x 20 in.)
Roughing, 50% efficiency

REV 29 9/11



Vital ac room air-handling unit

Equipment MPL no.
Design temperature (°F)

Cooling coil
Capacity of coil (Btu/h)
No. of coils per unit
Design pressure (psig)
Water pressure drop (ft)
Type of water

Fan
Capacity (ft¥/min)
No.
Type
Motor

Filter
Quantity
Type

Control building RPS MG set room cooling coil module

HNP-2-FSAR-9

No.

Type of fans

Capacity - flow (sf*/min)
Capacity - cooling (Btu/h)
Cooling source
Accessories

Control building chilled water system (2P67)

Chiller
Equipment MPL no.
Type
Capacity (tons)
Motor
Cooling media
Chilled water flow (gal/min)

TABLE 9.4-14 (SHEET 5 OF 6)

2741-B040

76 normal

192,000

1

150

8.33

Control building chilled water system

6800

1

Forward curved centrifugal

Belt-drive, 5 hp, 550 V/60 Hz/3 phase

6 (16 x 20 in.)
Roughing, 50% efficiency

1
None

1800

97,200 (design)

Control building chilled water system
Inlet damper, balancing damper

two 1-in. 30% efficiency filters

2P67-B001

Reciprocating compression
55 nominal

40 hp, 460 V/60 Hz/3 phase
Ambient, outdoor air

128
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Control building chilled water system (2P67) (continued)

Chilled water circulating pumps

Equipment MPL nos. 2P67-C001A&B
Type Centrifugal
Capacity (each) (gal/min) 160 sizing/ 120 actual
Head (ft) 86
Motor 7.5 hp, 460 V/60 Hz/3 phase
Chemical addition tank
Equipment MPL no. 2P67-A003
Type Vertical, without agitator
Capacity (gal) 5
Air separator
Equipment MPL no. 2P67-A002
Capacity (gal/min) 180
Expansion tank
Equipment MPL no. 2P67-A001
Capacity (gal) 24

a. HNP-1 and HNP-2 LPCI inverters were replaced with Class 1E power supplies backed by dedicated diesel
generators (HNP-1-FSAR figure 8.5-1, HNP-2-FSAR figure 8.3-8). The PSW supply for the two essential LPCI
inverter room coolers has been retired in place.
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CONTROL BUILDING HVAC SYSTEMS FAILURE ANALYSES

Components

Fan

Refrigerating unit

Reheat coils

Fan

Malfunction

Comments

Computer Room HVAC

Failure of fan motor

Reduced flow

LOSP

Loss of one
refrigerating unit

Loss of heating coils

Loss of airflow through
coils

An overload protection device trips the
motor. A low-flow switch on the fan
discharge initiates an alarm in the MCR.
The operator starts the standby unit.

A low-flow switch on the fan discharge
initiates an alarm in the MCR room. The
operator starts the standby unit.

The computers operate for 1/2 h from
self-contained batteries; during this period,
the loss of HVAC will not harm the
computers. Furthermore, the computers are
not required for safe shutdown of the plant.

One of two operating units will still be
operating to hold the temperature down until
the operator can start the standby unit.

Room temperature is held to a minimum of
65°F, since the source of supply air (control
building) is regulated down to 65°F.

A low-flow on the reheat coils automatically
shuts off the power to the coils to prevent
burnout. The low-flow switch on the fan
discharge initiates an alarm in the MCR.

Water Sampling Room HVAC

Failure of fan motor

Reduced flow

An overload protection device trips the
motor. Rising temperature in the room will
not harm equipment or affect plant
operation. The operator starts the standby
unit.

Rising temperature in the room will not harm
equipment or affect plant operation. The
operator starts the standby unit.
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Components Malfunction

Comments

Water Sampling Room HVAC (continued)

Fan LOSP

Refrigerating unit Loss of active
refrigerating unit

Reheat coils Loss of heating coils

Loss of airflow through
coils

Rising temperature in the room will not harm
equipment or affect plant operation.

Rising temperature in the room will not harm
equipment or affect plant operation. The
operator starts the standby unit.

Room temperature is held to a minimum of
65°F, since the source of supply air (control
building) is regulated down to 65°F. The
operator starts the standby unit.

A low-flow switch on the reheat coils
automatically shuts off power to the coils to
prevent burnout. Room temperature is held
to a minimum of 65°F. The operator starts
the standby unit.

Radio Chemistry Laboratory and Health Physics Area HVAC

Fan Failure of fan motor

Reduced flow

LOSP

Refrigerating unit Loss of active
refrigerating unit

Reheat coils Loss of heating coils

An overload protection device trips the
motor. Rising temperature in the room will
not harm equipment or affect plant
operation. Partial air-conditioning is still
provided by the other unit.

Rising temperature in the room will not harm
equipment or affect plant operation. Partial

air-conditioning is still provided by the other

unit.

Rising temperature in the room will not harm
equipment or affect plant operation.

Rising temperature in the room will not harm
equipment or affect plant operation. Partial

air-conditioning is still provided by the other

unit.

Room temperature is held to a minimum of
65°F, since the source of supply air (control
building) is regulated down to 65°F.
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Malfunction

Comments

Radio chemistry Laboratory and Health Physics Area HVAC (continued)

Reheat coils

Dampers

Fan

Refrigerating unit

Reheat coil

Loss of airflow through
coils

Fail closing of dampers

A low-flow switch on the reheat coils
automatically shuts off power to the coils to
prevent burnout. Room temperature is held
to a minimum of 65°F.

Rising temperature in the room will not harm
equipment or affect plant operation. For
cold weather, room temperature is held to a
minimum of 65°F by supply air. Loss of air
flow automatically shuts off power to the
coils.

Cold Lab HVAC

Failure of fan motor

Reduced flow

LOSP

Loss of active
refrigerating unit

Loss of heating coils

Loss of airflow through
coils

An overload protection device trips the
motor. Rising temperature in the room will
not harm equipment or affect plant
operation. Partial air-conditioning is still
provided by the other unit.

Rising temperature in the room will not harm
equipment or affect plant operation. Partial

air-conditioning is still provided by the other

unit.

Rising temperature in the room will not harm
equipment or affect plant operation.

Rising temperature in the room will not harm
equipment or affect plant operation. Partial

air-conditioning is still provided by the other

unit.

Room temperature is held to a minimum of
65°F, since the source of supply air (control
building) is regulated down to 65°F.

A low-flow switch on the reheat coils
automatically shuts off power to the coils to
prevent burnout. Room temperature is held
to a minimum of 65°F.
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Components

Supply fan

Exhaust fan

Regulating dampers

Power source

Exhaust fans

Power source

AHU
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Malfunction

Comments

Cable Spreading Area HVAC

Loss of motor or
reduced flow

Loss of motor or
reduced flow

Failure of damper
control

LOSP

Temperature in the room will rise to 111°F
(maximum). The exhaust fan removes heat
from the room.

The temperature in the room will rise to
111°F (maximum). The supply fan adds
cool air in the room and forces warm air out
of the room.

The temperature in the room will rise to
111°F (maximum).

The temperature in the room will rise to
111°F (maximum).

Battery Room HVAC

Failure of fan motor

Reduce flow

LOSP

The motor trips, and a low-flow switch on the
fan discharge initiates an alarm in the MCR.
Battery operation is shifted to the room with
an operable exhaust fan.

A low-flow switch on the fan discharge
initiates an alarm in the MCR. Battery
operation is shifted to the room with an
operable exhaust fan.

The fans are automatically started and
shifted to the emergency diesel power
source.

Shift Supervisor's Area HVAC

Failure of fan motor

Reduced flow

LOSP

An overload protection device trips the
motor. Rising temperature in the room will
not harm equipment or affect plant
operation.

Rising temperature in the room will not harm
equipment or affect plant operation.

Rising temperature in the room will not harm
equipment or affect plant operation.
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Components

Reheat coil

Exhaust fan

Supply fan

Heating coils

Exhaust fan

Power source
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TABLE 9.4-15 (SHEET 5 OF 8)

Malfunction

Comments

Shift Supervisor's Area HVAC (continued)

Loss of heating coil
Loss of airflow through

coil

Loss of motor or
reduced flow

Falling temperature in the room will not harm
equipment or affect plant operation.

A low-flow switch on the reheat coil
automatically shuts off power to the coil to
prevent burnout. Falling temperature in the
room will not harm equipment or affect plant
operation.

The supply fan adds cool air in the room and
forces warm air out of the room.

Control Building HVAC

Failure of fan motor

Reduced flow

Loss of heating water

Failure of fan motor

Reduced flow

LOSP

An overload protection device trips the motor
and automatically starts the standby fan. A
low-flow switch initiates an alarm in the
MCR.

A low-flow switch initiates an alarm in the
MCR, and the operator starts the standby
fan.

Fans may be shut down or operated on and
off to maintain a comfortable atmosphere in
the building.

An overload protection device trips the motor
and automatically starts the standby fan. A
low-flow switch initiates an alarm in the
MCR.

A low-flow switch initiates an alarm in the
MCR, and the operator starts the standby
fan.

Rising temperature in the room will not harm
equipment or affect plant operation. Battery
room exhaust fans operate from the
emergency power sources.
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Components

Cooler

Normal AHU

AHU
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TABLE 9.4-15 (SHEET 6 OF 8)

Malfunction

Comments

LPCI Inverter Room Essential Coolers®

Failure of fan motor

Reduced air flow

Loss of service water

LOSP

An overload protection device trips the
motor. Cooling capacity is provided by
redundant unit.

Cooling capacity is provided by redundant
unit.

Cooling capacity is provided by redundant
unit.

Coolers are transferred to the emergency
diesels.

LPCI Inverter Room AHU®

Failure of fan motor

LOSP

Loss of chilled water

An overload protection device trips the
motor. A high-temperature switch in the
room starts the emergency coolers.

AHU will automatically restart upon
restoration of power. A high temperature
switch in the room starts the emergency
coolers.

Cooling coils are not required during or after
a DBE or LOCA.

The operator can rectify the problem and/or
add temporary cooling units in the affected
areas.

Vital ac Room AHU

Failure of fan motor

LOSP

An overload protection device trips the
motor. Ventilation will maintain some
cooling in the room. The cooling coils are
not required to mitigate a DBA.

AHU will automatically restart upon
restoration of power. Ventilation will
maintain some cooling in the room. The
cooling coils are not required to mitigate a
DBA.
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TABLE 9.4-15 (SHEET 7 OF 8)

Components Malfunction

Comments

Vital ac Room AHU (continued)

AHU Loss of chilled water

Cooling coils are not required during or after
a DBE or LOCA.

For normal operation, loss of the chiller
actuates an alarm in the main control room.
The operator can rectify the problem and/or
add temporary cooling units in the affected
areas.

Control Building RPS M-G Set Room Cooling Coil Module

Cooling coil module Loss of chilled water

Cooling is not required in the RPS M-G set
rooms during and after a DBE or LOCA.

Cooling is not required in the M-G set rooms
during the winter months. During summer
months and normal plant operation, operator
rounds will detect increased temperature in
the room and initiate corrective action.

Control Building Chilled Water System

Chiller Loss of chiller
LOSP
Chilled water Loss of operating pump

circulating pumps

An alarm is annunciated in the main control
room. The operator can rectify the problem
and/or add temporary cooling units in the
affected areas.

Chiller will automatically restart, after a time
delay, upon restoration of power. This time
delay is internal to the chiller logic and is
required to prevent unit damage.

An alarm is annunciated in the MCR. The
standby pump can be started locally. Loss
of cooling water in the LPCI inverter room
will cause the room temperature to rise. A
high temperature switch within the room will
then initiate an alarm in the MCR and start
the emergency coolers.

Cooling water to the vital ac rooms is not
required during or after a DBE or LOCA.
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TABLE 9.4-15 (SHEET 8 OF 8)

Components Malfunction Comments

Control Building Chilled Water System (continued)

System fluid inventory ~ System leak Level switch on expansion tank will initiate
an alarm in the MCR. The operator can
rectify the problem and/or add temporary
cooling units in the affected areas.

a. HNP-1 and HNP-2 LPCI inverters were replaced with Class 1E power supplies backed by dedicated diesel
generators (HNP-1-FSAR figure 8.5-1, HNP-2-FSAR figure 8.3-8). The PSW supply for the two essential LPCI
inverter room coolers has been retired in place.
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TABLE 9.4-16

WASTE GAS TREATMENT BUILDING HVAC SYSTEM EQUIPMENT LIST

Water chillers
No.
Capacity (tons)
Chilled water flowrate (gal/min)
Compressor motor

Chilled water recirculation pumps
No.
Capacity (gal/min)
Total head (ft)
Type
Motor

Carbon adsorber vault AHU
No.
Airflow (ft*/min)
Cooling capacity (Btu/h)
Electric heating capacity

Waste gas treatment building AHU
No.
Airflow (ft*/min)
Cooling capacity (Btu/h)
Electric heating capacity

Exhaust fans
No.
Capacity (ft*min)
Type
Motor

2

45

108

60 hp, 550 V/60 Hz/3 phase

2

108

120

Centrifugal

7.5 hp, 550 V/60 Hz/3 phase

2

4000

102,000

18 kW, 550 V/60 Hz/3 phase

1

6000

181,000

20 kW, 550 V/60 Hz/3 phase

2

2400

Vaneaxial

2 hp, 208 V/60 Hz/3 phase
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TABLE 9.4-17 (SHEET 1 OF 2)

WASTE GAS TREATMENT BUILDING HVAC SYSTEM FAILURE ANALYSIS

Component
Chillers

Recirculating pumps

Vault AHUs

Malfunction

Failure of chillers

Failure of isolation valve
on chilled water line to
AHUs

Failure of pump motor

Failure of fan motor

Reduced flow

Loss of chilled water to
cooling coils

Loss of heating coils

Loss of airflow to
heating coils

Comments

An alarm is annunciated in the MCR. The
operator activates the standby chiller and
the associated recirculating pump.

The isolation valves fail open; thus, chilled
water flow to the AHUs remain open.

An overload protection device trips the
motor, and a differential pressure switch
across the chilled water lines initiates an
alarm in the local control room. The
operator activates the standby recirculating
pump and associated chiller.

An overload protection device trips the
motor, and a low-flow switch initiates an
alarm in the local control room and starts
the standby AHU.

A low-flow switch initiates an alarm in the
local control room and automatically starts
the standby AHU.

See failure analysis for chillers and
recirculating of chilled water pumps for
causes of loss of chilled water and
remedial action.

A drop in room temperature will not harm

equipment or affect plant operation. The

operator starts the standby AHU to obtain
heating.

Loss of airflow automatically shuts off
power to the coils to prevent burnout. The
low-flow switch on the fan discharge
initiates an alarm in the local control room
and automatically starts the standby AHU.
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Component
Vault AHUs (cont)

Building AHU

Power source

HNP-2-FSAR-9

TABLE 9.4-17 (SHEET 2 OF 2)

Malfunction

Failure of makeup air
damper

Failure of fan discharge
air damper

Failure of fan motor

Reduced flow

Loss of chilled water to
cooling coils

Loss of heating coils

Loss of airflow to
heating coils

LOSP

Comments

The damper will fail closed, thus
preventing release of contaminated air
outside the building. Normal recirculation
and air conditioning are not affected. The
operator may start the standby AHU to
obtain makeup air.

The damper will fail open, thus permitting
unrestricted recirculation and
air-conditioning operation.

An overload protection trips the motor and
a low-flow switch initiates an alarm in the
local control room. A rise or drop in
building temperature will not harm
equipment or affect plant operation.

A low-flow switch initiates an alarm in the
local control room. A rise or drop in
building temperature will not harm
equipment or affect plant operation.

See failure analysis for chillers and
recirculating pumps for causes of loss of
chilled water and for remedial action. The
manual chilled water isolation valve to the
AHU is normally open.

A drop in room temperature will not harm
equipment or affect plant operation.

A loss of airflow automatically shuts off
power to the coils to prevent burnout. The
low-flow switch on the fan discharge
initiates an alarm in the local control room.
A drop in room temperature will not harm
equipment or affect plant operation.

A rise or drop in room temperature will not
harm equipment or affect plant operation.
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TABLE 9.4-18 (SHEET 1 OF 2)

TSC HVAC SYSTEM EQUIPMENT LIST

AHU (X75-B001)
Quantity
Size (% capacity)
Fan rating, (hp)
Type
Capacity (tons)
Fan capacity (ft*min)
Filter type

Condensing unit (X75-B002)
Quantity
Size (% capacity)
Type
Fan motors (three) (amps)
Compressor motor (amps)

Silencer (X75-D006)
Quantity
Size (% capacity)
Type
Capacity (ft*min)

Filter train (X75-D001)
Quantity
Size (% capacity)
Type
Capacity (ft*/min)
Media
HEPA efficiency (%)
Charcoal efficiency (%)
Charcoal banks
Test canisters/bank
Heater rating (kW)

Filter train fan (X75-C001)
Quantity
Size (% capacity)
Type
Capacity (ft*/min)
Motor (hp)

1

100

7.5

Horizontal, draw through
19.25

5500 (4750 system)

Roll filter

1

100

Air cooled, reciprocating
1.9 (full load), each

36

1

100
Rectangular
4750

1

100

Horizontal, draw-through

1000

Activated, impregnated charcoal
99.97

99.0

2

5

5

1

100
Centrifugal
1000

3
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TABLE 9.4-18 (SHEET 2 OF 2)

Electric duct heater (X75-B003)

No. 1
Size (% capacity) 100
Rating (kW) 25
Restroom exhaust fan (X75-C002)
No. 1
Type Inline, cabinet
Capacity (ft*/min) 100
Motor (hp) 0.07
Electric duct heater (X75-B004)
No. 1
Size (% capacity) 100
Rating (kW) 32.5
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Component
AHU

Duct-mounted
electric heater

Condensing unit

Filter train

HNP-2-FSAR-9

TABLE 9.4-19 (SHEET 1 OF 2)

TSC HVAC SYSTEM FAILURE ANALYSIS

Malfunction

Failure of fan motor

Reduced flow

Loss of electric heater

Loss of condensing unit

Obstruction of filter
elements

High temperature in the
charcoal bed

High radiation at
discharge

Comments

An overload protection device trips the
motor. A low airflow switch on the fan
discharge initiates an alarm on the local
panel.

A low airflow switch on the fan discharge
initiates an alarm on the local panel.

Drop in room temperature will not harm
equipment or affect plant operation.

Rise in room temperature will not harm
equipment or affect plant operation.

High differential pressure across the filter
elements will alarm on the local panel. The
defective filter train will be isolated.

High temperature will alarm on the local
panel, trip the filter train fan, and realign
dampers for normal flow path. The filter
deluge system will be manually activated as
necessary.

High radiation will alarm on the local panel.
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Component

Filter train fan

Dampers

Power source

HNP-2-FSAR-9

TABLE 9.4-19 (SHEET 2 OF 2)

Malfunction Comments

Failure of fan motor An overload protection device trips the fan
motor. Low flow and/or high radiation will
alarm on the local panel. TSC operations
will be switched to the EOF, as required.

Failure of dampers Dampers will fail to the position required for
the accident mode of operation.

LOSP On loss of ventilation, TSC operations will be
switched to the EOF, as required.
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TABLE 9.4-20
RIVER INTAKE STRUCTURE VENTILATION SYSTEM
FAILURE ANALYSIS
Components Malfunction Comments

Roof ventilator Failure of one ventilator or Two other ventilators are

loss of controls available.

Loss of one division power This will result in the loss of

supply one of the three ventilators.
Thermostat Failure of the related ventilator This can result in either the

ventilator operating or not
operating, depending on the
failure mechanism of the
thermostat.

Ventilator operation due to
thermostat failure during
outside freezing temperatures
will be monitored by the plant
operator rounds procedure.

Failure of a ventilator to
operate due to thermostat
failure will result in the loss of
one of the three ventilators.
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9.5 OTHER AUXILIARY SYSTEMS

9.5.1 FIRE PROTECTION SYSTEM

The plant fire protection system is described in the Edwin I. Hatch Nuclear Plant Units 1
and 2 Fire Hazards Analysis and Fire Protection Program (incorporated by reference into
the FSAR).

9.5.2 PLANT COMMUNICATION SYSTEM (HNP-1 AND HNP-2)

9.5.2.1 Safety Objective

The plant communication system provides communication between all vital areas of the plant
(figure 9.5-1).

9.5.2.2 Safety Design Basis

Internal and external communication is established by a public address system and a private,
dial telephone system. These systems provide convenient, effective operational
communications between various plant buildings and locations.

The private, automatic exchange dial telephone system provides onsite telephone
communications and interfaces with several offsite communication systems.

The public address system provides communications by means of paging and two-way
communications between onsite locations. The public address system is supplemented by
visual indication in high noise level areas.

9.5.2.3 Description

The intrasite communication system consists of a public address system; a private, dial
telephone system; and a two-way radio communication system provided for paging and
communication in all important areas.

9.5.2.3.1 Public Address System

A public address system consisting of handsets, amplifiers, loudspeakers, multitone generator,
and associated equipment provides convenient, effective paging and private conversational
service to the plant. The system is transistorized utilizing multiple stations located throughout
the plant such that, following an accident, there is no one area which has a communication
requirement so critical that it cannot be met by going to an alternate location.
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The public address system is designed to allow for expansion of the system without degrading
communications capability. The failure of one or more station will not degrade communication
capacity.

Public address handsets consist of a dual amplifier (one for the handset and the other to drive
one or more paging speakers), associated speaker volume controls, page/party line controls,
and a paging speaker. When a handset is used for paging, its associated speakers are muted
to avoid acoustical coupling.

Two-way conversations are possible over the handset stations after the desired party has been
paged via loud speakers and answered. It is possible for more than two handset stations to
take part in a conversation.

Handset stations are designed for various mounting applications: wall, panel, desk top, desk
edge, and portable (indoor and outdoor locations). The location of handsets relative to noise is
not critical due to the use of noise canceling microphones.

In areas of low to medium noise levels, communications equipment is installed in half-length
booths; and in areas of high noise levels, the equipment is installed in full-length booths. These
booths minimize the undesirable background noises from being transmitted by the telephone or
public address system so that intraplant communications is maintained when high noise levels
occur. Tables 9.5-1 and 9.5-2 demonstrate the effectiveness of these booths to attenuate
sound.

Paging amplifier stations consist of a speaker volume control and separately mounted speakers.
There are four types of paging speakers:

. The 20-in. diameter horn which is the speaker generally used in areas where the
ambient sound levels may range from 65 dB to over 100 dB.

. The 16-in. diameter horn which is used in areas of high density piping, cable trays,
etc.

. The 8-in.-diameter horn which is used in shops, switchgear areas, etc.

. The 6-in.-diameter cone speaker which is used in finished areas where noise
levels are minimal.

Speaker orientation is designed so that a person standing in the center of the work area to be
covered can sight directly along the axis of speaker projection. The off-axis coverage is
determined by the speaker dispersion angle and the ambient noise level.

The plant public address system is also used to alert station personnel during emergency
conditions. Upon declaration of an Emergency, personnel will be notified by a page
announcement. For declaration of an Alert, a Site Area Emergency, or a General Emergency,
this notification will be preceded by a warning tone. Likewise, page announcements for a Fire
will be preceded by a specific tone. A multitone generator produces distinct sounds over the
public address paging line for the applicable conditions requiring the use of a warning tone.
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For high ambient noise areas where speaker coverage is expected to be marginal during an
alarm condition, the speakers are supplemented by flashing lights. Such lights are provided in
the following areas:

. Diesel generator rooms.

. Residual heat removal and control rod drive areas.

. High-pressure coolant injection room.

° Condensate and condensate booster pump areas.

o The drywell for workers during shutdown conditions.

The HNP-1 and HNP-2 public address systems can be tied together.

9.5.2.3.2 Private, Automatic Exchange Dial Telephone System

The main telephone system at Plant Hatch is a Voice over Internet Protocol (VolP) system. All
phones in office locations use VolP technology. All phones inside the plant are analog circuits
connected to analog gateways that connect to the IP backbone. This system provides phone
service to all areas of the plant.

The main system consists of the following major components:

. Call managers, gateways, analog gateways, and a combination of VolP and
analog phones.

° The servers for this system are powered VIA a UPS with battery backup that is
rated to provide approximately 4 hours of runtime.

. A main distribution frame which is wall mounted and combines terminal and
cross-connecting facilities.

Plant Hatch also has an independent phone system that provides phone service to designated
phones in the Control Room and emergency facilities at the plant.

The independent system consists of the following major components:

° An independent phone switch and analog phones located in the control room and
emergency facilities.

° A manual throw switch for selecting either a HNP-1 normal power source and

emergency diesel generator or a HNP-2 normal power source and emergency
diesel generator.
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. A main distribution frame which is wall mounted and combines terminal and
cross-connecting facilities.

Power is supplied to the telephone equipment located in the HNP-1 service building from HNP-1
essential ac cabinet 1R25-S036 or from HNP-2 essential ac cabinet 2R25-S036. Power to the
equipment located in the IT computer room is powered VIA a UPS with battery backup that is
rated to provide approximately 4 hours of runtime. The HNP-1 telephone terminal boards are in
panel R51-P001 located on el 112 ft, control building. The HNP-2 telephone terminal boards
are in panel R51-P002 located on el 112 ft, control building.
The location of handsets relative to noise is not critical due to the use of noise canceling
microphones. In areas of low to medium noise levels, communications equipment is installed in
half-length booths; and in areas of high noise levels, the equipment is installed in full-length
booths. These booths minimize the undesirable background noises from being transmitted by
the telephone or public address system so that intraplant communications are maintained when
high noise levels occur. Tables 9.5-1 and 9.5-2 demonstrate the effectiveness of these booths
to attenuate sound.

A separate intraplant telephone system is used for uninterrupted private communications
between the control room and the reactor refueling area.

The telephone system interfaces with the following offsite communications systems:
. Baxley - Georgia exchange.
. Vidalia - Georgia exchange.
. Atlanta - Georgia exchange.
° Georgia Power Company (GPC) general office.
o Southern Bell system lines.
o Company microwave system.
. NRC Emergency Notification System (ENS).
. NRC Emergency Notification Network (ENN).

Refer to Section F of the Emergency Plan for the description of emergency communications
system.

9.5.2.3.3 Two-Way Radio Communications

A separate, two-way radio communication system is provided to permit communications with
GPC mobile units and base stations within the range of the plant.
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9.5.24 Safety Evaluation

The public address system and the private, automatic exchange telephone system are not
necessary items for the safe shutdown of the plant. However, these systems provide effective
and reliable communications for the overall safe operation of the plant.

9.5.2.5 Inspection and Tests

All communications systems are in operation daily, which demonstrates system operability.

9.5.3 PLANT LIGHTING SYSTEM (HNP-1 AND HNP-2)

9.5.3.1 Safety Objective

The plant lighting system provides adequate illumination in all areas of the plant.

9.5.3.2 Safety Design Basis

Normal lighting and emergency lighting are provided for the plant with power utilized from
normal ac sources, station battery system, or self-contained battery packs.

9.5.3.3 Description

The lighting system is divided into the following categories:
normal, security, and emergency.

A. Normal Lighting
The normal lighting system provides illumination for all plant areas.
B.  Security Lighting

The security lighting system provides illumination for certain controlled and
protected areas. Refer to section 3.2 of the Plant Security Plan.

C. Emergency Lighting
The emergency lighting system provides sufficient illumination in specific areas

following a loss of normal lighting. The emergency lighting system is divided as
follows:
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1. Fire Protection Lighting (Appendix R), 10 CFR 50
Fixed 8-h rated, sealed-beam, battery-operated fixtures are provided for all
areas needed for operation of safe shutdown equipment and in access and
egress routes thereto.

2.  Exit/Essential Lighting

The exit/essential lighting is provided to meet the following criteria:

a. To provide sufficient lighting (1 to 5 footcandles) so that an individual
may exit the plant along designated paths.

b.  The lighting intensity for the required areas is listed below:

Minimum
Normal Emergency
Lighting Lighting
Area (footcandles) (footcandles)
MCR 150 10
Diesel building 40-50 15
Essential 30 10

switchgear

9.5.34 Safety Evaluation

The main control room (MCR) is provided with fluorescent luminaries. Areas where emergency
lighting is provided are the MCR, turbine front standard, refueling floor, switchgear and control
boards, reactor building, radwaste building, diesel building, river intake structure, service
building, and other areas where illumination is required during emergencies.

9.5.3.5 Inspection and Tests

The normal ac lighting is normally energized and requires no periodic testing. The emergency
dc lighting is inspected and tested periodically to ensure the operability of the automatic
switches and other components in the system.
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DIESEL GENERATOR FUEL OIL STORAGE AND TRANSFER SYSTEM

Safety Design Bases

The system is designed to supply fuel to at least two diesel generator units during
emergency conditions despite any active or passive failure of one of its
components.

The minimum required combined (HNP-1, HNP-2, and swing diesel generators)
onsite storage capacity is sufficient for operating 4 diesel generators at 3250 kW
for a duration of 7 days.

The design and construction of the diesel generator fuel oil system conforms to the
criteria of Institute of Electrical and Electronics Engineers (IEEE) 308-1971, as well
as to the applicable portions of:

o National Electrical Manufacturers Association (NEMA).

° National Fire Protection Association (NFPA).

. American Society of Testing Materials (ASTM).

° American Society of Mechanical Engineers (ASME).

o IEEE.

° American National Standards Institute (ANSI).

o Underwriters' Laboratories (UL).

° American Petroleum Institute (APM).

The safety-related components of this system are designed to withstand the design
basis earthquake (DBE).

The system is protected from damage caused by missiles.

System Description

The diesel generator fuel oil system consists of five independent trains of equipment with each
train supplying fuel oil to its respective diesel generator. A total of five diesel generators supply
the emergency ac power for HNP-1 and HNP-2. The system is composed of storage tanks, day
tanks, transfer pumps, and associated piping, valves, filters, and controls. (See drawing no.
H-11037.) Transfer capability between storage tanks of different trains is provided by a transfer
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header. Valving and physical arrangement are such that no single failure can prevent more
than one train from performing its primary function.

Five equal-capacity (40,000 gal) horizontal-type main fuel oil storage tanks are located
underground. Additionally, a 1000-gal-capacity day tank is provided for each DG. The

33,320 gal required to be maintained in each DGs' main fuel oil tank represent a total amount of
oil sufficient to operate any 2 DGs at 3250 kW for a period of 7 days. In addition, this amount
provides fuel to operate the required HNP-1 DGs at a load sufficient to maintain power to the
components required to be operable by the HNP-2 Technical Specifications for 7 days. This
onsite fuel oil capacity is sufficient to operate the diesel generators for longer than the time to
replenish the onsite supply from outside sources.

Each day tank is housed in a separate room in the diesel generator building and has a fuel
capacity for ~ 2 h of full-load operations. Fuel oil is transferred from storage tanks to the day
tanks by either of two pumps located on each storage tank. Redundancy of pumps and piping
will not allow the failure of one pump or the rupture of any pipe, valve, or tank to result in the
loss of more than one diesel. In the event that the piping between the last isolation valve and
the day tank breaks, the use of one diesel can be lost. This occurs only after the

approximate 2-h supply of fuel in the day tank has been used. All outside tanks, pumps, and
piping are underground.

During operation of the diesel generator, fuel oil pumps driven by the diesel engines transfer

fuel from the day tanks to the diesel engine fuel manifolds. Level controls mounted on the day
tanks automatically start and stop the storage tank transfer pumps.

9.5.4.3 Instrumentation Application

The level of the fuel supply in each tank is indicated in the MCR. In addition, alarms both locally
and in the control room annunciate low level and high level in any day tank. Alarm systems for
each train are independent from those of other trains such that a single failure would affect no
more than one train.

9.5.4.4 Safety Evaluation

The diesel generator fuel oil system is designed so that failure of any one active component
results in the loss of fuel supply to no more than one diesel generator. The loss of one diesel
generator does not preclude adequate core cooling under accident conditions. Therefore,
failure of any one active component of the diesel generator fuel oil system does not preclude
safe shutdown of the plant following a loss-of-coolant accident (LOCA) and/or a loss-of-offsite
power (LOSP). The component failure analysis of the diesel generator fuel oil system is given
in table 9.5-3.

Additionally, a 1000-gal-capacity day tank is provided for each DG. The 33,320 gal required to
be maintained in each DGs' main fuel oil tank represent a total amount of oil sufficient to
operate any 2 DGs at 3250 kW for a period of 7 days. In addition, this amount provides fuel to
operate the required HNP-1 DGs at a load sufficient to maintain power to the components
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required to be operable by the HNP-2 Technical Specifications for 7 days. This onsite fuel oil
capacity is sufficient to operate the diesel generators for longer than the time to replenish the
onsite supply from outside sources. Additional fuel can be brought to the site by truck from fuel
supplies in the local area. The capacity to transfer fuel from one storage tank to another
storage tank also exists.

The present diesel fuel resupply consists of a minimum of 3 sources within a maximum distance
of 125 miles from the plant site. The total normal storage of these 3 sources is more than
4,500,000 gal. The maximum delivery time is 24 h, and the minimum delivery time is 4 h.

During diesel operation, filling of the day tanks is automatically controlled by two level
controllers, one for each storage tank transfer pump assigned to each day tank.

In the unlikely event of a failure in one of the supply trains, the associated day tank low-level
alarm annunciates when the fuel oil level in the tank drops 2 in. below the transfer initiation
setpoint, thus allowing the operator ~ 2 h of full-load operating time in which to take corrective
action to prevent the loss of the diesel.

Protection against earthquake damage is assured by the Seismic Category | design of the
system. Protection from hurricanes, tornadoes, and missiles is provided by locating system
components either underground or within the diesel generator building.

Corrosion protection for the underground storage tanks and piping is provided by protective

coating and wrapping. Aboveground components are located inside Seismic Category |
structures that protect these components from detrimental environmental effects.

9.54.5 Tests and Inspections

The diesel generator fuel oil system operability is demonstrated during the regularly scheduled
tests of the diesel generators.

Samples of fuel from all tanks are analyzed periodically to ensure that the fuel quality
requirements of the diesel manufacturer are met.

9.5.5 DIESEL GENERATOR COOLING WATER SYSTEM

9.5.5.1 Safety Design Bases

The diesel generator cooling water system is designed to:
. Have the capability of removing sufficient heat by supplying the required quantity of

cooling water, permitting continuous operation of the diesel engine at maximum
load.
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. Maintain the jacket coolant in a warmed condition while the diesel engine is in
normal standby status to promote starting.

. Withstand the effects of a single failure and continue to supply adequate cooling
water to at least two diesel generators.

. Meet Seismic Category | requirements.

9.5.5.2 System Description

The diesel generator cooling water system is shown schematically on drawing no. H-21074; it is
also shown as part of the plant service water (PSW) system in figure 9.2-1.

The PSW pumps, piping, and valves that supply cooling water to the diesel heat exchangers are
designed and constructed to meet quality group C requirements.

Each diesel engine is furnished with a closed-loop circulating-water cooling system. The
system includes a pump, an expansion tank for makeup water, and a heat exchanger (shell and
tube type). The heat exchanger is made up of three independent coolers: an air cooler, a lube
oil cooler, and a jacket cooler. The shell sides of these coolers are independent, with fluids
flowing through the shell sides controlled by thermostatic valves to maintain the temperatures at
proper operating levels.

The tube sides of the coolers are arranged in series with cooling water supplied as follows

A. Diesel generators 2A and 2C are unique to HNP-2. The cooling water circulating
in the tube side of the heat exchangers is supplied from the PSW system. Two
100% division | PSW pumps supply cooling water to diesel generator 2A. Two
100% division Il PSW pumps supply cooling water to diesel generator 2C.

B. Diesel generator 1B is shared by HNP-1 and HNP-2, and the water circulating in
the tube side of its heat exchanger is normally supplied from a completely
independent water system by a standby service water pump. The capability exists
to manually cross-connect the HNP-1 PSW system to supply cooling to diesel
generator 1B during times when the standby service water pump is inoperable.

The engine coolant for all diesels is heated automatically during standby by an electric
immersion heater and circulated through the diesel cooling system by a small circulating pump
to maintain the jacket water at proper temperature for optimum standby starting conditions.

Electric power for the diesel generator cooling system is supplied from the 4160-V essential
buses or from the control power transformers associated with the diesel generator. With an
LOSP, the 3 diesels are automatically started and connected to their respective 4160-V buses.
The load sequencers automatically start one cooling pump in each division and the diesel
generator 1B cooling water pump.
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Sufficient capacity in each diesel generator cooling water system is provided so that the unit
may be started from the standby condition and operated at full load for at least 3 min without
service water flow through the coolant heat exchanger before reaching an abnormally high
temperature. Therefore, the time period involved in starting the diesels and pumps has no
significance.

9.5.5.3 Instrumentation Application

Indications of system temperatures and coolant pump discharge pressures are provided in the
diesel generator room and the main control room (MCR). Jacket coolant high and low service
water pressure annunciation is also provided locally and remotely. All alarms prompt operator
investigation and remedial action.

9.5.54 Safety Evaluation

The diesel generator units and diesel generator cooling water system are housed in Seismic
Category | structures, protecting them against natural phenomena. All piping is located in the
diesel generator building or buried with a minimum of 8 ft of cover. All valves are located inside
the diesel generator building and are arranged so that the failure of any component associated
with the diesel generator units does not jeopardize the capability of the remaining units to start
and supply the minimum required engineered safety features (ESFs).

9.5.5.5 Tests and Inspections

Visual inspections, pressure and leak testing, and operational checks of the cooling system components
were performed when the unit was installed.

The diesel generator cooling water system is operationally checked during periodic testing of
the diesel generator system. During these tests, coolant pressures and temperatures are
monitored to ensure that the heat exchangers, coolant pumps, and three-way thermostatic
valves are functioning properly. The warming water system is operationally checked during
diesel generator shutdown periods. The aging management program for the diesel generator
skid-mounted components containing cooling water is described in subsection 18.2.18.

9.5.6 DIESEL GENERATOR STARTING SYSTEM

9.5.6.1 Safety Design Bases

The diesel generator starting system is designed to:
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. Supply adequate compressed air at sufficient pressure to initiate an engine start
such that within 12 s after receipt of the start signal, the diesel generator is
operating at load speed and is ready to begin load sequencing.

° Provide two redundant air starting trains for each engine so that no single active
failure renders the diesel generator starting system inoperable.

. Meet Seismic Category | requirements for the portions of the diesel generator

starting system which are required to start the diesel upon receipt of an ESFs
actuation signal.

9.5.6.2 System Description

The diesel generator starting system is shown schematically on drawing no. H-21074.

The diesel generator air starting piping on the compressor-receiver tank skid and from this skid
to the generator set is designed, constructed, and tested as described in table 9.5-4, and is
Seismic Category I. The air starting piping on the diesel generator set is Seismic Category |
and is designed and fabricated to the diesel generator manufacturer's requirements. To ensure
high reliability when starting the units, each diesel generator is equipped with a completely
independent air starting system.

Each starting system consists of two redundant air compressors, two redundant air receivers,
filters, and piping and valves to the diesel generator. The air compressors are motor-driven,
conventional piston-type, air-cooled compressors. Each compressor is sized to completely
charge either air receiver from the minimum required starting pressure in 30 min. Each
compressor is designed to automatically start when air receiver pressure drops to 240 psig and
stop when pressure is increased to 250 psig. At the Technical Specifications required minimum
pressure of 225 psig, each air receiver has an adequate air capacity to provide five normal
diesel generator starts without recharging.

The diesel generators receive an automatic start signal upon an LOSP, low reactor water level,
or high drywell pressure. The units are also capable of being started manually from local
control stations near the diesels or remotely from the control room for testing purposes. Each
diesel generator has two separate starting circuits completely independent of offsite sources to
ensure that the starting signal is received and that the diesel generator has its own battery for
operating auxiliary motors and controls required for starting.

Each compressor motor in its respective starting system train is supplied power from a different
essential bus.

The starting signal causes the engine solenoid-operated pilot valves to open. Thus, receiver air
at high pressure is admitted to a starting air header and a starting air distributor. The air header
supplies air to the air start check valves and then to the right side of the cylinder between the
pistons. The starting air distributor is driven from the crank shaft, timing and delivering a pilot
air charge through individual tubes to the cylinder air start check valves. In turn, each start
check valve opens and allows air to enter the cylinders in the normal firing order, thus pushing
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on the pistons and rotating the engine until it starts. Starting air flow is stopped when the diesel
engine is running under its own power or when the diesel generator has failed to start in the
allowable starting time.

9.5.6.3 Instrumentation Application

Each compressor and air receiver is furnished with instrumentation consisting of locally
mounted pressure switches, pressure indicators, and automatic protection devices.

Low-starting air pressure at 200 psi and diesel start failure are annunciated locally and in the
MCR.

9.5.6.4 Safety Evaluation

Compressed air for each diesel is stored in an individual storage and starting system. Each
system holds sufficient air to start the diesel 10 times (5 times for each air receiver) under a
no-load condition without compressor assistance. Since the air starting system is continuously
available, the diesel engine starts immediately.

The solenoid air-start valve trains are installed in parallel within each system. If one valve train
fails due to the blocking of an air filter or valve failure, the parallel valve train supplies starting
air. A failure of the compressors is indicated by an air receiver low-pressure alarm; this alarm
prompts the operator to take corrective action. A single active failure in either starting system
does not compromise the ability of the system to accomplish its function.

The diesel engine starting system, exclusive of the air compressor, is designed in accordance
with Seismic Category | requirements.

The following vessels located in the diesel generator building contain air under pressure:

The diesel generator air compressor starting air receiver tank has a design pressure of 275 psig
but was tested up to 415 psig. The energy of gas expansion from the operating pressure to
atmospheric pressure is 3.1 x 10° ft-Ib. The operating temperature of this tank is well above the
nil ductility transition temperature (NDTT) for carbon steel; therefore, brittle failure of this tank is
not considered. Assuming a rupture of the largest line (2 1/2 in. in diameter) leading from the
air receiver, calculations show forces resulting from the escaping air could not move the air
receiver and resulting bending stress from such a failure is ~ 580 psi, well below the yield point
for carbon steel.

9.5.6.5 Tests and Inspections

The air compressor for each diesel engine is test-started periodically to ensure continued
operability. Compressor suction air filters are periodically checked for cleanliness. During
preoperational testing of the diesel generator, the entire compressed air starting system is
operated to ensure 100% capability.
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Because of the redundance of the air starting system, all testing can be performed without
affecting normal plant operations or safety systems.

9.5.7 DIESEL GENERATOR LUBRICATION SYSTEM

9.5.7.1 Safety Design Bases

The diesel generator lubrication system is designed to:

° Supply a continuous flow of oil to all surfaces requiring lubrication and to the
pistons for cooling during diesel generator operation.

° Warm and circulate the oil in normal standby status to promote starting and
prevent extreme lube oil viscosities.

. Meet the requirements of the single-failure criteria.

° Meet Seismic Category | requirements.

9.5.7.2 System Description

The diesel generator lubrication system is shown schematically on drawing no. H-21074.

Each diesel generator is provided with a positive full-pressure lubrication system designed and
constructed in accordance with NEMA specifications. Major components of the system include
an engine-driven pump, a lube oil collection sump, a full-flow filter with an internal valve, a
full-flow strainer, a lube oil cooler, an electric immersion heater and electric circulating pump, an
electric prelube pump, and associated piping and valves.

When the engine is operating, a built-in lubricating oil pump driven from the engine drivegear
draws oil through a mesh intake screen from the sump and before distribution in the engine,
passes it through a full-flow filter, an external lube oil cooler, and a full-flow strainer. Oil is
circulated from the upper and lower headers to the main bearings and crankpins and passes
through the connecting rods to the piston insert passages where it cools the pistons. Oil then
flows back to the engine sump by gravity drain. All heat transferred to the lube oil is given up
through the diesel heat exchanger to the PSW system. To keep the oil at a constant
temperature, a three-way thermostatic bypass valve maintains a sufficient flow through the
cooler.

During standby periods, an electric motor-driven circulating pump draws oil from the engine
sump, pumps it through an electric immersion heater, and discharges it into the front end of the
engine sump. The pump runs continuously whenever the engine is shut down, and the heater
cycles under control of a thermostat, ensuring a fairly even temperature of the lube oil at any
point in the sump.
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The engine is also furnished with an electric motor-driven prelube pump controlled by a
momentary pushbutton for use before any start other than automatic. The prelube oil pump
draws oil from the sump and forces it into the oil header.

9.5.7.3 Instrumentation Application

Instrumentation provided for the diesel generator lubrication system includes pressure and
temperature switches, indicators, and automatic protection devices. The temperature and
pressure switches support the automatic control modes of lubrication operation. High
crankcase pressure, low lube oil pressure, and high and low lube oil temperatures are alarmed
in the MCR and in the diesel generator room.

A start-failure relay functions to interrupt starting of the diesel generator if lube oil pressure is

not established within a predetermined time interval following the start initiation. Signals that
initiate diesel engine trips are discussed in chapter 8.

9.5.7.4 Safety Evaluation

The engine-driven pump provides oil to the engine bearings during engine operational periods.
Oil is kept at a constant pressure and temperature by use of regulating valves, recirculation
lines, and a lube oil cooler. During starting or operation of the diesel generator, failure of the
lubrication system engine-driven pump or three-way thermostatic valve could result in an
unsatisfactory low lube oil pressure or high lube oil temperature.

The diesel generator lubrication system is provided with an electric pump and an immersion
heater unit that circulates warmed lube oil in the sump. Extreme lube oil viscosities
accompanying low lube oil temperatures are prevented, and quick starting of the diesel engine
is assured. Failure of the warming unit is indicated by the low lube oil temperature alarm; this
annunciation prompts operator investigation and remedial action. Finally, failure of the warming
unit will not adversely affect the diesel generator system since the unit may be readily replaced
and the large mass of the diesel generator and lube oil retains heat for lengthy periods.

Since the lubricating oil systems for the diesels are completely independent of each other, and
since two of the three available diesel generator units are necessary for the safe shutdown of
HNP-2 following a design basis accident and an LOSP, a failure of one component of the
lubricating oil system will not affect the availability of onsite generation for safe shutdown
requirements.

The diesel generator lubrication system is designed in accordance with Seismic Category |
requirements.

9.5.7.5 Tests and Inspections

The diesel generator lubrication system is operationally tested during the monthly startup and
checkout of the diesel generator. Lube oil pressure and temperature are monitored to ensure
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operability of the engine-driven pump and the recirculation lines. Operation of the electric pump
and heater is evidence of their ability to function properly. Strainers are cleaned and filters are
periodically replaced. Inspection and testing of the system is performed without disturbing
normal plant operations. The aging management program for the skid-mounted diesel
generator components containing lube oil is described in subsection 18.2.18.

9.5.8 TURBINE BUILDING CRANE

The turbine building crane provides the capability to move major components for maintenance.

9.5.8.1 Design Bases

The turbine building crane is designed to:
. Have the capability to handle loads up to 180 tons using the main hook.

. Have the capability to move equipment along the length and breadth of the turbine
deck up to the control building in the HNP-2 turbine building and from grade
elevation up to the turbine deck through the service opening.

. Have the capability to perform its required function in the safest possible manner
while maintaining reliability and optimum control.

9.5.8.2 Description

The turbine building crane consists of electric-powered hoisting machinery attached to a trolley
platform for raising and lowering loads by wire rope reeving through blocks. The loads are
secured to the load block by lifting devices. The structural frame support for the hoisting
machinery is the trolley which moves by tractive power on trucks over rails secured to the top of
the two parallel matched-crane girders. These are held together with structural end beams.
These two end beams are supported by wheeled trucks (two pair on each side) that travel on
top of the runway rail. The runway rail is structurally supported by foundations. The crane is
designed to be controlled from a cab located at the west end of the bridge or by radio control
from the operating floor. However, the radio control equipment has been abandoned in place
and is no longer utilized to control the crane.

The main hook is a two-pronged sister hook with a bail hole. It is designed with a safety factor
of 5 when loaded equally on each prong with a maximum included sling angle of 60 degrees.
The rated load may also be handled using the bail hole.

The reeving system consists of two separate ropes attached to an equalizing bar which
provides for equal division of the load between the two ropes. With both ropes functioning and
equalized, the safety factor of the ropes is 5 on a static basis. If one rope fails, the remaining
rope can support the load with a residual safety factor of 2.5 on a static basis.
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Codes and Standards

The turbine building overhead crane complies with the intent of Crane Manufacturers'
Association of America (CMAA) Specification No. 70, Class A1 (Standby Service). This meets
the intent of NUREG-0612, "Control of Heavy Loads at Nuclear Power Plants," Guideline 7.
This service class covers cranes used in installations where precise handling of valuable
machinery at slow speeds with long idle periods between lifts is required and where capacity
loads may be handled for initial installation of machinery or for infrequent maintenance.

The turbine building overhead crane complies with the Occupational Safety and Health
Administration (OSHA) Subpart N - Materials Handling and Storage - 29 CFR Part 1910,
Section 1910.179 - "Overhead and Gantry Cranes" (insofar as it is applicable to indoor
powerhouse cranes).

The operating practices, as well as the qualifications and training of those persons operating or
directing the operation of the turbine building crane conform with the intent of the requirements
of Chapter 2-3.1, "Operation - Overhead and Gantry Cranes," USAS B 30.2-167, as developed
by the American National Standard Safety Code for Cranes, Derricks, Hoists, Jacks, and Slings.

The turbine building crane, consisting of structural girders, end beams, trucks, trolley machinery
bed and trucks which support the mechanical traction drive, hoisting machinery, reeving system
and lifting devices, was designed, fabricated, installed, and tested to the following codes and
standards:

. American Gear Manufacturer Association (AGMA) - for defining and calculating the
gear durability and strength horsepower requirements.

. Anti-Friction Bearing Manufacturers Association (AFBMA) - for bearing load limits
and expected bearing life calculations.

o Association of Iron and Steel Engineers (AISE) - for providing the basic outline of
mechanical components such as drum grooving, drive systems, electrical
horsepower calculations, and reeving efficiency calculations.

o American Society of Civil Engineers (ASCE) - for providing rules for designing the
structure, bolting, and connections that are not fully covered in CMAA Specification
No. 70.

o American Society for Testing Materials (ASTM) - for specifying the grades of
material and material testing procedures.

o American Iron and Steel Institute (AISI) - for specifying general materials such as
shafting and forgings.

o American Welding Society (AWS) - for providing AWS D14.01 or D2.0 used for
welding procedures.

9.5-17 REV 34 8/16



HNP-2-FSAR-9

o Crane Manufacturers Association of America (CMAA) - for specifying basic
parameters and structural, mechanical, and electrical features.

. National Electric Manufacturers Association (NEMA) - for specifying electrical
equipment such as controls and panels.

. Steel Structures Painting Council (SSPC) - for cleaning and painting specifications.

° American National Standards Institute (ANSI) - for providing the B30.2.0 safety
code for electric overhead bridge cranes.

o National Fire Protection Association (NFPA) - for specifying electric safety codes
which are also part of OSHA.

o National Electrical Code (NEC) - for specifying the wiring, insulation, and
fastenings.

o Institute of Electrical and Electronics Engineers (IEEE) - for specifying industrial
controls and recommended practices.

o Occupational Safety and Health Administration (OSHA) - for specifying safety
requirements for walkways, guardrails, switchgear, clearances, and checkout and
testing procedures for maintenance and operation.

. American Society of Mechanical Engineers (ASME) - for defining nondestructive
testing and supplements ASTM and AWS, and for assisting in design of machinery
components.

o American Institute of Steel Construction (AISC) - for defining specifications for rails
and structural methods, covering the details only referenced in the CMAA
Specification No. 70.

o Society of Automotive Engineers (SAE) - for defining shafting and machinery
fittings not contained in AISI and AISC.

. Local and State codes, such as Southern States Building Code, were complied
with in accordance with loading and impact considerations.

Crane Design Features

The design includes safety factors and features and considers modes of failure as follows:
A. The design rated capacity is 180 tons, and the crane is mechanically designed to a

balanced factor of safety in which all components have a minimum safety factor
of 5.
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The reeving system consists of two separate ropes reeved between load and head
block and secured to an equalizing bar which provides for equal division of the load
between the two ropes. Rigid inspection and checking of the top ensures
dependable service and reliability. The rope has a safety factor of 5 as a
minimum.

The sister hook with bail hole is forged to ASTM specifications and tested to a
200% design capacity. Each prong and the cored bail hole have a design rated
capacity of 180 tons. The conservative safety factor to ultimate is > 5. The load
block, reeving rope, head block, drum, gear reducer, couplings, and motor shaft
comprising the basic hoisting systems all have a safety factor to ultimate in excess
of 5.

The hoisting operation is protected by an eddy-current braking system and electric
holding brakes. The electric brakes are a safety automatic type that set should
power fail; they are only released during operations in which the system is
energized. The eddy-current regenerative brake system is a control type which
prevents overspeed and is used to regulate load-lowering speed. The holding
brake system will stop and hold the rated load. Each brake is sized to excess of
125% full-load motor torque as a minimum.

Should hoisting operation continue without operator control, two limit switches are
provided, and either one will prevent the load block from contacting the head block.
One limit switch is actuated by drum rotation and the other on mechanical rise of
the load block.

The trolley and bridge travel have a five-step variable speed control on travel
speed from starting to full design speed, providing for low impact due to
acceleration. The trolley and bridge each have a rectified dc magnetic holding
brake system which sets should power fail and which must be energized for
operation. The bridge motor also has an electric hydraulic foot brake. Brake
systems are sized to 50% full-motor torque for trolley and 150% full-motor torque
for bridge. The bridge and trolley are provided with track-type limit switches to
prevent overtravel in either direction. Movement of heavy loads close to the
control room wall by overriding the limit switches is controlled by operational
procedures and strict adherence to the established load paths.

Thermal overload protection is provided for all electric power circuits, preventing
continuation of motor-stalling torque.

Safety Evaluation

The turbine building crane is shared on a limited basis with HNP-1. To prevent hazardous
conditions from being created when the crane passes over the control room roof, the following
features have been incorporated into the design:
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A. Areinforced concrete wall around the perimeter of the control room extends above
the reinforced concrete control room roof to el 192 ft 0 in. and houses a portion of
the control building ventilation and air-conditioning equipment. The ventilation
ducts extend above this concrete wall and do not permit clearance through the
area below el 194 ft 0 in. The maximum lift of the crane hooks is el 209 ft O in.
This limited clearance with the crane passing over the control room will not permit
transporting a load from the HNP-2 turbine area to the HNP-1 turbine Area. To
exclude any such possibility, operational procedures forbid moving a load from the
HNP-2 turbine area to the HNP-1 turbine area.

B. Although the turbine building is a Category Il structure, it is designed to prevent
failure due to the seismic events described for Seismic Category | structures as
well as failure due to the tornado criteria.

C. Afull-load turbine building crane is installed in each unit; therefore, the need to
move a crane from one unit to the other is limited. When such a move is required,
an operational procedure describes the precautions and procedure to be followed.
It is necessary to bypass the breaker trip switches once when entering the zone
over the control building, and the crane-bridge motor-track switches are bypassed
twice at each unit's track switches adjacent to the control building. Once within
either turbine room, all controls can be returned to normal. Either or both cranes
can then be operated independently within the allowed zone.

Movement of portions of the control building ventilation and air-conditioning
equipment located on top of the control room is controlled by an operational
procedure, and strict adherence to established safe load paths is observed.

All the structural components and machinery of the turbine building crane are designed for a full
capacity of 180 tons with a minimum safety factor of 5 against ultimate failure for the
load-carrying parts and the machinery. The structural components are designed in accordance
with CMAA Specification No. 70, Section 70-3.

The crane runway (supporting structure and rails), an integral part of the superstructure of the
turbine building, is designed in accordance with design methods of applicable codes and
standards.

The crane design provides a safety factor of 5 for mechanical machinery. All lifting devices,
slings, and load connections also have a minimum safety factor of 5.

9.5.84 Tests and Inspections

The performance and acceptance testing of the turbine building crane systems include:
. Detailed checking of the installed runway and assembled crane.

. Performance test with the 180-ton rated load and the 125% test load.
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Detailed instructions and procedures for operating, servicing, and maintaining the crane were prepared
prior to and used during the performance and acceptance testing period. Records of the performance
testing and adjustments made to system controls provide the basis for detailed operating procedures,
instructions for handling specific loads, servicing requirements, and the maintenance program.

Following overhauls and major repairs to components of the crane, a complete performance
and 125% proof test is conducted to verify and prove the integrity of the crane.

9.5.9 GEZIP PASSIVE ZINC INJECTION SYSTEM

General Electric developed the General Electric Zinc Injection Passivation (GEZIP) process to
control radiation buildup in boiling water reactors. Soluble zinc in the reactor feedwater inhibits
the corrosion of stainless steel. Soluble zinc in the reactor water also inhibits the transport and
the deposition of Cobalt-60 from the fuel to the reactor coolant pressure boundary surfaces,
thereby reducing radiation buildup on these surfaces.

The passive zinc injection system is designed to continuously inject a dilute solution of ionic zinc
in water into the reactor feedwater. A stream of water taken from the common reactor
feedwater pump discharge is routed through a column containing zinc oxide pellets. The
dissolution of sintered zinc oxide pellets into the diverted feedwater stream provides the ionic
zinc. The dissolved zinc oxide in the stream leaving the dissolution column is returned to the
common reactor feedwater pump suction and is blended with the main feedwater flow.

Reactor water zinc levels are measured periodically. Based upon the results of these
measurements, the flow through the passive zinc injection system can be adjusted to maintain
the reactor water zinc concentration at the desired level.

The injection rate of the zinc into the feedwater is adjusted by controlling the rate of water flow
through the dissolution column and varying the amount of zinc oxide pellets in the column, with
the primary means of control being water flowrate through the column. The water flowrate
through the dissolution column is controlled by the manual positioning of the opening of a flow
control valve. The dissolution column is filled with sufficient zinc oxide to last through one
complete fuel cycle.

The zinc oxide dissolution rate is naturally reduced during reactor power reduction since the
rate is a function of temperature. As reactor power is reduced, feedwater temperature
decreases, reducing the rate of zinc dissolution into the diverted feedwater stream passing
through the dissolution column.

The GEZIP passive zinc injection system is not safety related because it is not required for safe

operation or shutdown of the plant, and it does not impact the operation, function, or integrity of
any safety-related equipment or systems.
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9.510 MAIN STEAM ISOLATION VALVE LEAKAGE TREATMENT SYSTEM (HNP-1 and
HNP-2)

As part of the implementation of an alternative source term (AST) (reference subsection
15.1.11), the main steam isolation valve (MSIV) leakage treatment system was implemented for
HNP-1. The same system had previously been implemented for HNP-2 but was modified (some
boundary valves were supplied with a diesel-backed power source) to support AST. The below
description applies to both HNP-1 and HNP-2.

The MSIV leakage treatment system consists of the main steam lines between the outboard
MSIVs and the turbine stop valve, the main steam drain line, and the isolated condenser. The
objective of the leakage treatment system is to provide a method to hold up any MSIV leakage
and allow the iodine and radioactive particulates to decay off and plate out on the internal
surfaces of the steam piping and condenser following a potential LOCA. The main steam
piping, drains, and main condenser are used to mitigate the consequences of a LOCA that
could lead to potential exposures in excess of 10 CFR Part 50.67 limits. Treatment of MSIV
leakage using this nonsafety-related, passive system was recommended by the BWROG MSIV
Leakage Closure Committee after extensive evaluation of the MSIV leakage issue.

Immediately following a LOCA, the MSIVs isolate, the turbine control valves close, the turbine
stop valves close, and the turbine bypass valves close. In addition, specified boundary valves
in main steam line connecting piping close. Some of those valves are closed automatically,
some of the boundary valves are closed from the control room, and some require manual
action. As necessary, some boundary valves are supplied with a diesel-backed power source.
The boundary valve design assures that all boundary valves can be closed in the event of a
LOCA with a loss of offsite power (LOSP).

The boundary valves were established in the connecting lines to limit the piping and
components required to be evaluated for seismic adequacy. After the system is isolated as
described above, the only action required to initiate the leakage treatment system is the opening
of MOV 2B21-F021 in the steam drain line header. That valve is on emergency power and can
be opened during a loss of offsite power. To further assure operability, MOV 2B21-F021 is
tested quarterly as a part of the inservice testing program. In addition, the main steam drain line
that originates at the main steam drain pots has been determined to be an effective alternate
drain line to convey the MSIV leakage to the isolated condenser in the event that MOV 2B21-
F021 fails to open.

While the main steam lines were seismically designed, the drain lines, the condenser, and the
connecting lines beyond the first isolation valve were not seismically designed. However, a
seismic walkdown and evaluation were performed to verify the seismic adequacy of all the
piping and equipment that constitute the leakage treatment system. The seismic evaluation
compared the HNP installed piping and equipment to a large earthquake experience data base.
A walkdown verified that none of the deficiencies that allowed isolated failures of piping or
equipment, which were in the data base and had been installed in industrial plants during actual
earthquakes, existed at HNP. If any conditions were identified that indicated a failure could
potentially occur, they were designated as outliers, and further evaluations or modifications
were made to assure seismic adequacy. The process employed to verify the seismic adequacy
of the leakage treatment system satisfied the intent of 10 CFR 100, Appendix A.
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DOCUMENTS INCORPORATED BY REFERENCE INTO THE FSAR

Edwin I. Hatch Nuclear Plant Units 1 and 2 Fire Hazards Analysis and Fire Protection
Program.
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TABLE 9.5-1

NOISE ATTENUATION CHARACTERISTICS OF FULL-LENGTH BOOTHS
(HNP-1 AND HNP-2)

Outside Noise Percent Reduction
Frequency (Hz) in Noise Level Inside Booth
150 - 300 25
300 - 600 38
600 - 1200 38
1200 - 2400 34
2400 - 4800 43
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TABLE 9.5-2

NOISE ATTENUATION CHARACTERISTICS OF SCOUT SHELF BOOTHS
(HNP-1 AND HNP-2)

Outside Noise Percent Reduction
Frequency (Hz) in Noise Level Inside Booth
150 - 300 16
300 - 600 38
600 - 1200 29
1200 - 2400 29
2400 - 4800 34
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TABLE 9.5-3

FAILURE ANALYSIS OF DIESEL GENERATOR FUEL OIL SYSTEM

Component Malfunction Effect on System
Storage tanks Leakage Loss of insignificant oil
(one per diesel) volume. Credited oil

volume assured by
periodic inspections of
level indication.

Day tanks (one Loss of one tank The fuel supply to one

per diesel) of the five diesels is
lost; however, only two
diesels for each unit
are required for a safe
shutdown following a
LOCA and an LOSP.

Transfer pumps Loss of one pump Each tank has

(two per diesel) redundant pumps so
there is no loss of fuel
supply.

Line between day Line fails (rupture The effect is the same

tank and supply of pipe or as that for day tanks.

line isolation valve component)

(one per diesel)

Line between Rupture of pipe or There is no loss of fuel
storage tank and component supply since there are
supply line redundant lines from
isolation valve each tank up to the
(two per diesel) isolation valve.

Fuel oil pump Pump fails The effect is the same
(engine-driven) as that for day tanks.

(one per diesel)
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System/Component

Air starting system
On skid
Off skid

Piping

Tubing

Valves
FO34A, FO35A
FO026A, FO27A

FO022A, FO23A
FO32A, FO33A

Globe valves
FO30A, FO31A,
Comp. discharge

F181A, C

Check valves
F024A, FO25A,
FO95A, FO29A

Ball valves F171A

Air receiver tanks

TABLE 9.5-4 (SHEET 1 OF 2)
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DIESEL GENERATOR

AUXILIARY SYSTEMS QUALITY GROUP DATA® (HNP-2)

Provided By Design Code
FM®@ None
scs® B31.1.0
SCs B31.1
B31.1
FM ANSI B16.5 (1968)
FM ANSI B16.5 (1968)
FM ASME Section VIII
FM ASME Section VIII
SCS ANSI B16.5 (1968)
B31.1
Bechtel B31.1
Bechtel B31.1
FM ASME Section VIII

Design Pressure and Temperature

250 psi, 300°F

Comments

Pressure test at 275 psi with system 2 1/2-in. piping ASTM A-106, Grade B,

425-psi hydro test shell
pressure

Set at 260 psi in shop

1100-psi hydro test
shell pressure
225 psi, 122°F

3000 psi, 400°F

300 psi, 422°F

Pressure test at 415 psi

Schedule 40 with butt-welded ASTM A-234,
Grade WPB Schedule 40 fittings

2-in. and under ASTM A-106, Grade B, Schedule
80 with 3000-Ib socket-welded ASTM A-181
Grade 11 fittings

3/8 in. Type K ASTM B-88 solder joint
3/8 in. SA 213 GR TP304L stainless steel

Carbon steel valves

AISI 304 stainless-steel relief valves

ASTM A-105, Grade Il carbon steel
valves to B16.5 (1968)
ASTM A479 Type 316 stainless steel

ASTM A-479, Type 316 stainless steel
ASTM A-351, Grade CF3M, stainless steel

Shell metal SA-455A, Head metal SA-515-70,
welder qualification ASME Section IV
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System/Component

Jacket cooling water
On skid
Off skid

Piping

Valves
Solenoid-FO081A

FO081A bypass-F082A
Expansion tank drain

Expansion tank

Fairbanks Morse.

HNP-2-FSAR-9

TABLE 9.5-4 (SHEET 2 OF 2)

Provided By Design Code

FM B31.1.0

SCS B31.1.0

FM UL 429, UL 1002
SCS ANSI B16.5 (1968)
SCS ANSI B16.5 (1968)
FM ASME Section VIII

Design Pressure and Temperature

Pressure test at 60 psi
(design pressure 40 psi)

150 psig, 100°F for supply tank
to skid; no test

125 psi, 180°F

1100-psi hydro test
shell pressure

Pressure test at 23 psi

Comments

2-in. and under ASTM A-106, Grade B, Schedule
80 with 3000-Ib socket-welded ASTM A-181,
Grade Il fittings

ASCO brass valve

ASTM A-105, Grade Il carbon steel valves to
B16.5 (1968)

ASTM A-105, Grade Il carbon steel valves to
B16.5 (1968)

Welder qualification, ASME Section IX,
Metals; approved Section Ill

This table shows equipment associated with diesel generator 2A. Equipment associated with diesel generator 2C is the same except that all the MPL nos.

a.
b. Southern Company Services, Inc.
c.
h

ave the suffix C.
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TABLE 9.5-5

DOSES RESULTING FROM MSIV LEAKAGE FOLLOWING A LOCA

This table has been deleted.
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10.0 STEAM AND POWER CONVERSION SYSTEMS

10.1 SUMMARY DESCRIPTION

Power conversion systems are designed to produce electrical energy through conversion of a
portion of thermal energy contained in the steam supplied from the reactor; condense the
turbine exhaust steam into water; and return the water to the reactor as heated feedwater, with
a major portion of its gaseous, dissolved, and particulate impurities removed.

The major components of the power conversion system are:

° Turbine generator (one high-pressure turbine, two low-pressure turbines, one
generator).

. Main condenser.

. Condensate pumps.

. Air ejectors.

o Turbine gland-seal system.

. Turbine bypass system.

. Condensate demineralizer.

. Condensate booster pumps.

° Reactor feed pumps.

. Feedwater heaters.

o Condensate storage system.
The heat rejected to the main condenser is removed by the circulating water system, using
cooling towers. These major components are shown on drawing nos. H-21001 through
H-21004, H-21006, and H-21007.
The saturated steam produced by the boiling water reactor is passed through the high-pressure
turbine where the steam is expanded and then exhausted through the moisture separators.
Moisture is removed and reheated in the moisture-separator reheaters, and the steam is then
passed through the low-pressure turbines where the steam is again expanded. From the
low-pressure turbines, the steam is exhausted into the condenser where the steam is
condensed and deaerated, and then returned to the cycle as condensate. A small part of the

main steam supply is used continuously by the steam jet air ejectors. The condensate pumps,
taking suction from the condenser hotwell, deliver the condensate through the air ejector
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condensers, turbine gland-seal condenser, condensate demineralizer, and off-gas condenser to
the condensate booster pumps, and then through five stages of low-pressure feedwater heaters
to the reactor feed pumps. The reactor feed pumps supply feedwater through one stage of the
high-pressure feedwater heaters to the reactor. Steam for heating the feedwater in the heating
cycle is supplied from turbine extractions. The feedwater heaters also provide the means of
handling the moisture separated from the steam in the turbine and the moisture separators.
Normally, the turbine uses all the steam being generated by the reactor; however, an automatic
pressure-controlled steam bypass system is provided to discharge excess steam up to ~ 20% of
the 100% RTP steam flowrate directly to the condenser.

The power conversion systems are suitable for operation at current 100% rated conditions at
2804 MWt and 1060 psia reactor pressure as demonstrated in the safety analysis report for
thermal power optimization" and the reactor operating pressure increase reviews.® Except for
portions of the main steam and feedwater lines from the reactor pressure vessel to the
outermost isolation valves and for the turbine trip circuitry, no other portions of the steam and
power conversion systems are safety-related.
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10.2 TURBINE-GENERATOR

10.2.1 DESIGN BASES AND OBJECTIVE

The function of the turbine-generator is to receive steam from the boiling water reactor, to
economically convert a portion of the thermal energy contained in the steam to electric energy,
to provide extraction steam for feedwater heating, and to provide extraction steam for driving the
reactor feed pump turbines.

The turbine-generator and associated systems and their control characteristics are integrated
with the features of the reactor and associated nuclear systems to obtain an efficient and safe
power-generating unit.

The turbine-generator is designed to meet the conditions listed in table 10.2-1, which shows
conditions at 100% reactor steam flow. The heat balance for this case is provided in figure
1.2-5.

In special cases, the operations department at Hatch Nuclear Plant (HNP) can be requested by
the Southern electric system control center to vary the output of HNP-2, as required, to support
system needs. Normally, the unit is operated at baseload but is designed to take its operational
share of system control and regulation. In the baseload mode, power is essentially constant,
being affected only by fluctuations in reactor pressure and system frequency.

The nuclear steam supply system (NSSS) and turbine have the ability to provide continuous
load-following capability over a range of ~ 35% of rated power; however, this capability is not
used by the plant. Step-change electrical load reductions which do not exceed ~ 20% of rated
power are handled by operation of the main steam bypass system without requiring an
associated change in reactor power.

The turbine is considered a machine, and General Electric Corporation (GE) developed their
own internal proprietary standards and specifications which are continually updated in
comparison with American Society of Mechanical Engineers (ASME) codes and standards.

10.2.2 SYSTEM DESCRIPTION

The turbine-generator consists of a turbine, generator, exciter, controls, and required
subsystems.

The turbine is a tandem-compound, 1800-rpm reheat unit with 43-in. last-stage buckets.

Saturated steam is supplied to the turbine throttle from the reactor through four stop valves and
four control valves. The steam flows through a two-flow, high-pressure turbine and then through
four combination moisture-separator reheaters in parallel to two double-flow, low-pressure
turbines which exhaust to the main condenser. The moisture-separator reheaters have two
stages of reheating, one supplied with steam from before the stop and control valves and the
other supplied with steam from the second stage of the high-pressure turbine. There are two
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stages of feedwater reheating off the high-pressure turbine and four stages of feedwater
reheating off the low-pressure turbines.

The generator is a direct-coupled, three-phase, 60-Hz, 24,000-V, conductor-cooled
synchronous generator, rated 1,050,000 kVA, with a short-circuit ratio of 0.58 and a maximum
hydrogen pressure of 60 psig.

The exciter system is EX2100 multibridge static excitation system. The power for the generator
field is drawn from 24 — 0.8-kV, 5600-kVA power potential transformer (PPT) at the generator
terminals. The primary side of the PPT is connected by a tap off of the existing generator
isophase bus. The secondary side of the PPT is connected through isophase bus to the
EX2100 AC termination, which supplies power to the exciter bridge input. The AC power from
PPT secondary side is converted to DC by a three-phase, full-wave, inverting thyristor bridge
(SCR) to provide rated field current to the generator field.

The turbine uses an electrohydraulic control system consisting of normal governing devices and
emergency devices for turbine and plant protection and special control and test devices. The
electrohydraulic control system operates the main stop valves, control valves, bypass valves,
crossover combination stop-intercept valves, and other protective devices. Turbine governor
functions and turbine control and effects on the reactor coolant systems are covered more fully
in subsection 7.7.4.

The overspeed controls consist of redundant and independent mechanical and electrical
overspeed trips that will trip the turbine at 110% rated speed and an electrical backup
overspeed trip that will trip the turbine at about 112% speed. The overspeed trips can be tested
separately while the unit is operating and maintain overspeed protection. A description of the
turbine overspeed protection is provided in supplement 10.2A. A list of the various turbine trips
is provided in subsection 7.7.4.

Fifteen hydrogen storage cylinders containing hydrogen for generator cooling in HNP-1 and
HNP-2 are located ~ 500 ft northeast of the HNP-2 reactor building. Each cylinder contains

~ 6968 ft> of hydrogen at 2300 psi. The cylinders are filled to a pressure of 2300 psi, the design
pressure is 2450 psi (the cylinders are designed with a safety factor of 3) and they are tested at
3675 psi. The cylinders are designed according to ASME UPV Code, Section VIIl and Code
Case 1205, for temperatures from -20 to 200°F and are of seamless-type construction of ASME
SA372, Class IV carbon steel, with swaged ends. The cylinders are ~ 24 in. in diameter and

20 ftin length. A spring-loaded safety relief valve set at 2450 psi and a rupture disc designed to
rupture at a pressure between 3305 and 3675 psi are provided. The cylinders are located in an
open area ~ 500 ft northeast of the HNP-2 reactor building, 320 ft east of the diesel building,
and 800 ft southeast of the intake structure. The energy released in an isentropic expansion of
the hydrogen in one cylinder is 55,928 Btu. The cylinders are bolted into racks in three rows.
The racks are designed to prevent movement of any cylinder due to any forces that may result
from the breaking of any line connected to a cylinder. These cylinders are separated from
safety-related equipment by a minimum distance of 320 ft and a barrier of 18 in. of reinforced
concrete. Since the storage cylinders are located on an open air concrete pad which provides
excellent ventilation, there is no possibility of quantities of hydrogen collecting in explosive
mixtures and being detonated.
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10.2.3 TURBINE MISSILES

10.2.3.1 Turbine-Missile Analysis and Evaluation

The methodology for missile generation probability includes consideration of the probability of
unit overspeed, wheel materials, inservice inspection capabilities, and the potential for wheel
containment by stationary turbine structures. The analysis methodology considers two
fundamental failure modes that can lead to missile generation, brittle fracture failures, and
ductile tensile failures. These two failure modes are statistically independent.®

The brittle-fracture failure mechanism is due to the initiation and growth of keyway stress
corrosion cracks to critical size. Since the monoblock rotors contain no wheel keyways, no
missile generation will occur due to brittle fracture. The monoblock rotors do not have shrunk-
on wheels, therefore, only the ductile failure portion of the methodology is used.

The probability of ductile failure is a function of speed, temperature, and material tensile
strength. The turbine control system is designed to limit peak overspeed to 120 percent of
rated. Under 120-percent speed, rotor design stresses are below the ultimate material strength,
thus the probability of a ductile failure is negligible at speeds under 120 percent. The GE
probabilistic analysis of turbine overspeed was documented in the GE 1984 NRC report and
referenced in Supplementary Report GET-8039, dated September 1993, and is applicable to
units with low-pressure monoblock rotors. The overspeed analysis considers the characteristics
of the turbine control system, the unit configuration, and test requirements for the steam valves
and other overspeed protection devices. This overspeed analysis showed that the probability of
attaining a given overspeed decreases rapidly as the overspeed value increases. As long as
the control system is maintained in accordance with GE’s recommendations, the annual
probability of attaining an overspeed of 120 percent or greater is at or below 1.71 x 10 ©.(1?

All of the rotating components of the monoblock rotors have sufficient margin to tensile strength
(at design component temperatures) to support operating speeds well in excess of 120 percent
of normal. The limiting components, per design, for the low-pressure rotors are the last stage
low-pressure buckets, which have overspeed capability of 174 percent.

Since ductile failure is only possible at speeds significantly greater than 120 percent and since
the turbine control system keeps the probability of speeds over 120 percent below 1.71 x 10,
the probability of missile generation is well below 1.71 x 10°®.

The turbine missile analysis considers the following probabilities:

P, = annual probability of turbine failure resulting in the ejection of turbine rotor (or
internal structure) fragments through the turbine casing.

P, = the probability that a turbine missile strikes a critical plant target.
P3; = the probability that the critical target is unacceptably damaged.

P, = annual probability of unacceptable damage resulting from a turbine missile.
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The probability that a particular safety-related or important-to-safety target suffers
unacceptable consequences because of turbine failure is:

P4 = P1 X P2 X P3
Therefore, for the monoblock rotor design, the value of P4 is:
P;=1.71x10°

Since the probability of missile generation (P,) is sufficiently low that, when combined with P,
and Ps would result in a value of P, that meets the NRC acceptance criteria of 1 x 107 for target
damage with unacceptable consequences, GE does not calculate values for P, and Ps. In
NUREG-1048, Safety Evaluation Report related to the operation of Hope Creek Generating
Station, Supplement 6, July 1986, the NRC makes the following statements in Appendix U,
Probability of Missile Generation in General Electric Nuclear Turbines!"".

“...in the evaluation of P4 (P4 x P, x P3) the probability of unacceptable damage to safety-
related systems from potential turbine missiles, the NRC staff is giving credit for the
product of the strike and damage probabilities of 10™yr” for a favorably oriented turbine
and 10%yr™" for an unfavorably oriented turbine, and is discouraging the elaborate
calculation of these values.

The NRC staff believes that maintaining an initial small value of P4 through turbine
testing and inspection is a reliable means of ensuring that the objectives precluding
turbine missiles and unacceptable damage to safety-related structures, systems, and
components can be met. It simplifies and improves procedures for evaluating turbine
missile risks and ensures that the public health and safety is maintained.”

The above reference provides generic NRC acceptance regarding the use of a nominal value in
lieu of plant specific values for the strike and damage probability in the calculation of the overall
probability of unacceptable damage due to a turbine missile. Since Hatch is an unfavorably
oriented unit, the product of P, and P; is taken to be 10‘2yr'1. Therefore, the value of P, for the
monoblock rotors will be:

Ps=P;(1x10%

P,=1.71x10°®

The value of P, is below the NRC limit of 1 x 107 for unfavorable orientation.

10.2.3.2 Turbine Wheel Cracks and Missile Prevention

Thorough examinations are made of each turbine wheel at the time of manufacture. Most
wheels used have no indications. If indications are detected, these indications are assumed to
be cracks. Conservative assumptions are applied to the indications such as maximum size and
most critical orientation for their locations. The growth of these assumed cracks is calculated
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for the maximum number of cycles. If these calculations show that any assumed cracks might
grow to critical size during the lifetime of the unit, the wheel is rejected.

The potential for missile generation was reviewed as part of the extended power uprate
program.® The results which showed a minimal effect on missile probability or consequences
were determined as part of the thermal power optimization and reactor operating pressure
increase reviews'”® to bound the effects of the new operating conditions at 2804 MWt.

The turbine is disassembled at ~ 10-year intervals, during plant shutdown coinciding with the
inservice inspection schedule required by ASME Boiler and Pressure Vessel Code, Section XI,
and all normally inaccessible parts such as couplings, coupling bolts, turbine shafts,
low-pressure turbine buckets, and high-pressure rotors are inspected. The base set of
inspections consists of visual and surface examination as required.

10.2.4 SAFETY EVALUATION

The primary source of activity in the steam- and power-conversion system is radiation from
nitrogen-16 (N-16), formed by activation in the reactor. N-16 has a half life of ~7 s. The
activated nitrogen is carried with the steam to the turbine. Fission-product noble gases and
other activation gases, such as oxygen-19 (0-19), nitrogen-17 (N-17), and nitrogen-13 (N-13),
are also carried with the steam to the turbine. Some nongaseous fission and activation
products are present in the turbine as a result of moisture carryover in the steam from the
NSSS.

The activity entering the low-pressure turbine is reduced because of the presence of moisture
separation and transit time between the high-pressure and low-pressure turbines, which permits
the N-16 to decay.

Most of the noncondensable gases in the condenser are removed by the steamijet air ejectors to
the off-gas system for processing holdup prior to release to the environs; the off-gas system is
described in section 11.3.

The activity remaining in the condensate is reduced significantly by the 3-min (minimum) holdup
time in the condenser hotwell.

Shielding requirements and expected radiation levels are provided in subsection 12.3.2 and

drawing nos. H-25993 through H-25996. The turbine-generator is in an administratively
controlled access area.
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TABLE 10.21

TURBINE-GENERATOR DESIGN CONDITIONS

Turbine-generator output (kW) at:
100% reactor steam flow 946,170

Steam conditions at turbine throttle

valves
Flow (Ib/h)
100% flow 11,601,280
Pressure (psia) 999.4
Temperature (°F) 544.5
Moisture content (%) 0.45
Exhaust pressure (in Hg. abs.) 3.5

Final feedwater temperature (°F)

100% flow 425.7
Stages of feedwater heating 6
Stages of steam reheating 2
Generator power factor (100% flow) 0.90
Generator rating (kVA) 1,050,000
Voltage 24,000
Hydrogen pressure (psig) 60
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TABLE 10.2-2

This table has been deleted.
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TABLE 10.2-3

THICKNESS OF PROTECTIVE CONCRETE FOR VITAL
AREAS OF PLANT®

Thickness
Area (in.)

Reactor building refueling floor 14
(5000 psi concrete)

Reactor building west wall 24
Control room roof 30
Intake structure roof and wall 30
Diesel generator building roof 24
Diesel generator building wall 30
Radiation shield wall around turbine 42

a. Deleted.

b. Deleted.

c. The turbine-missile methodology utilized in subsection 10.2.3 does not involve calculation of turbine missile
penetration depth. The calculated penetration depths previously presented in this table are historical and are no
longer applicable.
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10.2A.0 GENERAL ELECTRIC TURBINE OVERSPEED PROTECTION

10.2A.1  INTRODUCTION

The purpose of the protection system is to detect undesirable or dangerous operating conditions
associated with the turbine-generator, take appropriate trip actions, and provide information to
the operator about the detected conditions and the subsequent action.

Any trip action for the Mark VI control system results in dumping the emergency trip system
(ETS) hydraulic fluid pressure, thereby causing rapid closure of all ETS controlled steam
admission valves. The ETS pressure is the fundamental permissive for the control system to be
reset and allow the turbine steam admission valves to be opened. Provisions are also made to
test most of the components in the trip system while the turbine-generator unit is online.

Other protective functions like power load unbalance and intercept valve trigger act on fast-
acting solenoid valves of the primary steam valves to permanently or momentarily trip the valves
closed. These fast-acting solenoid valves cause rapid steam valve closure by depressurizing
the ETS header locally at the valve actuator.

Sections 10.2A.6 through 10.2A.7 describe technical details of some of the major components.

10.2A.2 OVERSPEED PROTECTION

The Mark VI's electronic overspeed system is designed to protect the steam turbine against
possible damage caused by excessive turbine shaft speed. Under normal operation, the
speed/load loop controls the shaft’'s speed. This overspeed system would be called upon only if
that control loop, or a decive contained therein, failed.

The overspeed protection system consists of a primary and an emergency overspeed protection
system. The primary overspeed system is part of the normal speed control system and uses
magnetic pickups to sense turbine speed, speed-detection software, and associated logic
circuits.

The emergency or backup overspeed system consists of an independent two-out-of-three voting
electronic overspeed protection <P> module that has replaced the original mechanical
overspeed bolt.

10.2A.3 EMERGENCY TRIP SYSTEM

Emergency turbine tripping action protects the turbine-generator against damage from
uncontrolled overspeed or other potentially damaging conditions.

The original equipment, front standard mounted, master trip solenoid arrangement was replaced
by dual two-out-of-three trip manifold assemblies. In essence there are two identical hydraulic
trip manifolds, each with the capability to completely dump the hydraulic trip header to the
hydraulic tank reservoir. The design is based on the two-out-of-three voting logic concept, i.e.,
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for a trip to occur, two of the three controlling solenoids and valves on a single manifold must
move to the trip position in order to depressurize the hydraulic trip header and complete the
turbine trip process. The trip solenoids are deenergized to trip.

10.2A.4 (Deleted)

10.2A.5 (Deleted)

10.2A.6 TURBINE STEAM VALVES

Turbine steam valves are provided, two in series, in all major steam lines which have a steam
supply potential capable of driving the turbine to dangerous speed levels. On figure 10.2A-5 is |
shown schematically a main steam lead equipped with a main stop valve followed by a control
valve, as well as a reheat steam line equipped with an intercept valve followed by a reheat stop
valve. The two latter valves are normally built into a common casing to form a combined
intermediate valve.

A large nuclear turbine is normally equipped with four main stop valves in parallel, followed by
four control valves, as shown in figure 10.2A-5. To permit testing of individual valves during
service, an equalizer is provided between the main stop valves and the control valves. Two
combined intermediate valves are provided to each low-pressure turbine, as also shown on
figure 10.2A-5, to permit testing of one combined intermediate valve without significant
reduction in steam flow to a low-pressure turbine.

Due to the parallel arrangement of valves, it is necessary for all valves of a specific group,
control valves, intercept valves, etc. to close completely to interrupt the steam flow from a
source.

Extraction lines from the turbine are each similarly equipped with positive-cl<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>