3.137%‘,’ >< :
TL
Item Name . Material
1 | Shell-Cylin. 304L S.S. 1273
2 Head—Ellip. 304L S.S. -
27.375" D
3 Head-Ellip w/Nozzle 304L S.S. ' e
4 Leg- L 24X2%:X3/8 304 S.S. 5 -
5 Anchor Bolt N/A | ‘ Vo)
. 11
= TL
13.4375" v
_ e
A Seismic Analysis Summary
1. Predicted Fundamental Frequency: 87.8 Hz
2. Fundamental Mode: Lateral motion of the tank causing cantilever flexing of the
support legs.
B. Stress Analysis Summary
1. Statué of Stress Levels for Original Design: Satisfactory, no reinforcing pads required

Overstressed Itemns in Original Design: None
Plant Condition During Overstressing: N/A

Modifications to Overstressed Items: None

LI S

Final Status of Stress Levels for Modified Design: Satisfactory

(Rev. 12 1/03)
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Initial Cycle MSIV Closure
with Flux Scram and Installed
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Capacity (Overpressurization
Protection Analysis)
Figure 5.2-3
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d. This Code Case is not appropriate for analyzing the dynamic
response of piping sysfems using supports designed to dissipate
energy by yielding (i.e., the design of which is covered by Code
Case N420). '

e. This Code Case is not applicable to piping in which stress
corrosion cracking has occurred unless a case-specific evaluation

is made and is reviewed by the NRC staff.
5.2.2 OVERPRESSURIZATION PROTECTION

This section provides evaluation of the systems that protect the RCPB

from overpressurization.

The analysis for the initial cycle, documented in this section, was
performed at a core power of 3,729 MWt. This analysis resulted in a
peak pressure at the bottom of the vessel of 1,276 psig. An updated
analysis, disCussed in <Section 15.2.4>, was performed for the uprated
power case. This analysis resulted in a peak pfessure at the bottom of
thé vessel of 1,295 psig. 1In both cases, the peak pressure is below the

1,375 psig ASME limit.

The overpressurization protection analysis for the current cycle reload

core is discussed in <Appendix 15B>, Reload Safety Analysis.

5.2.2.1 Design Bases

Overpressure protection is provided in conformance with General Design .
Criteria 15 <Section 3.1>. Preopérétional and startup instructions are

discussed in <Chapter 14>.
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5.2.2.1.1 Safety Design Bases
The nuclear pressure relief system has been designed to:

a. Prevent overpressurization of the nuclear system.that'could lead to

the failure of the reactor coolant pressure boundary.

Ab. " Provide automatic depre§surizatioh if small breaks in thé nuclear
system should occur with:subsequent failure/improper operation of
the high pressure core spray (HPCS) system, requiring operation of
the low preséure coolant injection (LPCI) mode of residual heat
removal (RHR)'and the low pressure core spray (LPCS) systems to

protect the fuel barrier.
c. Permit verification of its operability.

d. Withstand adverse combinations of loadings and forces resulting

from normal, upset, emergency, or faulted conditions.
5.2.2.1.2 Power Generation Design Bases

The nuclear pressure relief system safety/relief valves have been

designed to meet the following operating bases:
a. Discharge to the containment suppression pool.

b. Correctly reclose following operation so that maximum operational

continuity is maintained.
5.2.2.1.3 Discussion

The ASME Boiler and Pressure Vessel Code requires that each vessel
designed to meet Section III be protected from overpressure due to upset

conditions. The code allows a peak allowable pressure of 110 percent of

. Revision 12
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vessel design pressure under upset conditions. The code specifications
for safety/relief valves require that the lowest set pressure is at or
below vessel. design preséure and that the highest set bressure is such
that total accumulated pressure does not exceed 110 percent of the
design preéssure for upset conditions. The safety/relief valves are
designhed to open by either of two modes of operation: automatically
using a pneumatic power actuatédr or by self-actuation in the spring lift

mode.

The safety/relief valve setpoints are listed in <Table 5.2-2>. These
setpoirnts satisfy the ASME Code, Section III, specifications for

safety/relief valves.

The automatic depressurization capability of the nuclear system pressure

relief system is evaluated in <Section 6.3> and <Section 7.3>.

The following detailed criteria are used in selection of the safety

grade relief wvalves:
a. Must meet requirements of ASME Code, Section III.

b. Must qualify for 100 percent of nameplate capacity credit for the

overpressure protection function.

c. Must meet other performance requirements such as response time,

etc., as necessary to provide relief functions.

The safety/relief valve discharge piping is designed, installed and

tested in accordance with the ASME Code, Section III.
5.2.2.1.4 Safety/Relief Valve Capacity

The safety/relief valve capacity of'this plant is adequate to limit the

primary system pressure, including transients, to the requirements of
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the ASME Boiler and Pressure Vessel Code, Section III, Nuclear Vessels
up to and including the Winter Addenda, 1972. The essential ASME

requirements are all met by this analysis.

It is recognized that the protection of vessels in a nuclear power plant
is dependent upon many protective systems to relieve or terminate
pressure transients. Installation of pressure relieving devices will
not independently provide complete protection. The safety valve sizing
evaluation assumes credit for operation of the scram protective system
which may be tripped by either one of two sources (a direct or flux trip
signal). "The direct scram trip signal is derived from position switches
mounted on the main steamline isolation valves or the turbine stop
valves or from pressure switches mounted on the dump valve of the
turbine control valvé hydraulic actuation system. The position switches
are actuated when the respective valves are closing and following

10 percent travel of fuil stroke. The pressure switches are actuated
when a fast closure of the turbine coﬁtrol valves is initiated. .Credit
is taken for 50 percent of the total installed safety/relief valve
capacity operating by the power operated mode as peimitted by ASME Code,

Section III.

Credit is also taken for the remaining safety/rel;ef valve capacity
which opens by the spring mode of operation direct from inlet pressure.
The valve flow capacity and discharge coefficient were established

through full scale and full flow tests.

The rated capacity of the safety/relief valves is sufficient to prevent
a rise in pressure within the pressure vessel not exceeding 110 percent
of the design pressure (1.10 x 1,250 psig = 1,375 psig) for the events

defined in <Section 15.2> - Increase in Reactor Pressure.

Fuli account is taken of the pressure drop on both the inlet and
discharge sides of the valves. ZAll combination safety/relief valves

discharge into the suppression pocl through a discharge pipe from each
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valve which is designed to achieve sonic flow conditions through the

valve, thus precluding sonic conditions occurring in the discharge

piping.

<Table 5.2-3> lists the systems which could initiate during the design

basis overpressuré event.

5.2.2.2 Design Evaluation

5.2.2.2.1 Method of Analysis

To design the pressure protection for the nuclear boiler system,
extensive analytical models representing all essential dynamic
characteristics of the system are simulated on a large computing
fécility. These models include the hydrodynamics of the flow loopﬁ the
reactor kinetics, the thetrmal characteristics of the fuel and its
transfef of heat to the coolant, and all the principal controller
features, such as feedwater flow, recirculation flow, reactor water
level, pressure, and load demand. These are represented with all their
-principal nonlineaf features in models that have evolved through
extensive experience and favorable comparison of analysis with actual

BWR test data.

A detailed description of this model is documented in licensing topical
report NEDO-24154, “Qualification'of the One Dimensional Core Transient
Model for BWR” (Reference 1). Safety/relief valves are simulated in a
nonlinear representation, and the model thereby allows full
investigation of the various valve response times, valve capacities and

actuation setpoints that are available in applicable hardware sSystems.

Typical valve characteristics as modeled are shown in <Figuré 5.2-1> and
<Figure 5.2-2> for the pneumatically activated relief and spring action
safety modes of the dual purpose safety/relief valves. The associated

bypass, turbine control valve, main steam isolation valve and reactor
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recirculation pump trip due to high reactor pressure characteristics are

also simulated in the model.

5.2.2.2.2 System Design

A parametric study was conducted to determine the required steam flow
capacity of the safety/relief valves based on the assumptions that
follow. ! |

5.2.2.2.2.1 Operating Conditions

Operating conditions. for the initial cycle performance were as follows:

a. Operating power is 3,729 MW, (104.2 percent of nuclear boiler rated
power) .
b. Vessel dome pressure <1,045 psig;

N

c. Steam flow is 16.16 x 10° 1lb/hr (105 percent of nuclear boiler

rated steam flow).
d. Nuclear characteristics: End-of-Cycle.

These conditions .are the most severe because maximum stored energy
exists at these conditions. At lower power conditions the transients

would be less severe.

The operating conditions for reload cycle'performance.of the
overpressurization analysis are specified in <Appendix 15B>, Reload

Safety Analysis.
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5.2.2.2.2.2 Transients

The overpressure protection system must accommodate the most severe
pressurization transient. There are two major transients, the closure
of all main steam line isolation wvalves and turbine generator trip with
a coincident closure of the turbine steam bypass system valves that
represent the most sévere abnormal operational transients resulting in a
nuclear system pressure rise. The evaluation of transient behavior with
final plant configuration has shown that the isolation valve closure is
slightly more severe when éredif is taken only for indirect derived
scrams; therefore, it is used as the overpressure protection basis event
and the results for the initial cycle are shown in <Figure 5.2-3>.
.<Table 5.2-4> lists the sequence of events for the main steam line
isolation valve closure event with flux scram (performed for the initial

cycle) with the installed safety/relief valve capacity.

The transient response and sequence of events for the current reéload

cycle are provided within <Appendix 15B>, Reload Safety Ahalysis.
5.2.2.2.2.3 Scram

The scram reactivity curve and control rod drive sScram motion are

illustrated by <Figure 5.2-4> and <Figu£e 5.2-5>, respectively. The
initial cycle analysis used the second safety grade scram signal with
initiél reactor pressure at 1,045 psig.. The ATWS recirculation pump

trip on high reactor pressure was also included.
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5.2.2.2.2.4 Safety/Relief Valve Transient Analysis Specification
These aSsuﬁptionS'are:
g. Simulated valve groups

Pneumatically actuated relief mode - 4 groups

Spring action safety modé ~ 5 groups

b. Opening pressure setpoint (maximum safety limit)

Power actuated relief mode - Group 1: 1,145 psig
Group 2: 1,155 psig
Group 3: 1,165 psig
Group 4: 1,175 psig
Spring action safety mode - Group 1: 1,175 psig
' Group 2: 1,185 psig
Group 3: 1,195 psig
Group 4; 1,205 psig
Group 5: 1,215 psig

The valve groups used in the reload analyses are based upon the
three groups specified in the Technical Specifications for each

mode.

‘The above analyses input. setpoints are assumed at a conservatively
higher level above the nominal setpoints. This is to account for
initial setpoint errors and any inétrument setpoint drift that might
occur during operation. Typically the assumed setpoints in the analysis
are 2 to 4 percent above the nominal setpoints. Highly conservative
safety/relief valve response characteristics are also assumed.
Therefore, the analysis conservatively bounds all safety/velief

operating conditions.
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5.2.2.2.2.5 Safety/Relief Valve Capacity

'Sizing of the safety/rélief valve capacity is based on establishing an
adequate margin from the peak vessel préssure to the vessel code limit

(1,375 psig) in response t6 the referencé transients.

Whenever systenm pressure increases to the relief pressure setpoint of a
group of valves having the same setpoint, half of those valves are
assumed to operate in the relief mode, opened by the pneumatic power
actuation. When the system pressure increasés to the valve spring set
pressure of a group of valves, those valves not already considered open
are assumed to begin opening and to reach full open at 103 peréent of
the valve spring set pressure. By this method, the total valve capacity

can be determined.
©5.2.2.2.3 Evaluation of Results
5.2.2.2.3.1 Safety/Relief Valve Capacity

The required safety/relief valve capacity is determined by analyzing the
pressure rise from a MSIV closure with flux scram transient. The plant
is assumed to be operating at the turbine generator design conditions at
a maximum vessel dome pressure of 1,045 psig which is the maximum
steady-state operating pressure allowed by the Technical Specification.
The analysis hypothetically assumes the failure of the direct isolation
valve position scram. The reactor is shut down by the backup, indirect,
high neutron flux scram. For the initial cycle analysis, the power
actuated relief setpoints of the safety/relief valve are assumed to be
in the range of 1,145 to 1,175 psig and the spring action setpoints to
be in'the range of 1,175 to 1,215 psig. The resulting peak pressure at
the bottom of the vessel for the initial cycle is 1,276 psig. .
Therefore, the analysis indicates that the design valve capacity is
capable of maintaining adequate margin below the p;ak ASME code

allowable pressure in the nuclear system (1,375 psig). <Figure 5.2-3>
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shows curves produced by this anélysis for the initial cycle.

. The sequence of events in <Table 5.2-4> assumed in this initial eycle
analysis was investigated to meet code requirements and to evaluate the
pressure relief system exclusively. .The results of the
overpgessurization analysis for the current reloéd,cycle are presented
in <Appendix 15B>, Reload Safety Analysis. A'curve‘shoWing vessel -
.pressuré versus valve capacity fnumber of vélves) is shown in

.<Fi§ﬁre 5;2—7>; This curve is based on a sensitivity study for the
BWR/6 desién with a 231 inch vessel and shows the relationship between
~valves out-of-service and margin to the peak dllowable ASME code

pressure.

Under the General Reqﬁirements for Protection Against Overpressure as
given in Section III of the ASME Boiler and Pressure Vessel.Code, credit
can be allowed for a scram from the reactor prctection system. In
addition, credit is also taken for the protective circuits which are
indiréctly derived when determining the required safety/relief val?e
capacity. The backup reactor high neutron flux scram islconserVatively
applied as a d;sign basis in determining the required capacity of the
pressure rélieving dual purpose safety/relief valves. Applicafion of
the direct poéition scrams in the design basis could be used since they
qualify as acceptable pressure protection devices: when determining.the
iequired safety/relief valve capacity of nuclear vessels under the
provisions of thé BSME code. The safety/relief valves are operated in a
relief mode (pneumaticallY) at setpoints lower than those specified for
the safety function. This ensures, sufficient margin between anticipated
relief mode closing pressures and valve spring forces for proper seating

of the wvalves.

The time response of the vessel pressure to the MSIV transient with flux
scram for the initial cycle is illustrated in <Figure 5.2-8>. This
shows that the pressure at the vessel bottom exceeds 1,250 psig for less

than five seconds. This is not long enough to transfer any appreciable
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amount of heat into the vessel metal which was at a température well

below 550°F at the start of the transient.

The peak pressure results in this overpressure analysis (and the
overpressure analysis for the current reload cycle see <Appendix 15B>)

bound all moderate frequency transients ih <Chapter 15>.
5.2.2.2.3.2 Low-Low Set Relief Function

To assure that no more than oﬁe relief valve reopens following a reactor
isolation event, two safety/relief valves are provided with lbwér
opening and closing setpoints and four valves are provided with lower
c¢losing setpoints. These setpoints override the normal setpoints
following the initial opening of the relief valves and act te hold open
theée valves longer, thus preventing more than a single valve from
réopening subsequently. This system logic is referred to as the low-low
set relief logic and functions to ensure that the containment design
basis of one safety/relief valve operating on subseqﬁent actuations is

met.

The low;low set relief function is armed whenever any safety/relief
valves are called upon to open in the relief mode by pressure
instruments. Thus, the low-low set valves will not actuate during
normal plant operation even though the reopening'setpoints of one df the
valves is in the normal operating pressuré rénge. This arming method
results in the low-low. set safety/relief valves opening initially during

ah overpressure transient at the normal relief opening setpoint.

The lowest setpoint low-low set valve will cycle to remove decay heat.
Since this valve will have a larger differential between its opening and
closing set pressures than assumed for the normal relief function, the
number of single safety/relief valve actuations during isolation events
will be reduéed. <Table 5.2-2> shows the opening and closing setpoints

for the low-low set safety/relief valves.

) Revision 12
5.2-14 January, 2003



The assumptions used in the calculation of the pressure transient after

the initial opening of the relief valves are:
\

a. The transient event is a three-second closure of all MSIV’s with

position scram.

b. Nominal relief valve setpoints are used.
c¢.  The maximum expected relief capacity is used.
d. Relief valve opening and closinglresponse times shown in

<Figure 5.2-6a> are used.

e. The closing setpoint of the relief valves is 100 psi below the

opening setpoint.
f. ANS + 20 percent decay heat at infinite exposure is used.

The résults using the above assumptions are shown in the reactor vessel
pressure transient curve shown in <Figure 5.2-6b>. Despite the
conservative input assumptions which tend to maximize the piessure peaks
on subsequent actuations, there is a 65 psi margin for avoiding the
second opening of more than one valve. The system is single failure
proof since a failure of one of the low-low set valves still gives a

42 psi margin for avoiding multiple valve actuations.

The safety/relief valves are balanced type, épring loaded safety valves
provided with an auxiliary pneumatically actuated device which.allows
opening of the valve even when pressure is less than the safety-set
pressure of the valve. Previous undesirable performénce on operating
BWRs was associated principally with multiple stage pilot operated
safety/relief valves. Thesé newer, pneumatically operated safety valves
employ‘significantly fewer moving parts wetted by the steam and are,

therefore, considered an improvement of the previously used valves.
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5.2.2.2.3.3 Pressure Drop in Inlet and Discharge

Pressure drop in the piping from the reactor véssel to the valves is
taken into account in calculating the ﬁaximum vessel pressures.,

Pressure drop in the discharge piping to the suppression pool is limited
by proper dlscharge line sizing to prevernt backpressure on each
safety/relief valve from exceeding 40 percent of the valve inlet
pressure; this assures choked flow in the valve orifice and no reduction
of wvalve capa01ty due to the discharge plplng Each safety/relief valve

has its own separate discharge line.

5.2.2.3 Piping and Instrument Diagrams

<Figure 5.2~9> shows the schematic location of safety/relief valves for:

a. The reactor coolant system.
(
b. The primary side of the auxiliary or emergency systems

interconnected with the primary system.

c. Any blowdown or heat dissipation system connected to the dlscharge

side of the safety/relief valves.

The schematic arrangements of the safety/relief valves are shown in

3

<Figure 5.2~10>.

5.2.2.4 Equipment and Component Description
5.2.2.4.1 Description
The nuclear pfessure'relief system consists of safety/relief valves

located on the main steam lines between the reactor vessel and the first

isolation valve within the drywell. These valves protect against

overpressure of the nuclear system.
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‘The safety/relief valves provides the following protection functions:

a. Overpressure relief operation. The valves opén automatically to

limit a pressure rise.

b. Overpfessure safety operation. The valves function as safety
valves and openh (self-actuated operation if not already
aitomatically opened for relief operation) to preﬁent nuclear

system overpressurization.:

c. Depressurization operation. The ADS valves open aﬁtomaticaily as
part of the emergency core cooling system (ECCS) for events
involvihg small breaks in the nuclear system process'barrier. The
location and number of the ADS vaives can be determined from

<Figure 5.2-10>.

<Chapter 15> discusses the evénts which are expected to activate the’
primary systém safety/relief valves. The section also summarizes the
number of valves expected to operate during the initial blowdown of the
valves and the expected duration of this first blowdown. For several of
the events it is expected that the lowest set safety/relief (pressure or
power set) valve will reopen and recloSe'as generated heat drops into
the decay heat characteristics. The pressure increase and relief cycle
will continue with lower frequency and shorter relief discharges as the
decay heat drops off, and until such time as the RHR system can
dissipate this heat. Remote-manual actuation of the valves from the
control room is recommended to minimize the total number of these

discharges, with the intent of achieving extended valve seat life.

Revision 12
5.2-17 _ January, 2003



A schematic of the safety/relief valve is shown in <Figure 5.2-12>. Tt

is opened by either of two modes of operation:

a. , The spring mode which consists of direct action of the steam
pressure against a spring loaded disk that will pop open when the

valve inlet pressure force exceeds the spring force.

b. The power actuated mode which consists of using an auxiliary
actuating device consisting of a pneumatic piston/cylinder and
mechanical linkage assembly which opens theé valve by overcoming the

spring force (even with valve inlet pressure equal to zZero psig).

' The pneumatic operator ‘is arrdnged so that a malfunction will not
prevent the wvalve disk from lifting if stéam inlet pressurée reaches the

spring l1ift set pressure.

FPor overpressure safety/relief valve operation (self—actﬁated or spring.
lift mode), the spring load establishes the safety valve opening
setpoint pressure and is set to open at setﬁoints designated in

<Tablé 5.2-2>. 1In accordance with the ASME code, the full lift of this
mode of operation is attaihed at a pressure no greater than 3 percent

above the setpoint.

The. safety function of the safety/relief valve is a backup to the relief
function described below. The spring-loaded valves are designed and
constructed in accordance with ASME III, NB 7640 as safety valves with

auxiliary actuating devices.

For overpressure relief valve operation (power actuated mode); each
valve is provided with a pressure sensing device which bperates at the
setpoints designated in <Table 5.2-2>. When the set preésure is _
reached, 1t operates a solenoid air valve which in turn actuates the

pneumatic piston/cylinder and linkage assembly to open the valve.
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When the piston is actuated, theldelay time, maximum elapsed time

between receiving the overpressure signal at the valve actuator and the
actual start of valve motion, will not exceed 0.1 seconds. The maximum
‘elapsed time between sigral to actuator and full open position of valve

will not exceed 0.25 seconds.

The safety/relief valves can be operated in the pneumatically actuated.

modé by remote-manual controls from the main control rodm.

Actuation of eitlier solenoid A or solenoid B on the safety/relief valve
will cause the safety/relief valve to open; hence, there is no single
failure ‘of a logic component or safety/relief valve solenoid valve which
would result in failure of the safety/relief valve to open. The trip
units for each safety/relief valve within each division are in series,
and failure of one of the transmitters will not cause the safety/relief
valves to open. ' Each safety/relief valve is providgd with its own
pneumdtic accumulator and inlet check valve. The accumulator capacity
is sufficient to0 provide one safety/relief valve actuation, all that is
required for overpressure protection. Subsequent actuations for an
overpressur€ event can be spring actuationsvto limi£ reactorApressurevto

acceptable levels.

The safety/relief valves are designed to operate to the extent required

for overpressure protection in the following accident environments:

a. A temperature of 330°F for three hours at a drywell pressure
<30 psig.
" b. A temperature of 310°F.forAan additional three hour period at a

drywell pressure <15 psig.

c. A temperature of 250°F for an additional 18 hour period at 15 psig.
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d. A temperature drop of 250°F to 100°F at 15 psig from one day to
100 days. The‘valve'must remain operable for the initial two daYs
and be held either open or closed for the remaining 98 of the

100 days.

The automatié depressurization system (ADS) uses selected safety/relief
valves for depressurization of the reactor as described in

<Section 6.3>. FEach of the safety/relief valves used for automatic’
dépressurization is equipped with an air éccumulator and check valve
arrangement. These accumulators assure that the valves can be held open
following failure of the air supply to the accumiulators. They/are sized
-to be capable of opening the valves and holding them open against the
maximum drywell pressure of 30 psig. The accumulater Eapacity is
sufficiént for each ADS valve to provide two actuations against

70 percent of maximum drywell pressure. The ADS accumulators are

recharged as described in <Section 6.8.1>.

Each safety/relief valve discharges steam through a discharge line to a
point below the minimum water level in the suppression pool. The _
éafety/relief valve discharge lines are classified as Quality Group C
and Seismic Category I. Safety/relief valve discharge line piping from
the safety/relief valve to the suppression pool consists of two parté:
‘the first is attached at one end to the safety/relief valve and attached
at its other end to a pipe anchor. The main steam piping, including
this portion of the safety/relief valve discharge piping, is analyzed as
a complete system. The second part extends from the anchor to the
suppression pool. Because of the upstream anchor on this part of the
line, it is physically decoupled from the main steam header and is

therefore analyzed as a separate piping system.

As a part of the startup testing of the main steam lines, movement of

the safety/relief valve discharge lines was monitored.
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The safety/felief valve discharge piping is designed to limit valve
outlet pressure to 40 percent of maximum valve inlet pressure with the
valve wide open. Water in the line more than a few feet above
suppression pool water level would cause excessive pressure at the valve
'discharge when the valve is again openéd; For this reason, two vacuum
relief valves are provided on e€ach safety/relief valve discharge lineée to
prevent drawing an excessive amount of watér up into the line as a
result of steam condensation foliowing termination of relief operation.
The safety/relief valves are located on the main steam line piping
rather than on the reactor vessel top head, primarily to simplify the
~discharge piping to the pool and to avoid the necessity of héving to
remove sections of this piping when the reactor head is removed for
refueling. In addition; valves located on the steam lines aré more

accessible- during a shutdown for wvalve maintenance.

The nuclear pressure relief system automatically depressurizes the
nuclear system sufficierntly to permit the RHR and LPCS systems to
operate as a backup for the high pressure coreé spray (HPCS) system.
Further descriptions of the operation of the automatic depressuiization

feature are found in <Section 6.3> and <Section 7.3.1>.
5.2.2.4.2 Design Parameters

The specified operating transients for components within the RCPB are
giveén in <Section 3.9>. Refer to <Section 3.7> for discussion of the
input criteria for design of Seismic Category I structureé,HSYStems and

components.

The design requirements established to protect the principal components
of the reactor coolant system against environmental effects are

discussed in <Section 3.11>.
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5.2.2.4.2.1 Safety/Relief Valve

The discharge area of the valve is 18.429 sqg inches and the coefficient

of discharge Kp is equal to 0.873 (K = 0.9 Kp).

The design pressure and temperature of the valve inlet and outlet are

1,375 psig at 585°F and 625 psig at 500°F, respectively.

The valves have been designed to achieve the maximum practical number of

actuations consistent with state-of-the-art technology.

5.2.2.5 Mounting of Pressure Relief Devices

The pressure relief devices are located on the main s$team piping header.
The mounting consists of.a special, contour nozzle and an over-sized
flange connection. This provides a high integrity connection that
withstands the thrust; bénding and torsional leadings which the main

steam pipe and reliéf valve discharge pipe arée subjected to. This

includes:

a. Thermal expansion effects of the connecfing piping.

b. Dynamic effects of the piping due toASSE.

C. Reactions due to transient unbalanced wa&e forces exerted on the

safety/relief valves during the first few seconds after the valve
is opened and prior to the time steady-state flow has been
established; with steady-state flow, the dynamic flow reaction

forces will be self-equilibrated by the valve discharge piping.

d. Dynamic effects of the piping and branch connection due to the

turbine stop valve closure.
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In no case are allowable valve flange loads exceeded nor does the stress
at any point in the piping exceed code allowables for any specified
combination of loads. The design criteria and analyéis methods for
considering loads due to SRV discharge are contained in {Section 3.9.3>.

'

5.2.2.6 . Applicable Codes and Classification

The vessel overpressure protection system is designed to satisfy the
requirements of Section III of the ASME Boiler and Pressure Vessel Code.
The geéeneral requirements of Sectién IIT of the code for protection
against overpressure recognize that reactor vessel overpressure '
protection is one’ function of the reactor protective sysfems and allow
the integration of pressure relief devices with thé protective systems
of the nuclear reactor. Hence, credit is taken for the scram protective
system as a complementary. pressure protection device. The NRC has also

adopted the ASME codes as part of their reqﬁirements in <10 CFR 50.55a>.

5.2.2.7. Material Specification

Material specifications of presSufe retaining cbmpohepts of

safety/relief valves are reported in <Table 5.2-5>.

5.2.2.8 Process Instrumentation

Overpressure protection process instrumentation is listed in Table 1 of

<Figure 5.1-3 (3)>.

5.2.2.9 System Reliability

The system 1s designed to satisfy the requirements of Section III of the
ASME Boiler and Pressure Vessel Code. Therefore, it has high
reliability. The consequences of failure are discussed in

<Section 15.1.4> and <Section 15.6.1>.
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5.2.2.10 Testing and Inspection

The safety/relief valves are tested at vendor’s shop in accordance with
quality control procedures to detect defects and to prove operability

prior to installation. The following tests are conducted:
a. Hydrostatic tést at specified test conditions.

b. Pneumatic seat leakage test at 90 percent of set pressure with
maximum permitted leakage of 30 bubbles per minute emitting from a
0.250-in. diameter hole submerged 1/2 inch below a water surfacé or

an equivalent test using an approved test medium.

c. Set pressure test: valve pressurized with saturated steam, with
the pressure rising to the valve set pressure. Valve must open at
namepiate set pressure *3 percent.. As left, tolerance is

*1 percent of set pressure.

d. Respénse time test: each safetY/relief valve tested to demonstrate

acceptable response time:

The valves aré installed as repeived from the factory. The GE equipment
specification requires certification from the valve manufacturer that
design and performance requirements have been met. This includes
capacity and blowdown requirements. The setpoints are adjusted,
verified, and indicated on the valves by the ﬁendor. Specified manual
actuation relief méde of each safety/relief valve is verified during the

startup test program.
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A minimum of 20 percent of the installed valves shall be removed for
testing every refueling outage, with the maximum number of years for the
testing of all valves not to exceed that specified in the PNPP ASME Code

of record.‘ Removed valves shall be inspected and tested as follows:

a. Set pressure test: Verify set pressure of the removed valves
during refueling outages. Verify opening and closing times by
using the pneumatic power actuatér unless relief has been granted.

Verify that valve mainseat leakage is within acceptable limits.

b. Inspectioni ‘Inspect all extérnal surfaces and parts; disassemble
and inspect internal surfaces and parts for wear/damage/erosion.
Replace all damaged or worn parts and gaskets/seals as necessary
due to inspections results. Lubricate valves and relap valve seats
if inspection or Fésting necessitates. Retest all valves

disassembled and make appropriate adjustments prior to use.

~Valve operability is verified during the precperational test program as
discussed in <Chap£er 14>. See <Figure 5.2-12> for a schematic cross
section of the wvalve.

5.2.3 REACTOR COOLANT PRESSURE BOUNDARY MATERIALS

5.2.3.1 Material Specifications

<Table 5.2-5> lists the principal pressure retaining materials and the,
appropriate material specifications for the reactor coolant pressure

boundary components.

5.2.3.2 Compatibility with Reactor Coolant
5.2.3.2.1 ' PWR Reactor Coolant Chemistry

This section is not applicable to PNPP.
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The MOV limit switch settings are determined and set as required per
maintenance and diagnostic test instructions to assure propér open and
closing operations, torque switch bypass features, and stroke times

consistent with the Tech Spec requirements.

Inservice inspettien of the RCPB is discussed in <Section 5.2.4>.

5.4.13 ~SAFETY AND RELIEF VALVES
5.4.13.1 Safety Désign Bases
a. Overpressure protection has been provided at isolatable portions of

RCPB systems in accordance with the requirements set forth in the
ASME Code, Section III fér Class 1, 2 and 3 components.

<Secti6n 5.2.2> discusses RCPB safety/relief valves.

b. The valves are designed in accordance with the requirements listed

in <Table 3.2-1>.

c. The design loading, design procedure and acceptability criteria are

described in <Section 3.9>.

d. Thé design and installation details for the mounting of pressure

relief devices are déscribed in <Section 3.9>. \
5.4.13.2 Description
Safety or pressure relief valves are designed and constructed in

accordance with the same code class as that of the line valves in the

system.
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5.4.13.3 Safety Evaluation

The usé of pressure relieving devices will assure that overpressure will
not exceed 10 percent above the design pressure of the system. The
numbeéer of pressure relieving devices on a system or portion of a system

-has been determined on this basis.
In accordance with ASME code requirements, all safety valves are
- constructed s¢ that failure of any part cannot obstruct the free

discharge of steam or water from the valve.

5.4.13.4 Inspection and Testing

The valves are inspected and tested in accordance with the requirements
of the applicable 'ASME code. In addition, shop performance‘tests are
performed on the valves to ensure their operability in accordance with

specification requirements.

\

No provisions are to be made for inline testing 6f'spring loaded
safety/relief valves. Certified set pressures and relieving capacities
are stamped on the body of the valves by thé manufacturer and further
examinadations would necessitate removal of the component. Leakage past
seating surfaces during normal plant operatioh is detected by visual

examinations or by measuring an increase in discharge'line temperature.
5.4.14 COMPONENT SUPPORTS

Support elements are provided for those components included in the RCPB

and the connected systems.
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15.6 DECREASE IN REACTOR COOLANT INVENTORY

15.6.1 INADVERTENT SAFETY/RELIEF VALVE OPENING
This event is discussed and analyzed in <Section 15.1.4>.
15.6.2 _ INSTRUMENT LINE PIPE BREAK

This event involves the postulation of a small steam or liquid line pipe
break inside containment. In order to bound the event, it is assumed
thatva small instrument line, instanténeously and circumferentially,
breaks at a location where it may not be isolated and where immediate

detection is not automatie or apparent.

Obviously, this event is far less limiting than the postulated events in
<Section 15.6.4> “Steam System Piping Break Outside Containment”,
<Section 15.6.5> “Loss-of=Coolant Accidents - Inside Containment, and
<Section 15.6.6> “Feedwater Line Break - Outside Containment”. '
Accordingly, this accident was not reanalyzed for the current reéload as
it has been determined to be less limiting and bounded by the analyzed

accidents described in the previously listed sections.

This postulated event represents the envelope evaluation for small line

failure inside containment, relative to sensitivity to detection.

15.6.2.1 Identification of Causes and Frequency Classification
15.6.2.1.1 Identification of Causes

There is no specific event or circumstance identified which results in
the failure of an instrument line. These lines are designed to high
gquality, engineering standards, seismic, and environmental requirements.
However, for the purpose of evaluating the'consequences of a small line

rupture, the failure of an instrument line is assumed to occur.
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TABLE 15.1-5

SEQUENCE OF EVENTS FOR INADVERTENT SAFETY/RELIEF VALVE OPENING

Time-sec Event
0 _ Initiate opening of 1 safety/relief valve.
0.5 Relief flow reaches full flow.
(est:.)
15 System establishes new steady-state operation.
(est.)
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In this region, examination of 100% of the accessible circumferential
and longitudinal pipe welds, or a number of these piping weldé as
determined using the Risk-Informed process outlined in EPRI Topical
Report 1006937, will be performed during each inspection interval.
Additionaily, examination of the accessible welds attaching penetration
head fittings to main steam and feedwatér process piping will be

performed during each inspection interval.

5.2.5 DETECTION OF LEAKAGE THROUGH REACTOR COOLANT PRESSURE
BOUNDARY ‘ '
5.2.5.1 Leakage Detection Methods

The nuclear boiler leak detection system consists of temperature,
pressure, flow, airbOrﬁé gaseous and pafticulate fission product
sensors, and process radiation sensors with associated instrumentation
used to indicate leakage from thelreactor coolant bressure boundary and,
in certain cases, to provide alarms‘or to initiate signals used. for
aptomatic closure of isolation valves to shut off leakage external to
the piimary containment. The system is designed to be in conformance.

with NRC <Regﬁlatory Guide 1.45> and reference IEEE Standard 279.

Bbnormal leakage frem the following systems within the primary
containment and within selected areas of the plant outside the primary

containment is detected, indicated, and in certain cases alarmed or

isoclated:

a. Main steam lines.

b. Reactor Water Cleanup (RWCU) System.

é. Residugl Heat Removal (RHR) System. -

d. Reactor Core Isolation Cooling (RCIC) -System.
e. Feedﬁater System.
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£ High Pressure Core Spray (HPCS).

g. Coélant Systems ﬁithin tbe primary contdinment.
h. - Low Pressure Core Spray (LPCS).

i. Reactor pressure vessel.

3. . Miscellaneous systems.l

Leak detection methods used to obtain conformance with
<Regulatory Guide 1.45> differ for plant areas inside the drywell as
compared to these areas located outside the drywell. These areas are

ceonsidered separately.
5.2.5.1.1 Detection of Leakage within the Drywell

The detection methods for small unidentified leaks within the drywell
include monitoring of floor drain sump ihleakage, upper cooler
condensate flow rate, and airborne gaseous and ﬁarticulate
radioactivity. The sensitivity of the floor drain sump level and upper
cooler condensate flow rate monitors for unidentified leakage within the
drywell is 1 gpm within 1 hour. These variables are continuously
indicated and/or recorded in the cortrol room. If the unhidentified
leakage increases to a total of 5 gpm, floor drain sump level and upper
cooler condensate flow rate instruments will trip and activate an alarm
.in the control room. No isolation trip will occur.
Fixed—measurement—interval methods are also available, which can provide
indication of floor drain sump inleakage. If airborne particulate or
gaseous radicactivity levels increase to their monitor alarm setpoints,

an alarm will be activated in.the control room.
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The additional detection methods, of.drywell atmosphere pressure and
temperature are used to detect gross unidentified leakage. High drywell
pressure will alarm and trip the isolation logic which will result in

closure of the containment isolation valves.

The detection of small identified leakage within the drywell is
accomplished by monitoring of dryweli equipment drain sump level inflow
rate (gpms. The detection channel will activate an alarm in the control
room when the total leak rate reaches 25 gpm:. This measureﬁent has a
sensitivity for detection of leakage increases of 1 gpm over normal

background leakage.

The determiriation of the soﬁrce of identified leakage within the drywell
is accomplished by monitoring the drain lines to the drywell egquipment
drain sumpg from various potential leakage sources. Thése include upper
containment pool seal drain flow, reactor recirculation pump seal drain
flow, valve stem leakoff drain line témperatures, and reactor vessel
head seal drain line pressure. Additionally; temperature is monitored
in the safety/relief valve discharge lines to the suﬁpression pool to
detect leakage through each of the safety/relief valves. All of these
monitors, except the reactor recirculation seal drain flow monitdf,
céntinuously indicate and/or recdrd in the contreol room. All of these
monitors will trip and activate an alarm in the control room on

detection of leakage from monitored components.

Any possible leakage from the reactor vessel head flange is retained in
the flange drain line to prevent the leéking steam from scoring the head
surface. A pressure transmitter provides an alarm in the control room -

on high pressure in this line.

Each line that is used to route valve packing leakage to the drain sump
is equipped with a temperature transmitter which provides an alarm in

the control room on high temperature in the line. Leakage of such a
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magnitude that it was not being condensed would be indicated by this
high temperature alarm. A manually operated solenoid valve provided in

éach line can then be closed by the operator to isolate the line.

In addition, the drains of the upper two coélers of the drywell air
‘coéling systém are equipped with a common flow transmitter which
provides an alarm in the control room on high condensate drain flow.
High drain flow is indicative of possible reacfor coolant pressure

boundary leakage.

To minimize the potential fof drain system blockage, drywell floor and
equipment drain sumps are monitored continuously for level or rate to
indicate normal sump bperation. Also, pressure switches located
downstream of sump pumps, trip the pumps on high discharge pressure
(line blockage). An inspection of the drywell and the drain sump areas

will be performed prior to closing out the drywell after maintenance.

Excessive leakage iﬁside the drywell (e.g., procgés line break or
-’loss—of—coolant acéident within primary containment) is detected by high
drywell pressure,.lOW reactor water level or steam line flow (for breaks
downstream of the flow elements). The instrumentation channels for
these wvariables willAtrip when the monitored variable exceeds a
predetermined limit to activate an alarm and trip the isolation logic

which will close appropriaté isolation valves <Table 5.2-8>.

The alarms, indicadtion and isolation trip functions initiated by the
leak detection systems are summarized in <Table 5.2-8> and

<Table 5.2-9>.
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5.2.5.1.2 Detection of Leakage External to the Drywell (Within

Reactor Building)

The detection of leakage within the reactor building but outside'the
drywell is ac¢complished by detection of increases in reactor building
floor drain sump and reactor building equipmeérit drain sump fillup time
and pumpout time. The reactor building floor drain sump monitors detect
unidentified leakagg increases with a sensitivity of 50 percent of
normal background and activate an alarm in the contrél room when total
leakage reaches 5 gpm. The reactor building equipment drain sump
monitors detect identified leakage increase with a sensitivity of

50 percent normal background leakage and activate an alarm in the

contrel room when total leakage reaches 25 gpm.

The determination of the source of identified leakage to the reactor
building equipment drain sump is accomplished by monitoring f;ow in the
upper centainment pool liner drain ‘lines. High flow.in a drain line
acfivates an a;arﬁ.in the control room. {

5.2.5.1.3. Detéction of Leakage Extérnal to Reactor Building

The areas outside the reactor building which are monitored for primary
coolant leakage are: equipment areas in the auxiliary building, the
'ﬁain steam tunnel and the.turbine building. The process piping for each
system to be monitored for leakage is'loéated in compartments or rooms
separate from other systems where feasible so that leakage may be
detected by area tefperature indications. Fach leakage detection system
will detect leak rates thHat are less than the established leakage

limits. -

a. The main steam tunnel is monitored by dual element thermocouples
f6r sensing high ambient temperature in the areas and high
differential temperature between the inlet and outlet ventilation

ducts which service the individual areas. The temperature elements
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are located or shielded sé that they are sensitive to air
temperatures only and not radiated heat from hot piping or
equipment. Incréases in ambient and/or differéntial temperature
will indicate leakage of reactor coclant into the area. These
ﬁonitors have sensitivities suitable for detection of reactor
coolant leakage into the monitored areas. The-témperature trip
setpoints are a function of room size and the type of ventilatioﬁ
provided. These monitors provide alarm and indication and,
recording in the control room and will trip the isolation logic to

close selected isolation valves.

Leakage detection in the turbine building is accomplished by the
use of thermocouples for serising high ambient temperature in the
MSL areas. These monitors also alarm and indicate in the control
room and trip the isolation logic to close the main steam line
isolation and MSL drain isclation valves before leakage exceeds

280 gpm.(32.9 lbm/sec) .

Leakage detection in each ECCS system compartment is accomplished
by monitoring increases in floor drain sump level. These monitors

also alarm in the control room.

Excess leakage external to the containment (e.g., process  -line
break outside containment) is detected by low reactor water level,
high process line flow, high ambient and differential temperature
in the piping or equipment areas, high differential flow and low
main condenser vacuum. These monitors provide alarm and indication
in the contfol room and trip the isolation logic to cause closure |
of appropriate system isolation valves on indication of excess
leakage <Table 5.2-8>. Differential‘temperature prqvides alarm and

indication only.
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5.2:5.1.4 Intersystem Leakage Monitoring

Radiation moriitors are used to detect reactor coolant leakage into -
cooling water systems supplying the RHR heat exchangers and the reactor
water cleanup system (RWCS) heat exchangers. These monitoring channels
are part of the process radiation monitoring system. Codolant leakage
into the cooling water systems. of the RHR systems is monitored using two
channels: one for monitoring downstream of eguipment in the emergency
service water system Loop A and the other for Loop B. Coolant ieakage
into the ¢ooling water systems supplying the RWCS heat exchaﬁgers‘is
monitored by orie channel in the nuclear closed cooling water system.
Each channel will alarm on high radiationvconditiohs indicating process
leakage into the céoling water. No isolation trip functions are ,

performed by this moriitor.

Radiocactive releases from the ADHR system to the service water system
- are monitored by the ADHR heat éxchanger servicée water outlet radiation
monitor. This channel will alarm on high radiation conditiouns .

indicating ADHR léakage into the service water. If a high radiation

level is detected, the ADHR system can be manually isolated.

5.2.5.2 Leakage Detection Instrumentation and Monitoring
5.2.5.2.1 Leak Detection Instrumentation and Monitoring Inside
Drywell '

Ircak detection instrumentation and monitoring inside drywell is as

follows:
a. Floor Drain Sump Measurement

The normal design leakage collected in 'the floor drain sump
includes unidentified leakage from the control rod drives, valve

flange leakage, component cooling water, air cooler drains, and any
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leakage not connected to the equipment drain sump. The floor drain

sump instrumentation monitors and records sump level in terms of
flow rate {(gpm) . Abpormal léakage rates are alarmed in the main
control room. Collection in excess of background leakage would
indicate an increase in rea¢tor coclant leakage from an

unidentified source.
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Two fixed-measurement interval methods exist for determining
unidentified drywell leakage rates. First, the leakage rate can be
calculated using the changé in the drywell floor drain‘sump level
as indicated in the control room. By monitoring the level change

over a period of time, the leakage rate can be calculated.

The second fixed-measurement method involves monitoring the drywell
floor sump drain pump run time: By determining pump run time over
a giliven period, .the leakage rate can be determined if the pump rate

is known or can be conservatively estimated.
Equipment Drain Sump

The equipment drain sump coellects only identified leakage. This
sump receives piped drainage from pump seal leakoff, reacter vessel
head flange vent drain, and valve stem packing léakoff. Coliection
in excess of background leakage would indicate an increase in
reactor coolént from an identified source. The equipmeﬁt drain
sump instrumentdtion is similar to that -of the floor drain sump
and, in addition, monitors sump drain pump fillup time and pumpout

time.
Cooler Condensate Drain

Condensate from the upper two'drywell coolers is routed to the
floor drain sump and isvmonitored by use of a flow transmitter
which measures flow in the condensate drain Iine and sends signals
for indication and alarm instrumentation in the contrbl room. An
Aadjustable alarm is set to annunciate on the condensate high flow

rate at a level exceeding normal flow rate conditions. -
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Temperature Measurement

The ambient temperature within the drywell is monitored by six
single element RID’'S located equally spaced in the vertical
direction within theAdrywell. .An abnormal ircrease in drywell
temperature could indicate a léak:within the drywell. In addition,
the drywell exit end of the containment penétration guard pipe for
the main steam line is also monitored for abnormal temperature rise
caused by leakage from the main steam liné. Ambient temperatures
within the drywell are recorded and high average temperatures are
alarmed on the leakage detectioen aqd isolation system (LD&IS)

control room panel.
Fission Product Monitoring

This drywell air sampling system is used along with the
tempeérature, .pressure, and flow variation method described above to
detect leaks in the nuclear system process barrier. Tﬁe system
continuously monitors the drywell and drywell atmésphere for
alrborne radioactivity kiodine, noble gases and particulates). The
éample is drawn directly from the drywell. A suddenh increase of
activity, which may be attributed to steam or reactor water
leakage, is annunciated in the control room. The power supply for
the atmospheric menitor is from a vital stub bus which réceives
power from a divisional bus through an isolation breaker located in
Class 1E switchgear. This breaker is tripped upon receipt of a

LOCA signal. The operator has the ability to restore power to the

bus when required after the LOCA signal has reset <Section 12.3.4>.
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Drywell Pressure Measurement

The drywell pressure varies slightly during reactor operation and
is monitored by pressure sensors. The pressure fluctuates slightly
as result of barometric pressure changes and outleakage. A
pressure rise above the normally indicated values will indicate a
possible leak within the drywell. Pressure exceeding the preset
valuées will be annunciated in the main control room and safety

action will be automatically initiated.
Reactor Vessel Head Seal

The reactor vessel head closure is provided with double seals with
a leakoff connection between seals that is piped through a normally
closed manual valve t6 the equipment drain sump.- When leakage
through the first- seal is detected by ah increase in pressuré
between -the éeals an alarm in the control roem ig actuated. The

second seal then opérates te contain the vessel pressure.
Reactor Water Recirculation Pump Seal

Reactor water recirculation pump seal leaks are detected by
monitoring flow in the seal drain line. Leakage, indicated by high'
flow raté, alarms in the control room. The leakage is piped to the

equipment drain sump.
Safety/Relief Valves

Temperature éensors connected to a multipoint recorder are brovided
to detect safety/relief valve leakage during reactor operation.
Safety/relief valve temperature elemernits are mounted, using a
thermowell, in the safety/relief valve discharge piping several
feet downstream from the valve body. Teﬁperature rise above the

alarm setpoint is annunciated in the main control room. The
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nuclear boiler system piping and instrumentation diagram is shown

on <Figure 5.1-3>.
Valve Stem Packing Leakage

Valve stem packing leaks of power-operated valves 2 inches or
larger in the nuclear boiler systeﬁ, reactbr water cleanup system,
high pressure core épray} low pressure core spray, reactor core
isolation cooling system, residual heat removal system, and
recirculation system areé detected by monitoring packing leakoff.
High temperature is recorded and annunciated by an'alarm in the

main control room.

High Flow in Main -Steam Lines (for leaks downstream of flow

elements)

High flow in each main steam line 1s monitored by differential
pressure sensors that sense the pressure difference across a f;ow
eleméﬁt in the line. Steam flow exceeding preset values for any of
the four main éteam lines results in annunciation and isolation

closure of all the main steam and steam drain lines.
Réactor-Water Low Level

The loss of water in the reactor vessel (in excess of makeup) as
the result of a major leak from the reactor coolant pressure ‘
boundary 1s detected by using the same nuélear boiler system low
reactor water level signals that alarm and isolate se;ectedlprimary

systen isolation valves.
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m. RCIC Steam Supply Line Flow (for leaks downstream of flow element)

The RCIC steam supply line provides motive power for the operation
of the RCIC steam turbine. The line is monitored for abnormal
flows. - Steam flows exceeding preset values will initiate

annunciation and isolation of the RCIC stéam supply line.

n. High Differential Pressure Between ECCS Injection Linhes (for

leakage internal to reactor vessel only)

A break between ECCS injection nozzles and vessel shroud is
detected by monitoring the differential preséure between RHR “A”
and LPCS, RHR “B” and “C,” and HPCS and reactor vessel plenum.

Indicator and alarm are located in the main control room.
0. Upper Pool Leakage

Upper pool liner and bellows seal is monitoxred for leakage by means
of a flow transmitter locélly mounted on the upper pool drain line.

Indicator and alarm are located in the control room.

As the primary method for detecting identified and unidentified leakage;
the drywell floor drain sump level and the dfywell equipment drain sump
~pump level will be used to monitor flow. rate (gpm) into the sump. Other
.fixed-measurement-interval methods are also available utilizing sump

level changes or pump out times.

Airborne particulate and gaseoué radicactivity are monitored in the:
drywell as a qualitative method for detérmining high gross unidentified
leakage. Correlating particulate .and gaseous radioactivity readings
with reactof coolant leakage rate is'considered impractical in detecting
increases in'leakage rates oful gpm to 3 gpm and élso for the maximum

allowed sump leakage limit of 5 gpm.
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Condenéate flow rate from the. upper two drywell coolers
;(Elevation 630"=1") is also monitored as a method of leak detectioﬁ.

Readout units are in gallons per minute,

<Table 5.2=8> and <Table 5.2-9> summarize the actions taken by eaEh
leakage detection function. The tables show that those systems which
detect gréss leakage initiate immediate automatic isolation. .The
systems which are capable of detecting small leaks initiate an alarm in
the control room or/are monitored at appropriate intervals. The
operator may mahually isolate the leakage scurce or také other
appropriate action. A record of badk@round ieakage shall be maintained
in the control room. This record shall be kept by the control room
operators and will be periodically reviewed to deteriine if any trends

have developed.

Leakage monitoring for drywell equipment drain sump level and drywell
flooér draid'sump level is coﬁtained in the BRIS cdmputer. However, thlis

is not the primary display method.

5.2.5.2.2 -Leak Detection Instrumentation and Monitoring External to

Drywell

‘The leak detection instrumentation and monitoring external toldrywell'is

as follows:
a. Containment Sump Flow Measurement

Instrumentation monitors and indicadtes the amount of unidentified
leakage into the reactor building floor drainage syétem outside the
drywell. BacerOund leakage is identified during startup tests.
Identified leakage within the reactor building outside fhe drywell
includes £he upper qontainment pool, transfer pool liner and
separator liner leakage, which is piped ;p thé containment

équipment drain sump. The containment floor and equipment
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drain sump instrumentation monitors sump drain pump fillup time and

- pumpout time.
Visual and Audible Inspection

"Accessible areas are inspected periodically and the temperature and
flow indicators discussed above are monitored regularly. Any

instrument indication of abnormal leakage will be investigated.
Differential Flow. Measurement (reactor water cleanup system only)

Because -of its arrangement,vthe reactor water cleanup system uses
the differentialvflow ﬁeasurement method to detect leakage. The
flow into the cleanup system is compared with the flow from the
systemm. An alarm in the control room. and an isolation signal are
initiated when high differential flow exists between flow into the
system and flow back to the reactor vessel indiCating that a leak

equal to the established leak rate limit may exist.
/a \ . N . .
.Main Steam Line Area Temperature Monitors

High temperature in the main steam liné tunnel areas is detected by
dual element thermocouples. Some of the dual element thermocouples
are used for measuring main steam tunnel ambient-temperatures and
are located in the area of the main steam and RCIC steam lines.

The remaining dual elements are used in pairs to provide
measurement of differential temperature across (inlet to outlet)
the -tunnel area vent system. All temperature elements are lqcatéd
or shielded so as to be sensitive to air temperatures and not to
the ;adiated heat from hot equipment. One thermocouple of each
differential temperature pair is located so as to be unaffected by
tunnel temperature. High ambienﬁ or high differential teémperature
- will alarm in the control room. High ambient will also provide a
éignal to close the main steam line and drain line isoclation

valﬁes, RCIC steam line

. . Revision 15
5.2-66 October, 2007




isolationvvalves, and the reactor water cleanup system isolation
valves. A high temperature or differential temperature alarm may
also indicate leakage in the reactor feedwater line which passes
through the main steéam tunnel. ILeak detection in the main steam
line area in the tﬁrbine building is accomplished by the use of

thermocouples for sensing high ambient temperatures.
Temperature Monitors in Equipment Areas

Dual element thermocouples are installed in the equipment areés and
in the inlet and outlet wventilation ducts to the RCIC, RHR and RWCU
equipment rooms for sensing high ambient or high differential
temperature. These elements are located or shielded so that they
are sensitive to alr temperature only and not radiated heat from
hot equipment. High ambient and high differential temperature are

alarmed in the control room.
Intersystem Leakage Monitering

The intersystem leakage monitoring is included in the process
radiation menitoring sysﬁem to satisfy the requirements of that

system.
Large Leaks External to the Primary Containment

The main steam line high flow, RCIC steam supply line high flow and
reactor vessel low water level monitoring discussed in

<Section 5.2.5.2.1>, Items k, 1 and m, can also indicate large
leaks from the reactor coolant piping external toAthe primary

containmeént.
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5.2.5.2.3 Summazry

<Table 5.2-8> and <Table 5,2-9> summarize the ac¢tions taken by each
leakage detection function. The table shows that those systems which
detect gross leakage initiate immediate automatic isolation. vThe
systems which are capable 6f detecting small leaks initiate an alarm in
the control room or are monitored at appropriate intervals. The,
operdtor can manually isoclate the vioclated system or take otheéer
appropriate action. A time delay is provided before automafic igolation
of the réactor core ieolation coelingAsystem on & high ambient
temperature in the main steam tunnel so that the MSIV's and RWCU can be
isolated first and thereby preserve the operatlon of the RCIC system fok
core coolking. A time delay is also provided for the RWCU differential
flow to prevent normal system surges from isolating the system.

-
The leak detection system is a multi-dimensional system which is
redundantly designed sq that failure of any single element w1ll not
interfere with a required detection of leakagée or isolation. In the
four division portion of the LD&IS, applied where inadvertent isolation
could impair plant performance (e.g., main steamline isolation valﬁes),
any single channel or divisional coemponerit malfunction will not eause a
false indication of leakage or false isoelation trip because it will only
trib onie of four channels. It thus combines a very high probability of-
operating when needed with a very low probability. of operating falsely.

The system is testable during plant operatiorm.

5.2.5.3 Indication in Control Room

leak detection methods are discussed in <Section 5.2.5.1>. Details of
the leakage detection system indications are included in

<Section 7.6.1>.
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5.2.5.4 Limits for Reactor Coeolant Leakage
5.2.5.4.1 Total Leakage Rate

The total leakage rate consists of all leakage, identified and
unidentified, that flows to the floor drain and equipment drain sumps.
The total leakage rate limit is well within the makeup capability of the
RCIC system. - The total leakage rate limit is established at 30 gpm
averaged over the previous 24 hours. The unidentified leakage rate

limit is established at 5 gpm.

The total leakage rate limit is low enough to prevent overflow of the
sumps. The eqguipment sump and the floor draim sump, which collect all

' leakage, are each pumped out by two 50 gpm pumps.
5.2.5.4.2 Identified Leakage Inside Drywell

The pump packing glands, valve stems and other seals in systéms that are.
part of the reactor coolant pressure boundary, and from which normal
design identified source leakage is expected, are provided with leakoff
drains. Large nuclear system valves inside the primary containment and
recirculation pumps are equipped with double seals. Leakage from the
primary recirculation pump seals is monitored for flow in the drain line
and pipe to the equipment drain sump és described in <Section 5.4.1.3>.
Leakage from the main steam safety/relief valves discharging to the
suppression pool is monitored by temperature sensors that transmit to'
the control room. Any temperature increase above the drywell ambient

température detected by these sensors indicates valve leakage.

Thus, the leakage rates from recirculation pumps, valve stem packings
and the reactor vessel head seal, which all discharge to the equipment

drain sump, are measured during plant operation.
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5.2.5.5 Unidentified Leakage Inside Drywell

5.2.5.5.1 Unidentified Leakage Rate

The unidentified leakage rate is the portion of the total leakage rate
received in the sumps that isvnot identified as previously described. A
threat of significant compromisé to the nuclear system process barrier
exists if the barrier contains a crack that is large enough to propagate
rapidly (critical crack length).  The unidentified leakage rate limit '
must be low because of the possibility that most of the unidentified
leakage rate might be‘emitted erm a single crack in the nuclear system

process barrier.

An allowance for leakage that dees not compromise barrier integrity and

is not identifiable is made for normal plant operation.

The unidentified leakage rate limit is established‘at 5 gpm rate to
allow time for corrective action before the process barrier could be
significantly comprémised; This 5 me unidentified leakage rate is a
small fraction of the calculated flo& from a critical crack in a primary
system pipe <Figure 5.2-15>. Leakage limits are discussed in Technical

Specifications.
5.2.5.5.2 Sensitivity and Response Times

Sensitivity, including sensitivity tests and response time of the leak

detection system are covered - -in <Section 7.6.1>.
5.2.5.5.3 Length of Through-Wall Flaw

Experiments conducted by GE and Battelle Memorial Institute,'(BMi),
permit an analysis of critical crack size and crack opening displacement
(Reference 4). This analysis relates to axially oriented through-wall

cracks.
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Criticecal Crack Length

Satisfactory empirical expréssions to predict critical crack length
have béen developed to fit test results. A Simple equation which
fits the data in the range of normal design stresses (for carbon

steel pipe) is: , - '

L. = 15,000D (seé data correlation on <Figure_5.2—l6>)

Oy
where:

L, = critical crack length (in.)
D = mean pipe diameter (in.)

Gh.= nominal hoép stress (psi).

Crack Opening Displacement

The theory of elasticity predicts a crack opening displacement of

where:

=
I

crack length

Q
i

applied nominal stress

=
i

Young’ 5 modulus
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Measurements of crack opening displacement made by BMI show that
local yielding greatly increases the crack opening displacemént as
the applieéd stress, os, approaches the failure stress, 6. A

suitable correction factor for plasticity effects is:

‘T O
C = sec —_—S
2 Of

The crack opening area is given by

A . N
CnoL T | IF'o
A= 00 T 29 e |2
4 2 E) 2 ©f

For a given crack length L, 6¢ = 15,000 D/L.

c. Leadkage Flow Rate

The maximum flow rate for blowdown of saturated water at 1,000 psi
is 55 lb/sec—inqz, and for saturdted steam the rate is

14.6 lb/sec-in.? (Reference 5). Friction in the flow passage
reduces this rate, but for cracks leaking at 5 gpm (0.7 lb/séc) the
effect of friction is small. The required leak size for 5 gpm flow

is:

0.0126 in.? (saturated water)

A = 0.0475 in.? (saturated stean)

From this mathematical model, the criticai crack length and the 5 gpm
crack length have been calculated for representative BWR pipé size

(Schedule 80) and pressure (1,050 psi).
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The lengths of through-wall cracks that would leak‘af the rate of 5 gpm

given as a function of wall thickness and ndminal pipe sizZe are:

Nominal Pipe Average Wall _ Crack Length L, in.
Size (Sch. 80), in. Thickness, in. Steam Line Water Line

4 0.337 7.2 4.9

12 . 0.687 8.5 4.8

24 1.218 8.6 4.6

The ratioes of crack length, L, té the critical crack length, L: as a

function of nominal pipe size are:

Nominal Pipe ‘ . Ratio L/L,
Size (Sch. 80), in. Steam Line Water Line
4 , , 0.745 0.510
12 0.432 - 0.243

24 - 0.247 ©0.132

It is important to recognize that the failure of ductile piping with a.
leng, through-wall crack is characterized by large crack opening
displacements which precede unstéble rupture. Judging from observed
crack behavier in the GE and BMI experimental programs, involving both
circumferential and axial cracks, it is estimated that leak rates of
hundreds of gallons per minute will precede crack instability. Measured
crack opening displacements for the BMI experiments were in the range of
0.1 to 0.2 inch at the time of incipient rupture, corresponding to a
leakage area on the order of 1 sq in. for plain carbon steel piping.

For austenitic stainless steel piping, even larger leaks are expected to
precede crack instability, although there are insufficient data to

permit quantitative prediction.

The results given are for a longifudinally oriented -flaw at normal
operating hoop stress. A circumferentially oriented flaw could be
. subjected to stress as high as the 550°F yield stress, assuming high

thermal expansion stresses exist. It is assumed that the longitudinal
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crack, subject to a stress as high as 30,000 psi, constitutes a “worst
case” with regard to leak rate versus critical size relationships.

Given the same stress level, differences between the circumferential and
longitudinal orientations are not expected to be significant in this

comparison. .

<Figure 5.2-15> shows general relationships between crack length, leak
rate, stress, and line size, using the matliematical model described
previously. The asterisks denote conditions at which the crack opening
displacement is 0.1 in., at which time instability is imminent as noted
previously.undef Item ¢. This provides a realisti¢ estimate of the leak
rate to be expected from a crack of critical size. In every case, the
leak rate from a crack of critical size is significantly greater than

. the 5 gpm criterion.

If either the identified or unidentified leak rate limits are exceeded,
an orderly shutdown can be initiated and the reactor can be placed in &

cold shutdown condition within 24 hours.
5.2.5.5.4 Margins of Safety

The margins of Safety for a detectable flaw to reach critical size are
présented in <Section 5.2.5.5.3>. <Figure 5.2-15> shows general
relationships between crack length, leak rate, stress and line size

using the mathematical model.

5.2.5.5.5 Criteria to Evaluate the Adequacy and Margin of the Leak

- Detection System.

For process linés that are normally open, there are at least two
different methods of detecting abnormal leakage from each system within
the nuclear system process barrier located in the primary containment,
reactor building and auxiliary building as shown in <Table 5.2-8>.and

<Table 5.2-9>. The instrumentation is designed so it can bée set to
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provide alarms at establiéhed leakage rate limits and isolate the
affected system, if necessary, or it is monitored at appropriate
intervals. The alarm points aré determined analytically or Based on
measuréments.of appropriate parameters made during startup and

preoperational tests.

The unidentified ledkage rate‘limit is based, with an adequate margin
for contingencies, on the crack size large enough to propagate rapidly.
The established limit is suffibientiy low so that, even if the eritire
ﬁnidentified ieakage rate weré coming from a single crack in the nuclear
‘ 7system process barrier;.coirective action could be takeﬁ before the

integrity of the barrier would be threatened.

The leak detectioen systém will satisfactorily detect unidentified

leakage of 5 gpm.

5.2.5.6 Differentiation Between Identified and Unidentified Ledks

<Seéction 5.2.5.1> describes the systems that are monitored by thé leak
detection system. The ability of thé leak detection system to
differentiate between identified and unidentified leakage is discussed

in <Section 5.2.5.4>, <Section 5.2.5.53, and <Section 7.6>..

. 5.2.5.17 Sehsitivity and Operability Tests

Sensitivity, including sensitivity testing and response time of the leak
detection system, and the criteria for shutdown if leakage limits are

exceeded, are covered 1n <Section 7.6>..

Testability.of the leakage detection system is contained in

<Section 7.6>.
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5.2.5.8 Safety Intérfaces

The Balance of Plant/GE Nuclear Steam Supply System safety interfaces
for thé leak detection sysfem are the signals from the monitored balance
of plant equipment and systems which are part of the nuclear system
process barrier, and associated wiring and cable lying outside the

nuclear steam supply system equipment.

5.2.5.9 Testing and_Caiibration

Provisions for testing and calibrationi of the leak detection system are

covered in <Chapter.l4>.

5.2.5.10 Regulatory Guide 1.45 Compliance

i

The detection of leakage through the reactor coolant pressure boundary,
desc¢ribed in the preceding séctions, meets the intent of the
<Regulatory Guide 1.45>. Details of compliance aré discussed in the

following.

a. . Leakage is separated into identified and unidentified categories
and total flow rate for each is independently monitored, thus

meeting Position C.1 of <Regulatory Guide 1.45>.

b. Small unidentified leaks (5 gpm and less) inside the d;ywell are
detected by temperature changes, préssure changes, sump fill rate
activities, fission product monitoring, and upper drywell cooler
condensate flow monitoring. Large leaks are also detected by
.changes in reactor water level and changes‘in flow rates in process

lines.

The 5 gpm leakage rate is the plant Technical Specification limit

on unidentified leakage inside the drywell. ' The leak detection
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system is fully capable of menitoring the flow rates of 1 gpm and

is thus in compliance with Position C.2 of <Regulatory Guide 1.45>.

By mornitoring floor drain sump level:. (flow rate), airborne
particulate radiQactivity,HGOOler condensate flow rate and airborre

gaseous radicactivity, Position C.3 is satisfied.

Isolation and/or alarm of affected systems and the detection

methods uséd are summarized in <Table 5.2-8> and <Table 5.2-9>.

Monitoring of coolant for radiation in the RHR and RWCU heat
exchangers satisfies Position C.4. For system details, see

<Section 7.6>.

The fleoor drain'sump'mOnitoring, and the upper air ceolér
condensate monitering systems are désigned to detéct leakageArates
of 1 gpm within 1 hour, thus meeting Position C.5. The . fission
products monitoring subsystem is not designed to-détect'leakage

rates of 1 gpm within 1 hour.

The fission products monitoring subsystemmis qualified for SSE.
The drywell floor drain sump level, equipment drain sump level and
air cooler draiﬁ_rate'instrumentation are capable of performing
their functions following seismic events that do not require plant

shutdown, thus meeting Position C.6.

Leakage detection indicators and alarms for the drain sump, cocler
condensate flow rate monitoring and radiocactivity monitoring
systems are provided in tﬁe main control room. Procedures for the
fixed-measurement methods of determining drywell unidentified
leakage rates will be available to the operators for converting the
-sump level changes and/or pump run times to a leakage rate.
Procedures for.c0nverting the drywell floor drain sump rate

monitoring instrumentation and cooler condensate flow rate
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monitoring instrumentation are not necessary since thése indicators
ére expressed as gallons per minute. There is no attempt to-

correlate radioacfivity monitoring indication to leakage flow rate
due to the uncertainties involved. This satisfies the procedural'l

requirements of Position C.7 of this guide.

The leakage detection system is equipped with provisions to permit
testing for operability and calibration dufing-plant operation

using the following methods:
1. . Simulation of signals'intoe trip units

2. Comparing channel “A” to channel “B” of the same leak

detection method (drywell temperature and pressure monitoring)

3. Checking operability by comparirig one method vetrsus another
(air cooler condensate flow versus floor drain sump level

(flow rate)).

4. Comparing one method versus another (sump f£ill up versus pump
‘out and particulate monitoring, air cooler condensate flow}
versus sump fill up rate) ‘

5. Continuous monitoring of floor drain sump level is provided.

These methods satisfy Position C.8.

Techhical Specifications limit unidentified leakage to 5 gpm and

total leakage. (identified plus unidentified) to 30 gpm. This

satisfies Position C.9.
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15.1.4 INADVERTENT SAFETY/RELIEF VALVE OPENING

'15.1,4,1 Identification_of Causes and Frequency Classification

15.1.4.1.1 Identification of Causes

Cause of inadvertent. opening is attributed to malfunction of the valve
or an operator initiated opening. Opening and closing circuitry at the
individual valve level (as opposéd to groups of valves) is subject to a
single failure. It is therefore simply postulated that a failure occurs
and the event is analyzed accordingly. Detailed discussion of the valve

design 1s provided in <Chapter 5>.

This transient is similar to the incident of a safety/relief valve
sticking open. This is the only opérational trarsient that requires
operator action to attempt to reclose the valve or shut down the plant
when suppression pool temperature exceeds the techﬂical specification

limit.

15.1.4.1.2 Frequency Classification

This transient disturbance is categorized as an infrequent incident but
" due to a lack of a comprehensive data basis, it is being analyzed as an

incident of moderate frequency.

15.1.4.2 Seguence of Events and Systems Operation

15.1.4.2.1 Sequencée of Events

<Table 15.1-5> lists the sequence of events for this event.
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15.1.4.2.1.1 Identification of Operatoxr.Actions

Géntrbl room alarms from the safety/relief valve open/close monitor, or
from the suppression pool temperaturé ménitor, will provide the operator
pertinent information for his actiorni. The plant operadtor must reclose

~ the valve as éoon as possible and check that reacter and T-G output
returﬁ to normal. IfAthe valve cannot be closed, plant shutdown should
bé initiated. The elapsed timé the operator has deépetids on the
temperature of the suppreéssion pool water at the onset of the event.
However, the operator is reguired to scram the reactor when the
suppression pocl temperature reaches the technical specification limit.

‘

15.1.4.2.2 Systems Operation

This event assumes normal functioriing of normal plant instrumentation
and controls, specifically the operation of the pressure regulator and
level control systems.

15.1.4.2.3 . The Effect of Single Failurés and Operator Errors
Failure of additional components (e.g., pressure regulator, feedwater
flow controller) is discussed élsewhere in <Chaptér 15>. In addition; a

detailed discussien of such effects is given in <Appendix 15A>.

15.1.4.3 Core and SystemvPerformancé'

15.1.4.3.1 Mathematical Model

The reactor model briefly described in <Section 15.1.1.3.1> was
previously used to simulate this event in earlier FSARs. This model is
. discussed in detail in (Reference 2). It was detérmined that this event
ishnot limiting from a core performance standpoint. Therefore, a

qualitative presentation of results is described below.
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15.1.4.3.2 Input Parameters and Initial Conditions

It is assumed that the reactor is operating at an initial powér level
corrésponding to 102 percent of rated core power coérnditions when a
safety/relief valve is inadvertently operned. Manual recirculation flow
control is assumed. Flow through the relief valve at normal plant
operating conditions stated above is approximately 7 .percent of rated

steam fléw.
15.1.4.3.3 Qualitative Results

' The opening of a safety/relief valve allows steam to be discharged into
the suppression pocl. The sudden increasé in the rate of steam flow

leaving the reactor vessel caises a mild depressurization transient.

The pressure regulatdr senses the nuclear system pressure décrease and
within a few seconds closes the turbine control wvalve far enough to
sﬁabilize'reactor vessel pressure at a slightly lower value and reactor
power settles at nearly the initial power level.' Thérmal margins
'decrease)only slightly through the transient,.and no fuel damage results
from the transient. MCPR is eSséntially unchanged and therefore, the

‘safety limit margin is unaffected.

15.1.4.4 Barrier Performance

As discussed above, the transient resglting-from a stuck open relief
valve is a mild depressurization which is within the. range of normal
load following and therefore, has no significant effect on RCPB and

containment design pressure limits.

15.1.4.5 Radiological Consequendes

While the consequence of this event does not result in fuel failure it

does result in the discharge of normal coolant activity to the
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suppression pool via SRV operation. Since this activity is containedAin
the primary containment there will be no exposures to operating
personnel. Since this event does not result in an uncontrolled release
to the environmént the plant operator can choose to leave the activity
bottled ﬁp in the containment or discharge it to the envireonment under
controlled release conditions. If purging of the containment is chosen
. the release will be in accordaﬂCe with technical specificdtions;
thérefore, this event, at fhe worst, would only result in a small
increase in thé yearly integrated exposure level.
15.1.5 SPECTRUM OF STEAM SYSTEM BIPING FAILURES INSIDE AND OUTSIDE
OF CONTAINMENT IN A PWR

This event is not applicable to BWR plants.

15.1.6 INADVERTENT RHR SHUTDOWN GCOOLING OPERATION
15.1.6.1 Identification of Causes and Frequency Classification

15.1.6.1.1  Identification of Causes

At design power conditions no conceivable malfunction in the shutdown

cooling system could cause temperature reduction.

In startup or éooldown operation, if the reactor were critical or rear
~critical, a very slow increase in reactor power could result. A
shutdown cooling malfunction leading to a moderator temperature decrease
cpuld result from misoperation of the cobling water controls for the RHR
heat eXchangers; The fesulting temperature decrease would cause a slow
insertion of positive reactivify inte the core. If the operator did not
act to control.the power level, a high neutron flux redctor scram Qould
terminate the transient without violating fuel thermal limits and

without any measurable increase in nuclear system pressure.

Revision 12
15.1-23 January, 2003



7.3 ENGINEERED SAFETY FEATURE SYSTEMS
7.3.1 - 'DESCRIPTION

Section 7.3 describes the instrumentation and controls of the following

plant Engineered Safety Features (ESF) systems:

a. .Emergency Coré Cooling Systems (ECCS)
b. 'Containmént and Reactor Vessel Isolation Control Systems (CRVICS)
c. (Deleted) .

d. RHRS-Containment Spray Cooling Mode (RHRS—CéCMy
e. RHRé-Suppression éool Cooling Mode (RHRS—=SPCM)
f.  Emergency Water Systems (EWS) "

g. Control Complex HVAC System‘”

h. ESF Building and Area HVAC System”i

i.  Annulus Exhaust Gas Treatment System (AEGTS)

3. Pump Room Cooling System'™

k. Containment Combustible Gas Control System

1. Suppression Pool Makeup System
m. Containment Vacuum Relief
n. Standby Power Support Systems'"
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0. Fuel Handling Area Exhaust Subsystem'®
NOTE:

1. The folloWiﬁg systemé.are considered to be ESF support systems
not ESF systems in accordance with the'guidénce provided in
<NUREG-0800>, Section 7.3. These systems will continue to be
treated as safety-related for design, construction,
maintenance, teéting; and other operational purposes.
Independent actuation of any one of these systems will not be

reported‘per <10 CFR 50.73(a) (2) (iv)>.

%)

Emergency Closed Cooling Water (ECC) (P42)
b. Control Complex Chilled Water (CCCW) (P47) -
c. ESF Building and Area HVAC Systems (M23) (M24) (M43)

d.’ Pump Room_Cooling Systems (M28) (M32) (M39)

e. Standby Power Shpport Systems (R44) (R45) (R46) (R47) (R48)

2. Only the exhaust subsystem of the fuel handling area

ventilation system is ESF.

The sources which supply power to the engineered safety feature systems
.originate from onsite ac and/or dc éafety—related busses or, as in the
case of the CRVICS failsafe logic, from the nonsafety-related RPS MG
sets. Refer to <Chapter 8> for a complete discussion of the ESF systems

power sources.
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7.3.1.1 System Description

7.3.1.1.1 Emergency Core Cooling Systems (ECCS) - Instrumentation

and Controls

The Emergency Core Cooling System is a network. of the féllowing

.subsystems <Section 6.3.1> and <Section 6.3.2>.

a. High Pressure‘Core.Spray System (HPCS).

b. Autoematic Depressurization System (ADS).

c. Loﬁ Pressgre Coré Spray System kLPCS).

d. Low Pressure Coolant Injecfion (LPCI) mode of theée Residual Eeat

Removal Syétem (RHRS) .

. The purpose of ECCS instrumentation and control is to initiate
appropriate responses from the system to énsure that the fuel is
adeéquately cooled in the event of a design basis accident (DBA). The
codling providéd by the system restricts the release of radioactive
materials from the fuel by preverting ér limiting the extent of fuel
damage following situations in which coolant is lost from the reactor

coolant pressure boundary.

The ECCS instrumentation detects a need for core cooling systems

operatidn, and the tnip systems initiate the appropriate response.

Included in this section is a discussion of protective considerations
which are taken between the high pressure reactor coolant system and the
low pressure ECCS system. The high pressure/low pressure interlocks are

examined in <Section 7.6.1.2>.
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The following plant variables are monitored and provide automatic

initiation of the ECGCS when these variables exceed predetermined limits:
a. Reactor Vessél Water Level

A low water level in the reactor vessel could iridicate that reactor
coolant is being lost through a breach in the réactor coolant
pressure boundary and that the core is in danger of becoming
overhéated ds thé reactor coolant inveritory diminishes. Refer to
<Figure 5.1-3» for a schemitic arrangement of reactdr vessel

instrumentation.
b. Drywell Pressire
High pressure in the drywell could indicate a breach of the reactor

coslant pressure boundary inside the drywell and that the core is

in danger of becoming overheated as reactor coolant inventory

diminishes.
7.3.1.1.1.1 High Pressure Core Spray .{HPCS) System -
Instrumentation and Controls
a. HPCS Function

The HPCS system supplies sufficient coolant flow following a
reactor scram in the. &vent of a loss—of—coolant'accidént. The HPCS
system supplies makeup water to the reactor vessel in the event of
reactor isQlation and failure of the reactor core isolation

cooling (RCIC) system <Section 6.3.2.2.1>.

b. HPCS Operation

'

S¢hematic arrangements of system mechanical equipment are shown in

<Figure 6.3-7>. HPCS system component control logic is shown in
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<Figure 7.3-1>. Elementary diagrams are listed in <Section 1.7.1>.
Plant layout drawings are shown in <Section 1.2>. Operator
information displays are shown in <Figure 6.3-7> and

<Figure 7.3-15>.

The HPCS is initiated automatically by either reactor vessel low
water level (Tfip Level 2) or drywell high pressure. The system is
desigﬁed to operate automatically for at least 10 minutes without
any actions reguired by the control roem oéerator; Once initiéted,
the HPCS logic seals—iﬁ and can be reset by the opeéerdator if reactor
water level has béen»restored'eVen if the high drywell pressure

. condition exists. Refer to <Figure 7.3=1> for a schematic

representation of the HPCS system initiation logic.

Reactor vessel water level (Trip Level 2) is monitored by fouz
redundant level transmitters. Each fransmitter provides'an input
to a trip unit. The trip unit reiay contacts are arranged in a
one—Out—df—two twice logic arrangement to assure thét-no‘single

evert can prevent the initiation of the HPGS.

Initiatien diversity is prbvided by drywell pressure which is
monitored by four redundant pressure transmitters. The trip unit
relay contacts are electrically connected in a one=-out-of-two twice
logic arrangement to assure that no single instrument failure cah
prevent the initiation of the HPCS.

The HPCS components respond t¢ an automatic initiation signal as

follows (actions are simultaneous unléss stated otherwise):
1. The HPCS diesel generator is signaled to start.

2. Following an initiation signal and if no-loss of offsite power
has occurred, the HPCS pump is automatically started after a

time delay. 1If a loss of offsite power occurs concurrent with
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an initiation signal, the HPCS'pump‘is automatically started
immediately, once power is available at the bus.

3. The pump suction from the condensate storage tank wvalve
E22F001, is signaled to open, provided the suppression pool

suction valve E22F015 is not full open.

4. The test return valves E22F010, E22F011 and E22F023 are

signaled closed.
5. The HPCS irijection valve E22F004 is signdled to open.

The HPCS pump discharge flow and pressure are monitored by pressuré
transmitters. If pump discharge pressure 1is normal but discharge
flow is low enough that pump ovérheating may occur the minimum flow
return line valve E22F012 is signaled open.: The valve is
automaticélly closed if flow is normal. The HPCS reaches its rated

flow in 27 seconds.

If the water level in the condensate storagé tank falls below a
prédetermined level, the suppression pool suction valve E22F015
automatically opens. When E22F015 is fully open, the condensate
Storage tank suction valve E22F001 automatically closes. Two level
transmitters are used to detect low water level in the condeéensate
storage tank. Either transmitter can cause automatic suction
trénsfer. The suppfession pool suction valve aiso automatically
opens if high water level is detected in the ;upprgssion pool. Two
level transmitters monitor suppression pool water level and either
transmitter can initiate opening of the suppression pool suction
valve. During the automatic CST to suppression pool suction

" transfer, to prevent losiﬁg suction to the pump, the suction wvalves
are interlocked so that the suppression pool suction valve must be

open before the CST suction valve automatically closes.
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The HPCS provides makeup wdter to the reactor until the.vessel
water level reaches the high level trip (Trip Level 8) -at which
time the injection valve E22F004 is automatically closed even if a
high dryweéll pressure signal still exists. The pump will continue
to run on minimum flow recirculation. 'The injection valve will
automatically reéopen if vessel level again drbﬁs to the low level

- (Trip Level 2) ipitiation point.

The HPCS pump motor ‘and injection valve are provided with manual

overridée controls. These controls péermit the reactor operator to

manually conttol the system following automatic initiation.
7.3.1.1.1.2 Automatic Depressurization System (ADS) -

Irnstrumenitation and Controls
a.  ADS System Function

The adutomatic depressurization system is designéd to provide
automatic depressurization of the reactor vessel by activating
eight safety/relief valves. These valves vent steam to the
.éﬁppreSSion pool in the event .that the HPCS cannot maintain the
reactor water level following a LOCA. ADS reduces the reactoxr
pressure so that flow from the RHRS-LPBCI mode and LPCS, can inject
‘into the reactoﬁ vessel in timé to cool the core and limit fuel
barrier temperature. Refer also to <Section 6.5.2>. Refer to
<Section 7.6.1.11> for the relief function of. the safety/relief

valves.
b.  ADS Operation
Schematic arrangements of system mechanical equipment are shown in

<Figure 5.1-3>. ADS component control logic is sheown in

<Figure 7.3-3>. Elementary diagrams are listed in <Section 1.7.1>.
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Plant layout drawings are shown in <Section 1.2>. Operator
information displays are shown in <Figure 5.1-3> and

<Figure 7.3-3>.

The ADS consists of two redundant and independent trip systems,
trip systems A and B. The ADS trip system A actuates the “A”
solenoid air pilot valve on each ADS safety/relief valve.
Similarly, the ADS trip system B actuates the “B” solenbid air
pilot valve on each ADS safety/réelief valve. Actuation of either
solenoid pilot valve causes the ADS safety/relief valve to open and
provide depressutrization. To preveént inadverterit actudtion of the
ADS, two channels of logic for each ADS trip system (A & B) are
used. Bofh chiannels must beée activated to actuaté an ADS trip

system,

one channel of each trip system includes two différential pressure
transmitter inputs ménitoring reactor vessel low water level (Trip
Level'3 and Trip Level 1). The low water Level 3 trip provides
cpnfiﬁmation of a reactor vessel low water level condition. The
second channel is redundant except the low.water level confirmation
sigﬁal,is omitted. A manual inhibit switch is provided to aliow

the operator to prevent automatic ADS,initiaﬁion.

To assure that adequate makeup water is available after the vessel
has been depressurized, each trip channel includes a pump discharge
pressure permissive signai indicating LPCIT orlLPCS system
availability for vessel water makeup. Any one of the threé LPCI
pumps or the LPCS pump available for reactor coolant makeup is

sufficient to permit automatic depressurization.

After receipt of the initiation signals and after a delay provided
by timers, each of the two solenoid air pilot valves are eénergized.
This allows pneumatic pressure from the accumulator to act on the

air cylinder operator. Each ADS trip system has a time delay that
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can be reset manually to delay system initiation. VThe time delay
is selected to be within a period that allows the HPCS to perform
its function prior to ADS initiatien. In the event of HPCS

failure, the time delay period is selected to allow initiation of
ADS, LPCI and LPCS in time to maintain the fuel barrier temperature
within acceptable limits. If reactor vessel water level is
restored by HPCS prior to the end of the time delay, ADS initiation-

will be prevented.

Once initiated, the ADS logic seals-in -and can be reset by the
control roonm opérator only when vessel wateér level returns to

normal.

Two control switches (one for each trip system solenoid) are
located in the control room for each safety/relief valve associated

with the ADS. Each switch controls one of the two solenoid pilot

valves.
7.3.1.1.1.3 Low Pressure Core Spray (LPCS) - Instrumentation and
Controls
a. LPCS Function

The purpose of the LPCS is to6 provide low pressure reactor vessel

core spray following a loss-of-coolant accident when the vessel has
been depressurized and vessél water level has not been réstored by
the HPCS. The LPCS is functionaliy diverse to the LPCI mode of the

residual headat removal system <Section 6.3.2>.

b. LPCS Operation

Schematic arrangenents of system mechanical equipment are shown in
<Figure 6.3-8>. LPCS component controcl logic is shown in

<Figure 7.3~4>.' Elementary diagrams are listed in <Section 1.7.1>.
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Plant layeut drawings are shown in <Figure 1.2>. Opeérator
information displays are shown in <Figure 6.3-8> and

<Figure 7.3=4>.

The LPCS is initiated automatically by either reactor vessel' low
water level (Ttrip Level 1) and/or drywell high pressure. The
system is designed to operate automatically-for at least 10 minutes
without any actions required by the control room operator. Once
initiated, the LBCS logié¢ seals=in and can be reset by the control
room operator only when the initial conditions return to normal.
Refer to <Figure 7.3-4> for a schematic representation of the LPCS

systeri initiation logic.

Reactor vessel wafer level (Trip Level'l) is monitored by two
redundant level transmitters. Drywell pressuré is monitored by two
redundant pressure transmittérs. The vessel lével trip unit relay
CQﬁtacts and the dryweéll pressure trip unit relay contacts are
connected in a one-out~of-two twice logic arrangemerit so that no
single instrument failure can prevent initiation of LBCS (i.e.,
LPCS will be initiated when either both level.chaﬁnels, both
pressure channels, or oéone level channel and one pressuré channel

are tripped).

The LPCS components respond to an automatic initiation signal

simultaneously (or sequentially as noted) as follows:
1. The Division 1 diesel generator is signaled to start.

2. The normally closed test return liné to the suppréssion pool

valve E21F012 is signaled closed.
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Following a LOCA initiation signal and if no loss of offsite
power has occurred, the LPCS pump is automatically started
after a time delay. If'a loss of offsite power occurs.
concurrent with'a LOCA initiation sigrial, the LPCS pump is
automatically started immediately, once power is available at

the bus.
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4. Reactor pressure is monitored by a pressure transmitter which
senses pressure or the vessel side of the LPCS injection valve
E21F005. Wheéen the pressuré is low enough to protect the LPCS
from overpressure and power is available to the pump motor
bus, the injection vaiVe is signaled to open. A blue
ihdicating‘lamp, labeled “Pressure Permissive,” is installéd
aboveé the LPCS injection valve manual coritrol switch which
will illuminate to inform the operator that the injection
pressure is low enough to prevent over pressurization of the

LPCS piping.

The LPCS pump discharge flow is monitored by.a differential
pressure transmitter. When the pump is running and discharge
flow is low enough to cause pump overheating to occur, the
minimim flow return liné valve E2I1F011 is opened. The valve

is auteomatically closed if flow is normal.

The LRBCS pump suction from the suppression pool valve E21F001
is normally open, the control switch is keylocked in the open
position, and-thus requires no automatic open signal for

system initiation.

" The LPCS pump and ihjection valve are provided with manual
override corntrols. These controls permit the operator to
manually control the system subsequent to automatic

initiation.

7.3.1.1.1.4 RHRS - Low Pressure Coolant Injection (LPCI) Mode -

Instrumentation and Controls
a. LPCI Function

Low pressure coolant injection (LPCI) is an operating mode of the

residual heat removal system (RHRS) <Section 5.4.7>. The purpose
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‘of the LPCI system is to provide low pressure reactor vessel
coolant makeup following a loss-of-coolant accident when the vessel
has been depressurized and vessel water level is not restored by

the HPCS <Section 6.3.2>.
LPCI Operation

Schematic arrangements$ of system mechanical equipmient is shown in
<Figure 5.4-13>. LBCI componerit control logic i5 shown in

<Figire 7.3-5>. Elementary diagrams are listed in <Section 1.7.1>.
Plant layout drawings are shown in <Section 1.2>" Operdtor
information displays are shoWnliq <Figure 5.4=13> and

<Figure 7.3=5>.

The LPCI system is initiated automatically by either reactor vessel
low water level and/or by drywell high pressure. The system is
designed to operate automatically for at least 10 minutes without
any actions required by the control room operator. Once initiated,
the LPCI logic Seals—in and can be réeset by the control room |

operator only when initial conditions return to normal.

Reactor vessel water level (Trip Level 1) is monitored by two -
redundant differential pressure transmitters. Drywell pressure is

monitored by two redundant pressure transmitters.

To initiate the Division 2 LPCI (Loops B-and C), the vessel level
trip unit relay contacts and the two drywell pressure trip unit
relay contacts are connected in a one—out—of—two—twice arrangement
so that no singlé instrument failure can prevent initiation of LPCI
(i.e., LPCI will be initiated when either both level channels, both
pressure channels, or one le&el channel and one pressure channel

are tripped).

The Division 1 LPCI (Loop A) receives its initiation signal from

the LPCS logic.
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The LPCI system components respond to an automatic initiation
signal simultaneously (or sequentially as noted) as follows (the
loop A components are controlled from the Division 1 logic; the

loop B and C components are controlled from thé Division 2 logic):

1. The Division 2 diesel generator is signaled to start from the

ldop B and C initiation logic.

2. When the offsite bower or the diesel'geneiators are providing
power to the pump motor buées, sequential loading.is provided.
This is accemplished by delaying the start of LPCI pumps A and
B by 5 seconds while allowing the LPCI pump C to start
iﬁmediately. The LPCS pump start is delayed wheﬁloffsite
power is providing power to the bus. If power is supplied by

the diesel generators, the LPCS pump: will start immediately.

3. .The following normally closed valves are signaled closed to

ensure proper systém lineup:
(a) (Deleted)

(b) The RHR heat exchanger flush to suppression pool wvalves

E12F011 A, B.
(c) (Deleted)
(d) (Deleted)

(¢) The test return line to the suppression pool valves

E12F024 A, B and E12F021.

(f} The containmerit spray valves E12F028 A, B. '
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Reactor pressure 1s monitored by pressure transmitters which

~ sense pressure on the vessel side of LPCI injection valves.

Wheén the pressure is low enough to protect the LPCI linés from
overpressure and powér is available to the pump motor buses,
the injection valves are signaled to open. .A blue indicating
lamp, labeled “Pressureée Permissive,& is installed above the
LPCI injection valve manual control switch which will
illuminate to inform the operator that the injection pressure
is low enough to prevent ovér pressurization of the LPCI

piping.

The heat exchanger bypass throttle valves E12F048 A, B and thé
heat exchanger outlet throttle valves E12F003 &, B are
signaled to fully open after 110 second time delay. The opén
signal is automatically removed 10 minutes after system

initiation to allow the operator t6 manually control these

'valvés. This automatic oepening function is designed to

operate whenever these valves are controlled from the control

room. The automatic opening function does not operate when

control of these valves is transferred to the remote shutdown

station.

Each LPCI pump'discharge flow is monitored by a differential
pressure transmitter which, when the pump is running and
following an 8 second time delay, opens the minimum flow
return line valve E12F064 A, B, C if flow is low enough that
pump overheating may bécur. The valve 1s automatically closed

if flow is normal.

The three RHR pump suction valves from the suppression pool
valves E12F004 A and B and F105 have their- control switches
keylocked in the open position, and thus require no automatic

open signal for system initiation. The RHR heat exchanger
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‘inlet valves E12F047 A and B are administratively controlled
t6 ensure that they are open and therefore do not require an

automatic signal.

The upper pool shutdown cooling valves E12F037 A, B, the two
series RHR heat exchanger vent valves E12F073 A and F074 A, B
and the RHR shutdown cooling mode suction valves E12F006Z, B
-are all normally closed and thus require no automatic close
sigrial for system initiation. RHR heat exchanger vent valve
1E12F073B  is normally open and thus requires an automatic

signal to close.

The LPCI pump motors and injeéction valves arée -provided with
manual override contrels. These controls permit the operator

to manudlly control the system subsequent to automatic

initiation.
7.3.1.1.2 Containment and Reactor Vessel Isolation Control
System (CRVICS) - Instrumentation and Controls
a. CRVICS Function

The CRVICS, also known as nuclear steam supply shutoff

system (NSSSS), includes the instrument channels, trip logics .and
actuation circuits ‘that automatically initiate valve closure
providing isolation of the containment and/br reactor vessel, and
initiation of systems provided to limit the release of radicactive

v

materials.

See <Section 6.2.4> and <Table 6.2-32> for a complete description
of primary'cqntainment and reactor vessel process lines and
isolation signals applied to each. The Technical Specifications

require that several CRVICS Instrumentation channels for the Main
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Steam Line Isolation Valves meet response time criteria.
<Table 7.3-1> provides the acceptable response for these chahnels

along with any clarifying information.
CRVICS Operation

Schematic mechanical arrangements of containment isolation valves
and other éomponents inifiated by CRVICS are shown in

<Figure 5.4-13>, <Figure 5.1-33%, <Figure 5.4-16>, and

<Figure 5.4-2>, CRVICS component control logic is shown in

<Figure 7.3-3>, <Figure 7.3=5> and <Figure 7.3-65. Elementary
diagrams arée listed in <Section 1.7;1>. Plarit layout drawings are
shown in <Section 1.2>. Opérator information displays are shewn in

<Flgure 5.1-3> and <Figure 7.3-3>.

During normal plant operation, the isolation control system sensors
and trip- logic that are essential to safety are energized. When |
abriormal conditions are sensed, instrumeént contacts open,
de~energize the trip logic and initiate an isolation. Once
initiated, the CRVICS trip logics seal-in and may bé reset.by the

operator only when the initial conditions return to normal.

Each main steam line isolation valve (MSIV) has th control
solendids. Each solenoid receives inputs from two reédundant logics.
A signal from eifher\can de-energize thé soléenoid. For any one
valve to close automatically, both of its solenoids must be

de=energized.

The main steaﬁ line isolation valve logic ‘has a minimum of four
redundant instiument channels for each measured variable. One
chanriel of each variable is connected to one trip logic; One group
of redundant logics (A, C) is used to control oné solenoid of both
inboard and oufboard valves of all four main steam lines and “the

other group of redundant logics (B, D) is used to control the other
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solenoid - of both inboard and outboard valves. The four CRVICS trip
logics are arranged in a one-out—~of-two twice logic combination

(Trip Logic A or C and B or D). '

Except for the main steam line drain valves and RHR isolation
valves (reactor vessel pressure) the remaining containment and
vessel isolation valves also operate in pairs. The remaining
inboard isolation valves close if both of the Division 2 and
Division 3 logics (B and C) are tripped, and the outboard valves
close if the Divisioen 1'ahd Division 4 logics (A and D) afe

tripped.

Main steam liné drain outboard valves close i1f Channels A and D
isolation logic is tripped, while an inboard valve closes if
Channels B and C logic isAtripped. The RHR outboard valves glose
if Channel A or D isolation logic is tripped, while the inbeard

valves clese if Channel B or C lodic is tripped.

The following variables provide inputé to the CRVICS logics for
initiation of reactor vessel and containmént isolation, as well as
the initiation or trip of other planf finctions Wwhen predetermined
limits are exceeded. Combinations of these variables, as
necessary, provide initiation of various isolating and initiating

functions as describéd in <Table 6.2~32> and below:
1. Reactor Vessel Low Water Level

A low water-level in the reactor vessel could indicate thaf
reactor coolant is being lost through a breach in the reactor
coolant pressure boundary and that the core is in daﬁger'of
becoming overheated as the reactor coolant inventory

diminishes.
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Reactor vessel low water level initiates closure of vatrious
valves. The closure of these valves is intended to isolate a
bredch of the pipélines, conserve reactor coolant by blosing
off process lihes, and limit the escape of radieactive
méterials from the containment through prbéess-lines‘that

communicate with the primdry coolant boundary or centainment.

Reactor vessel water level is monitored by four redundant
level transmitters. Bach instrument provides a low water

level input to one of the four CRVICS trip chafinels.

Three_reactor V§SSel low water level isolation trip settings
are used to complete the isolatioh of the containment and the
rteactor vessels. The first (and highest) Lgvel 3 reactor-
vessel low water level isolation trip setting initiates
closure of RHR isolatien valvgs, the secqnd reactor vessel low
_wafer level (Level 2) initiates closure of all valves in major
process pipeline except the main steam lines and associated

" drains, the nucléar closed cooling system isolation valves and
the instrument air system isoclation valves for the MSIV’/s air
supply. The main steam lines are left open to allow the
removal of heat from the reactor core. The third, and lowest
(Lewvel 1) reactor vessel low water level, completes the
isolation of the containment and pressure vessel by initiating
closure of the main steam line isolation valves, main steam
line drain valvés, nuclear closed cooling system isolatién
valves, and.the instrument air system isolation valves for the
MSIV’s air supply.

The instrument air containment isolation valve 1P52-F200 and
drywell isolation valve 1P52-F646 are provided with manual
override control. This control perﬁits the operator to
override the RHR LOCA isolation signal to open the valves as
directea by the Emergehcy Operating Procedures (EOPs). Thé
reactor
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vessel low water level (Level 1) MSIV isolation sighal can be

-bypassed manually in accordance with the Emergency Operating

Procedures (EOPs) from the contrél room by actuating four

keylocked switches.

Diversity of trip initiation for low réactor vessél water
level from pipe breaks inside the drywell is provided by
drywell high pressure.

Drywell High Pressure

'High pressure in the drywell could indicate a breach of the

reactor coolant pressure boundary inside the drywell and that
the éore is in danger of bécoming overheated as reactor-

¢oolant inventory diminishes:

Drywell pressure is monitored by four redundant pressure
trarsmitters. Each transmitter trip unit providés an input to

one of the four trip chanrels.
Main Steam. Line-High Radiation .

The main steam line radiation monitéring senses the gross
release of fission products from the fuel and initiates alarms
and autoematic¢ actions to contain ﬁhe released fission
products. Monitor input te isolate MSIV's and associated
drain valves has been deleted based on analysis presented 'in

NEDO-31400A.

Four redundant detectors monitor the gross gamma radiation
from the main steam lines. Each provides an input to one of

the four CRVICS trip channels.
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Each radiation monitoiing channel consists of a
gammaésensitiveAion chamber and a leog radiation monitor. Each
log radiation monitor has four alarm/trip circuits. One
upscale trip circuit is used to initiate an dlarm and a trip
signal to the associated CRVICS trip logic. The second
circuit is used for an alarm and is éet at a level beiow that
of the first circuit. The third circuit is a downscale trip
that actuates an instrument trouble alarm. The fourth circuit’

is the instrument ineoperative trip which produces an alarm and

a trip signal to the associated CRVICS trip legic.

Banunciator indicating lights are located in the control room.

When the main steam line radiation level exceeds a
predetermined value, CRVIéS initiates closure of thée reactor
wéter sample valves. The high radiation or instfument
inopeérative trip signals from main sSteam line radiation
moniters A or C also trip the_offgas system ﬁechénical_v30Uum

pump (s) and isolate the mechanical vacuum pump lines.

Main Steam Liné-Tunnel and Pipe Routing in Turbiné Building

High Ambient Temperature and Differential Temperature

High ambient températurée in the tunnel and pipe routing areaé
in the turbine building in which the main steam lines are
located otitside 6f the primary containment could indicate a
léak in a main steam lihe. éuch a leak may also be indicated
by high différential temperature between the outlet and inlet
ventilation air for the MSL tunnel. The auteomatic closure of
valves prevent the éxcessive loss of reactor coolant and the
release of a significant amount of radioactive material from

the reactor coolant pressure boundary.

Four redundant main steam line high ambierit temperature

sensors are provided in the main steam tunnel and four in the
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steam line area of the turbine building. Four redundant
differential températﬁre sensors monitor the outlet and inlet
ventilatién air ducts 6f the main steam liné tunhel. Each
main stéam line trip isolation logic is de-energized by high
"ambient temperature in the main steam tunnel or the steam line
area Qf the turbine building. Four other ambiénht temperatutre
sensors aré located in the turbine power complex and provide

alarm capébility.

When a predetermined inérease in mairn steam line tunnel_
ambiént température, . or the s%eém lihe area of the turbine
building tempsrature is detectéd, trip sighials initiate
closire of all main steam line isclatioen and drain- valvés. In
addition, MSL tunnel-ligh ambient température'wili cause RWCH
and RCIC system isolation initiations.

Diversity of trip initiation signals for méin steam line
tunhel ambient tetfiipérature is provided by main steam 1liné high

flow, and steam lineé low pressure instrumentation.
Main Steam Line-High Flow

Main steam line high flow could indicate a breach in a main

steam line. Automatic élosure of isolation valves p}eveﬁts

excessive loss of réactor coolant and release of significant
amounts of radioactive material from the reactor coolant

pressure boundary.

Sixteen redundant differential presSuie transmitters, four for .
each main steam line, monitor the main steam line flow. Four

differential pressure transmitter trip units for each main
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steam line provide inputs to each of the four trip channels.
When a significant increase in main steam line flow is
detected, trip sighals initiate closure 6f all main steam line

isolation and drain valves.
Main Turbine Inlet - Low Steam Pressure

Low steam pressure at the turbine inlet while the reactor is
operating could indicate a ﬁalfunction of the nuclear system
pressure regulator in which ﬁhe turbine control valves or
‘turbine bypass valves become fully open; and causes rapid

depressurization of the reactor vessel.

Four redundant pressure transmitters, onée for each main steam
-line, monitor main steam line pressure and each provides an

iriput to one of the four trip channels.

When a decrease in main steam line pressure below a
preselécted value is detected, the CRVICS initiates closure of

all main steam line isolation and drain valves.

The main steam line low pressure trip is bypassed by the
reactor mode switch in the Shutdown, Refuel and Startup modes
of reactor operation. In the Run mode, the low pressure trip

function is operative.

Containment and Drywell Purge and Vent Exhaust Radiation

Moniter

The containment and drywell purge and vent exhaust radiation
monitor.consists of four sensor -and trip units. Each channel
has two trips. The upscale trip indicates high radiation and

the downscale trip indicates imstrument trouble.
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'The containment and drywell purge and vent exhaust radiation
mohitor senses reactor building eXhaﬁst to the release point.
In the event that radiation levels eéxceed predetermined

llmltS, the containment and drywell purge system 1nboard and

outboard iselation valves are closed.
Reactor Water Cleanup (RWCU) Systeém—High Differential Flow

" High differential flow in the reactor water cleanup system
could indicate a breach of the‘systeﬁ pressure boundary of the
'cleanup system. The flow at the inlet to the system (suction
from recirculation lihes) is compared with the flow at the
outleté of the system (flow return to feedwater or flow to the

main condenser and/or radwaste).

Two redundant differential flow sensors compare the reactor .
water cleanup system inlet-outlet flow. Each of the flow
monitOring sensors prdvideé an input to one of the two

(inboard or outboard) logic trip channels.

When an increase in reactor water cleanup system differential
flow is detected, the CRVICS initiates closure of all reactor

water cleanup system isolatlien valves.

Diversity of trip initiation signals for reactor water cleanup
system line break is provided by instrumentation for reactor
water level, differential flow, and ambient or differential

temperature in RWCU equipment areas.

The reactor water cleanup system high differential flow trip
is bypassed by an automatic timing circuit during normal

' reactor water cleariup system surges. This'time delay bypass
prevents inadvertent system isolations during system

operational changes.
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Reactor Water Cleanup (RWCU) System-Area High Ambient

Temperature and Differential Temperature

High temperature in the equipment room areas of the reactor
water cleanup system could indicate a breach in the reactor

coolant pressure boundary in the cleanup system.

Sixteen ambient teﬁperature and sixteen differential
temperature instruments monitor the RWCU system area
temperatures. Eight ambient and eight differential
temperature switches are associated with the same logic
chaﬂnel. The remaining instrument channels are associated
with a different logic channei. Two ambient temperature
elements are located as shown:in <Figure 7.6-1>. Two pairs of
differential temperature eléments are appropriately located to

measure inlet and outlet temperatures of the above locatioms.

When a significant increase in reactor water clearnup system
area ambient temperature is detected the CRVICS initiates

closure of all reactor water cleanup system isolation valves.

The output trip signal of each sensor initiates a channel .trip
and closure of either the inboard or outboard reactor water

cleanup system isolation valve.

Diversity of trip initiation signals for temperature is
provided by two ambient temperature elements for each reactor
water cleanup system area. One differential temperature
element and its differential temperature switch and an ambient
temperature element and its temperature switch in an RWCU area

are associated with one of two logic channels.
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14.

7.3.1.1.3

7.3.1.1.4

Main Condenser Vacuum Trip

The main turbine condenser low vacuum signal could indicate a
leak in the condenser. Initiation of automatic closure of
various valves will prevent excessive loss of reactor coolant
and the release of significant amounts of radiocactive

material.

+ .

Four redundant pressure transmitters monitor the main

. condenser vacuum. The output trip signal of each instrument

channel initiates a channel trip. The output trip signal of
the chanriéel logics are combined in one-out-of-two twice logic
for MSIV’'s and two-out-of=two logic for drain valves.

When a significant decrease in main condenser vacuum is -
detected, the CRVICS initiates closure of all main steam line

iseolation and drain valwves.

Main condenser low vacuum trip can be bypassed manually from

the control room by actuating a keylocked switch.
(Deleted)

RHRS-Containment Spray Cooling Mode (RCSCM) -

Instrumentation and Controls

Containment Spray Cooling Mode Function

The containment spray cooling mode is an operating mode of the RHR

system. It is designed to provide the capability of condensing

steam in the containment atmosphere, removing fission products
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Manual initidtion is provided at the system level by se?arate armed
push button switches. Hidh drywell pressure sensors in a one out
of twd configuration provide‘a permissive for the manual
initigtion. Manual bypass of the high drywell pressure permissive

is provided by keylocked bypass switches in the centrol room.

. Bypass operation is also annunciated in the corntrol room.

The start of the “B” loop is delayed by 90 seconds after

initiation, while the “A” loop starts immediately after initiation,

7.3.1.1.5 RHRS Suppression Pool Coeling Mode (RSBCM) -

Instrumentationh and Controls
RHRS-SPCM Function

Thé suppressioen péol cooling mode is an operating mode of the
residual heat removal system. It is designed to prevenﬁ
suppréssion pool temperature from excesding predetermiﬁed limits

following a reactor blowdowh of the ADS or safety/relief valves.
SPCM Operation

Schematic arrangements of system mechanical equipment is shown in
<Figure 5.4-13>. Component control logic is shown_in

<Figure 7.3-5>. Plant layout drawings and elementary diagrams are
identified in <Section 1.731>. Operator information displays are

shown in <Figure 5.4-13> and <Figure 7.3-5>.

The suppression pool cooling mode is initiated by the control room

operdtor either during normal plant operation or following a LOCA,

- wheti the containment atmosghere monitoring system <Section 7.6.1.8>

indicates that suppression pool temperature may exceed a

predetermined limit.
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During normal plant operatiocn, the operator initiates the SPCM as

follows:

1. The RHR Pump (A or B) is, started. The emergency service water
punp is‘started and the RHR héat éxcliange¥ service water

discharge valve is opened.
2. The RHR test return line valve EL2F024 A,. B is opened.

3. 'The RHR hHeat exchanger inlet and outlet valves E12F047 .7, B
and EL2F003A, B are open. The heat exchanger bypass
valve E12F048 A, B and valve E12F003 A, B 'are throttled as

necessary.
Subsequent to a LOCA, the Qperat0r initiates fhe SPCM as folléws:

i; Once reactor vessel water level has beel réstored, the LPCI
flow must be terminated by closing the LPCI injection
valve E12¥042 A, B. Closing the injectioﬂ valvé causes the
LOCA initiation logie to be overridden and allows operator

coritzol of the valve.

2; The RHR test return liné valve EL2F024 A, B control logic alse
has LOCA signal override provisions. This alloiws the operator
to6 open the valve. The valves have provisions for throttling
capability in order to support the operation of the M51
cbmbuétible gas mixing compréssors. The After Coolers for

these compressors dre cooled using the RHR system. a

3. The ﬁHR ﬁeat exchanger inleét and outlet valves E12F047 A, B
and E12F003 A, B are open. The'heat exchanger bypass valve
E12F048 A, B, can be closed after a time delay (a ten minﬁte
timer keeps this valve open following a LOCA).

Valves E12F003 A, B are throttled as necessary (the same ten

minute timer keeps this valve open following a LOCA).
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7.3.1.1.6 Emergency Water System (EWS)-Instrumentation and Controls
a. EWS Funiction

The purpose of the emergénCy water systems instrumentation and
controls is to initidte appropriate responses from the systems to
ensure the ECCS system recéives adeduate cooling water in theé event
of a design basis accident. The emergenéy water systems consists

of two subsystems:
1. Emergericy Service Water (ESW) System
2. Emergency Closed Cooling (ECC) System

Emergency witer systems are also used during plant shutdown, hot
standby'condition and when running4the RHR pumps and diesél '

.geherators.
b. ESW System Operation

The control and instrumentation equipment for the emergency service
water system is located in the auxiliary building, diesel-generator
building, service water pumphouse, and the intermediate building
<Figure 9.2-1>. The emergency service wateér system consists of
three independent loops A, B and C; each with one pump and
strainer. Loop A and loop B are automatically initiated with the
automatic initiation of the RHR or LPCS systems. Loop A is also
automatically initiated with automatic initiation of RCIC system.
Loop A supports the RCIC, RHR and LPCS, while loop B supports the
RHR'only (LPCI mode). Loop C is automatically initiated with the
automatic initiation of HPCS. When shutting down loop operation,

the initiation signal is remote-manually-initiated.
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The motor-operated isolatiom wvalves from the RHR heat exchangers
are operated remote~manually by a selector switch in the coritrol
room (loop A valves can also be controlled at the remote'reactor
shutdown panel) and open automatically upon recéipt of a8 signal
from ECCS ofr ESW pump start. The pump discharge isolation valves
operate from the same remotefmanuél signai or the dutomatic signal
used to initidte pump operation. Motor-operated sluice gates are
automatically opened upon receipt of a signal from level switches
‘in thé emergency service water pumphouse forebay. When elevated
‘lake tempéeratures may cause the ESW forebay temperature tb approach
its maximum allowablé design limit of 85°F, the sluice gate sedls:
are inflated and the automatic opening feature is disabled.
Differential pressure switchés across the emergency serﬁice water
strainers start the strdiner backwash operation on high

differential pressure.

The flow, temperature and pressuré transmitters are'uséd to proVide
flow, temperature and pressure indication in the control réom.
Flow, tempefaturé and pressure switches are provided to give alarms
in the control room. Radiation monitors provide alarm signals in
the event there is a leak of radioactive water into the emergency
service water system (loop A and loop B) from the RHR héat

exchangers. -
ECC System Operation

The ECC system provides the required cooling water for the
emergency core cocling support components, i.e., RHR pump and room
coolers, LPCS room cooler, RCIC room cooler, control complex
chillers and the hydrogen analyzers. The system is desighed to
provide'the required cooling without compromising the independence

of the redundant core cooling systems.
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The control and instrumentation equipment for the emergency closed
cooling system is located in the intermediate building, auxiliary_
building, control complex building, and the control room

<Figure 9.2-3>.

The ECC system automatic initiation circuits'(ESF) are intgrlocked
ﬁith the ECCS automatic initiation ‘circuit (ESF). Whénever an
autdmatic signal (ESF signal) is provided to initiate the ECCS, the
emergency closed édoling system is§ iﬁitiated; When shutting.down
loop operation, the signal is remote-manually initiated. The level
in edch ECC systen surge. tarnk is maintained automatically by an air
operatéd makeup valve. The solenoid valve that éupplies air to the
water makeup valve is actuated by High and léw level switches on

each ECC system surge tank.

An electro-hydraulic operator positions a three-way valve at the
inlet of each ECC heat exchanger. The electro~hydraulic operator
controls this valve based on the ECC system wdter temperature

downstream of the hedt exchangers sSo as to maintain the ECC water

temperature within acceptable limits.

The outlet of each control complex chiller contains a flow element
that.supplies a differential pressure signal to a flow switch. '
Each flow switch trips the individual ¢hiller when the ECC system
flow rate to that particular chiller reaches a predetermined low

value.

The -bypass provided around the control complex chillers is employed
only during maintenance and testing conditions. At all other

times, both trains of the ECCW system are aligned in their post
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accident configuration. The following events occur automatically

after a LOOP or LOCA signal:

1. Emergency service water pumps start to supply cooling water to

ECC system heat exchangers.
2. ECC systéem pumps start.

3. Motor-operated valves on nuclear closed cooling system supply
and return lines to the fuel pool coolers are closed

(OP42-F380A, B, OP42-~F440, OP42-F390A, B, and OP42-F445).

The valves associated with.the fuel pool heat exchangers have:
isolation functions only. Stroke times associated with these

valves are not dependent upon other interactions.
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No operator action is reqiiired on the ECC system for 10 minutes
following initiation of a LOOP or LOCA signal. At the end of the
10 minute periéd, the system continues to run. Manual control of
the ECC pumps may be assumed at any time by opeérating their control

switch. - The operdtor cannot change the position of any motor

_operated valve that receivés a LOCA or a LOOP signal until after

the signal has been cleared.

7.3.1.1.7 Contrel Complex HVAC System

a.

SYStém Functien

The purpose of the control complex HVAC system instrumentatioﬁ and
dontrols is to monitor the cdntrol complex'aﬁmosphere anhd to
initidte appropriate responses from the system to ensure the
coﬁtinuéd habitability of the control complex. The instrumentation
and .¢ontrols for this system are shown on <Figute 6.4-1>,

<Figure 9.4-1> and <Figure 9.4-203.
The Control Complex HVAC System ¢onsists of two subsystems:

1. Control room HVAC system

2. Control complex chilled water system

System Operation

The control‘room HVAC systém consists of two independent control
loops; the power for each loop is supplied from the Class 1E

electrical system{

The control roem HVAC system is normally'manUally initiated.

Change over to the emergency recirculation mode is manually or

"automatically initiated by high drywell pressure, low TFeactor water
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level, high radiation signal from ﬁhe'system radiation monitor, or
as a result of a LOOP condition. Change over to the smoke clear

mode is manually initiated.

Status lights on the control panel indicate that the motor driven
fans are energized. All dampers are provided with limit switches
to provide indication of their opened dr closed position on the

control paneél. During emergericy recirculatioﬁ mode of operation,

one or both of the fans operate continuously.

The instrumentation and controls for the corntrol complex chilled

water system are shown in <Figure 9.4-20>.

The control complex chilled water system has two loops. Loop A
provides chilled water to the contréol room cooling coil A, and
motor control center area and miscellaneous areas ceoling coil A
Looé B providés chilled water to thée control room cooling coil B,
and the motor control center area and miscellaneous areas cooling
coil B. The two loops (A and B) are served by three 100 percent
capacity circulating pumps and three 100 percent capacity

chillers (A, B and C)..

The circulating pumps and associated chillers are powered from the

Class 1E electrical system.

A control complex chilled water chiller is automatically shut down
upon less of ¢hilled water or cooling water flow through the

chiller.

The Control Complex Chilled Water C chiller which is not diesel
backed can be operated as a front line chillei, and chiller A and B

can be used as standby chillers. During a LOOP/LOCA event, the
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Control Complex Chilled Wate; C chiller and its associated pump are
tripped. The A and B chiller and pumps’ are automatically started

uporn receiving a LOOR/LOCA sighal.

The system valve lineup and operation will be the same for normal

and post-LOOP or LOCA conditions.

The operation of the system, with the excééption of the autematic

chiller shutdoéwns, 1s remote~manual.

Separation within the control complex chilled water system is such
that no single failure will cause the complete loss of the chilled
water system. The cirCulatihg pumps and associlated chiller and

control equipment have the following power division arrangements:

Division 1 (Unit 1) Division 2 (Unit 1) Division 1 (Unit 2)
Circulating Pump A ' Circulating Pump B .Circulating Punp C
Chiller A Chiller B Chiller C
Controls & Instr. A Controls & Instr. B Controls & Instr. C
7.3.1.1.8" ° ESF Building and Area HVAC System - Instrumentation and
Control
a. System Function

The ESF building and area HVAC systems provide and maintain

suitable environmental conditions for ESF or ESF supporting
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vequipmént building compartments. The ESF Buildirig and Area HVAC

system consist of:

1. Motor control center (MCC), switéhgeatr and miscéllaneous

electrical equipment area HVAC Systemu
2. Battery room exhaust system.
3. Diesel‘geﬁerator building ventilation system.>
System Oberation

The MCC, switchgear dnd miscellaneous electrical equipment area
HVAC system consists of two redundant trains of fans, filters,

plenums, and ductwork Refer to <Figure 9.4-1>.

The MCC, switchgeat and miscellaneous electrical equipment area
HVAC system is'nérmélly manually initiated from a local panel.
During normal operation, one of-the‘two trains of redundant
components operate continuously. A LOOP or combined LOCA signal
consisting of low reactor water level or'high drywell pressure will
automatically initiate the Standby train. In addition, automatic
switch -over to thé standby train on low flow is provided as an

operator convenience during normal operation.

Smoke detectors are installed in each supply and return fan
discharge duct to give alarm indication on the local panel and to

alarm in the control room upon detection of smoke.

Each room (total of 21 rooms) is provided with a temperature
element whic¢h alarms and indicates on a temperature monitoring
system in the control room. In addition, all fan motors are

provided with status indicating lights in the control room.

) Revision 12
7.3-38 January, 2003



The battery room exhaust system consists of two redundant

Subsystems or trains <Figure 9.4-1>.

The battery_foom exhaust system is normally manually initiated from
a local panel. Dutring normal operation, one of the two'trains of
redundant components operate continuously. A LOOP or a combined
LOCA éignal ¢onsisting of low rveactor water level or high drywell
preésuré will autematically initiaté the standby train.' In
addition, automatic switchovér'to the standby train on low flow' is

provided as an operator convenience during normal operatior.

Smoke detector in the outlet duct of each fan to give alarm
indication on the local panel and to alarm in the control room uporn

detection of smoke.

All components are controlléd from a local panel. All fan motors

are provided with indicating or status lights in the control room.

The diesel genefator building ventilation system has two
100 percent capacity rédundant supply fans for each division diesel

generator room <Figure 9.4-14>.

The diesel génerator building ventilation system is normally idle,
except-fof the auxiliary exhaust fan, whiéh operates automatically
when the diesel is not operating to promote further coocling in the
diesel generator room. The system is automatically initiated when
the respective diesel generator is started. See <Chapter 8> for
diesel generator initiation signals. The supply fans can be
started and stopped remote-manually from the control room. All of
the DGBVS fans are interlocked to prevernt their operation when the

fire protection CO, system is activated.
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Each diesel generator room is provided with two 100 percent
capacity redundant supply fans. Each system is supplied power from
the diesel generator it serves. Becausé cooling is not required,
unless the diesel generator is operating, redundant power supplies

are not reguired.

The diesel generator building ventilation system supply fans are
remote-manually ;ontrolled'from the control room. The mixing and
exhaust louvers are interlocked with their respective fans. The
mixing louvers are modulated by a temperéture controller when the
corresponding fan is running and assume their failed positions when
the fan is stopped. When both fans are stopped, the mixing louvers
modulate to prombte natural ventilation. TheAeXhaust louvers open
when eithe; supply fan is running and close when both supply fans
stop. However, the exhaust louver closest to the atixiliary exhaust
fan i1s maintained open during exhaust fan opération. The supply
fans and exhaust lQuVerS are provided with status lights. Control
room switches permif operation of the ventilation systems
independently of the diesel generators for testing or other )
purposes. The auxiliary exhaust fans operate automatically when
the diesel genérator is not_opérating té promote further cooling in
the associated diesel room, and can be started and stopped manually

from their local control panels.

The indications and alarms provided in the control room allow the
operator to monitor and control the operation of each system. The
redundant supply fans in .each diesel generator room permit
malntenance and testing without affecting diesel generator

availability.
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7.3.1.1.9 Annulus Exhaust Gas Treatment System (BEGTS)

System Function

The AEGTS maintains a negative pressure differential between the
containment vessel annulus and the outside so that ledkage from the
containment vessel will be detained in the annular sbace, mixed
with the annulus' space air, diluted with' air leakage into the
annular space, and filtered before release to the urnit wvent

<Section 6.5.3>.
System Operation

The AEGTS consist of two independent and redundant systems. One
system operates during normal plant operation and the standby
system is autematically initiated by a LOGA signal or abnormal low

air flow.

During normal operation, thé system creates a small negative
pressure in the annular fegion,.exhausting gases which may leak
from the containment through the filter system to the plant vent
thereby eliminating the possibility of uncontrolled ground level
releases of radiocactive gases through containment leaks. Each

system is powered from a separate Class 1E power supply.

Two preséure differential transmitters, spaced 180° apart, transmit
signals to record in the control room the pressure differential
beﬁween the annulus and the outdoor air. The differential pressure
transmitters also transmit signals to a differential pressure
signal modifier which .is wired to a controller located in the
control room. The differential pressure signal modifier selects
the least pfessure differential signal and transmité a signal to
the controller which sequentiélly modulates the discharge damper

and the recirculation damper in order to maintain a (negative)
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pressure differential in the annulus of Q.66 inch w.g. The

0.66 inches of water gauge preéssure differential 1is provided to
maintain the 0.25 inches of water gaugé minimum pressure
differential required due to instrument location, te meet plant
post-LOCA conditions, and to adjust éor all environmental
conditions. The corntroller, located in the control rodom,.has an
AUTO/MANUAL switch to allow manual operation of the motor—operéted

dampers in case of controller malfunction.

The AEGTS operation will be under administrative control so that
the units may be maintained as regquired by the maintenance schedule
and procedures. Low flow alarms, preSSure.drop indicators,
temperature indicators, and radiation monitor indicators are
locatéd in the control room and will give indication of the

perfbrmance of the operational unit.
The AEGTS can be controlled remcote-manually frofi the cohtrol .room.
All dampers and fan motors are providéd with status indicating
lights in the control room.
7.3.1.1.10 Pump Room Cooling System - Instrumentation and Controls
a. System Function
The purpose of the pump room cooling systems instrumentation and
controls is to prévide indication of proper cooling operation and

to provide controls to put the cooling system into operation.

Thé instrumentation for the following systems is shown on

<Figure 9.4-11>, <Figure 9.4-12>, and <Figure 9.4-13>.
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b.

System Identification

 The pump rooms cooling system consists of the following subsystems:

\
1. The emergency core cooling system pump room COOling

3ystems (ECCSCS)

{aJ High pressure core spray pump reom cooling system.
(b) Low pressure cotre spray pump room cooling systemp
(¢) Residual heat removal C pump room cooling "system.

(d) Residual heat removal pump A room and residual heat

removal pump A heat exchanger room c¢cooling system.

() Residual Heat removal pump roem B and residual heat

. removal. pump B heat exchanger room cocling system.

(f) Reactor core isolation cooling pump room cooling system.

v

2. The emergency service water.pumphouse ventilation

system (ESWVS).
3. The emergency closed cooling pump area cooling. system (ECPCS).

The power supplied to each system instrumentation and controls is

the same as the associated pump.
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System Operation
1. ECCSCS

The fan cooling unit for the reactor core isolation eccoling
pump room will run in conjunction with the RCIC pump because
it is interlocked with the RCiC turbine steam admission wvalve.
The other ECECS pump room fan codling units are interlocked
with their respective pump motor circuits and will run

whenever their associated pump runs.

A temperature element in each ECCS pump room and heat
exchanger room alarms and givés readout in the control room

when a preset high temperature is exceeded.

A differential pressure switch across each fan alarms 'in the
control room and indicates locally on low air flow with the
fan in opetration. -

1

2. ESWVS

The electric motor-operated outside and return air dampers in
each fan mixing box are controlled by a temperature
confroller. The outside air dampers fail closed and the
return'airvdampers fail ppeﬁ on loss of control signal. When
the correspondinglfan is stépped, the dampers are in their
faii po;ition. When the corresponding. fan is started, the

dampers are permitted to modulate.

A differential pressure switch across each fan alarms in the
control room on low air flow as a result of high or low

differential pressure with fan in operation.
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Temperature elements in the pump aréa alarm in the control
room when the room temperature falls belbw or rises abové a

preset low and high témperature set points.

The fan coeling units are interlocked with theé corresponding
pump motor circuits and will run whenever their associated

pump. runs.

The power for the instrumentation and conttols on each faun
cooling unit is provided from the same ESF division as the

corresponding ESW pump.
ECPCS

The fan cooling units are interlocked with the associated pump
motor circuits and will run whenever their associdted pump

runs.

Temperature elements in the pump area alarm and give readout
in the contrel room when a preset high temperatiire is

exceeded.

A differential pressure switch acrdss each air handling unit
fan alarms in the control room and indicates low air flow on

local panel with the fan or associated pump in Operation.

The power supply to the instrumentation and controls for-each
fan cooling unit is from the same ESF division as the

correspondirng pump.
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7.3.1.1.11 Containmeﬂt Combustible Gas Coentrel System

Containment Combustible Gas Control System Function

lal
’

The purpose of the combustible gas conttol in centainment system is
to monitor for the presehce of free hydrogen gas within the drywell
and containmeént follewing the unlikély event of a LOCA and to
provide a means of contrdlling the buildup of this gas iﬁ the
containment. Upeon the detectison of predetermined concentrations of
hydrogen, the mixing‘System,.and recombiner System;will'be manually
started fo mix the atmesphere within the dfywell and containment,
and to reduce the concentration of hydregen within the drywell and
coﬁtainment,' Thé combustible gas purge systeém c¢an also be manually
placed in operation from thé control room to went the drywell

<Figure 6.2-62> and <Figure 7.3=8>.

The CCGCS consists of four subsystems:

1. Hydrogen Anélysis System

2. Hydrogen Mixing System

3. Hydrogen Recombindtion System
4, Cbmbqstible Gaé Purge System

System Operation

The hydrogen analysis system consists of two completely redundant

hydrogen analyzers each with control room recordérs and switch

stations. One is located in the auxiliary building at
Elevation 620’-6” and the other in the intermediate building at
Elevation 654’-6” <Figure 1.2-5> and <Figure 1.2-7>. One is

supplied by Division 1, the other by Division 2. Each analyzer
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samples from four redundant sample lines: ohé& from above the
suppression pool, one from the space between the reactor vessel
head and the drywell dome, one from the top of the drywell area,
and.one from the top of the dome of the corntainment . vessel

<Figure 7.3-8>.

- Each sample point is maﬁually selected for continuous sampling.
After passing through the analyzers, the gasAsamples and any
aséQciated moisture are returned to the containment in an area
dbove the suppression pooll<Figﬁré 7.3~é>.ﬂ Each analyzer has thé
capability to measure & range of 0-10% hydrogen concentration and
is provided with reference and calibration gases as required. Each
analyzer has alarms to annunciate in the control reeom for the
following cenditions; high and high-~high hydrogen cencentration,
low sample flow, and system faildre. The sample isolation wvalves
are closed during normal plant operation. They are operied by an
administratively.cdntrolled key opéerated switch prior to starting

thé hydrogen analyzers following a LOCA.

The hydrogen mixihg system consists of two completely independent
redundant systems located in adjacent quadrants of the contdinment
building. FEach system consists of one air compressor and related

ductwork.

Low discharge pressure for the compressor will be annunciated in
the control room. Isolation valves bétween the drywell and
containment vessel are motor-operated and have position indication
in the control room. The compressor diécharge control valve is
interlocked to open when the compressor is started and closed when
the compressor is stopped. Selector switches in the control room

are provided for remote-manual control of these valves.
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The system is normally idle except for periodic testing. Following
a LOCA,; each miking system is started manually on high hydrogen
concentration'in the drywellé Manual initiation is acceptable
because high hydrogen conteéntration will not be reached for at

least a number of hours after thé LOCA.

The hydrogen recombination system consists of two com@letely
redundant systems located in the containment.. Fach system consists
of a recombiner unit, a‘powér supply cébinet and control panel
which are separately mounted. The power supply;cabinet and centrol
panel are located outside containmerit. A wattmeter and
thermocouple readout are provided on the control panel to monitor

performance.

The hydrogen recombiners are rémote-manually initiated from the
control complex. Except for perioedic tésting, the recombinéfs are

idle during normal opération.

The combustible gas purge system is designed to aid in the cleanup
of hydrogen. This purge system is manually operated from the
conttol room. The system is désigned to utilize the annulus gas
treatment unit to exhaust the hydrogen laden air from the
drywell/containment. The sSystem is provided with two containment
isolation valves and a flow coritrol valve failed in the open
position which allows straight through flow to the AEGTS filtefs.<
The AEGTS is nermally in servicé. The combustible gas purge system
is normally used for drywell pressure control during plant startup '
and operation. For additiocnal hydrogen COntrol; refer to

<Sec¢tion 7.6.1.9>, Hydrogen Control System.
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7.3.1.1.12 Suppression Pool Makeup (SPMU) Systeém - Instrumentation

and Controls
a. System Function

The suppression pool makeup (SPMU) system instrumertation and
‘controls are designed to.allow transfer of ‘a portion of thé water
from the upper pool to the suppression péol. It will ensure long
term drywell wvent watek coverége for all conceivable postaccident
entrapment volumes, by gravity flow from the upper pool in

accordance with the‘deSign basis described in <Section 6.2.7>:
b. Systém Operation

Foﬁr motor operated valves are furnished, two for each line, .along
with appropriate piping to route water from the upper pool to the
suppre;sion_pool when the occasion demands it. Four narrow rangé
(16-19 ft) suppression pool le&el measuring sensors are provided
which will signal the need for water when the “low-low” water
level (LLWL) is reached following a LOCA.‘ Additionally, automatic
makeup occurs following a LOCA plus a timé delay. System logic is
gshown in <Figure 7.3-9>. For system P&ID, see <Figure 6.2-67>.
<Section 7.5.1.4.2.4.d> provides a further discussion of the

suppression pool water level instrumentation.

One narrow range channel per division is indicated and recorded in
the control room. In addition, the LLWL- set point both annunciates

‘and provides a signal to actuate the suppression pool makeup flow.

Level sensor actuation signals for suppression pool makeup in a
single electrical division are parallel such that either level
sensor provides a- -signal to open the series valves on only the
suppression pool makeup line in the same electrical division as the

level sensors.
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Each level sensor is a differential pressure cell. . The instrument
water level sensing lines run from the suppreéssion pool to the
sénsors located outside of containment with theé  sensor static

reference lines returning to containment atmosphere.

The suppression poél makeup system is not reQuirea for normal
operafions. The suppression pool.level instrumentation channels
Will provide the operater with suppression poodl levél information
during normal operation, and will also be available for

postaccident tracking of suppression pool level.

. Thé suppression pool makeup system controls do not require operator

action to initiate the correct responses. However, the control
room operator can manually initiate the system in modes requiring
use. ‘Alarms and indicatioms in the control room allow the operator
to iﬁterpret any situation that regquires the suppression pool

makeup system and to verify the responses of the system.

{

7.3.1.1.13 Containmerit Vacuum Relief (CVR) System

a.

System Function

The CVR system is provided to limit the buildup of negative
pressure inside the containment vessel in the event that one or
both of the containment spray loops aré inadvertently actuated

<Figure 7.3-10>.
System Operation

The check valves are nofmally closed while the motor operated
isolation valves are ﬁormally open. Both valves can be operated
from the control room. The motor*opérated isolation valve is
closed automatically by a containment isolation signal. If vacuum

relief is required during containment isolation, differential
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pressure devices provide ah iselation override and automatically
open the valve as required. The control logic for this system is
shown in <Figure 7.3-11». Isdlation valve position ihdicafing
lights and syStem bypdssed, inoperative alarms in thé control room
provide the. opérator sufficient informatiqn to monitor the status

of the system and its devices.
7.3.1.1.14 Drywéll Vacuum Relief . (DVR) System
Refer to <Section 7.7.1.12>

7.3.1.1.15 Standby Power Support Systems - Instrumentation and

Controls

The standby power support systems consist of the HPCS and standby diesel
generator support systems <Section 8.3.25.

.

a. System Function

The purpose of the diesel generator support system instrumentation
and control is to ensure the availability of an adequate fuel oil
supply and starting air pressure to start and operate the diesel
generators and to ensure that the ventilatibn fans are available-to
carry away heat from the diesel geherators and prevent heat buildup
in the room. Additionally, lubricating oil level and temperature
and coolant teémperature are maintained and rmionitored to assure
quick start capability. The diesel genera%or ventilation system is’

discussed in <S8ection 7.3.1.1.8>.

The diesel geherator support systems for each of the standby and

HPCS diesel generaters include the following five subsystems:

1. Diesel generator fuel oil system.
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Diesel generator starting air system.
Diesel generator ventilation system:
Lubricating oil system.

Cooling water system.

System Operation

Diesel Genéerator Fuel 0il System
The instrumentation and controls for the diesel genherator fuel
oil'stdrage and transfer system are provided te ensure that
fuel is always available in the day tank and to alert the
plant operators to any conditions which might jeopardize that

objective so that ecoérrective action can be taken.

Level switches are providéd to automatically start and stop
the fuel trahsfer pumps to maintain the fuel oil level in the
day tanks within predetermined limits. Abnormal level
conditions within the fuel tanks are annunciated in EPe
control room. Pressurée and level indicators are provided

locally at the equipment as shown on <Figure 9.5-8>.

The diesel generator fuel oil transfer system has two
motor-drivén fuel.transfer pumps per day tank. These pumps
are normally operated automatically, although manual operatioen
is possible from the local control panel for functional
checkout or instrumentation calibration. In the autcmatic
mode, a “low” level switch on the day tank starts the primary
online pump. A separate “low=low” level switch starts the
standby pump and annunciates this condition on the standby

diesel generator local control panel and in the control room
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by &dctuating the general diesel generato¥ trouble alarm. Both
pumps. are stopped by individual “high”, level switches.
Additional level switches on the day tanks annunciate alarms
on the standby diesel generator local control paniel. and in ‘the
control roem if the tank léVei ghould coﬁtinUe.£O‘rise'past
the high level pump cutoff point or drop below the standby
pﬁmp start level. Owveérflow is diverted badk to the main
storage tank.

’

1

Level switches are providéd on the main storage tank to
anriunciate wheh fuel oil-inventory drops below nminimum
required'lévéls.. Separate alarms are provided, both on the
standby diesel generator local'control panel and iﬁ'the main
contiql room; for level corresponding to & seven day supply of
fuél oil and for lével corresponding to & 24 houf supply of
fiuel oil. BAlarms are also provided for the standby diesel
generators only o6h thé local diesel generator control pénel
for fuel oil transfer pump Strainer high presSure'dfop.
Actuation of any of the alarms on the local control panel
annuriciate the diesel generator'troﬁble alarm in the coentrol

roOom.

Control room indication is provided for the storage.and day
A tank levels. Local indication is provided for transfer pump
discharge pressure, fuel oil strainer pressure drop and

staridby diesel generator day tank level.

A discussion of diesel generator eﬁgine prdteétion interlocks
is contained in <Section 8.3>. The detailed description of
the fuel oil day tanks, storage tank and fuel transfer system °
is provided in <Section 9.5.4> fof the standby diesel '
generator, and <Section 9.5.9.1> for the HRCS diesel

generators.
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Diesel Generator Starting Air System

The diesel generator starting aif system instruméntation and
controls are provided to ensure that an'adéquate supply of
compressed dir is.alWays available during.plant operation.
Alarms are provided to alert the plant operators to lack of
adequate air pressure in either of each diesels fedundant air
start systéms so that corrective action can be taken. - The
starting .air system is éompletely described in <Sec¢tion 9.5.6>
for the standby diesel generators and <Section 9.5.9.3> for
the HRCS diesel generators and is shown on <Figure 9.5=10>:
Goﬁtrol of ecach engine’$ two indepéndent air compressors is'
through controls mounted on a local panel. The compressor may
‘be opeiatéd manually by use of a selector switch but the
normal mode is automatic operation. ThHe automatic contreols
cyclé the compressor as reguired to maintain the required.
receiver tank pressure. A local pressure indicator is

provided for each receiver tarnk.

To provide for monitoring of starting air availability and-
interfacing with the staﬁdby diesel generator engine controls,
a pressure sensing line is routed from just upstream of each
pair of air admission solenoid valves on the engine to the
local diesel generator control panel. In the control panel

- these lines connect to the following instrumentation:

(a) Pressurée switches, two pair of switches per air start
system, one pair of switches will actuate common starting
air pressure low alarms on the local diesel génerator
control panel and in the control room if either air start
receiver reaches the low setpoint. Actuation of the A
local alarm also actﬁates the diesel geheraﬁor trouble

alarm in the control room. The second pair of switches
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will actuate the diesel generator out of service alarm in
the control room if either air start réceiver reaches the

low low setpoint.

(b) Pressure switches, one per air start systemi.which
interlock with the diesel generator LOCA and bus
under/degraded voltage start circuit. Thadequate
startinglair pressure will prevent £he corréspondiﬁg
sﬁaxt air admission solenocid valves from opening. This
conditioefi is abplicable to LOCA and bus.under/degraded

voltage starts.

(¢) Pressiire switches, one per alr start system, which

control each air compressor.
(d) Pressure gauges, one per air start system.

A discussion of engine generator protection intérlocks is

contained in <Section 8.3>.
Diesel Generator Lubrication System

The diesel engine lubrication oil system is provided with
~sensors, controls and alarms as required to ensure complete
monitoring of satisfactory system performance; safe engine
operation and to alert the plant operators to abnormal
conditions requiring investigation and corrective action. For
the standby diesel generators, this system is instrumented as
'Shown on <Figure 9.5-11>. For the standby diesel generators,
instrumentation and contréls aré provided to monitor system
pressures at iﬁportant points, lubrication oil temperatures in
and out of the engine, sump tank level, and provide automatic
operation of the keepwarm circulating pump and heater. The
HPCS diesel generator lubricating oil system is detailed in

<Section 9.5.9.4>.
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To alert the plant operators of abnormal‘éonditions which-

should be investigated for corrective action on the standby

diesel génerators, alarms are provided for the following

parameters:

(a)

(b}

SUmp Tank Level Low

Lube 0il Pressure Low

Right Bank.Turbocharger @il Pressure Low
Left Bank'TﬁrbOCharger Oii Pressufé Tiow

)

Lube 0il Filter Pressure Drop High N

Lube 0il Strainer Pressure Drop High

Lube 0il into Engihe Temperature Low

Lubeé 0il into Engine€ Temperature High

Lube 0il from Endine Temperature Low

Lubé 0il from Epgine Temperéture High

Keepwarm Oil Pump/Heater Control Switch not in “AUTO”
Engine Trip dueAto Low Lube 0il Pressure

Engine Trip dﬁe to Low Turbocharger 0Oil Pressure

Engine Trip due to High Lube 0il Temperature
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With the eéxception of the'Control Switeh not in Auto alarm
(Item k.), each condition annunciates a separate alarm on the
local diesel generator control panel; The local- alarm for
Item.k. is shared with other control switches which are
normally to be in an AUTO position. Actuation of any of the
local alarms also annunCiate a common diesel.geﬁerator trouble
alarm in the control room. AdditiOnally, those parameters
which cause an epgine trip (Items 1, m, n)'ére Separately

annuriciated in the control roor.

The three engine trip functions (léw lube oil pressure, low
turbocharger ¢il pressure, high lube oil temperature] are only
‘available wheén the engine is started for rnon-émergency
purposes, é.g., periodie surveillance testing, and serve to
trip the engine during normal operation long beforée damage
might occur. When’the engine is started by a LOCA or a bus
under/degraded voltage signal these three'trips are
de:actiVated but not their corresponding alarms. This allows
the plant operators to evaluate the operating condition of the
engine against overall plant requirements and then make a
dec¢ision as to whether or not to shut down the diesel

generator.

A bypass of the nonessential trips for the Division 1 diesel
genérator is provided by a keylock sﬁitch (1IR43-S1228S) in the |
Division 1 Engine Controél Panel (1H51P054A). This bypass -
switch will be positioned in the ‘OFF’ position during normal
plant operation. This switch will have no effect on the plant
when positioned in the ‘OFF’ position because this causes the
switch contacts to be in an open condition. The switch will

be placed in the ‘ON’ pesition in the event of a Control Room
fire, or there is a need to restart the diesel generator

following a high temperature trip.

Revision 18
7.3=57 October, 2013




On the standby diesel generator, the keepwarm oil pump is
provided with controls permittinhg auvtomatic¢ or manual
operation. Except for testing or maintenanCe situatioﬁs the
pump is operated in the AUTO mode ard is inteérlocked with the
diesel generator so that the pump runs whenever the dieSei
generdtor is not running. The kéébWarm heater ceontrol is
interlocéked with the pump so that the heater can only be
energized when thevpuﬁp is running.

When the standby diesel generator keepwarm pump is running,
the heatéer cycles on and off és demanded by a lubricating oil

thermostat located on the engine.

~
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Separate indicators are provided on the standby diesel
generator local control panel for lubricating oil pressuie,
right bank and left bank turbocharger oil pressuré and
lubricating oil filter differeritial pressure. Thermocouples

in the lubricating oil piping feed signals corresponding to

lubricating oil temperdture into ahd from the engine to the

multiple position selector swWitch on the local control panhel.

Through the use of this switch, whic¢h also receiveés signals

from .the combustion air intake and -exhaust system and the

engine cooling water system, these temperatures may be.
displayed on the digital temperature indicator on the local

control panel.

BAnother set of thermecouplés in thé lubricating oil piping
feed oil témperature in and out of the engine,signéls to é
slow speed temperature recorder ifi the local control panel.
This recorder operates continuously and provides a continucus
record of important engine temperature for performance

monitoring, trending and engine‘diagnostiCS.
Diesel Generator Cooling Water System

The.diesel engine cooling water system is designed to remove
the heat loads of the engine air intercooler, oil cooler and
water jacket. Additional information on this system is

provided in <«Section 9.5.5> for the standby diesel generators

and <Section 9.5.9.2> for the HPCS diesel generators.
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7.3.1.1.16 Fuel Handling Area Exhaust Subsystem

The Fuel Handling Area Exhaust Subsystem (FHAES) is a subsystém of the
Fuel Handling Area Ventilation System (FHAVS). The FHAES is an ESF

System.
a. FHAES Function

Thé pufpoée of the exﬁaust subsystem is to éxhaust alr from
potentially contaminated areas. The air is filtered and passed
through a ¢harcoeal filter train prior to discharge to atmosphere

vid the unit vernt.
b. FHAES Cperation

The. éxhaust subsygtém consists of three~50 percent capacity exhaust
fans and three=50 percent capacity ¢harcoal filter trains. These
filter trains include demistefs, roughing filters, electric hedting

ceils, HEPA prefilters, charceal filters, and HEPA after-filters.

Schematic arrangements of mechanical equipment and instrumentation
for theé ESF and non-ESF portions of the Fuel Handling Area

Ventilation System are shown on <Figure 9.4-4>.

Fuel Handling Area Exhaust Subsystem instrumentation is provided

for indication in the control room of the following:

1. Indication of which exhaust fans are ehergized (stgtus'light).
2. Low.air flow with exhaust fan in operatibn (alarm) .

3. Smoke in exhaust fan common discharge ducts (alarm).

4.. High radiation in the exhaust duct (alarm).
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5. High and -high-=high temperature in the  charcoal beds (alarm).

6. FHB HVAC systenm overload/power lost (alarm) .

7. Continuous carbon bed temperature indication on panel
H13=P904.

g. Exhaust air high meisture. (alarm).

This system is manually initiated from the control room. During
formal eperation one supply fan and two exhaust fans operate: High
radiation upstrean of thé charéoal exhaust units alarms in the
control roomvand shuts down the supply fan. The exhaust unité

continue t6 run eéxhausting dir through the charceal filter uriits.

7.3.1.2 Désign Basis

The ESF Systems aré designed td provide timely protection against the
onset and e¢onsequerces of conditions that threaten the integrity of the -
fuel barrietr and the reactor cosolant préssure boundary. <Chapter 15>
'identiﬁ;es and evaluates events that jeopardize the fuel barrier.and
reactor coolant_pieSsure boundary. The mefhods-of assessihg barrier
damage and radioactive material releases, along with the méthods by

which abnormal evernits aré ldentified, are presented in that chapter.
a. Variables Monitored to Provide Protective Action

The following variables are monitored in order to provide.

protective actioris to the ESF systems:
1. HPCS

(a) Reactor Vessel Low Watéer Level (Trip Level 2)
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Drywell High Bressure

(é) ﬁeacfor Vessel Low Water Leﬁel (Trip_Levél 3)

(b) Reactor Vessel Low Water Level (Trip Level 1)

LPCS and LPéI-

(a) Reactor Vessel. Low Watér Level (Trip Level 1)

(b) Drywel; High Pressure

CRVICS

(a) Reéactor Vessel Low Water Level (Trip Level 3)

(p) Reactor Vessel Low Water Level (Trip Level 2)

(c) Reactor Vessel Low Water Level (Trip Level 1)

(d) Main Steam Linée High Radiation

(¢) Main Steam Line Area High Ambient and Diﬁferential
Témperature (MSL Tunnel), MSIL Area High Ambient
Tempgratu;e (Turbine Bldg).

(£) Main Stéam iine High Flow

(g) ‘Turbine Inlet Low Steam Pressure

(h} Containment and Drywell Purge and Vent Exhaust High

Radiation
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(1) RWCU High Differertial: Flow

(3) RWCU Area High Ambient Temperature and Differential

Temperature

(k) RHR Area High Ambient Temperature and Differential

Temperature
(L) Main Condenser Loéw Vacuum
(m) High Drywell PBressure
(n) RWCU Heat Exchénger Outlet High Temperature
(o) SLCS.Actuat;on
(p) Reactor Véssel Pressure
(Deleted)
RHRS-CSCM
{a) Drywell High Pressure
(b) Reactor Vessel Water Level.(Trip Level 1)
(c) Corntainment High Pressure-
RHRS-SPCM
(a) Suppression Pool Temperature

(b) Drywell High Pressure
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(c¢) Reactor Vessel Low Water'Level (Triﬁ Level 1)
8. Emergency Water SysteméQ ESW and ECC
(a) RHRf LPCS, RCIC, or Diesel Generator Start
(b} HECS Start (jus‘ﬁ Loop “C” of ESW is neéded)
9. 'Containmgnt Combustible Gas Contrél Systeni
(a) Containmént hydrogen concentrationw
10. Standby Powér Syétemé
(a) HECS énd Sténdard Dieéel Geherator Systems
(1) Refer £o <Section 8.3.2>
(b) Diesel Generator Support Systems
(1) Fuel 0il Day Tank Level
~(2) Fuel Oil Maih Storage Tank Level
(3) Starting'Ai; Receiver Preéessure
(4) Standby or HPCS Diesél Start
.11' Annululexhaust Gas Treatment System (AEGTS)

(a) Reactor Vessel Low Water Level (Trip Level 1)

{b) Drywell High Pressure
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12.

13.

14.

15.

(¢) Annulus to Outside Air Differential (AEGTS only)

(d) Low Flow (Fan Failure) on the‘Operating Train

Suppressién Pool Makeup System

(a) Reactor Véssel Low Watef Level
(b) Dryw&ll High Pressure

(c¢) Suppression Pool Low-Low Level
Containment Vacuum' Relief System -
(d) Reaétor Vessel Low .Water Level
(b) High Dﬁywell Pressﬁre

(¢) Low Containment to Outside Air
ESF Buildiﬁg and Area HVAC System
(a) Reactgr Vessei Low Water Levei
(b) High Drywell Pressure

(c) Diesel Generator Start Signals

Ventildtion System only)
Pump Room Cooling Systems

(4) ECCS Pump Motor Running’

(Trip Level 1)

{Trip Level 2)

Differential Pressure

(Trip Level 1)

(Diesel Generator Building

(b) RCIC Steam Admission valve Open. (RCIC Pump Room only)

7.3-64
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16. Controel Oompigx HVAC
(a) Réactor Vessel Low Water Leve; (Trip Level 1)
(b) Drywell High Pressure f
(¢), High Radiation
(d) Loss of Offsite Power
17. Fuel Handling Area Ventilation System
(a) Charcoal Filter Inlét High Radiation

,The'plant ¢onditions which require protective action involving the

ESF systems are described in <Chapter 15> and <Apperidix 15Z>.
Location’ and Minimum Nunber of Sensors

Where applicable ih Technical Specifications, the minimum number of
sensors is specified to monitor saféty=related variables. There

are no sensors in the ESF systems which have a spatial dependence.
Prudent Operational Limits

Operational limits for each safety-=related variable trip setting
are selected with sufficient margin so that a spurious ESF system
initiation is avoided. It is then verified by analysis that the
release of radioactive materials, following postulated gross
failurés of the fuel or the nuclear system prOcess.barrier, is kept

within acceptable bounds.
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Margin

The margin between operational limits and the limiting conditions
of operation of ESF systems are accounted for in Technical
Specifications. .

Levels

Levels requiring protective action are established in Téchnical

Specifications.
Range of Transient, Steady—Sfate'and Environmental Conditions

Environniental conhditiohs for proper operation of the ESF components

are discussed in <Section 3.115.

Maifunctions, AccidentS'and'Other Unusual Events Which Could Cause

Damage to Safety System

<Chapter 15> describes the following credible accidents and
events: floods, storms, tornadoes, earthquakes, fires, LOCA, pipe.
break outside containmerit. Eac¢h of thesée events is discussed below

for the ESF systems.
1. Floods

The buildings containing ESF éystems'compqnents have been
designed to meet the PMF (Probable Maximum Flood) at the site
location. This ensures that the buildings will remain
water-tight under PMF conditions including wind generated waﬁe
action and wave runup. For a discussion of internal flooding

protection, refer to <Section 3.4.1> and <Sec¢tion 3.6>.
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Storms and Tornadoes

The buildings containing ESF systems components have been
desigried to withstand meteorological events described in

<Section 3.3>.
Earthduakes

The structures containing'ESF systems éomponents'have been
seismically qualified as described in <Section 3.7> and
<Section 3.8>», and will remain functional during and followiné
a safe shutdown earthquake (SSE). Seismic qualificdtion of
instruniertation and electrical equipment is discussed in

%Section 3.10>.
Fires

To protect the ESF systéms in the event of 4 postulated fire,
the redundant portions of the systems are separated by fife
barriers. If a fire were td occur within one.éf the sections
or in the area of one of the panels, the ESF systems functions
would not be breVehted by the fire. The use of separation and
fire barriers ensures thaf even though some portion of the
systems may be dffected, the ESF systems will continue to

provide thée required protective action.
LOCA

The ESF systems components functionally required during and/or
following a LOCA have been environmentally qualified to remain

functional as discussed in <Section 3.11>.
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6. Pipé Break Outside Secondary Containmerit

This condition will not affect the ESF systems. Refer to

<Section 3.6>.
7. Missiles

Protec¢tion for safety-related components is described in

<Section 3.5>.
h. Minimum Performance Reduirements

Minimum performance requirements for ESF instrumentation and

controls are provided in Technical Specifications.

7.3.1.3 Final System Drawings

Thé final system drawings; including piping and instrumentatiomn
diagrams, flow diagrams and functional coritrol diagrams control logic
diagrams, have been provided or referenced for the ESF systems in this
section.

ESF systems elementary diagrams are listed in <Section 1.7.1>.

7.3.2 ANALYSIS

7.3.2.1 ESF Systems - Instrumentation and Controls

<Chapter 15> evaluates the individual and combined capabilities of the

ESF systems.

The 'ESF systems are desigrned such that a loss of instrument air, a plant
load rejection or a turbine trip will not prevent the completion of the

safety function.
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7.3.2.1.1 Conformance to <10 CFR 50 Appendix A>

The following is a discussion of conformance to those General Design

Criteria which apply specifically to the ESF systéms. Refer to

<Section 7.1.2.2> for a discussion of General Design Criteria which

apply equally to all safety-related systems.

a.

Criterion 33
See <Section 7.3.1.1.1> (HECS).
Criterion 34

See <Seétion 7.3.1.1.1> (EECS) and <Section 7.3.1.1.6> (EWS).

Criterion 35

"See <Section 7.3.1:1.1> (ECCS) and <Section 7.3.1.1.6> (EWS).

Criterion 37, 46
See <Section 7.3.2.1.3> <Regulatory Guide 1.22>:
Criterion 38

See <Section 7.3.1.1.4> (RHRS-CSCM), <Section 7.3.1.1.5>

'(RHRSHSPCM) and <Section 7.3.1.1.6> (EWS).

Criterion 40

See <Section 7.3.1.1.4> (RHR-CSCM) and <Section 7.3.1.1.5>

(RHRS=SPCM) .
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g. Criterion 41

Seé <Section 7.3.1.1.11> (CCGC) and <Section 7.3.1.1.9> (REGTS).
h. Criterion 44

See <Section 7.3.1.1.6> (EWS)
i Criterion 64

See <Section 7.3.1.1.4> (CRVICS).
7.3.2.1.2 Coriformance to IEEE Standards
The following-is a discussion of confermance to those IEEE standards
which apply specifically to the ESF systems. Refer to <Section 7.1.2.3>
for a discussion of IEEE standards which apply equally to all
sgfety~related systems. '

a. IEEE Standard 279 Criteria for Protection Systems for Nuclear Power

Generating Stations

1. General Functional Requitrement (IEEE Standard 279,

Paragréph 4.1)

The ESF systems automatically initiates the appropriate
protective actions, whenever the parameters described in
<Section 7.3.1.2.a> reach predeteimined limits, with precision
and reliability, assuming the full range of conditions and

performance discussed in <Section 7.3.1.2>.
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Single Failure Criterion (IEEE Starndard 279, Paragraph 4.Z2)

ESE systems are not required to meet single failure criteria
ofi an individual system (divisiOn).basis. However, on a
network basis, the single failure criteria does épply to
assure the completion of & protective function. Redundant
sensors, wiring, lbgicf and acfﬁated devices are physically
and eléctrically separated such that a single failure will not

prevent the protéctiVe function. Refer to <Section 8.3.1.4>

for additional disecussion of the PNPP Separation criteria.

Quality Cdﬁponents (IEEE Standard 279, Paragraph 4.3)

For a discussion of the quality of ESF system components and

modules, refer to <Seéction 3.11>.
Equipment‘Qualiﬁiqatidn (IEEE Standard 279, Paragraph 4.4)
Qualification_tests of the relay panels are conducted to

confirm their adequacy for this service. 1In situ operational

testing of these sensors, channels ahd other entire protection

" system will be performed during the precoperational test phase.

For a complete discussion of ESF equipment qualification,

refer to <Section 3.2>, <Séction 3.10> and <Section 3.11>.

Chaﬁnel Integrity (IEEE Standard 279, Paragraph 4.5)

For a discussion of ESF systéms channel integrity under all

extremes of conditions described 'in <Sec¢tion 7.3.1.2>, refetr
to <Section 3.10>, <Section 3.11>, <Section 8.2.1>, and

<Section 8.3.1>.
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Channel Independenée (IEEE Standard 279, Paragraph 4.6)

ESF system$s channeél independence is maintained through the
application of the& PNPP separation criteria as described in

<Section 8.3.1.4>.

Control and Protection Interaction - (IEEE.Standard 279,

Paragraph 4.7)
There are no ESF system and contrel system interactions. -

Derivation of System Inputs (IEEE Standard 279, Paragraph 4.8)

The ESF variablés are direct measures of the desired variables

requiring'prdtective actiocns. Refér to <Section 7.3.1.1>.
Capability of Sensor Checks (IEEE Standard 279, Paragraph 4.9)
Refer to <Section 7.3.2.1.3>, <Regulatory Guids 1.22>.

Capability for Test and Calibration (IEEE Standard 279,

Paragraph 4.10)
Refer to <Section 7.3.2.1.3>, <Requlatory Guide 1.22».

Channel Bypass or Removal from Operation (iEEE Standard 279,
Paragraph 4.11) '

During periodic test of any one ESF system channél; a sensor
or trip unit may be taken out-of-service and returned to
service under the administrative control procedures. Since

only one sensor or trip unit is taken out-of-service at any
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12.

13.

given time during the test interval, protective action

capability for ESF systeéem automatic initiation is maintained

thrOUgh the remaining redundant instrument channels.

Operating Bypasses (IEEE Standard 279, Paragraph 4.12)

The ESF systems cortain the following operating bypasses.

The CRVICS has four bypasses:

(a)

Main steam line low pressure operating bypass which is
imposed by means of the mode switch. In all modes except
run; -the mode switcﬁ cannot be left in this position
above 10 pexcent of rated power without initiating a
scram. Therefore, the bypass is removed by.fhe normal

reactor operating sequence.

The low condenser.vacuum bypass which is imposed by means

of a manual bypass switchy

The RWCU bypass which is imposed by means of a manual
bypass switch. This bypass applies to the RWCU isolation

signal originating from the leak detection system.

The reactor vessel lew water {(Level 1) MSIV'isolation
bypass which is imposed by means of manual key locked

bypass switches.

Indication of Bypasses (IEEE Standard 279, Paragraph 4.13)

For a discussion of bypass and inoperability indication, refer

to <Section 7.1.2.4>, <Regulatory Guide 1.47>.
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14.

15.

16.

17.

18.

Access to Means for Bypassing (IEEE Standard 279,

Paragraph 4.14)

Access to meahs of bypassifig ahy safety actiog or function for
the ESF systems is under the administrative control of the
control room operator. The operator is aléfted to bypaSSes as

described in <Section 7.1.2.4», <Regulatory Guide 1.47>.

Control switches which allew system bypasses are kéylockeaf
All keylock switiches in ﬁhe‘control room are designed such
that thé key can only be removed when the switch is in the
safe position. All keys will normally be réemoved from their
respective switches during operdtioén and maintdineéd under the

control of thHe Shift Manager.
Miltiple Trip Settings (IEEE Standard 279, Paragraph 4.15)
There are no multiple sét points within the ESF systems:

Completion of Protective Action Once Initiated (IEEE

Standard 279, Paragraph 4.16)

'Fach of the automatically initiated ESF system control logics

seal~in electrically and remain energized after initial

conditions réturn to normal. Deliberate operator action is

required to return (reset) an ESF system logic¢ to normal.
Manudl Initiation (IEEE Standard 279, Paragraph 4.17)

Refer to the discussion of <Regulatory Guide 1.62> in

<Seéction 7.3.2.1.3>.

Access to Setpoint Adjustments (IEEE Standard 279,

‘Paragraph 4.18)
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19.

20.

21.

22.

All access to ESF system set point adjustments, calibration
coritrols and test points are under.the administrative control
of the control room operator. Setpoint adjustments for all
safety-related trip units are located in the control room

behind keylocked tamper guards.

Identification of Protective Actions (IEEE Standard 279,

Paragraph 4.19)

ESF protective actions are directly indicadted and identified
by annunciators located in the control room and a typed record

is available from the process. computer.
Information Readout (IEEE Standard 279), Paragraph 4.20)

The ESF Systems are designed to provide the operator with
accurate and timely information pertinent to their status.
They do not introduce éignals that could cause ariomalols
indications confising to the operator.

System Reépair (IEEE Standard 279, Paragraph 4.21)

The ESF systems are designed to permit repair or replacement

of componerits.

Recognition and lccation of a failed componert will be
accomplished during periodic testing or by annunciation in the

control room.

Identification of Protection Systems (IEEE Standard 279,

Paragraph 4.22)

The identification scheme for the ESF system is discussed in

<Section 8.3.1>.
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7.3.2.1.3 Conformance to Regulatory Guides

The following i§ a discussion of conformance to those regulatory guides

which apply specifically to the ESF systems. Refer to <Section 7.1.2.4>

for a discussion of regulatory guides which apply equally to all

safety-rélated systems.

a.

.<Regulatory Guide 1.7>

For Conttol of Combustible Gas Concentrations in Containment

" following LOCA; refer ﬁo <Section 1.8>.

<Regulatory Guide 1.22>

The ESF systems instrumentation and controls are capable of being
teéted during normal plant Operation, unless that testing is
detrimental to plant availability, to verify the operability of
‘each system component. Tésting of safety-related seénsors is
accomplished by valving out eac¢h seénsor, oné at a time, and
applying a test pressure séurce. The main steam line radiation

sensors may be removed and.test sources applied. The combustible

_ gas contkol system sensors are tested by introducing sample gases

of khown analysis. This verifies the operability of the sensor and
the associated leogic éomponents in the control room. Functional
operability of temperature sensors may be verified by readout

comparisons, applying a heat source to the loéally mounted

- temperature sensing_elementé or by continuity testing.

For the HPCS, LPCS and LPCI, testing for furctional operability of
the control logic relays can be accomplished by use of plug-in test

jacks and switches in conjunction with single sensor tests.

Four test jacks are provided to allow ADS logic testing one for

each logic channel. During testing, only one logic should be
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actuated at a time. However, when the test plug is -plugged into.
ope channel, the complemert channel of that'trip system.is
automatically‘réndered inoperative. Therefbre, inadvertent ADS
actuation cannot occlr eveh‘if both channéls are improperly placed
in the test mode simulténecusly. An alarm is provided if a test
plug is insérted in either channel in & division. OperatiOn of the
test plug switch and the pérmissive contacts will c¢lose oné of the
two séries relay contacts in the valve sblenoid circuit. This will

cause a panel light to come on indicating proper channel operatior.

Aﬁnunciation is ptoevided in the control rdom whenever a test plug
is irnseéerted in a jack to indicate to the operator that an ECCS is

in a test status..

Operability 6£ air operated, solenoid operated and motor-operated
valves is verified by actuating the valve control switches and
menitoring the position chdangé by position indicating lights at the

cbntrol switch.

The ESF systems aré¢ provided with indications, status displays;
annunciation, and computer brintOufs which aid the contrel room
operator during peried system tests to verify comporient

operability.

<Regulatory Guide 1.53>

sefer to IEEE Standard 279 Paragraph 4.2, <Secti5n 7.3.2.1.2>.
<Regulatory Guide 1.62> = Manual Initiation of Protective Actions

The HPCS, LPCS and the Division 2 LPCI system are manually
initiated at the system level from the control room by actuation of
a switch. The LPCS switch also initiates$ the Division 1 LECI

system.
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The ADS and the CRVICS are manually initidted at the systeﬁ
(division) level'by actuation of two switches-(one for each logic.

channel) .

The RHRS containment spray cooling mede is manually initidted dt
the system (division) level by actuation of the RHR pump start
cornitrol switch_aﬁd bonpening‘the Containment Spray or Suppression

Chamber Spray valves:

The RHRS suppression pool coeoling mode is manually initisted: from
the main control room by actuation of system pump and valve

controls.

'All ESF and ESF supporting systems are provided with manual

actuation at the systém and ot component level. These actuations

are discussed in thé system operation section for each system.

The adtuation 6f the system level manual initiation switéhes

simulate all the actions of automatic or manual (individual

equipment initiatior) system actuatioén.

<Regulatoery Guide 1.73> - Qualification Testing of Elecdtric Motor

Operators installed Inside the Containment of Nuclear Power Plants
See <Section 3.10> and <Section 3.11> for discussion of compliance.

<Regulatory Guide 1.953 -~ Protection of Nuclear Power -Plant Control

Room Operdtors Against an Accidental Chlorine Release

See <Section 1.8> for discussion of compliance.
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<Regulatory Guide 1.96> = Design of Main Steam Isolation valve
Leakage Control System‘forABoiling Water Reactor Nuclear Power

Plants

MSIV-LCS has  been eéliminated and is abandoned in place.
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TABLE 7.3-1

ISOLATION SYSTEM INSTRUMENTATION RESPONSE TIME TABLE

Tr;p,Fun¢pion ReSpOnsé Time (seconds) Notes

" MAIN STEAM LINE ISOLATION

1. Reactor Vessel'Water Level ' ‘

- Low, Leével 1 1.0 ' See Note 123
2. Main Steam‘iiné Pressure - Low <1.0 See Note (1) 21.(3)
3. Main Steam Line Flow - High | 0.5 - See Note @

) Tsolation system instrumentation response time specified for the Trip
function acdtuating each containmeént isolatien valvée shall be added to the
isolation time for each valve to obtain ISOLATION SYSTEM RESPONSE TIME
for each valve. '

. (
Isélation system instrumentation response time for MSIVsS only. No diesel
generator delays assumed. S '

(2)

) ThHe sensor is not included in the response time testinig for these

circuits. Reésponse time testing for the rémaining channel including trip
unit and relay loglc is required.
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7.4 SYSTEMS REQUIRED FOR SAFE SHUTDOWN
7.4.1 DESCRIPTION

This section discusses the instrumentation and controls of the following

'

systems required for safe plart shutdown :
a. Reactor‘Core Isolatiop Cooling (RCIC) System

b. Standby Liquid Control System (SLCS)

c. RHRS Shutdown Coeling Mode (RSCMf

d. Remote Shutdown System (RSS)

The sources which supply power.to ﬁhe safe shutdown systems originate
-from onsité ac and/or dc safety-related buses. Refer to <Chapter 8> for

a complete discussion of the séfety—related power sSources.

7.4.1.1 Reactor Core IsolationVCooLing (RCIC) Syétem

a. RCIC System Function

The reactor core isolation cooling system <Section 5.4.6>
instrumentation is designed to maintain or supplement reactor

vessel water inventory during the following c¢onditions:

1. When the reactor vessel is isclated from its primary heat sink
(thé main condenser) and maintained in the hot standby

condition.

2. When the reactor vessel is isolated and accompanied by a loss

of normal coolant flow from the reactor feedwater system.
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3. When the plant is being shutdown and normal coolant flow from
the feedwater system is lost before the reactor is
depressurized to a level where the reactor shutdown cooling

mode of the RHR system can be placed into operatiohn.
RCIC System Operation

Scheﬁatic arréngements of'system mechanical equipment is shown in
<Figure 5.4=9>. RCIC sSystem compérent control logid is shown in
<Figute 7.4~1>. Plant layout drawings are shown in <Section 1.25>
and elgmentary diagnamé are listed in <Section 1.7.1». Operator
iriformation display$ ake shown in <Figure 5.4-9> and

<Figure 7.4=1>.

The RCOIC system can bé initiated either manually or automatically.
The control room operator can initiate RCIC by operating the manual
initiation switch which simulatés an autematic initiation or by

activating each piece of equipment sequentially as required.

RCIC is automatically initiated by four redundant differential
pressure transmitters/trip relay centacts; arranged in a
oné~out~of-two-twice logic configurdtion, which sense reactor

vessel low water trip (trip Level 2).

The RCIC steam line isoclation motor—operated (MO) inboard-valve,
the RCIC steam line isolatiqn MO outboayd valve; and the turbine
exhaust to the suppréssion pool MO valve are in the open position
and they reguire no change of position for automatic system

initiation.
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The RCIC system responds to an autoniatic initiation signal and
‘reaches design flow rate within 30 seconds as follows (actions are

 simultaneous unless stated otherwise) :

1. The pump suction from the condensate storage tanks valve

E51F010 is signaled open.

2. To ensuré that pump discharge f1dw is directed to the reactor
vessel only, the test return liné to the cohdensate storage

tank valves E51FO22 and E51F058 are signaled closed.
3. The turbine steam inlet valveé 1E51F0045 is signaled to, opeh.

4. When the turbine steam inlét valve E51F045 starts to oﬁen,.the
RCIC pump dischérge to reactor vessel valve ES5IF013 is
signaled/opén. Valve E51F013 is prohibited from'opening or,
if open, automatically . closes when E51F045 or the turbine trip
and threottle valve is closed.

k)

5. The turbine gland seal compressor. is signaled to start.

6. When valve ES51F045 leaves the closed ppsition, the RCIC
turbine_Speed accelerates until the automatic flow controller
set point is: reached and the system discharge flow is

controlled by the turbine electronic governor mechanism.

If water level in the condensate storage tanks becomes low, RCIC
pumpcsuction is automatically transferred from the condensate
storage tank to the suppression pool by opening valve E51F031.
When the Coritrol Room is notified of the issuance of a tornado

" warhing for the viéinity of the plant, or if a tornado is sighted

in the immediate viciﬁity of the plant, administrative coéntrols
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reqiire the RCIC suction to be aligned to the tornado missile
protected suppression pool. Once valve F031 is fully open, the

condensaté storage tank valve E51F010 is automatically closed.

The RCIC system .includes design features which provide system
equipment prdtectioﬁ or aCComplish.coptainment isolation if certain
types of abnormal eveénts occur. The turbine is either manually
trip actuated by the control room oPerator_or éutomatigally shut
down by closing'the turbiné‘trip and ﬁhrottle ValVe'if>any 6; the

following conditions are detected:

;, Turbine overspeed

2. High turbine exhaust pressure
3. RCIC  isolation signal

4. Low pump suction pressure

To protect the RCIC pump frem overheating durirg low flow
conditions, the pump discharge flow and pressure are monitored. If
the pump discharge pressure transmitter indicates that the pump is
running and the pump discharge flew transmitter indicates low flow,
the minimum flow refurn line valve E51F019 is automatically opened.
The minimum flow valve is automatically closed when fleow is normal
or when either the turbine trip and throttle valve or the steam

inlet valve EB51F045 is closed.

High water level in the reactor vessel indicates that the RCIC
system has performed satisfactorily in préviding make up water to
the reaétOr vessel. Further incredsé in level could result in RCIC
system turbine damage caused by gross carry-over of moisture. To

prevent this, a high water level trip is used to initiate closure
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of steam sﬁpply valve ES1F045, to shut off the steam to the turbine
and halt RCIC operation. The system will automatically reinstate
if the water level decreases to the reactdr water ldw level trip

point.

Alr operated (AO) valves E51F025, F026;, and F054, and a condehsate
drain pot are provided in a drain pipeline arrangemerit jpst
upstream of the turbine supply valve. The water level in the steam
line drain condensate pét is cortrolled by a level switéh and valve:
E51F054 which energizes to allow condensate to flow out of the ‘
drain pot by bypassing the steam trap. The drainage path is
isolated by closing E51F025 and ESiFOZG upori receipt of an RCIC

initiation signal.

RCIC steam turbine exhaust line vacuum breaker valves E51F077,
E51F078 and turbine exhaust to suppression pool MO E51F068 are
normally open but close automatically following system trip'on low

steam line preséure if drywell pressure exceeéeds the setpoint.

Detection of abnormal conditions by redundant leak detection

portionhs of the RCIC system will cause system isolation as follows:

1. Division 1 circuitry will override the manual control switches
ahd signal the outboard steamliné isolation valve F064 and
pump suction to suppréssion peol valve F031 to close.

2. Division 2 circuitry will override the manual control switches
and signal the inboard steamline isclation valve F063 and-
steamline warmup valve F076 to close.

The conditions that will initiate the isolation are:

1. RCIC low steamline pressure.
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2._ RCIC steam supply line high differential pressure.

3. Main steam tunnel high ambient or differential (inlet/outlet)

ventilation air temperadture.

4, RHR -équipmenit area high ambient or differeritial (inlet/outlet)
ventilation air température. Differéntial temperature
instruméntation is réquired to provide the leak detection
iSOlafion signal orily whén the room coélers are running.

5. RCIC turbiné exhaust diaphragm high pressire.

6. RCIC equipment area high ambient temperature.

For a complete descriptién of the RCIC system ledk detection isolation

signals, see <«Section 7.6.1>,
Thé RCIC systenm may be isolated after initiation by the control room
operator by actuation of a switch which cailises the outboard steamline

isolation valve to close.

7.4.1.2 Standby Liquid Control System (SLCS)

a. SLCS Function

The standby liquid control system <Section 9.3.5> instrumentation
is designed to manually initiate injeéctien of a ligquid neutron
absorber into the reactor. Other instrumentation is provided to
maintain this liquid chemical solution well above saturation

temperature in readiness for injection.

7.4-6 Revision 12
' January, 2003



The SLCS is a backup independent method of manually shutting down
the reactor to cold shutdown conditiens from normal operation ot
. ! ;

from anticipated transient conditions whén control rod ifisertion

capability is lost.
SLCS Operation

Schematic arrangements of system méchaniéal equipment is shown in
<Figure 9.3-19>. SLCS component cenitrol logic is "shown in

<Figure 7;472>, with applicable df¥awirgs listed in <Section 1.7.1».
OéeratOr information displays are shown in <Figure 9.3~19> and

<Figure 7.4-2>.

‘The SLCS is initiated by the control room opérator by turning a
keylocked switch for system A, or a differerit keylocked switch for
system B to the “ON” position. The key is removable in the “QFF”’
position. Should the selected pump fail‘to start, the other key

switch may be used to select the alternate pump loop.

When the SLGS is initiated, the eXplosiVé—operated valve in the
selected loép fires and the tank discharge valve starts to open
immediately. The pump that has beeh sélected for injection will

not start until the tank discharge valve is fully open.

Pumps are interlocked so that either the storage tank discharge
wvalve or the test tarik discharge valve must be open for the pump to
run unless the pumps are being tested using the momentary contact
pump test switch. When SLCS system A is initiated the outboard
RWCU isolation valve is automatically closed and when SLCS system B
is initiated the inboard RWCU iseolation valve is automatically \

closed.
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774L1.3 RHRS/Reactor Shutdown Cooling Mode (RSCM)

a.

RSCM Function

The Reactor Shutdown Cooling Mode -<Sedtien §l4.7> of the RHR System

is 'used during a normal reactor shutdown.

The RSCM consists of instrumerntation designed to provide decay heat
removal capability for the réactor co¥e by accéemplishing the

following:

1. =~ Reactor cooling during shutdown operatioen after the vessel

pressure is reduced to approximately 130 psig.

2. Cooling thé reactor water to a temperature at which reactor

refueling and servicing can be accemplished.

3. Diverting part of the shutdown flow to the reactor vessel head
te condensé the steam geherated from the hot walls of the
vessel while it is being flosded.

»

RSCM Operation

The reactor shutdown cooling system contains two loops. Either
loéop is‘sufficient to satisfy the cooling requirements for shutdown
cOpling. However, both loops share a common suction line with two
sﬁction valves in series. In the event that one of the suction
valves fails closed and noérmal shutdown cooling is not available,
an alternate shutdown cooling loop ﬁay be estdblished. The normal
shutdown suction path may be bypassed by manually switching to take
suction water from the suppression pool, returning through the LPCI
line and manually opening the ADS valves to allow reactor water to

flow back through the SRV dischargeAline to the suppression pool.
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The ADS valves may be actuated by either Division 1 or Division 2
power, thus providing redundancy in the event of a divisional power

failure.

See <Section 5.4.7> for a complete description™of the RSGM

operation.
7.4.1.4 Remote Shutdown System (RSS)
T a. RSS Function

The RSS is designed to achieve a ¢old reactor shutdown from ocutside

the control room following thesé pbstulated conditioéns:

1. The plant is at normal operating conditions and all plant
personnel have been evacuated from‘the control room and it is

indccessible.

2. The initial event that causes the corntrol room to becotie
inaccessible_is assumed to be such that the reactor operator
cah manually scram the reactor before leaving the control
room. Two backup méans of scramming the reactor from outside
the control room.are-available. This dan be accomplished by
opening the output breakers at ATWS UPS distribution panels
EVIA and EVIB ot by opening the output bréakers 6f the RPS MG

sets.

3. Under‘normal_COnditiOns, the main turbine pressure regulators
may be controlling reactor préssure via the bypass valves. It
is assumed that this turbine generator control panel function
is also lost. 1In the event of a pressure decrease to the MSIV

isolation setpoint, the inboard MSIV’s will be shut from the
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Division 1 remote shutdown panel. Increases in reactor
pressure will be relieved through the safety relief valves to

the suppression pool.

4. The reactor feedwater system which i$ normally available is
dlso assumed to be inoperable. Reactor vessel water inventory

is provided by the RCIE system.

The RSS is required only duringltimes of control room
inaccessibility when normal plant operating conditions éxist (i.e.,

no transiehts o¥ accidents are occurring): .
Remote Shutdown System Operation

Some of the existing systems used for normal reactor shutdown
operation are also ufilized in the rémote shutdown capability to
shut doﬁn the reactor from outside the dontrol room; The

Dittision 1 remote shutdown capability is designed to controel the
required shutdown systems from outside the control room
'irrespective of hot,shérts, open circuits, or shorts to ground in
the associated control room circuits that may have resulted from an
event causing an evacudtion (for example, a damaging fire in the
control room). The functions needed for Division 1 remote shutdown
control are provided with manual transfer switches at the remote
shutdown’panel which oVverride controls from the contrél room,
provide complete electrical isolation of the associated control
room circuits, and transfer the controls to the Division 1 remote
shutdown panel. Division 1 remote shutdown control is not possible
without éctuation of the transfer devicesl All necessafy power
supplies and control logic are also transferred. Operatioﬁ of the
transfer devices used to transfer control of devices from thé
control room to the Division 1, remote shutdown panel, causes an
alarm in the control room. Access to the Division 1 rémote

shutdown panel is administrativeiy and procedurally controlled.
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Most system eguipment (i.eé., valves and pumps) necessary for proper
system lineup and complete system controel are located on the

Division 1
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remote shutdown panel. Additional équipment reguired for remote
shutdown capability are provided with combination transfer/control
switches located on associated MGC doors (valves) and lecal panels
(fans, c¢hillers, pumps).: Operation of these transfer/control
switches causes an alarm in the control roem by deaenergiéing
voltage monitof relays. Eguipment required for remscte shutdown
qapability that hés ohiy voltage monitoring and/or indicating iight

circuits in the control room ate provided with isolating fuses.

Redundant remcte shutdown capability is provided using the
Division 2 remote shutdown cortrols. These controls are designed
‘to parallel the controls from the cofitfol room. All sighadls
required for the Division 2 remote shutdowr panel will be supplied
from the ERIS datd acquisition cabinet. An indicating panel for
the Division 2 remote shutdown system is located in the Division 2
switchgear room. The'DivisiOn 2 remote shutdown is coentrolled by
pull=to=lock switches monted on the sWwitchgear and MCC panels.
The pullitb—lock switches are used to control pumps and valves of

associated essential safe shutdown systems.

Manual activation of safety relief valveé and the initiation of the
reactor coré isdlation cooling (RCIC) system will maintain redctor
wadter invehtory and bring the reactor to a hot shutdown condition
after scram. In the case of the Division 2 rémote shutd0wn>system,
assume that automatic initiation of HPCS has occlurred, thereby
providing for RCIC system backup. During this phase of shﬁtdown,
the suppression poéol will be cooled by operating the residual heat
removal (RHR) system in the suppression pool cobling mode. Reactor
pressure will be controlled and core decay and sensible heat
rejected to the suppression pool by relieving steam pressure

through the relief valves.

This procedure will cool the reactor and reduce its pressuré at a

controlled rate until reactor pressure becomes so low that the RCIC
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systém is unable to sustain operation. . The RHR system will then be

operated in the shutdown cooling mode using the RHR system heat

ex¢hanger to cool reactor water and bring the reactorlto the. cold

low pressure condition.

1. Reactor Cotre Isolation Cooling (RCIC) System

\

The followidg RCIC System equipment/functions have transfer

and,contrdl switches located on the Diwvision 1 remote shutdown

control panel:

E51=F010:

E51-F013:
E51-F019:

E51-F022:

E51-C004:
E51-F031:

E51-=F045:
E51=F059:

E51-F063:
E51-F064:
E51-F068:

E51-F076:

Motor-gperated valve

sterage)
Motor-operated valve
Motor-operated valve
pool)

Motor=operated valve

storage) -

(pump suctien from condensate

‘

(RCIC injection shutoff)

(mifiimum flow to suppression

(test bypass to condensate

Gland seal system air compressor

Motor—éperated valve
pool)

Motor-operated valve
Motor-operated valve
st&rage)
Motor-operated valve
inboard)
Motor—-operated wvalve
outboard)
Motor-operated valve
suppression pool)
Motor-operated valve

isolation)

7.4-12 .
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E51-F077: Motor-operated valve (vacuum breaker isolation
outboard)

E51-F078: Motor-operated valve (vacuum breakér isolation
iﬁb@ard)

ES1-F510: Motor-operated valve (turbine trip and throttle

valve)
See <Figuré 5.4-10>.

The following RCIC system instrumentation is provided on the

Division 1 remote shutdown control panel:.

C61-R0O01: RCIC.flow COntroiler and indicator
C61-R003: RCIC turbine speed indicator

Indicating lights are provided for conditions of turbine
‘tripped,; turbine bearing oil low pressure, turbine governor
bearing oil temperatufe high, and turbine coupling eénd bearing

0il temperature high.
Valve position and pump status indicators are also provided.
Residual Hedt Removal (RHR) System

The following RHR system loop A eguipment/functions have
transfer and control switches located iat the Division 1 remote

shutdown corntrol panel:

E12-C002A: Residual heat removal pump

E12=FO003A: Motor-operated valve (heat exchangér .shell side
outlet)

E12-F004A: Motor-operated valve (RHR pump suction)

E12=F006A: Motor-eperated valve (shutdown ' cooling)

FE12-F006B: Motor—operated valve (shutdown cooling)
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© E12-=F008:
E12-F009:
E12-F011A:

E12~F023: -

E12=F024A:
E12-F027A:
E12-F028A:
E12-F037A:
E12-F042A:
EL2~F047A:

E12+-F048A:

E12-F040:
E12~F053A:

E12-F064A:

E12=F609:

Motor-operated
Motor-operated

Motor-operated

valve
valve

valve

suppression pool)

Motor-operated
Motor—operaéed
Motor-operdted
Motor-operated
Motor-operated
Motor-opérated
Motor*OPérated
inlet)
Motor—-operated
bypass)
Motor-operated
Motor-opetrated

Motor—-operated

Motdr—Operéted

isolation)

valve
vaive
valve
valve
vvalwe
valve

valve
valve

valve
valve
valve

valve

(outboard shutdown isolation)
(inboard suction isolation)

(RHR heat exchanger flow to

(reactor -head spray)

(RHR test line)

(injection shutoff)
(containment spray)
(shutoff‘upper pobl cosling)
(RHR injection)

{heat exchangér shell side
(heat exchanger shell side

(discharge to radwaste)

"(RHR injection)

(RHR pump minimum f£low)

(SPCU tb RHR second outbeoard

The following RHR system léop B equipment/functions have

control switches located at their respective motor control

centers or switchgear panels:

E12-C002B:
E12-=F003B:

E12-F004B:
E12~FO11B:

E12-F024B:
E12-F027B:
E12-F028B:
E12-F037B:

Residual heat removal pump

Motor-operdted valve (heat exchanger shell side.

outlet)
Motor-operated

Motor-operated

valve

valve

suppression pool)

Motor—-operated
Motor—-operated
Motor-operated

Motor~operated

valve
valve
valve

valve

7.4-14
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E12-F042B: Motor=operated valve (RHR injection)

E12-F047B: Motor-operated valve (heat exchanger shell side
inlet)

E12*E048B: Motér+operatéd'valve (heat exchanger shell side
bypass) ' -

E12-F053B: Motor-operated valve (RHR injection)

E12-F064B: Motor-operated valve (RHR pump minimum f£low)
Seé <Figure 5.4-=13>.

The folloWing RHR instrumentation is.located on the Division 1

remote shutdown control panel:
C61-R005: RHR flow indicator for loop A

The following RHR instruméntation is locatéd on the Division 2

- reméte shutdown indicating paneél:

C61-R025: RHR flow indicator for loop B.

Valve position status-indicatioén and pump status indication.
Nuclear Boiler System

The following functions have transfer and control switches
located at the Division 1 remste shutdown control panel and
‘control switches at the Division 2 remote shutdown control
panel: -

B21-F051C: Air operated safety relief valve

B21-F051G: Ailr operated safety relief valve
B21-F051D: Air operated safety relief valve
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The following functions havée transfer and contrel switches

located at the Division 1 remote shutdown centrol panel:

B21-F022A: Inboard
B21-F022B: Inboard
B21-F022C: Inboard
B21-F022D: Iﬁbgard

main
main
main

main

Stean
sté&am
steam

steam

line
line

line

line’

o QO w o

iselation
isclation
isolation

isolatioen

valve.
valve.
valve.

valve.

The following function has transfer/control switches located

on the associated MCC compartiment door:

BZlfFOl9:{ Motor-operated valve (main - -steam.line drain

igolation)

Thé folléwing nuclear boiler instrumentation is provided on

‘the Divisien 1 remote shutdown control panel:

G61=R012: Reactor pressure/level recorder

C61-R010: Reactot level indicator

C61=R011: Reactor pressure indicator

The following nuclear boiler instrumentation is provided on

the Division 2 remote shutdown control panel:

C61-R0O30: Reactor level indicator

C61=R031: Reactor pressure indicator

Valve position status indicators.

See <Figure 5.1-3>
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Reactor Water Cleanup System

The following function has transfer/coritrol switches located

on the aésdciated MCC compartment door:

G33-F004: Motor-operated valve (reacto? water cleanup

discharge isolatien).
Emergency Service Watér Systein

The following loop A emergency service water system
equipment/functions have transfer and Qoﬁtrol'SWitches located

at the remote shutdewn control panel:

P45<FO144: Motor*épeiafed valve (RHR heat exchanger

A isclation) - )

P45-FQ&8Aj Motor-opéerdted valve (RHR heat exchanger
iselation) _

P45~F130A: Motor-operated.valve (pump discharge shutoff)

P45-C001A: Emergency service water pump

The following loop B emergency service water system
' equipment/functions have .control switches located on the

assoclated motor control centérs and swWitchgear panels:

P45-F014B: Motor-operated valve (RHR heat exchariger
A isolation)
P45-F068B: Motor~operated valve (RHR heat exchanger
isoelation).
P45-F130B: Motor-operated valve (pump discharge shutoff)

P45-=C001B: Emergency Service water pump

Seé <Figure 9.2~1>.
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The following emiergency service water system instrumentation

is provided on the Division 1 remote shutdown control panel:

P45-RO33A: Flow indicater (RHR heat exchanger A)
P45-R0O55A: Flow indicator (EGC system heat exchangéer A)

The following emergency seérvice water system instrumentation

is provided on the Division 2 femote shutdewn control panel:

P45-R033B: Flow indicator (RHR heat exchanger B)
P45=R055B: Flow indicator (ECC system heat éxchanger B)

Valvé position and pump status indicators. .
Emergency Closed Cooling System
The following loop A emergency closed coolihg system equipment

has transfer and contrel switches located at thé Division 1

remote shiutdown control panel:

P42-C0O001A: Emergency closed cooling pump A

The following loop B emergency closed cooling systeim has
control switches located on the associated switchgear panel in
the Division 2'switchgear room:

P42-C001B: Emergency closed cooling pump B

Pump status indicators. See <Figure 9.2-3>.

The following emergency ¢losed cooling system instrumentation

is provided on the Division 1 remote shutdown control panel:

pP42~RO45A: Flow indicator (ECC system heat exchanger A)
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The following emergency closed cooling system instrUmentatibn

is provided ori the Division 2 remote shutdQWn control panel:
P42-R045B: Flow indicator (ECC system heat exchariger B)
Instrunment Power

The following instrument 120 Vac power systems have a transfer

switch located at the Division 1 remote shutdown panel:
R41-K050: 120 Vac instrument power
Containment Atmosphere Monitoring System

The following containment atmosphere monitoring system
instriimentation is prowvided on the Division 1 remote shutdown

control panel:

D23-R230: Recorder (drywell pressure/temperature)

D23—R240; Recordéer (suppression pool level/temperatiire)

The following containment atmosphere monitoring system
instrumentation is provided on the Division 2 remote shutdown

panel:

D23~R260: Drywell temperature indicator
D23-R270: Suppression pool temperature indicator
D23-R280: Drywell pressure indicator

3

G43-R102: Suppression pool level indicator

MCC, Switchgear and Miscellaneous Electrical Equipment Area

HVAC Systems/Battery Room Exhaust System
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10.

11.

The following loop A MCC, switchgear, dand miscellaneoﬁs
electrical eguipment area HVAC Systems,; and batteXy room
exhaist system equipment have a common transfer/control switéh

located on the 480V switchgear panel EFLAOL

M23=CO01A: MCC, switchHgear and miscellaneous electrical
equipmerit atread BVAC supply fan A |

M23—0002A:v MCC, switchgear and miscellarieous electrical
equipmerit area HVAC réturn fan A

M24-C001A: Battery room exhaust fan A-

P47-F045A: MCC, SWER and miscellaneOus.electrical equipment
area train “A” chilled watér temperature control

MOV
Emergency Closed Cébling Punip Area . Cooling System

The following loop A emérgeéncy closed coeling pump area
cooling system equipmenf has fuse isoclation providéd for
contrél room indication, voltage monitoring and annunciation

circuits:

M28-~BO01A: Emergency ¢losed coolihg pump area cooling system’

ventilation fan “A”.
Emergency Service Water Pumphouse Ventilation System

The following loop A emergency service water pumphouée

ventilation system eguipment have a common transfer/control
switch and manual control unit; (for dampers) located in the
emergency service water pumphouse ventilation system remote

shutdown panel:

M32~C001A: Emergency service water pumphouse system

ventilation Unit “A”
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12.

13.

M32-FO070A: Emérgency service water pumphouse Systém pump
house wall louver “A7

M32-F040A: Emergency service water pumphouse systém fan inlet
air damper WA '

M32+F050A: Emergency Service water pumphouse systéem mixiﬁg

air damper “RA”
Emergency Core Cooling System Pump Roem Cooling System

Thé folleowing emergency core cooling system pump room cooling
system egquipment have fuse isolation provided for control reom

indication and voltage monitoring circuits:

M39=BO0OIA: Emergéncy core cooling system pump room cooling
' system RHR pump “A” and heat exchanger codler.
M39-B004:  Emergency c¢ore cooling system pump room cooling

system RCIC puiip room &oolet.
Diesel Generator Building Ventilation System

The following loop A diesel generator building wventilation
system equipment is isélated from thé control room by diesel
generator A control transfer switch, located on the diesel
generator A control pénel, and éctuated by an engine runriing
interlock located in the diesel generator A'engine control

panel. The dampers are controlled by a setpoint station

'located on the Division 1 remote shutdewn control panel which

receivés an input from a separate temperature transmitter used

only for rémote shutdown:

M43-CO001A: Diesel generator building ventilatien system
" ventilation fan A '
M43-F020A: Diesel generator building ventilation system

outside air damper
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14.

15.

M43-F030A: Diesel generator.building ventilation system
retirn (recirculation) air dampér

M43-F031A: Diesel geheratotr building ventilatien system
return (fécirculatiOn) air damper

M43-F070A: Diesél gererator building ventilation system
exXhaust damper

M43-F071A: Diesel genérator building ventilation systenm

extiaust damper
Control Complex Chilled Water System

The following loop A control complex chHilled watexr system
equipment have individual transfer/control switches located on
the associated switchgear pariels in the Division 1 switchgear

room and locdl control panel at the chiller.

P47-B001A: Control complex chilled water system control
complex chiller A

P47<C001A: COnfrol complex chilled water systém chilled water
pump A

Emergéncy Service Water Screen Wash System . .
The following emergency service water screen wash system
equipment has fuse isolation provide for control room auto

start and voltage monitoring circuits:

P49-~D001A: Emergency service water 'screen wash system screen

control
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17.

18.

7.4.1.5

Safety~related Instrument Air System-
The following loop A safetyirelated instrument air system
equipment have transfer/control switches lotated on the

associated MCC compartment doors:

P57-F015A: Motor-operated valve (containmefit isolation)

P57-F020A: Motor-gperated valve (drywell isolation)

Sﬁandby Diesel Géhnerator System

The following Division 1 standby diesel generator (R43-S001A)

componénts ate provided with fuse and tranhsfer switch

isolation from the control réom:

Voltage regulator control and indicating light

Generator field metering

Diesel Generator Fuel Oil System

The following diésel génerator fuel oil system equipmernit is

"provided with fuse isolation for control room voltagé

monitoring circuit:

R45-C001A: Diesel generator fuel oil system fuel oil transfer

pump A

Design Basis

The safe shutdewn systems are designed to provide timely protection
against the onsét and consequences of conditions that threaten the
integrity of the fuel barrier and the reactor coolant pressure boundary.
<Chapter 15> identifies and evaluates events that jeopardize the fuel

barrier and reactor c¢oolant pressure boundary. The methods of assessing
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barrier damage and radioactive material releages, along with the methods
- by which abnormal events are identified, are also presented in

<Chapter 15>;

Ca. variables monitored to provide protective actions

RCIC ~ ReactorlveSSel low water level (trip Level 2) is monitored

]
in order to provide protective actions to the safe shutdown
systems. All other safe shutdewn systems are initidted by operator

actions.

The plant conditions which require protective action involving safe
shutdown are describéd in <Chapter 15> and <Bppendix 15A>.
7 - o )
b. Location and Minimum Number of Sensors
Technical'Speciﬁications will discuss the minimum number of sensors
required to monitor safety-—related variables. There are no sensors

in the safe shutdown gystems which have a spatial depeéndence.

c. Pruderit Operational Limits
Prudent operational limits for each safety-related variable trip
setting are selected with sufficient mafgin so that a spurious safe
shutdown system initiation is avoided. It is then verified by
analysis that the release of radioactive materials, followiné
postulated gross failures of the fuel or the nuclear system process

barrier, is kept within acceptable bounds.
~d. Margin

The margin between operational limits and the limiting conditions
of opéeration of safe shutdown systems are accounted for in-

Technical Specifications.
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Levels

Léevels requiring protective action are established in Technical

Specifications.
Range of Transient, Steady-State and Environmental Cohditions

Refer to «Section 3.11> for envircnmental conditions. Refer to

<Section 8:2.1> and <Section 8.3.1> for the maximum and minimum

'féﬁge Qf éﬁéf&&'éﬁﬁéiy‘ié"ﬁhe saféhéﬂdfabﬁﬁ“éystems_instfaﬁentatiéhﬂ“

and controls. BAll safety-related instriimentation' and controls are

specified and purchased to withstand the effects of these energy

‘supply ranges.

Malfunctiohs,‘ACcidents and Otheér Undsual Events Which Could Cause

Damage to Safety System .

<«Chapter 15> describés the following credible accidents and events:

floods, storis, tornadcoés, earthquakes, fires, LOCA, pipe break
outside containment, and feedwater line break. Each of these

events is diécuééed below for the safe shutdown. systems.
1: Floods

The buildings containing safe shutdown system components have
been designed to meet the PMF (Probable Maximum Flood) at the
site location. This ensures that the buildings will remain

water-tight under PMF conditions including wind.generated wave
ac¢tion and wave runup. For a discussi@n of internal ﬁiooding

protection, refer to <Section 3.4.1> and <Section 3.6>.
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