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SECTION TWO

ALTERNATE SHUTDOWN SYSTEMS AND
COMPONENTS
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(5) No piece of equipment required for safe shutdcwn is
assumed to be out-of-service.

2.3.3 Definitions

Hot Shutdown - Reactor at zero power6 Keff less than 0.99
and RCS temperature >540%F

Cooldown - Reactor at zero power, Keff less than 0.99
and RCS temperature between 540°F and 200°F.

Cold Shutdown- Reactor at zero power, Keff less than 0.93
and RCS temperature below or equal to 200°F,

2.3.4 Achievement of Safe Shutdown Functions

2.3.4.1 Reactivity Control Finction

Initial reactivity control results from an automatic Reactor
Protection System (RPS) trip or from operator initiation of a
manual trip. The effects of fires on the RPS do not preclude the
initiation of an automatic trip or control rod insertion because
the system is designed to fail in the safe (scram) condition.

Following control rod insertion, hot subcritical conditions
can be maintained for at least 24 hours with no addition of
boron, assuming all rods are inserted into the core and the reac-
tor trip occurs at worst case conditions (end of life and at
100% power), with xenon at steady-state level. As xenon decays,
however, positive reactivity is added, requiring the addition of
borated water from the Refueling Water Storage Tank (RWST) to
maintain the required margin of shutdown reactivity. The cool-
down transition from hot shutdown, and ultimately to cold

shutdown, requires additional boration to compensate for the
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negative moderator temperature coefficient. The total quantity
of borated water from the RWST (a minimum Technical Specification
concentration of 2000 ppm) which must be injected into the
Reactor Coolant System (RCS) to achieve the required cold
shutdown margin is less than the quantity of borated water from
the same source required to maintain pressurizer level within the
operating band during cooldown (Reactor Coolant System volume
shrinkage compensation). The Chemical and Volume Control System
(cvcs) is capable of injecting this quantity of borated water
into the Reactor Coolant System and maintaining the required
shutdown reactivity margin throughout safe shutdown.

2.3.4.2 Reactor Coolant Make-up Control

For the assumed fire scenario, reactor coolant make-up con-
trol can be achieved by isolation of the normal and excess let-
down CVCS paths and operation of the charging portion of the CVCS
through the RCP seal injection path and auxiliary charging path.

Successful maintenance of RCS integrity is also necessary to
achieve adequate inventory and pressure control. Spurious open-
ing of primary boundary isolation valves such as pressurizer and
reactor vessel vent valves, pressurizer power-operated relief
valves (PORVs), and RHR isolation valves will be precluded or

mitigated, and adequate maintenance of reactor coolant pump seal

integrity achieved.

Page 2-9



Control of pressurizer water level 1is achieved manually by
controlling CVCS charging flow using local or remote pressurizer
level indication.

2.3.4.3 Reactor Coolant Pressure Control

Overpressure protection of the RCS prior to a controlled
cooldown and depressurization is provided by the pressurizer
safety valves. After alignment of the Residual Heat Removal
System (RHR), at approximately 350°F and 425 psig, overpressure
protection is provided by the RHR safety valves. The pressurizer
safety valves and RHR safety valves, in conjunction with a con-
trolled cooldown and a timely transfer to shutdown cooling at or
around a Reactor Coolant System temperature of 3509F, will ensure
that the RCS pressure-temperature limits are not exceeded. For
adequate pressure control, isolation of the pressurizer auxiliary
spray and normal letdown will occur as the result of operator
action. Safety injection tank accumulators will also be manually
isolated by operator action.

The establishment and maintenance of sufficient sub-cooling
margin within the Reactor Coolant System is essential when con-
ducting a natural circulation cooldown. Pressurizer heaters may
not be available but maintaining a constant charging pump flow
rate while decreasing cooldown rate will raise system pressure.
In the event that depressurization 1is required during cooldown,

the preferred method will be to maintain pressurizer level
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Transition from stable hot shutdown conditions to cooldown
is achieved by manual control of steam generator pressure. The
removal of decay and latent energy is achieved by the controlled
operation of the steam generator atmospheric steam dump valve
and continued operation of the Aurxiliary Feedwater System.
During this cooldown phase, an auxiliary feedwater flow of up to
200 gpm is required which can be supplied with the turbine-driven
or motor-driven auxiliary feed pump.

As described above, the transition from stabie hot shutdown
to cooldown is achieved via operation of the Auxiliary Feedwater
System and the atmospheric steam dump valves. After reduction of
reactor coolant system temperature below 350°F, the Residual Heat
Removal System is used to establish long-term core cooling
through the removal of decay heat from the Reactor Coolant System
to the environment via the Residual Heat Removal System,
Component Cooling Water System, and the Service Wacer System.

2.3.4.5 Process Monitoring Function

The operator requires knowledge of various plant parameters
to perform required system transitions and essential operator
actions. A discussion of the necessary instrumentation by safe
shutdown function is provided below.

For the fire scenarios assumed in this analysis, inventory

make-up to the Reactor Coolant System will be from the Refueling
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Water Storage Tank through the .eactor coolant pumps' seal injec-

tion lines and auyiliary charging line. As previously discussed,
sufficient negative reactivity exists in the Reactor Coolant
System (after rod ia~z2rtion) for 24 hours without the need for
additional boron. Furthermove, the negative reactivity inserted
by the control rods s:d the RWST water injected by the CVCS (to
compensate for the RCS volume decrease) will maintain the core
subcritical while cool.ng down from hot €ull power to a cold
shutdown condition, as-uming no letdown is available. Technical
Specificatinns for Point Beach ensure that sufficient borated
water is available to achieve the necessary ¢2old shutdown
reactivity margin. With boron addition under pyocedural control,
no operator actions are expected or antigipated based on
direct-veading neutron monitoring to ensure an adequate safe
shutdown negative reactivity margin, However K core source range
detectors will be available for coce activity monitoring in the
Control Roor. An additional source range chanpel will also be
added at & remote location to provide this information for areas
reguiring alternative shutdown.

Various process monitoring functions must be available to
adequately acnieve and maintain the reactor coolant makeup,
pressure cortrol and decay heat reaoval (unctions. For the as-
sume@ fire scerario, maintenance of hot shutdown requires that

pressurizer level and RUS pressure inst-umentation be available.
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circulation conditions, subcooling margin, heat removal and com-
pliance with the plant's pressure/temperature limits as it per-
tains to the low temperature overpressure protection of the Reac-
tor Coolant System (cold leg temperature in conjunction with RCS
pressure).

The safe shutdown systems needed to achieve cold shutdown
are the following:

(1) Chemical and Volume Control System

(2) Reactor Coolant System Instrumentation

(3) Main Steam System

(4) Auxiliary Feedwater System

(5) Residual Heat Removal System

2.3.4.6 Supporting Functions

Various systems are required to provide support to safe
shutdown equipment or systems. These support systems are:
. (1) Component Cooling Water System
(2) Service Water System
(3) Emergency Power System
The following sections discuss each of the required safe shutdown

systems and the support systems.

2.4 Safe Shutdown Systems

2.4.1 Chemical and Volume Control System (CVCS)

The charging portion of the Chemical Volume and Control

System (CVCS) accomplishes the following safety functions:
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(1) Reactivity Control by injection of a soluble chemical
neutron absorber (boron) into the RCS; and

(2) Reactor Coolant Makeup Control by maintaining water

inventory.

Normal reactivity shutdown capability is provided by control
rods, with boric acid addition used to compensate for the xenon
decay and plant cooldown. The control and shutdown rod groups
ensure the reactor is at least 1% subcritical (Keff = 0.99) fol-
lowing trip from any allowed operational condition, assuming the
most reactive rod remains in the fully withdrawn position. For
the assuwed fire scenario, it 1s not necessary to assume a
stuck-rod condition.

when the unit is at power, the quantity of boric acid
retained in its Refueling Water Storage Tank and ready for injec-
tion to the RCS always exceeds that gquantity required to com-
pensate for normal cold shutdown. This quantity also exceeds the
quantity of boric acid required to bring the reactor *to hot shut-
down and <o compensate for subsequent xenon decay. The
availability of sufficient boron is required by plant Technical
Specifications.

For the assumed post-fire scenario, make-up water to the
Reactor Coolant System will be provided by the Chemical and

Volume Control System from the Refueling Water Storage Tank

(borated at a miaimum of 2000 ppm).
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The natural circulation capability of the plant provides a
means of decay heat removal when the reactor coolant pumps are
unavailable. Natural circulation flow rates are governed by the
amount of decay heat, component elevations, primary to secondary
heat transfer, loop flow resistance and voiding. The conditions
during natural circulation are related to maintaining adequate
primary to secondary heat transfer, subcooling and inventory.

For this analysis of safe shutdown capability, one of the
two RCS loops will be monitored to ensure that natural circula-
tion is established and maintained.

while in natural circulation, adequate heat transfer and
coolant flow are dependent on adequate inventory in both the
primary and secondary systems. Maintaining water level within
the operating band on the secondary side of the "U" tube steam
generators and adequate level within the pressurizer are require-
ments for natural circulation, Confirmation of flow while in
natural circulation 1is accomplished through the use of tem-
perature indications. Those indications are cold leg temperature
(Te), and hot leg temperature (Tp). T. should attain a value
which is a few degrees higher than the saturation temperature of
the secondary inventory. Tp should attain a value which is less
than at full power. When T, and Tp attain the values described
above, flow and heat transfer have been achieved 1in the as-
sociated RCS loops. The amount of subcooling within the RCS is

maintained by monitoring RCS pressure and loop hot leg
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temperature (Th).

Reactor Coolant System inventory control 1is based on the
operation of the CVCS charging paths. High pressure seal water
from the CVCS system is injected into the pumps through the lower
radial bearing charhber to prevent leakage of high temperature
reactor coolant along the pump shaft. The injection flow splits
in the bearing chamber with a portion flowing up through the
radial bearing and into the shaft seal chamber. The remaining
portion flows down the shaft, through the RCP thermal barrier and
into the Reacto" Coolant System. An alternate unimpeded charging
flow path exists through the auxiliary charging line to the cold
leg B loop.

Pressurizer Safety Valves

Overpressurization protection of the RCS 1is assured by two

pressurizer code safety valves. The two pressurizer safety

valves are spring-loaded, self-activated and have a set pressure
of 2485 psig. The combined capacity of the valves is equal to or
greater than the maximum pressure surge resulting from a complete
loss of load without reactor trip.

2.4.3 Main Steam System

For the post-fire scenario, maintenance of the main steam
inventory and control of steam generator pressure are required
for both hot shutdown and subsequent primary and secondary system
cooldown to support the decay and sensible heat removal function

within the applicable operational limits.

Page 2-21




The Main Steam (MS) System consists of two parallel flow
paths, one from each steam generator to the main turbine oi the
unit, The secondary system will be isolated either by operation
of the turbine stop valves or by the main steam isolation valves.

In accordance with supporting FSAR analysis, control of one
steam generator is sufficient to provide the reactor heat removal
function during natural circulation conditions.

Maintenance of water level in the steam generator during the
period of auxiliary feedwater operation (hot shutdown) involves
remote or local manual positioning of the auxiliary feedwater
flow control valves and operation of the turbine-driven auxiliary
feed pump based on steam generator level information. Steam
generator water level and pressure indication are available in
the Control Room and on panels located in the turbine-driven AFW
pump cubicles.

The MS system is also designed to deliver motive steam to
the turbine driver of the turbine-driven auxiliary feed pumps
(see Figure 2-7). Steam to these turbines is supplied by branch
connections upstream of the main steam isolation valves on both
steam lines in each wunit. Either 1line can supply sufficient
steam to the auxiliary feed pump turbine, but two are provided
for redundancy. These lines are connected with a normally closed

motor-operated stop check valve in each line before the tie.
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generator secondary water inventory at the temperature that
corresponds to the saturation pressure.

2.4.4 Auxiliary Feedwater System

The Auxiliary Feedwater (AFW) System is required during hot
shutdown to support RCS decay heat removal. For hot shutdown,
secondary system (steam generator) inventory control is provided
by the AFW system (see Figure 2-8). The AFW system consists of
two turbine-driven and two motor-driven pumps. Each
turbine-driven pump is dedicated tuo one unit, and valved to feed
one or both steam generators in that wunit., The motor-driven
pumps are common to both units. One pump is valved to feed the
A loop steam generator of one or both units. The other pump
supplies feedwater to the B loop steam generators of one or both
units. Cross-connect capability exists through normally locked
closed valves such that either pump could supply feedwater to any
of the four steam generators.

The AFW system is designed to deliver enough water to main-
tain sufficient heat transfer in the steam generators in order to
prevent loss of primary water through the RCS pressurizer safety
or relief valves.

Turbine-Driven Auxiliary Feed Pumps

The turbine-driven auxiliary feed pump (TDFP) is designed to
deliver a sufficient flow to both steam generators of the unit
with which it is associated and maintain steam generator water

levels above the lower limit of the wide range level indicator.
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Each is a horizontal, six-stage, centrifugal pump driven by a
single-stage atmospheric exhaust turbine. Upon opening the steam
inlet valve, the turbine will function as a single speed machine.

Each auxiliary feed pump turbine has its own self-contained
lube 0il system wutilizing ring lubricated, water jacketed ball
bearings. Cooling water is supplied by the service water system.
Service water flow is provided by the service water pumps or
alternately by the diesel-driven fire pump which is a proposed
system modification. This proposed modification (not a result of
Appendix R modifications) will allow fire main water to be
supplied to the lube oil coolers. Manual operation of a block
valve will be required. This proposed modification is expected
tn be completed during the fall 1983 and 1984 outaages.

Both steam generators provide motive steam to the turbine
driver for the auxiliary feed pump. The TDFP is capable of
operating down to a steam pressure which corresponds to RCS
pressure and temperature at which the Residual Heat Removal
System may be placed in service.

Motor-Driven Auxiliary Feed Pumps

The two motor-driven auxiliary feed pumps (MDFP) are shared
by both units. One MDFP supplies the A steam generators of both
units, while the other supplies the B steam generators of both

units.
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ti.e RHR heat exchangers to the Component Cooling Water System

which is circulating on the shell side of the heat exchangers.
The inlet line to the RHR system 1is located in the hot leg of
reactor coolant loop A while the return line is connected to the
cold leg of reactor coolant loop B.

Two motor-operated valves in series isolate the inlet line
to the Residual Heat Removal System from the Reactor Coolant
System. The return lines are 1isolated by check valves and
motor-operated valves in each line. To avoid potential RCS
boundary leakage at this high/low pressure interface, one of the
motor-operated valves in the RHR suction line will be kept closed
(pre-fire condition) with the corresponding motor control center
breaker in the open position.

An orificed minimum flow recirculation line from the
downstream side of each residual heat exchanger to the
corresponding pump's suction line is provided to assure that the
RHR pumps do not overheat under low flow ronditions.

The cooldown rate of the reactor coolant is controlled by
regqulating the flow through the tube side of the RHR heat exchan-
gers. A bypass line, which serves both residual heat exchangers,

is used to regulate and maintain a constant flow tiirough the RHR

system,


























































COMPONENT
1-Cv2015
1-Cv2016
1-M0OV2019
1-M0vV2020
1-Cv2017
1-Cvz018
2-Cv2015
2-Cv2016
2-M0v2019
2-M0OV2020
2-Cv2017
2-Cv2018
T24A

T248
1-PCva30
1-PCv431C
2-PCVv430
2-pPCva3ic
1-TE4S518
1-TE4S1C
1-PT483
1-LT470A
1-PT420
1-LT426

2-TE4S518B

SYSTEM
MRSS
MRSS
MRSS
MRSS
MRSS
MRSS
MRSS
MRSS
MRSS
MRSS
MRSS
MRSS
MRSS
MRS5S
RCS
RCS
RCS
RCS
PMS
PMS
PMS
PMS
PMS

PMS

DESCRIPTION

SG ATM DUMP VALVE [1-HX1B]

SG ATM DUMP VALVE [1-HX1A)

JABLE 2-1.1

{continued)

HOT SHUTDOW!N COMPONENTS

AFW PUMP [1-P29] STEAM SUPPLY MOV

AFW PUMP [1-P29] STEAM SUPPLY MOV

MAIN STEAM IS0LATICN VALVES

MAIN STEAM ISOLATION VALVES

SG ATM DUMP VALVE [2-HX1B)

SG ATM DUMP VALVE [2-HX1A)

AFW PUMP [2-P29] STEAM SUPPLY MOV

AFW PUMP [2-P29] STEAM SUPPLY MOV

MAIN STEAM ISOLATION VALVE

MAIN STEAM ISOLATION VALVE

CONDENSATE STORAGE TANK

CONDENSATE STORAGE TANK

PRESSURIZER PRESSURE RELIEF AQV

PRESSURIZER PRESSURE RELIEF AQV

PRESSURIZER PRESSURE RELIEF AQV

PRESSURIZER PRESSURE RELIEF AQV

REACTOR COOLANT HOT LEG TEMP. ELEM.,

REACTOR COOLANT COLD LEG TEMP. ELEM.,

LOOP ‘B”

LOGP ‘B

‘B’ STEAM GENERATOR PRESSURE TRANSMITTER (W.R.)

‘B’ STEAM GENERATOR LEVEL TRANSMITTER (wW.R.)

RCS PRESSURE TRANSMITTER (W.R)

PRESSURIZER LEVEL TRANSMITTER

REACTOR COOLANT HOY (LEG TEMP, ELEM,

LooP ‘'8¢
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TABLE 2-2;: SHUTDOWN INSTRUMENTATION

NUMBERING AND CODING

| 11 |
| RCS LOOP "aAn | | RCS LOQP wBw |
FUNCTION l ] 1 ] |
| INSTRUMENTS | COLOR | INSTRUMENTS l COLOR |
| | | | 1 |
| { i i |
T .1 [2) TEWS50 B |  YELLOW Il 1 (2] TE451 B i RED |
HOT | | | | ‘
| 1 [2] TEA50 D | WHITE [ 1 [2] TE4S1 D ! YELLOW |
‘. | | | i |
| | i | |
TeoLp | 1 [2] TE450 A { WHITE o1 (2] TEWSY & { YELLOW :
| | 1 [2) TEWS0 C | YELLOW | ] 1 (2] TEA451 C | RED %
! i | | | |
| | l | | |
! STEAM GENERATOR | 1 [2] PTH6B | RED [ | 1 [2] PTu83 l RED |
| PRESSURE } | {1 l |
1 (WIDE-RANGE) { 1 [2] PT469 | WHITE || 1 [2] PT4T8 | BLUE :
| l | |} I
| 1 [2] PTu8B2 |  BLUE |} 1 [2] PT4T9 | YELLOW }
| | I | | |
| I [ | 1 | |
| STEAM GENERATOR | 1 [2] LT460 A i RiED || 1 [2] LT4T70 A | RED |
! LEVEL ! | | ] | !
| (WIDE-RANGE) . 1 [2] LT460 B | WHITE | ] 1 [2] LT470 B | YELLOW i
| i | | | |
| I : | | | | |
| FUNCTION l RED L BLUE l WHITE ' YELLOW | NEUTRAL
| | ‘ | | l |
| | | I ! 1 |
| RCS PRESSURE i1 [2] pT420 | PP . L1 (21 prazoa ' (2] PT420B | |
(WIDE-RANGE) ! , 5 | ‘ :
| PRESSURTI ZER x,uw‘:y}l 1 [2) LT426 .1 [2] LTu28 | 1 [2] LT427 |1 [2] LT433 :
| ! ! |
| ] | |
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REACTOR TRIP
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REACTOR PRO ‘
|
|

INITIAL
REACTIVITY
CONTROL

POSITIVE
DISPLACEMENT
CHARGING
PUMP

(1 OF 3)

RC PUMP

SEAL

INJECTION
OR AUXILIARY

| CHARGING LINE|

SOURCE
RANGE
MONITORING

LONG
TERM
REACTIVITY
CONTROL

FIGURE 2-1

CONTROL ROD
INSERTION

HOT SHUTDOWN

BORATED WATEN
SOURCE

PUMPING
CAPACITY

INJECTION
PATH

INSTRUMENTATION

COLD SHUTDOWN

RCS REACTIVITY CONTROL




SAFE SHUTDOWN FUNCTIONS

STATION
FIRE PLUS LOSS
OF OFF-SITE

POWER

WATER
SOURCE

POSITIVE
DISPLACEMENT PUMPING
CHARGING PUMP CAPACITY

(10F 3)
]
RC PUMP
SEAL OR INJECTION
AUXILIARY PATH

CHARGING LINE

:g;""“ RCS INVENTORY
e LOSS CONTROL
PRESSURIZER
LEVEL INSTRUMENTATION
MONITORING

REACTOR
COOLANT
MAKEUP
CONTROL

HOT / COLD SHUTDOWN

FIGURE 2-2
RCS MAKEUP CONTROL
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11-LO PRESSURE
INTERFACE

| ISOLATION
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SPRAY LINE
ISOLATION
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GENERATOR
PRESS
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PRESSURE
MONITORING

INITIAL
RCS
PRESSURE
:;)‘\(Yp ‘ix

OVERPRESSURE
PROTECTION

DEPRESSURIZATION

SUBCOOLING
MARGIN
CONTROL

INSTRUMENTATION

HOT SHUTDOWN

VERPRESSURE
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COLD SHUTDOWN

FIGURE 2-3

RCS PRESSURE CONTROL
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SECTION THREE

SAFE SHUTDOWN COMPONENT CIRCUIT
ANALYSIS




3. SAFE SHUTDOWN COMPONENT CIRCUIT ANALYSIS

3.1 Identification of Safe Shutdown Circuits and Cables

The minimum component list developed during the Point Beach
safe shutdown system analysis (see subsection 2.5) was the basic
input for the identification of electrical circuits essential to
ensure adequate equipment performance. All the electrically
dependent devices in Table 2-1 were used to identify the
corresponding safe shutdown electrical circuits. Components
which cannot spuriously operate and components which can be
manually operated and not spuriously operate were not considered
electrically dependent. The circuits identified included power
(4160V ac, 480V ac, and 125V dc¢), control (120V ac and 125V dc)
and instrumentation.

The identification and analysis of the above essential
electrical circuits were based on one-line diagrams, elementary
circuit drawings, and cable block diagrams. From these documents
all the necessary circuit cables were selected for the later
phase of cable routing and separation analysis.

For each electrical circuit, all cables necessary to ensure
operability of each electrically dependent component were iden-
tified as required for safe shutdown. The exceptions to the
above criteria included only annunciator, computer, motor stator
heater and external monitoring circuits that are electrically

isolated from the electrical circuits of concern.

Page 3-1









An area-by-area evaluation of postulated fire effects
on safe shutdown systems and a determination of areas
for which redundant safe shutdown methods are separated
by rated fire barriers;

A determination of which area(s) and system(s) are
indicated for an alternative shutdown approach, the
required modifications, and the location for alternate
control station(s);

(3) A graphic demonstration of which essential cables for
alternative shutdown are to be 1isolated from the fire
area(s) of concern;

(4) A graphic representation of the independence of the
selected equipment and cables (of the alternative shut-
down method(s]) from the fire area(s) of concern;

(5) A determination by fire area of potential associated
circuits and the resolution selected.

Using the Evaluation Diagrams, a fire separation evaluation
of fire area of concern was completed.

3.2 Associated Circuits of Concern

3.2.1 Introduction

The separation and protection requirements of 10 CFR 50,
Appendix R apply not only to safe shutdown circuits but also to
"associated" «circuits that could prevent operation or cause
maloperation of shutdown systems and equipment. The identifica-
tion of these associated circuits of concern was performed for
Point Beach in accord<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>