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440.133 Address each requirements of BTP RSB 5-1 and . describe how Seabrook, ,

design will meet the requirement. Identify deviations if there
'

are any, and provide justification to support the acceptability of*

the Seabrook design.-

RESPONSE: Seabrook is a Class 2 plant (as defined by the Implementation
section BTP RSB 5-1) and is, thus, subject to thq technical

i requirements of RSB 5-1 only as they apply to Class 2 plants.' Only partial compliance with the technical position is required
where manual actions oc repairs can be demonstrated to be an
acceptable alternative to strict compliance. The safe shutdown
design basis for Seabrook is hot standby. The functional
requirements of RSB 5-1 impose the following assumptions on the.

system (s) used to go to cold shutdown: a loss of off-site power,
the most limiting single failure, and that only safety-grade
systems are available. Under these conditions, the plant is
capable of being taken to cold shutdown within a reasonable amount
of time, provided that limited manual actions, as allowed by the
recommended implementation for Class 2 plants, are perro6med.
Residual heat removal system operation conditions (350oF, 400
psi) can be achieved in approximately 8-9 hours, including the

j.
time required to perform any necescary actions during a 4-hour
period at hot standby.

!

S In responding to this RAI, it will be shown that the Seabrook
units can meet the requirements of BTP RSB 5-1. The following
will respond to each of the BTP requirements:

BRANCH POSITION

A. Functional Requirements

The system (s) which can be used to take the reactor from
normal operating conditions to cold shutdown * shall satisfy
the functional requirements listed below:

I 1. The design shall be such that the reactor can be taken
from normal operating conditions to cold shutdown using
only safety grade systems. These systems shall satisfy
General Design Criteria 1 through 5.

2. The system (s) shall have suitable redundance in'
,

I components and features, and suitable interconnections,
leak detection, and isolation capabilities to assure
that for on-site electrical power system operation
(assuming off-site power is not available) and for
off-site electrical power system operation (assuming

,

| on-site power is not available) the system function can
~

be accomplished assuming a single failure.

* Processes involved in cooldown are heat removal, depressurization flow
circulation, and reactivity control. The cold shutdown condition, as
described in the Standard Technical Specifications, refers to a suberitical
reactor with a reactor coolant temperature no greater than 200 F for a PWR
and 2120F for a BWR.
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3. The system (s) shall be capable of being operated from.

the Control Room with either only on-site or only
of f-site power available. In demonstrating that the.

system can perform its function assuming a single
3 failure, limited operator action outside of the Control

Room would be considered acceptable if suitably,

justified.4

4 The system (s) shall be capable of bringing the reactor
to a cold shutdown condition, with only off-site or
on-site power available, within a reasonable period of

j time following shutdown, assuming the most limiting
single failure.

! RESPONSE TO SECTION A

Four key processes described above, are required to achieve and
maintain cold shutdown. Means for accomplishing these processen'

are described below.

A more detailed description of this operational evolution is
! provided as an attachment under the title " Cold Shutdown Scenario."

Heat Removal

Removal of residual heat can be accomplished first via the
' Emergency Feedwater System and then via the Residual Heat Removal

System. Hot standby can be maintained by releasing steam via the
steam generator code safety valves and/or the safety-grade,
power-operated atmospheric relief valves. Cooldown to 3500F can
be accomplished by venting steam via operation of the steam
Senerator power-operated atmospheric relief valves in conjunction
with secondary coolant makeup from the Emergency Feedwater
System. A sufficient Seismic Category 1 supply of demineralized
feedwater is provided in the Condensate Storage Tank for the
cooldown to 3500F.

Reactor Coolant System (RCS) Depressurization

* RCS depressurization can be accomplish 2d using one of the two!

redundant safety grade pressurizer Power-Operated Relief Valves
(PORVs) . The' PORVs are arranged in parallel, with each PORV
having its own upstream safety grade motor-operated block valve.
One PORV and its block valve are powered by the ' A" train

| emergency power supply while the "B" train provides power for the
other valves.

.

For remaining in hot standby for extended periods of time (e.g., 4
hours), or periodically during the process of cooldown, it may be
necessary to utilize portions of the pressurizer heaters to
maintain RCS pressure. Two groups of backup heaters are provided
for this purpose.

-2-
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{. Circulation of reactor coolant can be provided by natural
convection created by the design of the Reactor Coolant System,
i.e., the heat sinks (steam generators) are located at a higher
elevation than the heat source (reactor core). It has been shown
in tests and actual practice that the natural circulation flow
induced in pressurized water reactors similar to Seabrook is more
than adequate to remove core decay heat and cool down the plant.

Reactivity Control

Boration can be accomplished using portions of the Chemical and
Volume Control System. Boric acid from the Boric Acid Tanks can
be supplied to the suction of the centrifugal charging pumps by
the boric acid transfer pumps or by direct gz_vity feed. The
centrifugal charging pumps can inject the boric acid solution into
the Reactor Coolant System via the boron injection portion of the
Safety Injection System. Any additional makeup needed in excess
of that needed for boration can be provided from the Refueling
Water Storage Tank.

The systems identified above are safety grade systems and satisfy
General Design Criteria 1 through 5.

These systems all contain suitable redundance in components and
features, suitable interconnections and isolation capabilities to
assure that the system safety function can be accomplished,
assuming the availability of either only on-site pow r or only
of f-site power, and assuming a single failure. Leak detection
from the 3escribed systems can be accomplished via Class 1E
instruments for systems' level, pressure or flow rates in
conjunction with various building sump level alarms and/or sump
pump operation.

All systems are capable of being operated from the Control Eoom
with either only on-site or only off-site power available. Should
a single failure result in a loss of redundancy in the
aforementioned systems, limited operation action outside the
Control Room may be necessary.

There are two exceptions to the above statements. First, the two
banks of pressurizer backup heaters are presently not available as
Class lE components. However, the following has been provided to
assure a redundant, reliable system for maintaining RCS pressure.

1. The two circuits (banks) of pressurizer heaters meet all the
requirements of NUREG-0737, Item II.E.3.1. Each circuit is
connected to a C1;ss lE 480 volt switchgear which can be fed
from the on-site emergency power source. These circuits are
classified as associated circuits, as defined in Section
4.5.a and 4.6.2 of FSAR Appendix 8A, Sections 4.5(1) and
4.6.1 of IEEE 384-1974 and Position C4 of Regulatory Guide
1.75 and are treated as such.

-3-
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2. The connection to the switchgear is done utilizing Class 1E
circuit breakers.,

3. The 480 volt switchgear is located in Category I structure
and the raceways carrying the cables for the pressurizer
heaters are seismically analyzed.

4. The cables utilized for the pressurizer heaters are
specified, designed and manufactured to the same criteria as
Class lE cables.

5. Class lE electrical penetrations are utilized for the cables
entering the containment.

6. Inside containmen'., the cables for the heaters are specified
to withstand LOCA/MSLB environment. For the portion below
the pressurizer cavity, special high temperature cable, ozone
resistant, with silicon rubber insulation and glass braid
jacket has been specified.

7. Terminal boxes inside containment, utilized for the power
cables, are all located above the floor level.

8. Manual controls for these heaters, which bypass all circuit
interlocks, are provided at both the main control board and
the remote shutdown panels.

Because of the above listed circuit enhancements and the lack of
available Class lE pressurizer heaters, these pressurizer backup
heater circuits are considered an extremely reliable means of
maintaining RCS pressure in lieu of a safety-grade system.

Second1. an exception exists to the above statement relative to
operability from the Control Room. The power supply breakers for
the RHR suction valves (RH-V22, 23, 87, and 88) are maintained in
the open position during normal operations. The purpose for this
is to reduce the concerns relative to " interfacing LOCAs" during a
postulated fire event.

Therefore, in order to establish residual heat removal system
operation af ter the cooldown to 350oF, an operator will be
dispatched to the Switchgear Rooms to close these four (4)
breakers.

It should be noted that the Switchgear Rooms are located in the
same building as the Control Room and, as such, share essentially
the same environment. The Switchgear Rooms are located two floors
below the Control Room and are directly accessible from the
Control Room via a stairwell directly outside these rooms. The
entire evolution would take 2-4 minutes to accomplish from the
point of making the decision to close the breakers, until
completion of the task.

-4-
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Considering: 1) the simplicity of this operation, 2) the amount 8I.

of time available to perform the operation (this can be performed
-

anytime during the cooldown prior to establishing RHR), and 3) the
overriding concerns requiring the breakers to be open - this
limited operator action outside the Control Room is justified.

BRANCH POSITION

B. RHR System Isolation Requirements

The RHR shall satisfy the isolation requirements listed below:

1. The following shall be provided in the suction side of
the RHR System to isolate it from the RCS.

(a) Isolation shall be provided by at least two
power-operated valves in series. The valve
positions shall be indicated in the Control Room.

(b) The valves shall have independent diverse
interlocks to prevent the valves from being opened
unless the RCS pressure is below the RHR System i

design pressure. Failure of a power supply shall
not cause any valve to change position.

(c) The valves shall have independent diverse
interlocks to protect against one or both valves
being open during an RCS increase above the design
pressure of the RHR System.

2. One of the following shall be provided on he discharge
.

side of the RHR System to isolate it from the RCS:

(a) The valves, position indicators, and interlocks
described in Items (a) through 1(c) above;

(b) One or more check valves in series with a normallyi

closed power-operated valve. The power-operated
; valve position shall be indicated in the Control
; Room. If the RHR System discharge line is used for

an ECCS function, the power-operated valve is to be,

| opened upon receipt of a safety injection signal'

once the reactor coolant pressure has decreased
below the ECCS design pressure;

(c) Three check valves in a series; or

(d) Two check valves in series, provided that there are
design provisions to permit periodic testing of the

{ check valves for leak tightness and the testing is
performed at least annually.

-5-
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1. The Seabrook design relative to isolating the suction
side of the Residual Heat Removal (RHR) System from the
Reactor Coolant System meets the requirements of Section
B.1 above by:

(a) Providing two power-operated valves in ceries - RHR
suction valves from Loop 1, RC-V22 and RC-V23 (see
FSAR Figure 5.1-1, Sheet 2), and RHR suction valves
froa Loop 4 RC-V87 and RC-V88 (see FSAR Figure
5.1-1, Sheet 5). Valve position indication for all
four valves is provided on the main control board.

(b) Independent, diverse, Train A and Train 3 interlock
circuits are provided to prevent opening of the RHR
suction valves until RCS pressure has been reduced
to below approximately 425 psig. Valves RC-V23
(from Loop 1) and RC-V88 (from Loop 4) are
prevented from opening by one pressure interlock,
while valves RC-V22 (from Loop 1) and RC-V87 (from
Loop 4) are prevented from opening by an
independent, diverse pressure interlock. Valves
RC-V23 and RC-V88 and their associated pressure
interlock are all powered from Train A power
sources, while valves RC-V22 and EC-V87 anJ their
associated pressure interlock are all powered from
Train B power sources.

During normal power operations, the power supply
circuit breakers for the RHR suction valves are
locked in the open position. This action ensures
protection against an interfacing LOCA under any
circumstance, including fire induced multiple hot
shorts. As stated in the response to Section A,
these valves are repowered during a plant cooldown
just before RHR System operation is initiated.

It should be noted that separate power supplies are
| utilized for valve position indication such that
: valve position indication is active regardless of

valve power supply circuit breaker position.

The interlock circuitry is designed such that a
power supply failure will cause the associated
valve to close to prevent exposure of the RHR

l

Syscem to potentially high pressure. Although this
type of failure is highly unlikely, should it

occur, the RHR suction valves can be reopened using
the local control switches located on the MCCs in
the applicable Switchgear Room.

There is no power supply failure which would cause
the RHR suction valves to open.

-6-
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(c) Similar to the interlocks described above to 80-

7 prevent inadvertent opening of the RHR suction
- valves, independent diverse Train A and Train B

interlock circuits are provided to protect against
| one or both valves being open at RCS pressures

above the pressure retaining capability of the RHR
system. At an RCS pressure of 750 psig increasing,
the interlock circuits automatically close RHR
suction valves, thus isolating the RHR System from
the RCS.

FSAR Sections 5.4.7.1 and 5.4.7.2 contain
additional information concerning RHR System valves
and interlocks.

2. The Seabrook design, relative to provisions provided to
isolate the discharge side of the RHR System from the.

RCS, meets the requirements of Section B.2 by utilizing
; option (d).

Provisions are provided to check the leak tightness of
the two series check valves in each RHR discharge line
to the RCS. An installed test line upstream of each
series check valve provides the ability to verify valve
closure and proper seating.

FSAR Figure 5.4-10 and Figure 6.3-1, Sheets 1 and 2 show
the extensive nature of the test system used to verify
proper closure and seating of high-low pressure system
interface valves.

.

Periodic testing of the check valves for leak tightness
is performed in accordance with ASME Boiler and Pressure
Vessel Code, Section XI, Article IWV-3000.

BRANCH POSITION

C. Pressure Relief Requirements

The RHR shall satisfy the pressure relief requirements listed
below:

1. To protect against accidental overpressurization when it
is in operation (not isolated from the RCS), pressure
relief in the RHR System shall be provided with
relieving capability in accordance with the ASME Boiler

: and Pressure Vessel Code. The most limiting pressure
'

transient during the plant operating condition when the
Rrf System is not isolated from the RCS shall be
co . lidered when selecting the pressure relieving
caricity of the RHR System. For example, during
shutdown cooling in a PWR with no steam bubble in the
pressurizer, inadvertent operation of an additional
charging pump or inadvertent opening of an ECCS
accumulator valve should be considered in selection of

{ the design bases.

-7-
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2. Fluid discharged through the RHR System pressure relief
*

valves must be collected and contained such that a stuck
open relief valve will not:

(a) Result in flooding of any safety-related equipment.

(b) Reduce the capability of the ECCS below that needed
to mitigate the consequences of a postulated LOCA.

(c) Result in a nonisolable situation in which the
water provided to the RCS to maintain the core in a
safe condition is discharged outside of the
containment.

3. If interlocks are provided to automatically close the
isolation valves when the RCS pressure exceeds the RHR
System design pressure, adequate relief capacity shall
be provided dur.'.ng the time period while the valves are
closi ng .

RESPONSE TO SECTION C

1. An RHR System overpressurization analysis has confirmed
that one relief valve has the capability to maintain the
maximum pressure within code limira for all credible

events. A more detailed description is provided in FSAR
Section 5.4.7.2(d).

2. Fluid discharged through the RHR System pressure relief
valves is collected and contained. The pressure relief
valve on each of the redundant RHR System suction lines
is located inside the reactor containment. The fluid
discharged from the suction line relief valves is routed
to the pressurizer relief tank. Fluid from those

pressure relief valves provided on RHR pump discharge
piping are directed to the primary drain tank.

| (a) Flooding of safety-related equipment is prevented
by containing discharged fluids. Remotely-operated'

valves are provided on the main control board which
can be used to terminate flow through a stuck open,

! relief valve.

(b) During normal plant operation, the RHR System is
aligned for ECCS functions to mitigate the
consequences of a postulated LOCA. In this ECCS
mode, the system stands ready to respond to an
actuation signal that automatically starts the RHR
pump for the ECCS function. Therefore, it remains

| inactive and unpressurized except f(r the head
; produced from the refueling water s:9 rage tank (the
' ECCS borated water supply). The only credible;

pressurization scenario for the system in this
inactive condition would be back leakage from the
RCS, which could cause the RHR Systea pressure

-8-
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relief valves to lift. Should this occur, it would
'

be recognized by an increase in the RCS leak rate
* and an abnormal increase in level in either or both

the pressurizer relief tank and the primary drain
tank. In this case, appropriate action would be
taken to correct this problem. However, this
scenario is made less likely because the suction
and discharged pressure interface valves between
the RHR System and the RCS are subject to periodic
leak tests in accordance with ASME Boiler and
Pressure Vessel Code, Section XI, Subarticle
IWV-3000.

If a postriated LOCA were to occur, the RHR pump
would be automatically activated for ECCS
functions. In this mode, pressure in all positions
of the system is far belou the pressure relief
valve setpoints of 450 psig on the suction side and
600 psig on the discharge side. Shutoff head for
the RHR pump is less than 200 psig. Refer to FSAR
Figure 6.3-3.

When the plant is in hot shutdown, i.e. , dE 350 F
average coolant temperature, the RHR System is
placed in operation for removal of core decay heat
and continued plant cooldown. It is at thin time
that the highest operating pressures are
experienced in the RHR System suction and discharge
piping. When the RHR System is placed in service,
RCS pressure must be n 400 psig. This assures that
pressure in the RHR suction line does not exceed
the pressure relief valve setpoint of 450 psig. It

also ensures that pressure in the RHR pump
discharge line (RCS pressure plus the RHR pump

.
discharge head) does not exceed the discharge line

| pressure relief valve setpoint of 600 ps.:;.

Should a pressure relief valve open and stick open
in this mode, the RHR loop can be isolated, thus
terminating the leak. An adequate heat sink for
core decay heat is ensured by the redundant RHR

| loop or the steam generators in conjunction with

| the Emergency Feedwater System.
!

(c) Isolation of one of the two redundant RHR Systemst

I from the RCS would terminate all leakage from a
| stuck open relief valve in that systes. Full ECCS

|
capability would be retained by operation of the

l unaffected, redundant RHR System.
|

|

| 3. Adequate relief capability exists from any single RHR
suction relief for all credible events.'

-9-
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D. Pump Protection Requirements

The design and operating procedures of any RHR System shall
have prov..sions to prevent damage to the RHR System due to
overheating, cavitation, or loss of adequate pump suction
fluid.

RESPONSE TO SECTION D

RHR pumc protection is provided as described in FSAR Section
5.4.7.2s5)(1).

In addition, alarms are provided in the Main Control Room to alert

the operator that the RCS suction isolation valves are closing or
are closed. Level instruments are also provided on RHR pump
suction sources, i.e., the refueling water storage tank and the
reactor vessel, with appropriate low level alarms. Pump motor
current for each RHR pump is displayed on the main control board
and is indicative of a loss of pump suction and cavitation.

BRANCH POSITION

E. Test Requirements

The isolation valve operability and interlock circuits must

be designed so as to permit on-line testing when operating in
the RHR mode. Testability shall meet the requirements of
IEEE Standard 338 and Regulatory Guide 1.22.

The preoperational and initial startup test program shall
be in conformance with Regulatory . Guide 1.68. The programs
for PWRs shall include tests with supporting analysis to
(a) confirm that adequate mixing of borated water added prior
to or during cooldown can be achieved under natural
circulation conditions and permit estimation of the times

i required to achieve such mixing, and (b) confirm that the
) cooldown under natural circulation conditions can be achieved
| within the limits specified in the emergency operating

procedures. Comparison with performance of previously tested
plants of similar design may be substituted for these rests.

RESPONSE TO SECTION E

The capability to test RHR interlock circuits while in the RHR
mode is provided.

Compliance with Regulatory Guide 1.68, Revision 2 is discussed in
| the FSAR Sections 1.8 and 14.2.7.

Seabrook will reference test data from other plants of similar
design where applicable,

l

i

; -10-
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Verification of adequate mixing of borated water added to the RCS
under natural circulation conditions, and confirmation of natural
circulation cooldown ability will be accomplished either by
reference or actual testing conducted as required by Regulatory
Guide 1.68.2, Revision 1.

BRANCH POSITION

F. Operational Procedures

The operational procedures for bringing the plant from normal
power operation to cold shutdown shall be in conformance with
Regulatory Guide 1.33. For pressurized water reactors, the
operational procedures shall include specific procedures and
information required for cooldown under natural circulation
conditions.

RESPONSE TO SECTION F

Operational procedures for bringing the plant from full power to
cold shutdown will be prepared and will be available for review
three months prior to fuel load. These procedures fully address
natural circulation cooldown conditions in addition to normal
plant shutdown and cooldown.

The quality assurance program for operation complies with the
requirements of Regulatory Guide 1.33, Revision 2. For further
discussion, refer to FSAR Section 17.2.

BRANCH POSITION

G. Auxiliary Feedwater Supplyi
The Seismic Category I water supply for the Auxiliary
Feedwater System for a PWR shall have sufficient inventory to
permit operation at hot shutdown for at least 4 hours,
folloved by cooldown to the conditions permitting operation
of the RHR System. The inventory needed for cooldown shall

, be based on the longest cooldown time needed with either only
on-site or only off-site power available with an assumed
single failure.

!

RESPONSE TO SECTION G

| Seabrook is a Class 2 plant and has a safe shutdown design basis
of hot standby. However, it can be shown that the Seismic'

; Category I condensate storage tank contains sufficient secondary'

coolant makeup volume to complete the cold shutdown scenario
r provided as Attachment A.

!

-11-

I

__ _ _ _ _ _ _



.

Assd. .

ATTACHMENT A

'

COLD SHUTDOWN SCENARIO

The safe shutdown design basis for Seabrook is hot standby. The cold shutdown
capability of the plant has been evaluated in order to demonstrate how the
plant can be brought to a cold shutdown condition using only safety-grade
equipment following a safe shutdown earthquake, loss of off-site power and the
most limiting single failure. Under such conditions, the plant is capable of
achieving RRR System operating conditions (approximately 350 F and 400 psig)
in approximately eight to nine hours, which includes remaining in hot standby
for up to four hours.

The selected method of achieving the cold shutdown condition for Seabrook is
natural circulation without RCS letdown. Core decay heat and cooldown energy
is removed by a combination of steam generator atmospheric venting with
secondary coolant makeup from the Condensate Storage Tank via the Emergency
Feedwater System. Reactivity control is achieved by making up to the RCS from

| borated water sources, taking advantage of the reactor coolant's specific

| volume decrease as the RCS is cooled to C 3500F. At this point, the RHR
System is placed in service to complete the cooldown to cold shutdown
conditions subsequent to RCS depressurization to approximately 400 psig.

This scensrio is detailed more fult as follows:

1. System Energy Removal

To maintain the RCS in hot standby (constant average temperature), core
decay heat energy must be removed at a rate equivalent to fission product
energy production. To cool down the RCS, the energy contained in the
reactor coolant and all system components must also be removed.

The combination of decay heat energy and mass energy of the coolant and
system components is initially removed by heat transfer to the steam
generators. This heat transfer is made possible by natural convection
with the reactor core as the heat source and the steam generators as the
heat sink. Since the steam generators are located at a higher elevation

| than the reactor core, a natural thermosiphon is created. The resulting
'

natural flow created for Seabrook is in the order of three to four
percent of normal forced flow (reactor coolant pamps operating) and is

,

more than adequate to transfer decay energy and mass energy to the steam|
generators. Simple analysis indicates that RCS loop A T valves are in the
order of 15 - 300F which are typical of power operation with forced

| convection. These values of natural circulation flow and loop AT's
correspond well with actual natural circulation tests conducted at
similar PWRs.

To ensure this natural circulation flow in the RCS, the steam generators
must be maintained as a heat sink. To achieve this, the safety grade
steam generator power-operated atmospheric relief valves are used to vent
vaporized secondary coolant. The rate of venting is adjusted by the
operator to set the RCS cooldown rate to a value f 500F/ hour.
Secondary coolant makeup is provided via the Emergency Feedwater System
from the Seismic Category I Condensate Storage Tank. The minimum volume

-12-
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sirks- which is available for this scenario is the 200,000 gallons which is
dedicated solely for EPW use. The heat removal capability of this
secondary coolant volume is determined by heating this coolant to-

saturation in the steam generators and removing the latent heat of
vaporization by venting the steam generator. The total worth of the
200,000 gallons in the Condensate Storage Tank in terms of RCS heat
removal is, on a BTU basis, sufficient to accommodate a four-hour period
at hot standby plus a cooldown to 5 3500F.

Since it is recognized that continued mass addition to the RCS is '

desirable for reactor coolant pump s'al injection and that the letdown
system would be isolated, the RCS cooldown would normally commence
without a four hour period at hot standby. This means that the portion
of the Condensate Storage Tank volume allotted by design for a four-hour
period at hot standby is not actually required for this scenario. This
adds additional conservatism to the secondary coolant volume of 200,000
gallons provided for this cooldown.

Seabrook is classified as a Teold plant by the NSSS vendor. This means
that with normal forced convection (reactor coolant pumps running) the
temperature of the coolant under the vessel head remains close to Tcold
because a small portion of the vessel inlet flow is diverted into this
region. Under natural circulation conditions, the coolant under the
vessel head does not remain at Teold. Vendor data shows that with a
500F/ hour RCS cooldown rate, the cooldown rate of the coolant under the
head would be approximately 340F/ hour without the aid of the non-safety
grade control rod drive mechanism fans. For a 50 F/ hour cooldown rate,
the RCS could be depressurized to 400 psig for RHR operation in about
five hours. Although bulk coolant temperature under the head would be at
a higher temperature, no steam voiding would occur based on a 340F/ hour
cooldown rate.

When the steam generators are being used as the reactor heat sink during
the cooldown to 3500F, a single fail **e of any active component does
not render all steam generators ineflective as a heat sink. Either of
the two Emergency Feedwater pumps has sufficient capacity to provide for
all steam generator makeup requirements. The steam generator
power-operated relief valves have manual loading stations should remote
operation be lost. The Emergency Feedwater System and the steam ;

generator power-operated relief valves are Seismic Category I subsystems.

The second stage of the cooldown is from 3500F to cold shutdown.
During this stage, the RHR System is brought into operation. Circulation
of the reactor coolant is provided by the RHR pumps, and the heat
exchangers in the RHR System act as the means of heat removal from the
RCS. In the RHR heat exchangers, the residual heat is transferred to the

! Component Cooling Water System which ultimately transfers the heat to the
! Service Water System.

The RHR System is a fully redundant system. Each RHR subsystem includes
one RHR pump and one RHR heat exchanger. Each RHR pump is powered from
different emergency power trains and each RHR heat exchanger is cooled by

| a different Component Cooling Water System loop. The Component Cooling
1 Water and Sea ; ice Water Systems are both designed to Seismic Category I.
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If any component in one of the RHR subsystems were rendered inoperable as,
'

the result of a single failure, cooldown of the plant could still be
' continued.

At Seabrook, a single RHR cooling loop can be cut in under full flow
*

conditions with all air-operated temperature control valves in their
failed (maximum cooling) positions. The resulting , maximum RCS cooldown
rate would not exceed 500F/ hour; therefore, special control functions

; are not necessary.

2. Reactivity and Inventory Control

Core reactivity is controlled during the aooldown by adding borated water
!

to the RCS in conjunction with the cooldown. As the cooldown progresses,
the specific volume of the reactor coolant decreases. The resulting
coolant contraction allows the addition of borated water to the RCS tg
maintain a constant pressurizer level during cooldown.

Boration is accomplished using portions of the Chemical and Volume
Control Systems (CVCS). At the beginning of the cooldown, the operators
align one of the two Boric Acid Tanks to the suction side of the

: centrifraal charging pumps. One of the two centrifugal charging pumps
; would injact borated water to the RCS through the reactor coolant pump

seal injection flow path and/or the boron injection portion of the Safety
Injection System. The capacity of one Boric Acid Tank is sufficient to
make up for reactor coolant contraction down to and beyond the point of
cutting in RHR. The concentration of boron in the Boric Acid Tank is
maintained between 7000-7700 ppm H B0 . At the minimum concentration3 3'

of 7000 ppm, gross shutdown margin in the order of 2-5% AK/K is
maintained during the cooldown considering most limiting conditions
(end-of-life, most reactive rod stuck out).

Makeup in excess of that required for boration can be provided from the
Refueling Water Storage Tank (RWST) using the centrifugal charging pumps
and the same injection flow paths as described for boration. Two
independent motor-operated valves, each powered from different emergency
diesels, transfer the suction of the charging pumps to the RWST.

, The two Boric Acid Tanks, two centrifugal charging pumps and the
associated piping are of Seismic Category I design and are independently *

train associated.

Under natural circulation conditions, the RCS loop transport time isi

approximately five minutes and the coolant Reynolds' number is in the
1 order of 25,000 Since either boration path distributes RCS makeup to

all four loops, adequate mixing and distribution of boron can be assumed.

. Provisions are provided to obtain RCS coolant samples to determine boron
I

concentration during the cooldown. This can be done considering single
f ailure and without the need for a containment entry. The on-shif t
chemistry technician would aid the operators in following boron
concentra tion.>

!

I
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3 ." RCS Depressurization 5

For this scenario, RCS depressurization is accomplished by opening one of
the two safety-grade pressurizer power-operated relief valves. The
discharge is directed to the Pressurizer Relief Tank where it is
condensed and cooled.

The depressurization process is integrated with the cooldown process to
maintain the RCS within normal pressure-temperature limits. Just before
cutting in aa RHR cooling loop at 3500F, the RCS is depressurized to
fE400 psig.

Analysis shows that the pressurizer relief tank can accommodate the RCS
depressurization to the RHR cut in pressure of 400 psig without opening
the rupture discs. Operation of Pressurizer Relief Tank Cooling System
is not requfred.

Single failure of one pressurizer power-operated relief valve does not
prevent RCS depressurization. Isolation valves are provided for each
power-operated relief valve should it fail to properly reseat after
depres surization.

4. Instrumentation

Class lE instrumentation is available in the Control Room to monitor the
key functions associated with achieving cold shutdown and includes the
f ollowing:

a. RCS wide-range temperature, THandTC

b. RCS wide range pressure

c. Pressurizer water level

d. Steam generator water level (per steam generator, narrow and wide
range)

t

e. Steam line pressure (per steam line)

f. Condensate Storage Tank level

i g. RWST level
|

! h. Boric Acid Tank level (per Boric Acid Tank)

1. Emergency Feedwater flow

This instrumentation is suf ficient to monitor the key functions
- associated with cold shutdown and to maintain the RCS within the designed

pressure, temperature, and inventory relationships.
,

l 5. Summary of Manual Actions
!

This scenario can be easily accomplished with the normal on-shif t
complement without the need to call in additional personnel.
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Depending on the nature of any single failure that may or may not be
pre se nt , the following manual actions could be required outside the Main*
Control Room:

Manual valve alignment to feed Boric Acid Tank contents to thea.
suction of the operating centrifugal charging pump prior to
cooldown. This would only be necessary if the normal feed path was
inoperable or if direct gravity feed from the Boric Acid Tank to the
centrifugal charging pump was desired. This task is simple and
would take less than ten minutes. The backup borated water source
(RWST) can be lined up from the Control Room until this task is
complete.

b. Prior to cutting in an RHR cooling loop when RCS temperature and
pressure are reduced to n 3500F and 400 psig, the operator must
manually close the power. supply breakers for the RHR suction valves
(RH-V22, 23, 87, and 88). As stated in the responses to BTP RSB
5-1,this task would tske 2-4 minutes to complete, although there is
no real need to do this quickly. The RHR suction valve power supply
breakers are lef t open during normal plant operation to reduce
concerns relating to " interfacing LOCAs" during a postulated fire
event.

Should either Train A or Train B power sources be unavailable, the
associated RHR suction valve in each RHR System would be
inoperable . In this case, provisions are made to power the affected
valve from the opposite train power source. Here again, the time to
complete this task does not seriously hamper transition to RHR
System cooling. The on-shif t maintenance electrician would aid
operators in completing this task.

Provisions for local operation of steam generator power-operatedc.

relief valves are provided should control at the main control board
become inoperable for any train associated valves. The worst single
failure would involve two of the four power-operated relief valves.
However, only two of the four relief valves need to be operable for
core energy removal. In this case, manual positioning of the
affected valves would restore normal cooldown.

.
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