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RESPONSE TO AGENDA ITEM 3

The automatic start text changees are provided on pages 7.4.-1,
7.4-2, 7.4-3, 9.3-2 and 9,3-3 (attached),

The SLCS P&ID has been updated to reflect the automatic start.
This P&ID, Figure 9.3-1, vae transmitted under letter, K.C.
Mitchell to Robert C. Pierson, "Updated ABWR Piping and
Ingtrumentation and Process Flow Dravings, * February 3, 1992, MFN
No. 030-92.

The SLCS IBD has also been updated to reflect the automatic
start. This is GE Proprietary Information and i provided under
separsate cover.
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7.4 SYSTEMS REQUIRED FOR SAFE
SHUTDOWN

74.1 Description

This section examines and discusses the in-
strumentation and control aspects of the fol.
lowing plant systems aod functions designed to
assure safe and orderly shutdown of the ABWR.

(1) Alernate rod insertion function (ARI)
(2) Standby liquid control system (SLCS)
(3) Reactor shutdows cooling mode (RHR)
(4) Remote shutdown system (RSS)

See Subsection 7.1.2.4 which addresses the de-
sign basis information required by Section 3 of
IEEE 279.

74.1.1 Alternate Rod Insertion Function-
lastrumentation and Controls

The alternate rod insertion (ARI) function is
sccomplished independently and diversely from the
reacior protection system (RPS). Iodependent
sensors (i.e., ECCS sensors) provide reactor trip
sigoals, via the recirculation flow control
system (RFCS), both to ARI valves (part of the
control rod drive system) and to the rod control
and information system (RC&IS). The ARI valves,
(seperate from the scram valves), cause reactor
shut-down by hydraulic scram of the control
rods. The RC&IS, acting upon the same ARI
signals that are provided to ARI valves, cuases
reactor shut-down by electromechanical (ie,
through the usage of FMCRD motors) insertion of
control rods.

The RC&IS, including the active run-in
function of the FMCRD motors and the ARI valves
are pot required for safety, nor are these
components qualified ia accordance with safety
criteria, However, the FMCRO componenis
associated with hydraulic scram are qualified in
accordance with safety criteria.

The inbherent diversity of AR! provides

mitigation of the consequences of ATWS
(anticipated trapsient without scram) events
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7412 Standby Liquid Cootrol System-
Instrumentatioo snd Controls
(1) Function

3

The instrumentation and kontrols for the
SLCS are desigoed to initigte and continue
injection of a liquid neutfon absorber into
the reacto. when manuallygalled upon to do
s0. This equipment also provides the neces-
sary cootrols to maintain this liquid chemi-
cal solution well above saturation tempera-
ture in readiness for injection. | The system
P&ID is shown in Figure 9.3-§. The inter.
lock block diagram (IBD) is shown in Figure
7.4-1.

Classification

The SLCS is a backup method t y shut
down the reactor to cold subcritical
conditions by independent means other than
the normal method by the control rod
system. Thus, the system is considered a
safe shutdown system. The standby liquid
control process equipment, insirumentation,
and controls essential for injection of the
peutron absorber solution into the reactor
are designed to withstand Seismic Category |
carthquake loads. Any pondirect process
equipment, instrumentation, and controls of
the system are not required to meet Seismic
Category | requirements; bowever, the local
and cootrol room mounted equipment s
located in seismically qualified panels

Power Sources

The power supply to one motor-operated injec-
tion valve, storage tank discharge valve,
and injection pump is powered from Division
I, 480VAC. The power supply to the other
motor-operated injection valve, storage tank
outlet valve, and injection pump is powered
from Division I1, 480VAC. The power supply
to the tank beaters and heater controls is
connectable 1o a standby AC power source
The standby power source is Class 1E from an
onsite source and is independent of the
offsite power. The power supply to the main
control room benchboard indicator lights and
the level and pressure sensors is powered
from a Class 1E instrument bus

or gulmmo’h ca“*j
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. function of the SLCS.

It is included for a
number of special consideration events:
(8)
(a) Plant capability to shut down the
reactor without control rods from normal
operation (Chapter 15).

(b) Plant capability to shut down the
reactor without control rods from a
transient incident (Chapter 15).

Although this system has been designed to a
high degree of reliability with many safey
system features, it is not required to weet
the safety design basis requirement, of the
safety-related systems.
Initiating Circuits sy shew

m.ﬂ‘."
The standby liquid control isﬁnilia!ed in
the main control room by turning a keylock-
ing switch for system A or a different key-
locking switch for system B to the RUN posi-
tion,

Tl

Logic and Sequencing

When one division of SLCS is initiated, one
injection valve and one tank discharge valve
start to open immediately. The pump that
bas been selected for injection will not
start until its associated tank discharge
valve is at the fully open position. In
order to provide maximum MOQCV availability
when the SLCS is in normal standby read-
iness, the overloads for the storage tank
outlet valves are bypassed by a contact from
a lest switch in its NORMAL position. When
the TEST position is selected, the overload
short is removed, thus allowing motor
protection during test operation of the
valves.

Bypasses and Imterlocks

Pumps are interlocked so that either the
storage tank discharge valve or the test
tank discharge valve must be fully open for
the pump to run. When the SLCS is initiated
to inject the neutron absorber into the
reactor, the outboard isolation valve of the
reactor water cleanup system is automatic-
ally closed from the Division I logic and
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the inboard valve from Division 11 logic.

Redundancy and Diversity

Under special shutdown conditions, the SLCS
is functionally redundant to the control
rod drive system in achieving and maintain-
ing ihe reactor subcritical. Therefore,
the SLCS as a system by itself is not re-
quired to e redundant, although the active
componer s and control channels are redun-
danrt sor serviceability

The SLCS provides a diverse means for shut-
ting down the reactor usiog a liquid neu-
tron absorber in the event of a control rod
drive system failure.

The method of identifying redundant power
cables, signal cables, and cable trays and
the method of identifying non-safety-relat-
ed cables as associated circuits are
discussed in Subsection 8.3.1.3.

Actuated Devices
When the SLCS is initiated to aajecl:

liquid neutron absorber into the reactor,
the following devices are actuated:

(a) one of the two injection valves is
opened,

{b) one of the two storage tank discharge
valves is opened;

(¢) one of the two injection pumps is
started; and

(d) ome of the reactor water ¢leanup
isolation valves is closed.

Additionally, the pressure and tank level
sensing equipment indicates that the SLCS
is pumping liquid into the reactor.

Separation

The SLCS is separated both physically and
electrically from the control rod drive
system, The SLCS electrical contrnl
channels are separated in accordance wi
the requirements of Subsection 8.3.1 4
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When the SLCS ie automatically initiated to inject a ligquid

neutron absorber into the reactor, the folloving devices are
actuated:

(a) the tvo injection valves are opened;
(b) the tvo storage tank diecharge valves are opened;
(¢} the tvo injection pumps are started; and

{d) the reactor vater clesnup iscolation valves are closed.
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(1)

(12)

(13)

(14)

Testability

The SLCS is capable of being tested by man-
ual initiation of actuated devices during
normal operation. In the test mode, demin-
eralized water is circulated in the SLCS
loops rather than sodium pentaborate. Dur-
ing reactor shutdown, demineralized water
may be injected into the reactor vessel for
the injection test mode.

Environmental Considerations

The environmental considerations for the in-
strument and control portions of the SLCS
are the same as for the active mechanical
components of the system (Section 3.11).
The instrument and control portions of the
SLCS are seismically qualified not to fail
during, and to remain functional foliowing,
a safe shutdown earthquake (SSE) (see
Section 3.10 for seismic qualification

aspects). automatcall
wpon receIW

Operational Consideratio Siqnel or cav ve

The control scheme for the SLCS can be found
in the interlock blofk diagram (Figure
7.4-1). The SLCS is/manually initiated in
the control room by inserting the key in the
A or B keylocking switch and turning it to
the "pump run" position. It will take bet-
ween 50 and 150 minutes to complete the
injection and for the storage tank level
sensors to indicate that the storage tank is
dry. When the injection is completed, the
syite ay be manually turned off by turning
the kqylocking switch counterclockwise to
the §

Reactor Operator Information

(a) The following items are located in the
control room (or operation information:

(1) Analog Indication

(i) Storage tank level and temper-
ature;
(ii) System pressures;

Amendment 2
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(2) Status Lights
(1)  Pump or storage tank outlet
valve overload trip or power
loss;
(i)  Position of injection line

(i)
(iv)
v)
(vi)
"&':"#‘wt

0

&\\ v rdown
(i)

(i)

(v)

manual service valve;

Position of storage tank
outlet valve and in-test

status,

Position of test tank
discharge manual service
valve,

SLCS manually out of service;

Pump auto trip.

13) Anpunciators

The SLCS annunciators indicate;

Manual or automatic out-
of-service condition of SLCS
A and/or B due to:

- operation of maaual out-of-
service swatch;

- storage tank outlet valve
in test status; or

- overload trip or power loss
in pump or storage iank out-
let valve controls;

Standby liquid storage tank
high or low temperature;

Standby liquid tank hugh or
low level;

Standby liquid pump A (B)
auto trip.

(b) The following items are located locally
at the equipment for operator utili-

zation:
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operated pump suction valves, and associated
local valves, panel, and controls are located in
the secondary containment outside the drywell and
wetwell. The liquid is piped into the reactor
vessel throughout the high pressure core flooder
(HPCF) linc downstream of the HPCF inboard check
valve.

The boron absorbs thermal neutrons and thereby
terminates the nuclear fission chain reaction in
the urasiym fuel.

The specified neutron absorber solution is
sodium pentaborate (NagBypOy4. 10H;0).
It is prepared by dissolving stoichiometr.c
quantities of borax and boric acid in deminera-
lized water. An air sparger is provided in the
tank for mixing. To prevent system plugging, the
tank outlet is raised above the bottom of the
tank.

At all times when it is possible to make the
reactor critical, the SLCS shall be able to
deliver enough sodium peataborate solutior into
the reactor (Figure 9.3-2) to assure reactor
shutdown. This 1s accomplished by placing sodium
pentaborate in the standby liquid control tank
and filling it with demineralized water to at
least the low level alarm point. The solution
can be diluted with water to within 14 inches of
the overflow level volume to aliow for
evaporation losses or to lower the saturation
temperature.

The minimum temperature of the fluid in the
tank and piping shall be consistent with that
obtained from Figure 9.3-3 for the solution
temperature. The saturation temperature of the
recommended solution is 59°F at the low level
alarm volume and a lower temperature at 14 inches
below the tank overflow volume (Figures 9.3-2 and
9.3-3). The equipment containing the solution is
installed in a room in which the air temperature
is (o be maiw:vined within the range of 50 to
100°F. An electrical resistance heater
system provides a backup beat source which
maintaios the solution temperature at 75°F
(automatic operation) to B5°F (automatic
sbutoff) to prevent precipitation of the sodium
pentaborate from the solution during storage.

High or low temperature, or high or low liquid
level, causes an alarm in the control room

.n\*‘\&*‘& Orkv‘ recg\win
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Each positive displacement pump is sized to
inject the solution into the reactor in 60 to
150 minutes, independent of the amount of
solution io the tank. The pump and system
design pressure between the injection valves and
the pump and system design pressure between
relief valves are approximately 1560 psig. To
prevent bypass flow from one pump in case of
relief valve failure in the line from the other
pump, & check valve is installed downstream of
cach relief valve line in the pump discharge

pipe.

S isgactuated by either of two
ed, spring-return switches on the control
room console. This assures that switching from
the OFF position is a deliberate act. Changing
either switch status to RUN starts an injection
pump, opens one motor-operated injection valve,
opens one pump suction motor-operated valve, and
closes both of the reactor cleanap syst m
outboard isolation valves to prevent los of

boron, q - (\Bj

A light in the control room indicates that
power is available to the pump motor contactor
and that the contactor is deenergized (pump not
running). Another light indicates that the
contactor is energized (pump running)

Storage tank liquid level, tank outlet valve
position, pump discharge pressure, and injection
valve position indicate that the system is
functioning. If any of these items indicates
that the liquid may not be flowing, the operator
shall immediately change the other switch 1o the
RUN mode, thereby activating the redundant train
of the SLCS. The local switch will not have a
STOP position. This prevents the isolation of
the pump from the control room. Pump discharge
pressure and valve status are indicated in the
control room.

Equipment drains and tank overflow are not
piped to the radwaste system but to separate
containers (such as 55 gallon drums) that can be
removed and disposed of independently to prevent
any trace of boron from inadvertently reaching
the reactor.

Instrumentation consisting of solution tem-
perature indication and coatrol, solution level

o
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An ATWS condition exists vhen either of the folloving occure:

(a)

(b)

High RPV pressure (1125 lpeig) and average pover range
monitor (AFRM) not down ecale for 3 minutes, or

Low RPV level (Level 2) and APRM not dovwn escale for 3
minutes.



RESPONSE TO AGENDA ITEM &

Since ABWR vwill incorporate an automatic ADS inhibit following an
ATWS, there is no operation action required., Therefore, the 29
second delsy in the actuation of ADS folloving a Lov Water Level
l signal ie acceptable., This delay i® used to confirm that Low
Water Level 1 signal 18 present and is consistent with the low
pressure ECCS pump start-up time.



RESPONSE T AGENDA TTEM 7

An 8§ minute high drywell pressurs bypass timer has been added t2 the ADS
initiation logic to address TMI action item II.K.3.18. This timer will
initiate on a Low Vater Level 1 signal. When it times out, it bypasses the
need for & high dryvell signal to initiate the standard ADS initiatien logis,

For all LOCAs inside the containment, a high drywell signal will be present
and ADS will actuate 29 seconds after a Low Water Level 1 signal is reached.
All LOCAs outside the containment become rapidly isolated and any one of *he
three high pressure ECCS can control the water level. The high drywell
pressure bypass timer in the ADS initiation logic will only affect the LOCA
response 1f all high pressure ECCS fail follovwing a break outside the
containment. For this case the ADS will automatically intiate within 509
seconds (8 minute timer plus 29 second standard ADS logic delay) following a
Low Water Level 1 signal.

An analysis was performed to evaluate the adequacy of the & minute bypass
timer. As discussed above this analysis involves multiple failures,

Therefore 1t is part of the PRA success criteria realistic LOCA evaluation.
The main difference between the input assumptions for this case and those in
Section 6.3.3 of the SSAR is the use of a realistic decay heat curve (i.e. ANS
§.1). A complete circumferential break of the main steamline outside the
containment (which is representive of those LOCA cases where no high drywell
signal is present.) was evaluated. The key results from this analysis are
given in Figures 7-1 through 7-7. The peak cladding temperature (PCT!. refer
to Figure 7-7, for this case is less than 1100°F which is well below the 2200
°F licensing limit. This PCT is due to the initial voiding in the core at the
beginning of the event as in the case of the design basis evaluation. The
heatup caused by the core uncovery late in the event is negligible, These
results confirm the acceptability of the 8 minute high drywell pressure bypass
timer.

The cormpoﬂd\n *‘tx‘\' c\\ov\ja; Qe oﬂa MJ
(peqes T7.3-5, 7. -641.3-7)



Figures 7-1 NVATER LEVEI IN FUEL CHANNELS FOLLOWING 2 MAIN STEAMLINE
BEEAK OUTSIDE CONTAINMENT, NO HIGH PRESSURE ECCS AVAILASBLE
(REELISTIC ANRLYSIS ASSUMPTIONS)
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Figure 7-3

WATER LEVEL OUTSIDE SHROUD FOLLOWING A MAIN STEANLINE
BREAK OUTSIDE CONTAINMENT, NO HIGH PRESSURE ECCS AVAILABLE
(REALISTIC ANALYSIS ASSUMPTIONS)
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Figure 7-5 FLOW OUT OF VESSEL FOLLOVWING A MAIN STEAMLINE
PREAKX OUTSIDE CONTAINMENT,K NO NIGR PRESSURE ECCS AVAILABLE
(REALISTIC ANALYSIS ASSUNPTIONS)
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Figure 7-6 FLOV INTO VESSEL FOLLOWING A MAIN STEAMLINE
BREAK CUTSIDE CONTAINMENT, NO HIGH PRESSURE ECCS AVAILABLE
{REALISTIC ANALYSIS ASSUMPTIONS)
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Figure 7-7 PEAK CLADDING TEMPERATURE FOLLOWING A MAIN STEANLINE
BREAK OUTSIDE CONTAINMENT, NO HIGH PRESSURE BCCS AVAILABLE
{REALISTIC ANALYSIC ASSUMPTIONS)
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Table 6,31

SIGNIFICANT INPUT VARIABLES USED IN THE
LOSS-OF-COOLANT ACCIDENT ANALYSIS (Continued)

Delay Time from All Initiating
Signals Completed to the Time
Valves are Open

C. FUEL PARAMETERS

Yariable
Fuel Type
Fuel Bundie Geometry
Lattice
Number of Fueled Rods

Peak Technical Speafication
Linear Heat Generation Rate
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Power Ratio

Design Axial Peaking
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(2)

(3

ways, they will relieve pressure by actuas-
tion with electrical power or by mechanical
aciuation without power The suppression
pool provides a beat sink for steam relieved
by these valves, Reliel valve operation may
be controlled masually from the control room
10 hold the desired reactor pressure. Eight
of the eighteen SRV are designated as auto-
matic depressurization system (ADS) valves
and are capable of operating from cither ADS
logic or safety/ relief logic signals. The
salety/relief logic is discussed in Para-
graph (4). Automatic depressurization by
the ADS is provided to reduce the pressure
during & loss-of-coolant accident 1n which
the HPCF and/or RCIC are unable 10 restore
vessel water level. This allows makeup of
core cooling water by the low pressure
makeup system (RHR/LP fNooding mode)

Supporting Sysiem (Power Supplies)

Supporting systems for the ADS C&I include
the insirumentation, logic, control and
motive power sources. The instrumentation
and logic power is obtained from the SSLC
Division | and 11, 120-VAC buses F1 and G1.
The control power is from the Division | and
11, 125-VDC battery buses F and G (see Fig-
ure 8.3-1). The motive power for the elec-
trically operated gas pilot solenoid valves
is from local accumulators supplied by the
high pressure nitrogen gas supply systems
(Divisions | and 11) (see Chapter 6).

Equipment Design

The automatic depressurization system (ADS)
consists of redundant trip chanoels arranged
in two separated logics that control two
separate solenoid-operated gas pilots on
cach ADS valve. Either pilot valve can
operate ity associated ADS valve. These
pilot vaives control the pneumatic pressure
applied by sccumulators and the high
pressure sitrogen gas supply system. The
operator can also control the SRV's
manually. Separate accumulators are
included with the control equipment Lo store
pneumatic energy for reliel valve operation.

The ADS accumulators are sized (o operate
the safety relief valve two times with the

Amendmen 2
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drywell at 70% of design gage pressure
following failure of the poevmatic supply to
the accumulator. Sensors provide inputs 1o
local multiplexer units which perform signal
conditioniog and analog-to-digital
conversion. The lormatted, digitized sensor
inputs are multiplexed with other seasor
signals over an optical data liok 1o the
logic processiog units in the main control
toom. All four transmitter sigoals are fed
ioto the two-out-of-four logic for each of
two divisions either of which can actuaie
the ADS. Station batteries and SS5LC power
supplies energize the electrical control
circuitry. The power supplies for the
redundant divisions are separated to limu
the effects of electrical failures

Electrical elements in the control system
encrgize (0 cause the reliel valves 1o open

(a) ADS Initiating Circuits

Two ADS subsystems for reliefl valve
actuation, ADS 1 and ADS 2 are provided
(see Figure 7.3:2). Sensors from all
four divisions and division | control
logic for low reactor water level and
high drywell pressure initiate ADS |
and sensors from all four divisions and
division Il control logic initiate ADS
2. The division | logic is mounted in a
different cabinet than the division 11
logie.

The reactor vessel low water level

initiation setting for the ADS is
selucted to depressurize the reactor

vessel in time to allow adequate cooling |
of the fuel by the RHR (LP flooding |
mode) system following a loss-of-coolent

accident in which the HPCF and/or RCIC
fail 1o perform their functions
adequately. Timely depressurization ol
the reactor vessel is provided if the
reactor water level drops below
acceptable limits together with an
indication that high drywell pressure
has occurred, which signifies there is a
loss of coolant into the containment
with insufficient high pressure makeup
10 maintain reactor water level
Reactor isolation occurs on loss of
coolant outside the containment

|
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The HPCF and RHRLPFL discharge
pressure sottings are used ai a
permissive for depressurization and are
szlected to ssaure that at least ooe of
the three RHR pumps, or one of the two
HPCF pumps, bas received electrical
power, startsd, and is capable of
delivering water into the vessel. The
pressure setting s high enough to
assure that the pump will deliver at or
near rated Now without being so bigh &
to fail to show that the pump s
sctually running.

The level transmitters used to initiate
one ADS logic are separated from those
used to initiate the other ADS logic.
Reactor vessel low water level is de-
tected by eight transmitiers that
measuie differential pressure. Drywell
high pressure is detected by four pres.
sure transmitters. All the vessel level
and drywell high pressure transmitters
are located in m&mﬁ%@
outside the drywell. The drywell high
pressure signals are arranged to
“seal-in® the control circuitry. They
must be manually reset to clear.

Time delay logic is used in cach ADS
control division, The time delay
setting before actuation of the ADS is
long enough (hat the HPCF and/or RCIC
have time to restore water level, if
capable, yet sot so long that the RHR
(LPFL-mode) is unable to cool
the fuel if the HPCF [ails to prevent
low water level. An snnunciator in the
control room is actusted whea either of
the timers is timing. Resetting the ADS
(nitinting signals has o effect on the
timees iF the initiating signals are
still present.

[f the reactor level is restored
sufficiently to reset the previous
actuation seipoints before the timer
times out, the timer automatically
resets and avto-depressurization is
aborted. Should additional level dips
occur across the setpoints, the timer
resets with each one.
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(b) Logic and Sequencing
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Two parameters of initiation sigoals are
used for the ADS: drywell bigh pressure,
aod rector vessel low-low water level
(Level 1). Two-out-of four of each set
of signals must be present throughout
the timiag sequence 1o cause the safety/
relief valves to open. Each parameter
separately seals itself io and asnunci-
ates following the two-out-of -four logic
confirmation. Low water level 1 is the
final sensor to initiste the ADS.

A permissive signal of RHR (LP Nooder
mode) or HPCF pump discharge pressure
also used. Discharge pressure on any
one of the three RHR pumps or one of the
two HPCF pumps is sufficient to give the
permissive signal which permits
automatic depressunization when (he RHR
or HPCF systems are operable.

After receipt of the initiation sigaals’
and alter a delay rrov“cd by time delay
clements, cach of the two solenoid pilot
pas valves iy energized. This allows
poecumatic pressure from the accumulator
10 act on the gas cylinder operator.
The gas cylioder operator opens and
holds the relief valve open. Lights in
the main control room indicate wheo the
solesoid-operated pilot valves are
energized to open a safety/relief
valve. Linear variable differentiel
transformers (LVDT's) mounted on the
valve operators verily each valve
position to the performance monitoring
sod control system (PMCS), and the
anounciators,

The ADS Division | control logic
actuastes a solenoid pilot valve on each
ADS valve. Similarly, the ADS Division
Il control logic actuates a second
separate solenoid pilot valve on cach
ADS valve., Actuation of either
solenoid-pilot valve causes the ADS
valve to open to provide depressuri-
zation,

Manoual reset circuits are provided for
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the ADS initiation signal sad the 1wo
parameter sensor input logic signals
A sttempted reset has o effect if tbe
two-out-of -four initiation signals are
still present from each parameter (high
drywell presaure and low low reaclor
water level). MHowever, a keylocked
inhibit switeh is provided for each
division which can be used to take one
ADS division out of service for testing
or maintenance during plast operation.
This switch is ineffective once the ADS
limers bave timed out and thus cannot be
used to abort and reclose the valves
once they are sigonalled to open. The
inhibit mode is continwously anounciated
in the main control room.

Maousl actustios pushbutions are pro-
vided to allow the operator to initiate
ADS immediately (no time delay) if
required. Such initiation is performed
by first rotating the collars surround-.
ing the pushbuttons for each of two
chaonels within one of the two divi-
sions. Ao asouncistor will sound to
warn the operator that ADS is armed for
that division. If the two pushbuttons
are then depressed, the ADS valves will
open, provided the ECCS pump(s) running
permissives are present. Though such
wanual action is immediete, the rotating
collar permissives and duality of button
sets combined with annunciators assure
manval initiation of ADS to be »
deliberate act.

A control switch is available in the
main control room for each safety/relief
valve including the ones associated with
the ADS. Each switch s associated with
one of the four electrical divisions and
maintains clectrical separation consis-
tent with the required operability
though its function is not required for
safety. The switches are three-position
keylock-type, OFF-AUTO-OPEN, located
oo the main control board. The OPEN po-
sition is for manual safety/relief valve
operation. Man:al opening of the relief
valves provides & controlled nuclear
system cooldown under conditions where
the normal heat sink is not available,
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(¢) Bypassos and loteriocks

Before (he ADS timers time oul, it is"
possible for the operstor to manually
delay the depressuriziaog action by (he '
manual iohibit switches (although the |
time for this is very short, i.e, only
29 seconds). This action resets the
time delay logic to zero seconds and
prevents depressurization for another
timer cycle, The operator would make
this decision based on an assessment of
other plant conditions. The primary
purpose of the inhibit switch is to
remove one of the two ADS logic and
control divisions from service for
testing and meintensnce during plant
operation. Automatic ADS is interlocked
with the HPCF and RHR by means of
pressure sensors locared on the
discharge of these pumps. Manual ADS
bypasses these interlocks and the timers
and immedistely opens the ADS valves,
The rotating collar permissives and |
duality of button sets combined with
annunciators assure manual initistion of f
ADS o be a deliberate act. v

(d) Redundancy and Diverrity

The ADS is initiated by bigh drywell |
pressure and low reactor vessel waler a
level. The initiating circuits for each |
of these parameters are redundant "
desciibed by the circuit description of |
this section. Diversity is provided by
HPCF, d

(¢) Actuated Devices

Safety/relief valves are actuated by any
one of four methods,

(1) ADS Action

Automatic sction after high drywell
pressure followed by 29 seconds at

low water level (L1), plus makeup |

pumps running, resulting from the
logic chaing in either Division | or
Division 11 control logic actuating;
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Make the foilowing changes to Chapter 7, Section 7.3.1.1.1.2 "Automatic
Cepressurization System Instrumentation and Controls.

1. The second paragraph in Subsection (a) "ADS Initiating Circuits® in Sub-Section (1)
"System Identification® in Section 7.3.1.1.1.2 *Automatic Depressurization System
Instrumentation and Controls® in Chapter 7 of the United States (US) Advanced
Boiling Water Reactor (ABWR) Certification Program's Standard Safety Analysis
Repont (S§5AR) reads as follows.

The reactor vessel low water level initiation setting for the ADS is selected to
depressurize the reactor vessel in time 10 allow adequate cooling of the fuel
by the RHR (LP flooding mode) System following a loss-of-coolant accident in
which the HPCF and/or RCIC fail to perform theit functions adequately.
Timely depressurization of the reactor vessel is provided if the reactor vessel
water level drops balow acceptable limits together with an indication that high
drywell pressure has occurred, which signifier there is a loss of coolant into
the containment with insufficient high pressure makeup 10 maintain reactor
water. level. Reactor isolation occurs on loss of coolant outside containment.

Change this paragraph to read:

The reactor vesse! low water level initiation setting for the ADS Is selected to
depressurize the reactor vessel in time to allow adequate cooling of the fuel
by the RHR (LP flooding mode) System following a loss-of-coolant accident in
which the HPCF and/or RCIC fail to perform their functions adequately.
Timely depressurization of the reactor vessel is provided if the reactor vessel
water level drops below acceptable limits together with an indication that high
drywell pressure has occurred, which signifies there is a loss of coolant into
the oomnmm with insufficient high pressure makeup 10 maintain ruaor'
water Eor breaks outside the containment. timely depressurizatior. o

.
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i nd the ADS timer 10 time-out. Reactor isolation occurs on loss
of coolant outside containment.
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2. Subsection (c) "Bypasses and interiocks” in Sub-Section (3) *Equipment Design® in
Section 7.3.1.1.1.2 "Automatic Depressurization System Instrumentation and
Controls® in Chapter 7 of the US ABWR Centification Program's SSAR reads as
follows:

(c) Bypasses and Interiocks.

Before the ADS timers time out, it is possible for the operator to manually
delay depressurization action by the manual inhibit switches (although the
time for this is very shon, i.e., only 29 seconds). This action resets the time
delay logic 1o zero and prevents the depressurization for another time cycle.
The operator would make this decision based on an assessment of other plant
conditions. The primary purpose of the inhibit switch is to remove one of the
two ADS logic and control divisions from service for testing and maintenance
during plant operation. Automatic ADS is interlocked with the HPCF and RHR
:Lmum of pressure sensors located on the discharge of these pumps.

nual ADS bypasses these interlocks and the timers immediately opens the
ADS valves. The rotating collars permissives and dualityof buttons sets
combine with annunciators assure manual initiation of ADS to be a deliberate
act.

Change this paragraph to read:

() Bypasses and Interiocks.

logic and control divisions from service for testing and maintenance during
plant operation. Automatic ADS is interlocked with the HPCF and RHR by
means of pressure sensors localed on the discharge of these pumps. Manual
ADS bypasses these interlocks and the timers immediately opens the ADS
valves. The rotating collars permissives and duality of buttons sets combine
with annunciators assure manual initiation of ADS to be a deliberate act.
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3. Subsection (d) "Redundancy and Diversity* in Sub-Section (3) *Equipment Design*

in Section 7.3.1.1.1.2 "Automatic Depressunzation System Instrumentation and
Controls* in Chapter 7 of the US ABWR Centification Program's SSAR reads as
follows:

(d) Redundancy and Diversity.
The ADS is initiated by high drywell pressure and low reactor water level. The

initiating circuits for each of these parameters are redundant as described by
the ¢.rouit description of this section. Diversity is provided by the HPCF.

Change this paragraph to read:

(d) Redundancy and Diversity.

The ADS is initiated by high drywell pressure and/gr low reactor water level,
The initiating circuits for each of these parameters are redundant as described
by the circuit description of this section. Diversity is provided by the HPCF.

raph (1) "ADS Action® in Subsection (e) "Actuated Devices" in Sub-Section
(3) "Equipment Dw%o in Section 7.3.1.1.1.2 *Automatic Depressurization System
Instrumentation and Controls® in Chapter 7 of the US ABWR Caertification Program's
SSAR reads as follows:

(1) ..DS Action.
Automatic action after high drywell pressure followed by 29 seconds at low
water level (L1), plus up pumps running, resulting from the logic chains
in either Division ! or Division Il controi logic actuating;.

Change this paragraph to read:

(1) ADS Action.

Automatic action after mgh dryvnu
mor level (L1) Qg

‘ - : p P pu
runnmg ruumng from tho loqbc chdm in omm Division | or Division Il control
logic actuating..

rouuro hlbwod by 29 uoondl at low
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RESPONSF TO DISCUSSION ITENM 17

The sttached text modificetions clarify the effective break sreas
for the maximum vessel bottom hesd drain line break and the
maximum RHR shutdown suction line breask.



®)

(9) peak cladding temperature as a function of
ume.

A conservative assumption made in the analysis
is that all offsite AC power is lost simul-
taneously with the initiation of the LOCA. As a
furtber conservatism, all reactor internal pumps
were assumed to trip at the start of LOCA event
even though this in itself is considered to be an
accident (See Subsection 15.3.1). The resulting
rapid core flow coastdown produces a calculated
departure from nucleate boiling in the hot
bundles within the first few seconds of the
transient.

LOCA analyses using break arcas less than the
maximum values were also considered for the
steamline, feedwater line, and RHR shutdown
suction line locations. The cases analyzed are
indicated on the break spectrum plot (refer to
Figure 6.3-10). In general, the largest break at
each location is the worst in terms of minimum
transient water level in the downcomer.

63275 Intermediate Line Breaks Inside
Contalnment

For this case the gwd-u- FL injection
line break (0.221 ft*) was analyzed Imporiant
variables from this analysis are shown in Figures
6.3-37 through 6.3-43.

633,76 Small Line Breaks Inside Containment

For these cases the Dlﬁng. high presure core
flooder line break (0.099 1<) and the maximu

bottom bead drain line break (0.0218 Nt
analyzed. plmportant variables from these
analyses are shown in Figures 6.3-44 through
6.3-59. A break in a reactor internal pump
would involve either the welds or the casing.
If the weld from the pump casing to the PRV stub
tube breaks, the stietch tube will prevent (he
pump casing from moving. The stretch tube
clamps the diffuser 1o the pump casing, where its
nul seats. The land is located below the casing
attachment weld and therefore the stretch tube
forms a redundant parallel strength path to the
pump casing restraint which is designed to
provide support in the event Jf weld failure,
In case the pump casing and the stretch tube
break, the pump and motor will move downward
uatil stopped by the casing restraints, The
pump is part of the stretch tube. In either case
the break flow would be much less than the

e
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drainlioe break case.  Therefore, the drainline
break apalysis is also bounding for any credible
break withio the reactor internal pump
recirculation system and its associated motor
housing and cover,

As expected, the core flooder line break s
the worst break location in terms of minimum
transient water level in the downcomer., In
elevation it is the lowest break on the vessel
except for the drainline break. Furthermore, (he
worst break/failure combination leaves the
fewest number of ECC systems remaining and no
high pressure core flooder systems. LOCA
analyses using break arcas less than the maximum
values were also considered. The cases analyzed
are indicated oo the break spectrum plot (refer
to Figure 6.3:10). From these results it is
clear that the overall most limiting break in
terms of minimum transient water level ip the
downcomer, is the maximum core flooder line
break case,

63377 Line Breaks Outside Contalnment

This group of breaks is characterized by a
rapid isolation of the break. Sioce s maximum
steam line break outside the containment pro-
duces more vessel inventory loss before isola-
tion than other breaks in this category, the re-
sults of this case are boundiog for all breaks
in this group. Important variables from these
analyses are shown in Figure 6.3-60 through
6.3-66.

As disculy®d in Subsection 6.3.3.7.4, the
trip of all reactor internal pumps at the start
of the LOCA produces a calculated departure from
nucleate boiling for all LOCA events. Further-
more, the bigh void content in the bundles fol-
lowing a large steamline break produces the
carliest times of loss of nucleate boiling for
any LOCA event. Thus, the summary of results in
Table 6.3-4 show that, though the PCTs for all
break locations are similar, the steamline
breaks result in higher calculated PCTs and the
outside steamline break is the overall most
limiting case in terms of the highest calculated
PCT. Results of the analysis of this break will
be provided for each bundle design for
information by the utility referncing the ABWR
design.

6312




INGERTS FOR 1'Téw 7

fince the bottom head drain line ties into the RHR shutdown suction
line, the total break flov for the maximum RER shutdown suction line
break includes flow from the vessel through RHR shutdown suction vessel
nozzle as wvell as through the bottom head drain line.

(based on a 2 inch penentration in the vessel bottom head

Since the bottom head drain line ties into the RKHR shutdown suction
line, the total break flov for the maximum bottom head drain line break
includes flov from the vessel through the bottom head drain line
penetration as well as through the RHR shutdown suction line.



