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RESFONSES T0O DIBCUSSION ITEMS REQUIRING GE ACTION

RISCUSSION ITEM 1
Markup new HEWR S5RAR RAppendix 4B to be consistent with GESTAR 11

Fmendment 2&, RAlso, provide a statement indicating that Appendix
4B 18 to be used 1if analysis is required.

RESEONSE_L

Froprietary inforeatison providet under separate cover.
RISEMSSION 1TEM 4

Revise Dection 4,4 to include a loocse-narts monitoring system to
be supplied by the applicant referencing the ABWR design . This
revitzun 18 to include a statement why it 1s advantageous to
deley design of the locse~parts moritor ng system until detailed
design or the reactar syvetem has Feen cowtl *ted and equipment
vendors selected,

BESRONGE 4

fee atrached markup.

RISCUSSION ITEM O

Revise ABWR S8AR Subsection 18.& to address the failure mode and
effects of slow air system failure or dirty air in the instrument
alr system.

REREONBE ©

Froprietary information provided under separate cover.
RISCUSEION 1TEM &

gubmit detailed information including drawings of the HCU.

RESRONES ¢

Froprie. information provided under separate cover.
RISEUSSION ITEM 7

Revise Hubsection $.4.7.1.3 to reflect compliance with RSB BTE
S~1

RESEONMRE 7

S attached markup.
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RISCUSSION 1TEM 11

Provide calculations to substantiate the adequacy of the 100 gpm
borated solution in meeting 1@CFREA, 62 (a) (4),

REPONSE 11

fAs approved and documented in the Safety Evaluation of Topical
Report (NEDE-31R296-P-A) "Anticipated Transient Without Scramg
Response to ATWS Rule, 1QCFRYSQ. 62" (October 1986), the
equivalency reguirement can be demonstrated if the following
relationship is satisified:

Sl BREL W R W il WS
b6 M 13 19. 8

Q = expected SLCS flow rate (gpn)

M = mass of water in the reactor vessel and recirculation
system a hot rated condition (1lbs)

C = sodium pentaborate solution concentration (weight per cent)
E = Bi® jsotope enrichment (19,8% for natural boron), atom

percent

Values of ME31 may vary somewhat depending on the design,
(e.Qvy MES1 for BWR/3/4 = 628,300 lbs, MES1 for BWR/S = 614, 300
Ibs, and M5! for BWR/&6 = 619%,10Q2 1lbs), ¢cr

Q2 86 yx M W i3 K 238
Masi = £

For ABWR,
M= 674, 10Q 1bs
Cw 13
E= 19.8
and uging M&S1l = 615,100 lbs, and obtains
Q2 94,2 gpm.

Therefore, the (00 ppm capacity se.ected for the ARWR satisifies
the requirment.
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| RISCUSSION ITEM 14

\ g 13

E Review and update the GE Feburary &1, 1980 responses to the
Michelson concerns for applicability to ABWR,

RESFONSE_ 14

See attached markup.
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ABWR
Standard Plant
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| 4.4.F Interfaces

4.4J.1 Power Flow Operating Map

The specit
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4,4,3 Loose~Parts Monitoring System

The applicant referencing the ARWR design shall provide a
locse~parts monitoring system on the reactor pressure vessel, and
implement & loose-parts detection program which conforms to the
guidelines - f the regulatory position contained in Regulatory
Guide 1,133, The design of the loose-parts monitoring system is
deferred so that it may be defined utilizing commerically
available components at the time of construction in & system and
it can reflect applican. preference and perhaps experiencd may be
best satisified, See Subsection 4.4.4.3 for interface
requiremerts,

4.4,4,3 Loose-Parts Monitoring Systen

The applicant referencing the RBWR design will provide a
loose-parts monitoring system and implement a loose~parts
detection program (See Subsection 4.4,3).

Al e b b L i L b e oo e i e s S e A 2 ab & aaa s
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ABWR
Standard Plant

directly into the reactor pressure vessel t2
the drywell spray header degraded plant
conditions when AC power is not available from
either onsite or offsite sources, The RHR
provides the piping and valves which connect the
FPS piping with the RHR loop C pump discharge
piping. The wanual valves in this line permit
adding sater from the FPS (o the RHR system if
the RHR is not operable, The primary means for
supplying water through this connection is by use
of the diesel-driven pump in the FPS, A backup
to this pump is provided by a connection on the
outside of the reactor building which allows
hookup of the FPS to a fire truck pump.

The vessel injection mode is intended to
prevent core damage during station blackout after
RCIC has stopped operating, and to provide an
in-vessel core melt prevention mechanism during a
severe accident condition. If the AC-independent
water addition mode is not actuated in time to
prevent core damage, core melting and vessel
...iure, ther - .overs the corium in the lower
drywell whi initiated and adds water to
containment, thereby slowing the pressure rise.

The drywell spray mode prevents high gas
temperatures in the upper drywell and adds
additional water to the containment, which
increases the containmes’ thermal mass and slows
the pressurization rate. Additionally, the
drywell spray provides fission product scrubbing
to reduce fission product release in the event of
failure of the drywell head.

Operation of the AC-independent water addition
mode is entirely manual. All of the v. lves which
must be opened or closed durir, lire water
addition are located within the same ECCS valve
room. The connection to add water using a fire
truck pvmp is located outside the reactor
building at grade level.

54.7.12 Design Basis for Isolation of RHR
System from Reactor Coolant System

The low pressure portions of the RHR system
are isolated from full reactor pressure whenever
the primary system pressure is above the RHR
system design pressure, (See Subsection
5.4.7.1.3 for further details.) In addition,
automatic Isolation occurs for reasons of
maintaining water inventory which are unrelated
to line pressure rating. A low water level

Amendment 15
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signal closes the RHR con’iinment isolation
valves that are provided for the shutdown cooling
suction. Subsection 5.2.5 provides an explanation
of the leak detestinn system and the isolation
signals; see Subsectioe 5.2.5.2.1 (12) and Table
5.2:6.

The RHR pumps are protected against damage
from a closed discharge valve by means of
automatic minimum flow valves which open on low
mainline flow and close on high mainline flow.

£.4.7.1.3 Design Basis for Pressure Relief
Capacity

¢ RHR system are sized
e basi s pf

The relief valves in t
on one-of-three-basie; -

(1)) thermal relﬁ.fuly. av e
leakage only,

i ———— o ———— vy

(2)| valve bypass

i

(3) contro vﬂmnlure and the subseq‘u nl; 0

uncontrolled flow which results.

e
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ABWR
StandardPlant

Redundont interlocks prevent opening valves
to the low pressure suction piping when the
reactor pressure is above the shutdown range.
These same interlocks initiate valve closure on
increasing reactor pressure,

P

In addition, a high pressure check valve will
close to prevent reverse flow if the pressure
should increase. Relief valves in the discharge
piping are sized to account for leakage past the
check valve,

£.47.1.4 Design Basis With Respect to General
De.ign Criterion §

The RHR system for this unit does not share
equipment or structures with any other nuclear
unit.

34.7.1.5 Design Basis for Reliability ar -
Operability

The design basis for ths shutd wn cooling
mode of the RHR System is that this mode is
controlled by the operator from the control
room. The only operations performed outside of
the control room for a normal shutdown are manual
operation of local flushing water admission
valves, which are the means of providing clean
water to the shutdown portions of the RHR system.

Three separate shutdown cooling loops are
provided; and although the three loops are
required for shutdown u: der normal circumstances.
the reactor coolant can be brought to 100°C in
less than 36 hours with only two loops in
operation. The RHR system is part of the ECCS
and therefore is required to be designed with
redundancy, piping protection, power separation,
etc., as required of such systems. (See Section
6.3 for an explanation of the design bases for
ECCS Systems,)

Shutdown suction and discharge valves are
required to be powered from both offsite and
standby emer, ¢y power for purposes of isolation
and snutdown following a loss of offsite power,

5.4.7.1.6 Design Basis for Protection from
Physical Damage

The design basis for protection from physical
damage, such as internally generated missiles,
pipe break, seismic effects, and fires, are

Amendment 1S
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discussed in Sections 3.5, 3.6, 3.7, and
Subsection 9.5.1

£4.72 Systems Design
£4.72.1 System Diagrams

All of the components of the RHR system are
shown in th» P&ID (Figure 5.4-10). A
description of the controls and instrumentation
is presented in Subsection 7.3.1.1.1 emergency
core cooling systems control and instrumen-
tatioe.

Figure 5.4-11 is the RIHK proces diagram and
data. All of the sizing modes ¢ ¢ . svstem are
shown in the process data. Th ~terlock Mlock
diagram (IBD) for the RHR system is provided in
Ssetion 7.3

Interlocks are provided to prevent: (1)
drawing vessel water to the suppressica pool,
(2) opening vessel suction valves abov (he
suction lines or the discharge ''ne cesign
pressure, (3) inadvertent opening of drywell
spray valves during RHK operation where the
injection valve to the reacor is open and when
drywell pressure is nci high enough to require
the drywell spray for pressure reduction, and
(4) pump start when suction valve(s) are not
open. A description of the RHR system logic
(i.e., interlocks, permissives) is presented in
Table §5.4-3,

54722 Equipment and Component Description
(1) System Main pumps

The following are system performance require-
ments the main pumps must satisfy. The pump
equipment performance requirements include
additional margins so that the system perfor-
mance requirements can be achieved. These
margins are stancard GE equipment specifica-
tion practice and are included in procure-
ment specifications for flow and pressure
measuring accuracy and for power source fre-
quency variation.

Number of Pumps 3

Pump type Ceatrifugal
Drive unit type Motor

S4:19
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Overpressure protection 18 achieved during system operation when
the system is not isolated from the reactor coolant pressure.
The RHR system is operational and not isolated from the reactor
cooclant system only when the reactor 1s depressurized, Two modes
of operation are applicabley the flooder move and the shutdown
covling mode. For the flooder mode, the injection valve opens
through interlocks only for reactor pressures less than
approximately 500 peig. For the shutdown cooling mode, the
suction valves can be opened through intericcks only for reactor
pressures less than approximately 135 psig. Onre the system is
operating in these lower pressure modes, events are not expected
that would cause the pressure to ‘nereasv. If for some unlikely
event the pressure wauld increase, the pressure interlocks that
allowed the valves tu initially open would cause the valves to
close on increasing pressure, The RHR system piping would then
be protected from overpressure. The valves close at low
pressure, and the rate of presgure increase would be low. During
the time period while the valves are closing at these low
pressure conditions, the RMR system design and margins that
satisfy the interfacing system LOCA provide ample operpressure
protection.,
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TABLE 1A,2:1
RESPONSES TO QUESTIONS POSED BY MR. C. MICHELSON [I1.K.3(46)]

b

Pressurizer level is an incorrect measure of primary coolant inventory.

RESPONSE 1

BV s do not have pressurizers. BWRs measure primary coolant inventory
directly using differential pressure sensors attached to the reactor
vessel. Thus, this concern does not apply to ABWR,

]

The i{solation of small breaks (e.g., letdown line; PORV) ‘ot addressed or
analyzed,

'

Automatic isolation only occurs for breaks outside the containment. Such
breaks are addressed in Section 3,1.1.1.2 of NED0-24708. It was shown
that if the high pressure systems are available no operator actions are
required, If It is assumed that all high pressure systems fail, the op-
erator must manually depressurize to allow the low pressure systems to
inject and maintain vessel water level., Analyses in Section 3,5,2.1 of
NEDO-24708 sliow that the operator has sufficient information and time to
perform these manual actions. The necessary manual actions have been in-
cluded in the opevator guidelines for small break accidents.

QUESTION
Pressure boundary damage due to loadings from 1) bubble collapse in
subcooled liquid and 2) injection of ECC water in steam-filled pipes.

RESPQUSE 3

The BWR has no geometry equivalent to that identified in Michelsoun's
report on B&W reactors relative to bubble collapse (steam bubbling upward
through the pressurizer surge line and pressurizer). Thus the first con-
cern in not applicable to ABWR.

ECC injection in the ABWR at high pressure is either directly into the
reactor vessel through water filled lines (RHR-B+C;HPCF-B+C) or into the
feedwater lines (RHR-A;RCIC). The feedwater lines are normally filled
with relatively cold liquid (420°F or less). ECCS injection in the ABWR
at low pressure is either directly into the reactor vessel or into the
feedwater lines. Thus the second concern is not applicable tc the ABWR,

QUESTION &
In determining need for -team generators to remove decay heat, consider
that break flow enthalpy ls not core exit enthalpy.

RESPONSE &
BWRs do not use steam generators to remove decay heat, so this concern
does not apply to ABWR.



QUESTION 5

Are sources of auxiliary feedwater adequate in the event of a delay in
cooldown subsequent to a small LOCA?

BWRs do not need feedwater to remove heat from the resctor following a
LOCA, whether the subsequent cooldown is delayed or not. Therefore, this
concern is not applicable to ABWR. BWRs have a closed cooling system in
which vessel water flows out the postulated break to the suppression
pool. The suppression pool is cooled and water is pumped back to the
vessel with ECCS pumps,

1s the recirculation mode of operation of the HPCI pumps at high pressure
an established design requirement?

RESPONSE 6
The high-pressure iujection systems utilized in the ABWR are the Reactor
Core Isolation Cooling (RCIC) and High Pressure Core Flooder (HPCF).

The RCIC and HPCF systems normally take suction from the condensate stor-
age tank and have an alternate suction source from the suppression pool.
A recirculation mode of operation of these systems ls established when
the system suction is from the suppression pool. Following a LOCA when
system suction is from the suppression pool, water injected into the re-
actor is discharged thr~ugh the break and flows back to the suppression
pool forming a closed re irculation loop.

Other recirculation modes inciude test modes (e.g., suctlon from and dis-
charge to the suppression pool) and system operation on low flow bypass
with discharge to the suppression pool,

All of these modes are established design requirements,

Are the HPCI pumps and RHR pumps run simultaneously? Do they share
common piping?/suction? If so, is the system properly designed to accom-
modate this mode of operation (l.e., are any NPSH requirements violated,
ete.,.7)

1

For ABWR the high-pressure injection systems (RCIC/HPCF) do not ghare any
common suction piping with the low pressure RHR and they can operate si-
multanesusly with this low pressure system.

The RCIC and HPCF systems share a common suction line from the conden-
sate storage tank., The RHR shutdown coollng operating mode does not
share any common suction piping with the RCIC or HPCF systems. It ig an
estabiished dezign requirement to size the suction plping, including
shared plping, such that adequete NPSH is available to RCIC and HPCF
pumps for all simultaneous operating modes of these systems.

Pre-operational and/or start-up tests are conducted that demonstrate that
the NPSH requirements are met.

.
)



Mechanical effects of slug flow on steam generator tubes needs to be ad-
dressed (transitlioning from solid natural circulation *» reflux boiling
and back to solid natural circulation may cause slug flow in the hot leg
pipes.)

RESPONSE 8

BWRs do not have steam generators so this concern does not apply to ABWR.

]

1s there minimum flow protection for the HPCI pumps during the
recirculation mode of operation?

RESPONSE 9

For the ABWR, the RCIC, RHR, and HPCF pumps all contain valves, piping,
and automatic logic that bypasses flow to the suppression pool as re-
quired to provide minimum flow protection for all design basis operating
modes of the systems.

‘1
The effect of the accumulators dumping during small break LOCAs is not
taken into account,

RESPONSE 10

BWRs do not use accumuiators to mitigate LOCAs. Therefore, this concern
does not apply to ABWR,

QUESTION 11
what is rhe lmpact of continued running of the RC pumps during a small
LOCA?

o

The impact of continued running of the recirculation pumps has been ad-
dressed in Sectiors 3.3.2.2, 3.3.2.3, and Section 3.5.2.1.5.1 of NEDO-
24708, The conclusions were that continued running of the recirculation
pumps results in little change in the time available for operator actions
and does not signlficantly change the overall system respotise.

QUESTION 12
During a small break LOCA in which offsice power is lost, the possibility
and lmpact of pump seal damage and leakage has not been evaluated,

RESPONSE 12

The RCIC, HPCF, and RHR pumps are provided with mechanical scals. These
seals are cooled by the pump primary process water. No external cooling
from auxiliary support systems, such as site service water or room air
coolers, is required for RCIC pump seals. The HPCF and RHR seals are
cooled by connections to the three separate divisions of the Reactor
Bullding Cooling Water (RCW) System to protect against eingle failures.
RHR Divisions A, B and C, and HPCF-B and C are connected to their corre-
sponding RCW dlvisions., If offsite power is lost, on site diesel genera-
tions maintain the RCW three divisional function. These types of seals
have demonstrated (in nuclear and other applications) their capability to
operate for extended perlod of time at temperatures in excess of those
expected following a LOCA.



Shou.u seal fallure occur ft can be detected by room sump high level
alarms, The RCIC, HPCF, and RHR individual pumps are arranged, and motor
operated valves provided, so that a pump with a failed seal can be shut-
down and isolated without affecting the proper operation of the other re-
dundant pumps/systems.

Considering the low probability of seal failure during a LOCA, the fact
that a pump with a failed seal can be isolated without affecting other
redundant equipment, and the substantlal redundance provided in the BWR
emergency cooling systems, pump seal failure is not considered a signifi-
cant concern.

QUESTION 13

During transitioning from solid natural circulation to reflux boiling and
back again, the vessel level will be unknown to the operators, and emer-
pency procedures and operator training may be inadequate. This needs to
be addressed and evaluated.

There is no similar transition in the BWR case. In addition, the BWR has
water leve: measurement within the vessel and the indicaticn of the water
level is incorporated into the operator guidelines. Consequently thieg
concern does not apply to ABWR.

1

The effect of nor-condensable gas accumulation in the steam generators
and {ts possible disruption of decay heat removal by natural circulation
needs to be addressed.

The effect of non.-condensable gas accumulation is addressed in Section
3.3.1.8.2 of NEDO-24708. For a BWR, vapor is present in the core during
both normal operation and natural circulation conditions.
Non-condensables may change the composition of the vapor but would have
an insignificant effect on the natural or forced circulation itself,
since the non-condensables would 1ise with the steam to the top of the
vessel after leaving the steam separators,

CONCERN 13
Delayed cooldown following a small break LOCA could raid the containment
pressure and activate (he containmen® spray system,

RESPONSE 15

The ABWR containment spray system is manually initiated. A'! essential
equipment inside th2 containment Is required to be qualiiied for the en-
vironmental conditions resulting from the initiation of the containment
spray system,
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