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4.6 FUNCTIONAL DESIGN OF
REACTIVITY CONTROL SYSTEMS

The reactivity control systems consists of
control rods and control rod drives,
supplementary reactivity control in the form of »
gandolinia (Section 4.3), and the standby liquid
control system (described in Subsection 9.3.5)

Evaluations of the reactivity control systems
lanhu the applicable General Design Criteria
DC

( ) arc contained in the folowing subsections:
QRC Subscslion
a3 A28
28 31236
31207
b 31238
bl 21239
~ 1230

4.6.1 Irformation for Control Rod Drive
System

4611 Design Bases
46110 Safety Design Bases

The control rod drive CRD mechanical system
shall meet the following safety design bases

(1) The design shall provide for rapid control
rod sertion (scram) so that no fuel damage
results from any moderately frequent event
(see Chapter 15)

(2) The design shall include positioning
devices, cach of which individually supports
and positions a control rod

(3) Each positioaing device shall be capable of
holding the control rod in position and
preventing it from inadvertenth withdrawing
ovtward during any non-acardent, acaident,
post-accident and scismic condition

(4) Each positioning device shall be capatie of
detecting the separation of the control rod
from the drive mechanism 10 prevent a rod
drop accident

Amengmer )
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(5) Each positioning device shall provide a
means to prevent or limit the rate of
coutrol rod ¢jection from the core due to a
break in the drive mechanism pressure boun-
dary. This is to prevent fuel damage ro-
sulting from rapid insertion of reactivity.

46112 Power Generation Design Basis

The control rod drive system (CRDS) design
shall meet the following power generation design
bases:

(1) The design vhall provide for controlling
changes in core reactivity by positioning
neutron-absorbing control rods within th
core.

(2) The design shall provide for movement and po-
sitioning of control rods in increments to
erable optimized power control and core

power shaping
4612 Description

The CRDS consists of fine motion con'rol rod
drive (FMCRD) mechanisms, and the CRD hydravlic
system (including pumps, Nilters, hydranlic
contrel units, interconnecting piping. instru.
mentation and electrical controls). The CRDS,
in conjunction with the rod control and infor-
mation system (RCKIS) and reactor protection
system (RPS) rerforms the following functions.

(1) Controls changes 1n core reactivity by
positioning neutron-absorbing control rods
within the core in response to contral
signals from the RCKIS.

{2) Provides mosement and positioning of conhrol
rods 1 increments 1o enable oplimized power
contral and core power shape in responsc to
control signals from the RCKIS.

(3) Provides the ability to position large
groups of rods mmultancoush n response 1o
control signals from the RCAIS

(4) Provides rapid control rod insertion (scram)
in response to manval or automalic signals
from the RPS so that no fuel damage resulis
from any plamt transicnt
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(5) Gathers rod status and rod position data for
rod pattera control, performance monitoring,
operator display and scram time testing

(6) Prevents undesirable rod pattern or rod
mol, ons by imposing rod motion blocks in
order 1o protect the fuel.

(7) Prevents and mitigates the consequences of a

rod drop accident by detecting rod
separation and controlling rod paticrn.

Amendmen: }
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(8) Provides alternate rod insertion (AR]), an
alternate means of actuating motor-driven
t .4 insertion should an anticipated
transient without scram (ATWS) occur.

(9) Automatically drives in the drive mechanisms
with the electric motors upon scram initia-
tion. This provides an additional, diverse
means of inserting a control rod.

(10) Provides selected control rod run-in (SCRRI)
for reactor stability control, (Sec
Subsection 7.7.1.2.2.(2)).

The design bases and further discussion of
both the RC&IS and RPS, and their control inter-
faces with the CRDS, are presented in Chapter 7.

4 U1 Fine Motion Control Rod Drive
Mechanisms

The fine motion contral rod drive (FMCRD) used
for positioning the control rod in the reactor
core is » mechanical /hvdraulic actuated mechanism
(Figures 4.6-1, 4.6-2 and 46:3). An clectric
motor driven ball nut and spindle assembly is
capable of positioning the drive at a minimum of
18 3mm wacrements. Mydraulic pressure is used
for fast scrams. The FMCRD penctrates the bottom
head of the reactor pressure vessel The FMCRD
does not interfere with refucling and is
operative even when the head is removed from the
reactor vessel

The fine motion capability is achieved with a
ball aut and spindle arrangement driven by an
electric motor. The ball nut is keved to the
guide tube (roller key) to prevent its rotation
and traverses avially as the spindle rotates. A
hollow piston rests on the ball nul and upward
motion of the ball sut drives this piston and the
cortrol rod into the core The weight of the
control rod keeps the hollow piston and ball nut
i contact during withdrawal

A single hydravlic control yait (HCU') powers
the scram action of two FMCRDs  Upon scram vahe
initistion, bigh pressure nitrogen from the HCU
raises the piston within the accumulator forcing
water through the scram piping. This water is
directed 1o cach FMCRD connected to the HCU.
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lnside cach FMCRD, high pressure water lifts the
hollow piston off the ball nut and drives the
control rod into the core. A spring washer
buffer assembly stops the hollow piston at the
end of its stroke. Departure from the ball nut
releases spring loaded latches in the hollow
piston that engage slots in the guide tube
These latches support the control rod in the
inserted position. The control rod cannot be
withdrawn until the ball nut is driven up and
engaged with the bollow piston. Stationary
fingers on the ball nut then cam the latches out
of the slots and hold them in the retracted
position. A scram action is complete when every
FMCRD bhas reached their fully inserted position.

The use of the FMCRD mechanisms in the CRD
system provides several features which enheace
both the system reliability and plant
operstions. Some of these features are listed
and discussed briefly as follows:

(1) Diverse Mcans of Rod Insertion

The FMCRDs can be inserted either
hydraulically or elecirically. In response
1o & scram signal, the FMCRD is inserted
hydraulically via the stored encrgy in the
scram accumulators A-signal is also given
simultancously to insert the FMCRD
electrically via its motor drive. This
diversity provides a high degree of
assurance of vod insertion or demand.

(2) Absence of FMCRD Piston Scals

The FMCRD pistons have no scals and thus, do
ROl rEQUire maintenance.

(3) FMCPD Discharge

The vater which scrams the control rod
discharges into the reactor vessel and does
not require a scram discharge volume, thus
eliminating a potential for common-mode
failure

(4) Improved Plant Mancuverability

The fine motion capability of the FMCRD
allows rod pattern optimization in response
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operating buffer under criteria for normal
and wpset events and for an abnormally
operating buffer under criteria for upset
events.

(5) The control rod is designed for lateral
displacements due to the mavimum fuel
channel deflection allowed within fuel
channel design criterin under upset (OBE)
events and faulted (SSE) events,

46222 Control Rod Drives
462221 Evaluation of Scram Time

The rod scram function of the CRD system
nrovides the aegative reactivity insertion
required by safety design basis 4.0.1.1.1(1).
The scram time shown in the description is
adiquate as shown by the transient analyses of
Chapter 15,

462222 Analysis of Malfunction Relating to
Rod Withdrawal

There are no known single malfunctions that
cause the unplanued withdrawal of even a single
control rod. However, if muluiple malfunctions
are postulated, studics show that an unplanncd
rod withdrawal can occur at withdrawal speeds
that vary with the combination of malfunctions
postulated.

46223221 Drive Housing Failure

The bottom head of the reactor vessel has a
penetration for cach CRD Jocation A drive
housing iz raised into position inside cach
penctration and fastened by welding The drive
is raised into the drive housing and bolied to a
Nange at the Sottom of the housing

In the unlikely event of & failure of the
drive howsing to vessel attachment weld
(incluging a failure through the housing or along
the fusion hine of the housing 1o stub tube weld)
or the flange bolting a:taching the drive 10 the
housiag, ejection of the CRD and attached control
vod is prevented by the integral internal blovwout
support. The details of the this internal
blowout support structure arc containgd in
Section 461229

Ameadment )
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4622222 Rupture of Hyvdraulic Line to
Drive Housing Flange

For the case of a scram insert line break, a
partial er complete circumferential onening is
postul v .4 at or near the point wh + ‘he ling
enters tne housing flange. This fail. ¢, i not
mitigated by special design features, cous!
result in rod ejection ot speeds exceeding maxi-
mum allowable limits of 4 in/sec (assuming rod
pattern contral) or 6 inches maximum trave!l
distance before full stop Failure of the scram
insert line would cause loss of pressure to the
uaderside of the hollow piston. The force
resulting from full reactor pressure acting on
‘he cross-sectional arca of the hollow piston,
i us the weights of the control rod and hollow
piiaton, is imposed on the ball sut. The ball
nul in turn translates this resuliant force into
8 torque acting on the spindle. When this
torque exceeds the motor residual torque and
scal friction, reverse rotation of the spindle
will occur permiting rod withdrawal Analyses
show that the fo. r¢ generated during this post-
ulated event can result in rod ejection speeds
which exceed the mavimum allowable limits.

The FMCRD design provides two diverse means
of protection against the results of a
postulated scram insert ling fadlure. The first
means of protection is & ball check valve
located in the middie flange of the drive al the
scram port. Reverse flow during o line break
will caust the ball 1o move to the closed
position. This will prevent loss of pressure to
the underside of the hollow pistor which in
turn will prevent the geacration of loads on the
drive which could cause rod ¢ ccion

The second means of protection is the
centrifugal brake described in Subsection
4612258 Inthe event of the failure of the
check valve, the centrifugal brake wiil actuale
and stop the ball spindlc rotation before the
maumur sllowable ¢)jechion speed (approumately
S0 rpm corresponding 1o 4 1 sec) s reachad

46232223 Total Failure of Al Drive
Flange Bolis

The FMCRL design providos an anti-rotation
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material adjacent to welds in Type 304 and Type
316 stainless steel piping systems has occurred
in the past. Substantial research and develop-
ment programs have been undertakea to understand
the 1GSCC phenomenon and develop remedial mca-
sures. For the ABWR, IGSCC resistance has been
achieved through the use of IGSCC resistant mate-
rials such as Type 316 Nuclear Grade stainless
steel and stabilized nickel-base Alloy 600M and
182M.

Much of the early remedy-development work fo-
cused on alternative materials or local stress
reduction, but recently the effects of water che-
mistry parameters on the IGSCC process have rece-
ived increasing attention. Many important fea-
tures of the relationship between BWR water chem-
istry and IGSCC of sensitized stainless steels
have been identified.

Laboratory studies (References 3 and 4) have
shown that although 1GSCC can occur in simulated
BWR startup environments, most 1GSCC damage pro-
bably occurs during power operation. The normal
BWR environment during power operation is ~ 280
OC water containing dissolved oxygen, hydro-
gen and small concentrations of ionic and non-
ioniv impurities (conductivity gencrally below
0.3 uS/em at 25°C). It has been well docu-
mented that some ionic impurities (notably sul-
fate and chloride) aggravate 1GSCC, and & number
of studies have been made of the effects of ingi-
vidual impurity species on IGSCL initiation and
growth rates (References 3 thru 7). This work
clearly shows that IGSCC can occur in water at
280°C with 200 ppb of disscived oxygen, even at
low conductivity (low impur * levels), but the
rate of cracking aecreases wi i decreasing impu-
Ly content. Aithough BWI' water chemistry
guidelines tor seactor waler cannot prevent
IGSCC, maintaiuing the lowest practically achiev-
able impurity Jevels will minimize its rate of
progression (References S and 9).

Stress corrosion cracking of ductile materials
in aqueous environments often is restricted to
specific ranges of corrosion potential®, so a
number of studies of impurity etfects on 1GSCC
have been made as a function of either corrosion
potential or dissolved oxygen content (the
dissolved oxygen content is the major chemical
variable in BWR type water that can be used to

23A6100AB
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manipulate the corrosio. potential in laboratory
tests) (Reference 10).

As the corrosion potential is reduced below
the range typical of normal BWR pewer operation
(+50 to -50 mVgE), a region of immunity to
IGSCC appears at ~ -230 mVgyg. It is apparent
that a combination of corrosion potential (which
can be achieved in a BWR by in ecting usually <
1 ppm hydrogen into the feedwater) plus tight
conductivity control (0.2 4S/c¢m) should permit
BWRs to operate in a regime where sensitized
stainless steels are immune to 1GSCC, In the
reactor vessel, the excess hydrogen reacts with
the radioloytic oxygen and reduces the electro-
chemical corrosion potential (Reference 102 and
10b). The reactor water cleanup system, which
processes reactor water at a rate of 2% of raoted
feedwater flow, removes both dissolved and
undissolved impurities that enter the reacior
water. The removal of dissolved impurities
reduces the conductivity into the region of
immunity to 1GSCC.

Since the ABWR has no sensitized stainless
steel, IGSCC control by hydrogen injection is
not required. However, irradiation assisted
stress corrosion cracking (IASCC) can occur in
highly irvadiated annealed stainless stee! and
nickel-base alloys. Preliminary in reactor and
laboratory studies (Reference 11) have indicated
that HWC wiil be useful in mitigating IASCC.

In-reactor and laboravory evidence also indi-
cates that carbon and low a'loy steels also tend
to show improved resistance to ervironmentally
assisted cracking with both mcreasing water pu-
rity and decreasing corrosion potential
(Refereace 12).

£§2322.1 Fuel Performarnce Considerations

Nuclear fuel is contained in Zircaloy tubes
that constitute the first boundary or primary
contsinment for the highly radioactive species
generated by the fission process; therefore, the
integrity of the tubes must be ensured. Zirca-
loy interacts with the coolant water and some
coolant impurities. This results in oxidation
by the water, increased hydrogen content in the
Zircaloy (hydriding), and, often, buildup of a
layer of crud on the outside of the tube. Ex-

*Also calied electrochemical corosion potentiai or ECP, see Refererce 9.
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cessive oxidation, hydriding, ¢+ crud deposition
may lead to a breach of the cladding wall.

Mectallic impurities can result in neutron
losses and associated economic penalties which
increase in proportion te the amount being
introduced in. ) the reactor and deposited on the
fuel. With respect to iron oxide-type crud depo-
sits, it can be concluded that cperation

Amendment 3 § 2.8
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within the BWR water cheriistry guidelines (speci-
fically the limits on feedwater iron levels) ef-
fectively precludes the buildup of significant
deposits on fuel elements.

$§23222 Radiation Field Buildup

The primacy long-term source of radiation
fields in most BWRs is cobali-60, which is formed
by neutron activation of cobalt-59. Corrosion
products are released ‘rom corroding and wearing
surfaces as soluble, colloidal, and particulate
species. The formation of cobalt-60 takes place
after the corrosion products precipitate, adsorb,
or deposit on the fuel rods. Subsequent re-en-
trainment in the coolant and deposition on out-
of-core stainless steel surfaces leads to buildup
of the activated corrosion products (such as co-
balt-60) on the out-of-core surfaces. The depo-
sition may occur either in a loosely adherent
layer created by particle deposition, or in a
tightly adherent corrosion layer incorporating
radioisotopes during corrosion and subsequent ion
exchange. Water chemistry influences all of
these transport processes. The key variabley are
the concentration of soluble cobalt-60 in the re-
actor water and the characteristics of surface
oxides. Thus, any reduction in the soluble co-
balt-60 concentration will have positive
benefits,

As a means to reduce cobalt, GE has reduced
cobalt content in alloys to be used in high
fluence areas such as fu:l assemblies and control
rods. In addition, cobalt base alloys used for
pins and rollers in control rods have been
replaced with noncobalt alloys

The reator water cleanup system, which pre
cesses reactor water at a rate of 2% of rated
feedwater flow, will remove both dissolved and
undissolved impuritics which can becor.c radio-
tive deposits. Reduction of these radioact
deposits will reduce occupational radiation ex; .
sure during operation and maintenance of the
plant comporents.

Water quality parameters can have an influence
on radiation buildup rates. In laboratory tests,
the water conductivity and pH werc varied syste-
matically from a high purity base case. In cach
case, impurities increased the rate of cobalt-60
uptake over that of the base case. The evidence

Amendmeant 3
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suggests that these impurities change both the
corrosion rate and the oxide film character-
istics to adversely increase the cobali-60 up-
take. Tuaus, controlling water purity should be
beneficial in reducing radiation buildup.

Prefilming of stainless steel in cobalt-60
free water, steam, or water/steam mixtures also
appears to be a promising method to reduce
initial radiation buildup rates. As an example,
the radiation buildup rates are reduced
significantly when samples are prefilmed in high
temperature (288°C), oxygenated (200 ppb
oxygen) water prior to exposure to cobalt-60
conlaining water. Mechanical polishing and
electropolishing of piping internal faces shouv'd
also be effective in reducing radiation buildup.

£232223 Sources of Impurities

Various pathways exist for impurity ingress
to the primary system. The most common sources
of impurities that result in increases in reac-
tor water conductivity are condenser cooling
water inleakage, improper operation of ion ex-
change units, air ialeakage, and radwaste re-
cycle. In addition to situations of relatively
continuous ingress, such as from low level con.
denser cooling water inleakage, transient events
can also be sigaificant. The major sources of
impurities during such events are resin intru-
sions, organic chemical intrusions, inorganic
chemical intrusions, and improper rinse of re-
sins. Chemistry transients resulting from intro-
duction of organic substances into the radwaste
system comprised a significant fraction of the
transients which have occurred.

The following factors are measured for
control or diagnostic purposes Lo maintain
proper water chemistry in the ABWR.

(1) Conductivity

Increasing levels of many ionic impurities
adversely influence both the stress
corrosion cracking behavior of RCS
materials, the rate of radiation field
buildup and also can affect fuel
performance. Therefore, conductivity levels
in the reactor water should be maintained at
the lowest levels practically achievable
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(2) Chioride

Chlorides arc among the most poteni promo-
ters of IGSCC of sensitized stainless stecls
and are also capable of inducing transgran-
ular cracking of nonsensitized stainless
steels. Chlorides also promote pitting and
crevice attack of most RCS materials. Chlo-
rides normally are associated with cooling
water inlcakage, but inputs via radwaste
processing systems have also occurred.

Amendment 3 3%
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to have an important influence on IGSCC ini-
tiation times for smooth stainls ss steel
specimens in laboratory tests. In addition,
pH can serve as a useful diagnostic parame-
ter for interpreting severe water chenistry
transiznts and pH measurements are res -
mended for this purpose.

Eloctsochemical Corrosion Potential

The electrochemical corrosion potential
(ECP) of a metal is the potential it attains
when immersed in a water eavironment. The
ECP is controlled by various oxidizing
agents including copper and radiolysis pro-
ducts. At low reactor water condurtivities,
the ECP of stainless steel chould be below
0.23 VgHE to suppress 1GSCC.

Buadies It (dition R

A direct measurement of the feedwater hydro-
gen addition rate can be made using the hy-
drogen addition srstem flow measurement de-
vice and is used to establish the plant.spe-
¢cific hydrogen flow requirements required to
satisfy the limit for thie ECP of stainless
steel (Paragrara 10). Subsequently, the ad-
dition ratc m~.asurements can be used to help
diagnose .he origin of unexpected ECP
changes

Recirculation System Water Dissolved
Hyd ogen

A direct measurement of the dissolved hydro-
gun content in the reactor water serves as a
cross check against the hydrogen gas flow
meter in the injection system to confirm the
actual presence and magnitude of the
hydrogen addition rate.

The major activity in the main steam line is
nitrogen-16 produced by an (n, p) reaction
with oxygen-16 in the reactor water. Under
conditions of hydrogen water chemistry, the
fraction of the nitrogen-16 that volatilizes
with the steam increases with increased dis-
solved hydrogen. The main stcam line radia-

Amendment )
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tion monitor readings increase with the hy-
drogen addition rate. During initial plant
tesu:ng, the amount of hydrogen addition
required to reduce the electrochemical cor-
rosion potential to the desired range is
determined at various power levels. Chan-
ges in the main steam line radiation moni-
tor readings at the same power level indi-
cate an over-addition (high readings) or
under-addition (low readings) of bvdrogen. l

(1Y) Constant Extension Ratg Test

Constant extension rate tests (CERTs) are
accelerated tests that can be completed in
a few days, for the determination of the
susceptibility to 1GSCC. It is useful for
verifying 1GSCC suppressica during initial
implementation of hydrogen water chemistry
(HWCQC) or following plant outages that could
have had an impact on system chemistry
(¢.g., condenser repairs during refueling).

(15) Continuous Crack Growth Monitoring Test

This test employs a reversing DC potential
drop technique to detect changes in crack
length in IGSCC test specimens. The crack
growth test can be used for a variety of
pu-poses, including tac following:

2818

(a) Initial verification of IGSCC suppres-
sion following HWC implementation.

(b) Quantitative assessment of water che-
mistry transients,

(¢) Long-term quantification of the success
of the HWC program

The major impurities in various parts of a
BWR under certain operating conditions are
listed in Table 5.2-5. The plant systems have
been designed to achieve these limits at least
90% of the time. The plant operators are
encouraged to achieve better water quality by
using good operating practice.

Water quality specification. require thal
erosion-corrosion resistant low alloy steels are
1o be used in susceptible steam extraction and

> W
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drain lines. Stainless steels are considered for
baffles, shields, or other areas of severe duty.
Provisions are made to add nitrogen gas to
extraction steamlines, feedwater heater shells,
heater drain tanks, and drain piping to minimize
corrosion during layup. Alternatively, the
system may be desianed to drain while hot so that
dry layup can be achieved.

Condenser tubes ond tubesheet are required to
be made of titanium alloys.

Amendment 3 $2-11a
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gallon per minute, thus meeting Position C.2
requirements.

By monitoring (1) floor drain sump fillup and
pumpout rate, (2) airborne par:iculates, and (3)
air coolers condensate flow rate, Position C.3 is
satisfied.

Monitoring of the reactor building cooling
water heat exchanger coolant return lines for
radiation due to leaks within the RHR, R"® and
RWCS heat exchangers (and the fuel pool cooling
system heat exchangers) satisfies Position C.4,
For system detail, sec Subsection 7.6.1.2.

The floor drain sump monitoring, air particu-
lates monitoring, and air cooler condensate moni-
toring are designed to detect leakage rates of
one gpm within one hour, thus meeting Position
C.5 requirements.

The fission products monitoring subsystem is
qualified for SSE. The containment floor drain
sump monitor, air cooler, and coudensate flow
meter are qualified for OBE, thus meeting
Position C.6 requirements.

Leak detection indicators and alarms are
provided in the main control room. This
satisfies Position C.7 requirements. Procedures
and graphs will be provided by the applicant to
plant operators for converting the various
indicators to a common leakage equivalent, when
necessary, thus satisfying the remainder of
Position C.7. The leakage detection system '~
equipped with provisions to permit testing 1 ¢
operability and calibration during the plant
operation using the following methods

(1) simulation of signals into trip units;

(2) comparing channel A to channel B of the same
leak detection method (i.¢, arca tempera-
ture monitoring),

(3) operability checked by comparing one method
versus another (1., sump fillup rate ver-
sus pumpout rate and particulate monitoring
on air couler condensate flow versus sump
fillup rate); and

(4) c¢ontinuous monitoring of floor drain sump
level and a source of water for calibration

Amendment 3

23A6100AB
cm—r

and testing is provided.
These satisfy Position C.& requirements.
Limiting unidentified leakage to the range of

1 to S gpm and identified to 25 gpm satisfics
Paosition C.9,

5.2.6 Interfaces

The remainder of plant will meet the water
chemistry requirements given in Table 5.2-5.
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Table 5.2.8
281.10
BWR VVATER CHEMISTRY liem 8
Electro-
Chemical
Corrosion
Concentrations® Conductivity Potentia!
Parts Per Billion (ppb)
uS/cm pH at
lrou _Copper  Chloride Sulfare  Oxygen®*® AL20C  25°C, Y 2SOC,
Condensare <20 <2 <4 <4 <10 ~0.15 o1 e
Condensate
Treatment
Effluent
and
Esedwater 2.2 <002 <04 <04 20-50 <0.089 % A e
Reactor Wajier
(a) Normal
Operation <20 <] <20 <20 o <03 ~7 <023
(b) Shutdown <20 <] <20 <20 . <12 T T e
(¢) Hot Standby <20 <l < <20 <200 <03 Y D
(d) Depressurized <20 <1 <20 <20 high (may <12 $688  eiva
be 1000
to 800)
Control Rod Drive
Cooling Water <22 «01 <04 <04 20-50 <0059 N T ema

*  These limits should be met at least %% of the time.
**  Some revision of axygen values may be established after hydrogen water
chemistry has been established
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6.2.1.13.1 Summary Evaluation

The key design parameter and the maximum
calculated accident parameters for the pressure
suppression containment are shown in Table 6.2-1.

The maximum drywell pressure would occur
during a feedwater line break. The maximum
drywell temperature condition would result from a
main steam liae break. All of the anaiyses
assume that the primary system and containment
system are initially at the maximum normal
operating conditions.

62.1.132 Containment Design Parameters

Table 6.2-2 provides a listing of the key
design parameters of the primary containment
system including the design characteristics of
the drywell, suppression pool and the pressure
suppression vent system.

Table 6.2-2a provides the performance para-
meters of the related engincered safety feature
systems which supplement the design conditions of
Table 6.2-2 for containment cooling purposes dur-
ing post-blowdown long-term accident operation.
Performance parameters given include those
applicable to full capacity operation and reduced
capacities assumed for containment analyses

62.1.122 Accident Response Analysis

The containment functional evaluation is
based upon the consideration of several
postulated accident conditions which would result
in the release of reactor coolant 1o the
containment. These accidents include

(1) an instantancous guillotine rupture of a
feedwater line,

(2) an instantancous guillotine rupture of a
main steam line; or

(3) small break accidents.
The containment design pressure and
temperature were established based on enveloping

the results of this range of analyses plus
providing NRC prescribed margins
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62.1.1.33.1 Feedwater Line Break

Immediately following a double-ended rupture
in one of the two main feedwater lines just out-
side the vessel (Figure 6.2-1), the flow from
both sides of the break will ve limited to the
maximum allowed by critical flow considerations.
The effective flow area on the RPV side is given
in Figure 6.2-2, During the inventory depletion
pericd, subcooled Howdown occurs and the effec-
tive flow arca at saturated condition is much
less than the actual break area. The detailed
caiculational method is provided in Reference
1. The RPV blowdown through the break is
prevented by the check valves.

The feedwater system side of the feedwater
line break (FWLB) was modeled by adding a time
variant feedwater mass flow rate and enthalpy
directly to the drywell airspace. The time
histories of the mass tlow and enthalpy were
determined from the operating charactert tics of
a typical feedwater system.

The maximum possible feedwater flow rate was
calculated to be 164% of nuclear boiler rated
(NBR), based on the response of the feedwater
pumps (o an instantaneous loss of discharge pres-
sure. Since the feedwater control system will
respond to decreasing RPV water level by demand-
ing increased ieedwater flow, and there is no
FWLB sensor in the design, this maximum feed-
water flow was conservatively assumed (o contin-
ue for 120 seconds, as shown in Figure 6.2-3,
This is very conservative because: 1) all feed-
water system flow is assumed to go dircctly to
the drywell, 2) flashing in the broken feedwater
line was igno=ed, 3) initial feedwater flow was
assumed to be 105% NBR, and 4) the feedwater
pump discharge flow will coastdown as the feed-
waler system pumps trip due to low suction pres-
sure. During the inventory depletion period,
the flow rate is less than 164% because of the
highly subcooled blowdown. A feedwater line
length of 100 M was assumed on the feedwater
system side

The enthalpy of the feedwater Now is 120% of
a typical BWR /S feedwater system inventory
enthalpy. The specific enthalpy time history,
assuming the break flow of Figure 6.2-3, is
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shown in Figure 6.2-4.

62.1.133.1.1 Assumptions for Short-Term
Response Analysis

The response of the reactor coolant system
and the containment system during the short-term
blowdown period of the accident has been analyzed
using the following assumptions:

23A610AB
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(10) Actuation of SRVs is modeled.

(11) Wetwell-to-drywell vacuum breakers are not
modeled.

(12) Drywell and wetwell sprays and RHR cooling
mode are not modeled.

(13) The dynamic back pressure model is used

(14) Initial drywell conditions are 15.45 psia,
1359F, and 20% relative humidity.

(15) Initial wetwell airspace conditions are
15.45 psia, 95°F and 100% relative
humidity.

(16) The drywell is modeled as a single node.
All break flow into the drywell is
homogeneously mixed with the drywell
inventory.

(17) Because of the unique containment geometry
of ABWR, the inert atmosphere in the lower
drywell would not transter to the wetwell
until the peak pressure in the drywell is
achieved. Figure 6.2-5 shows the actual
case, and the model assumption. Because the
lower drywell is connected to the drywell
connecting venl, no gas can escape from the
lower drywell until the peak pressure
occurs. This situation can be compared 1o a
bottle whose opening is exposed to an
atmosphere with an increasing pressure. The
contents of the lower drywell will start
transferring to the wetwell as soon as the
pressurc starts decreasing, A conservative
ceredit for transfer of S0% of the lower
drywell contents into the wetwell was taken.

62113212 Assumptions for Long-Term
Cooling Analysis

Following the blowdown period, the ECCS
discussed in Section 6.3 provides waler for core
Nooding, containment spray, and long-term decay
heat removal. The containment pressure and
temperature response during this period was
analyzed using the following assumptions:

(1) The ECCS pumps are available as specified in
Subsection 6.1.1.3.3.1.1 (except one low

Ameadment 3
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pressure flooder feeding a broken feedwater
line, in case of a FWLB). A single failure
of one RHR heat exchanger was assumed for
conservatism.
(2) The ANS decay heat is used. Fission
energy, fuel relaxation keat, and pump heat
are included.
(3, The suppression pool is the only heat sink
availadle in the containment system.
(4) Aftzr 10 minutes, the RHR heat exchangers
are activated to remove energy via
recirculation cocling of the suppression
pool with the RCWS and ultimately to the
RSWS. This is a conservative assumption
since, the RHR design permits initiation of
containment cooling well before a 10 minute
period. (Sece response to Question 430.26)
(5) The maximum service water lemperature is
assumed to be 95°F. This is a
conservative assumption that maximizes the
suppression pool temperature.

The lower drywell flooding of 28,760 fi3
was assumed to occur 70 seconds after
scram. During blowdown phase, a portion of
break flow flows into the lower drywell.
This is conservative since lower drywell
flooding will probably occur at
approximately 110 to 120 second time period
(See Figure 6.2-6).

(6)

(7) At 70 seconds, the feedwater specific
enthalpy becomes 180 Bru/Ib (212°F

saturation fluid enthalpy)
621132123 Short-Term Accident Responses

The calculated containment pressure and
temperature vesponses for feedwater line break
are shown in Figures 6.2:6 and 6.2-7,
respectively. The peak pressure (39 psig) and
temperature (284°F) occur in the drywell. The
containment design pressure of 45 psig is 116%
of the peak pressure.

The drywell pressurization is driven by the
wetwell pressurization for stable peaks. The
wetwell pressurization is a function of three

o>
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of channels, recording of parameters, instrument
range and accuracy and post-accident monitoring
equipment is discvssed in Section 7.5,

6.2.2 Containment Heat Removal System
622.1 Design Bases

The containment heat removal system,
consisting of the suppression pool cooling mode
and the wetwell and drywell spray features are
integral parts of the RHR system. The purpose of
this system is to prevent excessive containment
temperatures and pressures, thus maintaining
containment integrity following a LOCA. To
fulfill this purpose, the containmeut cooling
system meets the following safety design bases:

(1) The system limits the long-term bulk
temperature o the suppression pool to
207°F when considering the energy
additions to the containment following a
LOCA. These encrgy additions, as a function
of time, are provided in the previous
section,

The single-failure criterion applies to the
system

The system is designed to safety grade
requirements including the capability to
perform its function following a Safe
Shutdown Earthquake.

(4) The system maintains operation during those
environmental conditions imposed by the
LOCA

(5) Each active component of the system is
testable during normal operation of the
nuclear power plant.

6222 Containment Cooling System Design

The containment cooling svstem encompasses
several of the RHR operating modes, which are the
low pressue Nooder (LPFL) mode, the suppression
pool cooling mode, and the containment spray
modes (drywell and wetwell) Containment cooling
starts as soon as the LPFL injection flow
begins. The suppression pool cooling mode cools
the containment. The containment sprays cool the
drywell and wetwell by condensing steam and the
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condensate running back into the suppression
pool. All water that leaves the suppression
pool is cooled by the RHR heat exchangers during
the three operational mode. indicated above.
For cach of the three loops, water is drawn from
the suppression pool, pumped through a RHR heat
exchanger and injected into the reactor vessel
for the LPFL mode. Also, for each of the three
Inops for the suppression pool cooling mode,
water is drawn from the suppression pool, pumped
through a RHR heat exchanger and delivered to
the suppression pool. On two of the loops
(B&C), a portion of the water returned to the
suppression pool may be passed through wetwell
spray beaders. These two loops also have a
manual feature for providing drywell spray
Water from the RCWS is pumped through the heat
exchanger shell side to exchange heat with the
processed water. Three cooling loops are pro-
vided, each being mechanically and electrically
separate from the nther to achieve redundancy.
A piping and instrumentation diagram (P&ID) is
provided in Section S4. The process diagram,
including the process data, is provided for all
design operating modes and conditions

All portions of the containment cooling
system mode are designed to withstand operating
loads and loads resulting from natural
phenomena. All operating components can be
tested during normal plant operation so that
reliability can be assured. Construction codes
and <tandards are covered in Subsection 5.4.7,

The low pressure flooder (LPFL) mode is
automatically initiated from ECCS signals. The
suppression pool cooling mode is started
manually or automatically, The RHR system must
be realigned for suppression pool cooling by the
plant operator after the reactor vessel water
level has been recovered (Subsection 6.2.1),
The RHR pumps are already operating
Suppression pool cooling is initiated in any of
the three loops by manually closing the LPFL
injection valve and opening the pool return
valve. In the event that a single failure has
occurred, and the action which the plant
operator is taking does not result in system
initiation, then the operator will place the
other totally redundant system into operation by
following the same initiation procedure. If the
operator chooses to utilize the containment
sprays, he must close the LPFL injection valves

6316
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and open and spray valves. The drywell spray
mode may be initiated manually only after a high
drywell pressure permissive occurs.

Preoperational tests are performed to verify
individual component operation, individual logic
element operation and system operation up to the
containment spray spargers. A sample of the
sparger nozzles is bench tested for flow rate
versus pressure drop to evaluate the original
hydraulic calculations. Finally, the spargers are
tested by air and visually inspecied to verify
that all nozzles are clear. (Sce
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Subsection 5.4.7.4 for further discussion of
preoperational testing.)

62223 Design Evaluation of the Containment
Cooling System

6.222.1 System Operation and Sequence of
Events

In the event of the postulated LOCA, the
short-term energy relcase from the reactor pri-
mary system will be dumped to the suppression
pool. Subsequent to the accident, fission ,ro-
duct decay heat will resu.c in a continuing en-
ergy input to the pool. The RHR LPFL mode and
suppression pool cooling mode will remo e this
energy which is released into the primary contain-
ment system, thus resulting in acceptable sup-
pression pool temperatures and containment
pressures.

In order to evaluate the adequacy of the RHR
system, the following is assumed:

(1) With the reactor initially operating at 102%
of rated power, a LOCA occurs

(2) A single failure of a RHR heat exchanger is
the most limiting single failure

(3) The ECCS flows assumed available are 2 HPCF,
1 RCIC, and 2 LPFL (RHR).

(4) Containment cooling is initiated after 10
minutes. (See Response to Question 430.26)

Analysis of the net positive suction head
(NPSH) available to the RHR pumps in accordance
with the recommendations of Regulatory Guide 1.1
is provided in Table 6.2:2b,

General compliance for Regulatory Guide 1.26
way be found in Subsection 3.2.2

Failure modes and effects analyses for the RHR
and RCWS are provided in Appentix 15B.

62232 Summary of Containment Cooling
Analysis

When calculating the long-term, post-LOCA pool
temperature transient, it is assumed that the
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initial suppression pool temperature and the RHR
service water temperature are at their maximum
values. This assumption maximizes the heat sink
temperature to which the containment heat is
rejected and thus maximizes the containment
temperature. In addition, the RHR heat
exchanger is assumed to be in a fully fouled
condition at the time the accident occurs. This
conservatively minimizes the heat exchanger heat
removal capacity. Even with the degraded
conditions outlined above, the maximum
temperature is maintained below the design limit
specified in Subsection 6.2.2.1,

It should be noted that, when evaluating this
long-term suppression pool transient, all heat
sources in the containment are considered with
no credit taken for any heat losses other than
through the RHR heat exchanger. These heat
sources are discussed to Subsection 6.2.1.3,

It can be concluded that the conservative
evaluation procedure described above clearly
demonstrates that the RHR svstem in the
suppression pool cooling mode limits the
post-LOCA containment temperature transient.

6224 Test and Inspections

The containment cooling system is required
to have scheduled maintenance. The system
testing and inspection will be performed
periodically during the plant normal operation
and after cach plant shutdown. Functional
testing will be performed on all active
components and controls. The system reference
characteristics will be established during
preoperational testing (o be used as base points
for checking measurements obtained from the
system tests during the plant operation

The preoperational test program of the
containment cooling system is described in
Subsection 14.2.12. T  following tunctional
tests will be performed. The RHR pump will be
tested through the suppression pool cooling loop
operation by measuring Now and pressure.  Each
pump will be tested individually.

Containment spray spargers will be tested

during reactor shutdown by air, and by visual
inspection to verify that all the nozzies are

6217



pressurized with air at a reduced test pressure
Py, which will result in a measured leakage
rate, identified as Lyp,. The second phase is
then conducted at pressure P, resuliing in a
measured leakage rate identified as Ly The
absolute method shall be employed for determining
the leakage rate (see ANSI N45.4 Subsection 5.2.1
and Section 7.9). Test duration of each phase
shall be sufficient for pressure and temperature
stabilization. To ensure uniform temperature
distribution, fans will be provided to circulate
air in the containment during the test. Prior to
commencement of the tests, the test prerequisites
described in Subsections 6.2.6.1.2.1 and
6...6.1.3 will be met.

6.2.6.1.13 Supplement Verification Test

The accuracy of the leakage rate tests is
verified by using a supplemental method of
leakage measurement. Verification is obtained by
superimposing a controlled and measurable leak on
the normal containment leakage rate or other
methods of demonstrated equivalency. The
difference between the total leakage and the
superimposed kaown-leakage results in the actual
leakage rate. This leakage rate is a check
against its accuracy and is acceptable provided
the correlation between tue supplemental test
data and integrated leak test data demonstraltes
an agreement within & 259 . Conduct of the
verification test is normally accomphished after
completion of each test phase of the ILRT
Complete descriptive details are found in
Appendix C of ANSI 45 4,

62.6.1.1.4 Instrumentation Requirements

Instrume: ‘ation provided to moanitor the
containmen’ ~akage rate testing is designed,
calibrated and tested to accurately ensure that
the containment atmosphere parameters can be
precisely measured.

62.6.1.1.5 Acceptance Criteria
The initial allowable leabage rate (Lygy) at
test pressure Py shall not exceed 75% of the

maxmum allowable test leakage rate (L), where
Ly is defined as follows
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Lam Lam
P\ Lim
Ly= L,(_) forvaluesofl . >07
Pa Lam
(Py and P, are psig).

The leakage Lyg shall be less than 0.75 L,
and not greater than the design lecakage rate

(Lyg)
6.2.6.1.2 Periodic Leakage Rate Tests

Leakage rate tests are conducted periodically
in conformance to Appendix J of 10CFRS0 to ensure
that the integrity of the containment is
maintained and to determine if any leakage
increase has developed since the previous ILRT.
The tests are performed at regular intervals,
after major repairs or upon indication of
excessive leakage, as specified in the standard
technical specification for the ABWR,

626,121 Integrated Leakage Rate Test (ILRT,
Type A)

Type A tests are vonducted periodically,
following the initial preoperational tests, at
test pressure Py only. Except for the
climination of the P, pressure test, all ILRTs
follow the same format as the initial ILRT, as
outlined 1n Subsection 6.2.6.1.1

In addition to the normal test prerequisites,
the following requirements are mandatory prior to
all periodic Type A tests:

A detailed visual examination of critical
arcas and general inspection of the
accessible interior and exterior surfaces
of the containment structure and components
shall be performed to uncover any evidence
of structural deterioration which may
affect either the structural integrity or
leaktightness of the containment. If there
is evidence of significant structural

(1)
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deterioration, Type A tests shall not be per-
formed until corrective action is taken in
accordance with approved repair procedures.
If leak repairs of testable components are
performed, the reduction in leakage shall be
measured (at test pressure Py) and added to
the Type A test result. Except for inspec-
tions and actions taken above, no preliminary
leak detection surveys and repairs shall be
performed prior to the conduct of the Type A
test.

(2) Closure of containment isolation valves shall
be accomplished by normal mode of actuation
and without preliminary exercises or adjust-
ments. All malfunctions and subsequent cor-
rective actions shall be reported (o the NRC.

62.6.122 Acceptance Criteria

The measured leakage rate Ly shall not
exceed 0.75 L as established by the initial
ILRT.

(1) I during a Type A test including the supple-
mental test, potentially excessive leakage
paths are identified which will interfere
with satisfactory completion of the test, or
which result in the Type A test not meeting
the acceptance criteria, the Type A test
shall be terminated and the leakage through
such paths shall be measured using local leak-
age terting methods. Repairs and/or adjust-
ments to cquipment shall be made and a Type A
test performed. The corrective action taken
ana the change in leakage rate determined
from the tests and overall integrated leakage
determined from the local leak and Type A
tests shall be included in the report
submitted to the NRC,

(2) If any Type A test fails to meet the

acceptance criteria, prior to corrective

action, the test schedule applicable to
subsequent Type A test shall be subject to
review and approvai by the NRC.

(3) If two consecutive periodic Type A tests fail

to meet the applicable acceptance criteria,

prior to corrective action. notwithstanding

the established periodic retest schedule, a

Type A test shall be performed at cach plant

shutdown for major refucling, or approximate-

ly every 18 months, whichever occurs first,
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until two consccutive Type A tests meet the
acceptance criteria, after which time the
previously established periodic retest
schedule may be resumed.

626,122 Test Frequency

After initial ILRT, a set of three Type A
tests shall be performed at approximately equal
intervals during cach 10-yr service period, with
the third test of each set coinciding with the
end of each 10-yr major inszrvice inspection
shutdown. In addition, any major modification
or replacement of components of the primary
reactor containment performed after the initial
ILRT shall be followed by either a Type A or a
Type B test of the area affected by the modifi-
cation, with the affected area to meet the
applicable acceptance criteria. The basis for
the frequency of testing is established in
accordance with 10CFRS50, Appendix J.

6.2.6.1.3 Additional Criteria for lntegrated
Rate Test

(1) Those portions of fluids systems that are
part of the reactor coolant pressure
boundary, that are open directly to the
primary reactor containment atmosphere
under post-accident conditions and become
an extension of the boundary of the primary
reactor containment, shall be opened or
vented to the containment atmosphere prior
to or during the Type A test. Portions of
closed systems inside containment that
pencirate primary containment and are not
relied upon for containment isolativon
purposes following a LOCA shall be vented
to the containment atmosphere.

(2) All vented systems shall be drained of wa.
ter to the extent necessary to ensure expo-
sure of the system primary containment iso-
lation valves to the containment air test
pressure.

(3) Those portions of fluid systems that pene-
trate primary containment, that are exter-
nal to containment and are not designed to
provide a containment isolation barrier,
shall be vented to the outside atmosphere
as applicable, to assure that full post-ac:
cident differential pressure is maintained
across the containment isolation barrier
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(4) Systems that are required to maintain the
plant ia a safe condition during the Type A
test shall be operable in their normal mode
and are not vented.

(5) Systems that are normally filled with water

and operating under post-LOCA conditions

need not be vented.

6262 Containment Penetration Leakage Rate
Test (Type B)

6262.1 General

Containment penctrations whose designs
incorporate resilient seals, bellows, gaskets, or
scalant compounds, airlocks and lock door seals,
equiptaent and access hatch scals, and electrical
canisters, \nd other such penctrations are leak
tested during preoperational testing and at
periodic intervals thereafter in conformance to
Type B leakage rate tests defined in Appendix J
of 10CFRS0. The leak tests ensure the continuing
structural and leak integrity of the
penetrations

To facilitate local leak testing, a
permanently installed system may be provided,
consisting of a pressurized gas source (nitrogen
or air) and the manifolding and valving necessary
to subdivide the testable penctrations into
groups of two to five. Each group is then
pressurized, and if any lcakage is detected (by
pressure decay or flow meter), individual
penetrations can be isolated and tested until the
source and nature of the leak is determined. Al
Type B tests are performed at containment peak
accident pressure, Pa. The local leak detection
tests of Type B and Type C (Subsection 6.2.6.3)
must be completed prior to the preoperational or
periodic Type A tests,

62622 Acceptance Criteria
The combined leakage rate of all components

subject to Type B and Type C tests shall not
exceed 60% of L, (¢fm). I repairs are re-

“n caempliance with the requirement of Section
H1.D.2(b)(iii) of Appendix J to 10CFR Parnt 50
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quired to meet this limit, the results shall be
reported in a separate summary to the NRC. The
summary shall include the structural conditions
of the components which contributed to failure.

62622 Retest Frequency

In compliance with the requirement of
Section 111.D.2(a) of Appendix J to 10CFR Part
50, type B tests (except for air locks) are
performed during cach reactor shutdown for major
fuel reloading, or other convenient intervals,
but in no case at intervals greater than two
years.* Air locks opened when containment
integrity is required will be tested in manual
mode within 3 days or being opened. If the air
lock is to be opened more frequently than once
every 3 days, the air lock will be tested at
leas: once every 3 days during the period of
frequent openings. Air locks will be tested at
initial fuel loading, and at least once every 6
months thereafter. Testing may be initiated
automatically at the end of cach interval by the
scal test instrumentation system, with manual
override of the /utomated sequence provided for
in the associated logic. Testing involves the
injection of air under pressure (15 psig) into
the space between the two redundant seals in
each door of the air lock. The leakdown rate is
measured by sensing the pressure drop and/or
flow rate necessary to maintain the pressure.
Main control room readout of time (o next test,
test completion and test results is provided
An alarm sounds if the specified interval passes
without a test being effected. No direct,
safety-related function is served by the scal
test instrumentation system

62624 Design Provisions for Perinaic
Pressurization

In order to assure the capability o the
containment to withstand the application of peak
accident pressure at any time during plant life
for the purpose of performing ILRTs, close
attention i1s given to certain design and
maintenance provisions. Spechically, the

6342
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effects of corrosion on the structural integrity
of the containment are compensated for by the
inclusion of a 60-yr service life corrosion
allowance, where applicable. Other design
features that have the potential to deieriorate
with age, such as flexible seals, are carefully
inspected and tested as outlined in Subsection
6.2.6.2.2. In this manner, the structural and
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leakage integrity of the containment remains
essentially the same as originally accepted.

62.63 Containment Isolation Valve Leakage
Rate Test (Type C)

62621 General

Type C tests are required on all isolation
valves. All testing is performed pneumatically,
except hydraulic testing may be performed on iso-
lation valve Type C tests using water as a seal
ant provided that the valves will be demonstrated
to exhibit leakage rates that do not exceed those
in the ABWR standard technical specifications.

Type C tests (like Type B test) arc performed
by local pressurization using cither pressure
decay or flowmeter method. The test pressure is
applied in the same direction as wher the valve
is required to perform its safety function, un-
less it can be shown that results from tests with
pressure applied in a different direction are
equivalent or conservative. For the pressure de-
cay method, test volume is pressurized with air
or mitrogen to at least P,. The rate of decay
of pressure of the known test volume is monitored
to calculate leakage rate. For the flowmeler
method, required pressure is maintained in the
test volume by making up air, nitrogen or 2atgr
(if applicable) through a calibrated flowmeter,
The flowmeter fiuid flow rate is the isolation
valve (or Tvpe B test volume) leakage rate.

Ali isolation valve seats which are exposed to
containment atmosphere subsequent to a LOCA are
tested with air or nitrogen at containment peak
accident pressure, Py

Those valves which are in lines designed to
be, or remain, filled with a liquid for at least
30 days subsequent to a Joss-of-coolant accident
are leakage rate tested with that liguid. The
liquid leakage measured is not converted to
equivalent air leakage nor added 1o the Type B
and C test total

For Type C testing of containment penctra-
tions, all testing, with the exception of the
ECCS systems will be done in the correct direc-
tion unless it can be shown that testing in the

Amendment 3

23A6100AB
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reverse direction is equivalent, or more
conservative. The correct direction for this
design is defined as flow from inside the
containment to outside the containment,

62632 Acceptance Criteria

The combined leakage rate of all components
subject to Type B and Type C (Subsection
6.2.6.3) tests shall not exceed 60% of Ly. If
repairs are required to meet this limit, the
results shall be reported in a separate summary
to the NRC, to include the structural conditions
of the components which contributed to the
failure.

6.2.6.4 Scheduling and Reporting of Periodic
Tests

The periodic leakage rate test schedules for
Type A, B and C tests are described in Chapter
16.

Type B and C tests may be conducted at any
time during normal plant operations or during
shutdown period., as iong as the time interval
between tests for any individual Type B or C
tests does not exceed the maximum allowable
interval specified in the standard technical
specifications for the ABWR. Each time a Type B
of € test is completed, the overall total
leakage rate for ali required Type B and C tests
is updated 10 refleci the most recent test
results. In addition to the perindic tests, any
major modification, replacement of component
which is part of the primary reactor containment
boundary, or resealing a seal welded door,
performed after the preopertional leakage rate
tesi will be followed by either a Type A, Type
B, or Type C test as applicable for the arca
effected by the modification. Type A, B and C
test results shall be submitted to the NRC in
the summary report approximately three months
after each test.

Included in the leak rate test summary report
will be, a report detailing the containment in.
spection, a report detailing any repairs neces-
sary to pass the tests, and the leak rate test
results,

6243
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62.6.5 Special Testing Requirements

The maximum allowable leakage rate into the
secondary containment and the means to verify
that the inleakage rate has not been exceeded, as
well as the containment leakage rate to the
environwent, are discussed in Subsections 6.2.3
and 6.5.1.3.

Amendment ) 624%
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Amendment )

Table 6.2-2

CONTAINMENT DESIGN PARAMETERS

23A10AB

219

210, 475

126,427

297
83229

23

125

1148
1598
20 48

25-358

A Drowell and Wetwell ! Drywell
1. Internal Dcsign Pressure
(psig) 4
2. Negative Design Pressure
(psid) 20
3. Design Temperature (°F) 30
4. Net Free Volume (ft3) 259, S63
5. Maximum alloviable leak rate(2)
(% /day) 0.5
6. Minimum Suppression Pool Water
Volume (ft3)
7. Suppression pool depth (ft)
Low Level
High Level
B. Yent System
1. Number of Vents
2. Nominal Vent Diameter (ft)
3 Total Vent Area (fi2)
4. Vent Centerline Submergence
Low Level), (ft)
Top Row
Middie Row
Bottom Row
5. Vent Loss Coefficient
(Varies with number of vents open)
(1) lem A1, A2 A3and ASapply to related structures including lower drywell
access tunnels, drywell equipment hatches, drywell personnel locks and drywell head
2

Corresponds to calculated peak containment pressure related to the design basis

accident conditions
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TABLE 6.2-2a

ENGINEERED SAFETY SYSTEMS INFORMATION
FOR CONTAINMENT RESPONSE ANALYSES

A. Containment Spray
1. Number of RHR Pumps

2. Number of Lines

3. Number of Heat Exchangers

4. Drywell Flow Rate (Ib/hr)

S, Wetwell Flow Rate (Ib/hr)

B. Containment Cooling Svstem
1. Number of RHR Pumps

*

Pump Capacity (gpm/pump)

3. RHR Heat Exchangers

b

Amendment )

Type - U-tube,
Number

Hc_‘at Transfer Arca
(fi=/unit)

Overall Heat Transler
Cg‘xjﬁcem (Btu/hr-
ft*-"F/unit)

Service Water Flowrate (Ib/hr)

Maximum Service Water
Temperature (°F)

Full
Capacity

1(n
1
(2
181 x 109

246 x 10°

3

(3)

263 x 100

95

23A610AB
PRMNCRCREIEIRE. -
Containment Analysis Value
1(n
1)
12)
1.81 x 100
2.46 x 108
2
4200
2
(3)
(3)
263 x 100
98

6.240a

4W s
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TABLE 6.2-2a
ENGINEERED SAFETY SYSTEMS INFORMATION

FOR CONTAINMENT RESPONSE ANALYSES
(Continued)

NOTES
1. Two redundant loops available with one pump each.
2. One header cach for drywell and werwell.

3. The RHR heat exchanger characteristic has been defined by an overall K coeficient
based on a temperature differerce and the heat rate. The defining equation is:

Q = (K) (&aT)
Q. - (K By atT, °F
The K value is 195 Btu/sec” F

The applicable temperature difference occurs from the RHR heat exchanger’s reactor side
inlet to the service water temperature. Thus, K is a characteristic of the combined RHR

and reactor service water system’s heat exchangers,

Amendmen: 3
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NET POSITIVE SUCTION HEAD (NPSH) AVAILABLE TO RHR PUMPS

Amendment 1

TABLE 6.2-2b

. Suppression pool is at its minimum depth, E1 -3740mm (-12.27 Fy),
. Centerline of pump suction is at El. -7200mm (23.62 F).

. Suppression pool water is at its maximum temperatue for the given operating

mode; 97°C (207°F).

. Pressure is atmospheric above the suppression pool.

E. Maximum suction strainer losses are 2.0 psi.

NPSH = Hary + Hy ‘Hyap -Hp
where:

Hatn = atmospheric head

Hg static head
Hyap = vapor pressure head

HE

Frictional head including strainer

RHR Pump Runout is 1100 m3/h (4843 gpm).

Maximum suppression pool temperature is 97°C (207°F)
Hat™m = 10.73m (3520 F)

Hy = 346m (1135 F)

Hyap = 974m (3195 F)

Hy = 18m (S99 F)

Strainer head loss = 20 psi = 1.46m = 480 Ft

NPSH available = 1073 « 346 . 974 - 182 = 263m (863 F1)

NPSH required = 2.4m (787 F)

2IACI00AB
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of the RC&IS that represent validated total
core flow. These signals are used for part
of the validity checks when performing an
ARBM operating limit setpoint update. The
RC&IS can obtain these signals from the RFCS
via the multiplexing system of direct communi-
cation links to the RC&iS channels. These
signals are also completely independent from
the process computer system.

The RFCS receives reforence power level sig
nals from the neutron monitoring system and
compares the reference power level signals
with the nominal power level setpoint.

Selected control rod run in (SCRRI) is auto-
matically initiated when a trip of two or
more reactor internal pumps (RIPs) occur.
This function is part of the stability
control and protection logic

When two or more RIPs are tripped, the trip
signal is "ANDED" with the power level "AND”
flow rate signals and RFCS automatically
sends a request for control rod blocks to the
RC&IS. When the power level signal with two
or move RIPs tripped is "TANDED” with the flow
rate the RFCS automatically sends four sig-
nals to the RC&IS to initiate the SCRR1 func-
Len.,

The SCRRI function is bypassed when power
level is below the specified setpoint, or
when the core flow is above the specified
setpoint,

The SCRRI function if designed as a non-
safety related system. The function o de-
signed to meet the reliability requirement
that no single failure shall cause a loss of
the function.

The RFCS automatic initiation signal for the
SCRRI function is sent as two independent
sets of signels, one set to cach channel of
the RC&IS, each channel of the RCAIS uses the
inpur in two-out-of-two logic to control the
fine motion contrul rod drive (FMCRD) motors
of preselected control rous. The preselected
control rods are driven to their full-in posi-
tion on receipt of the automatic initiation
signals. Either channe! of an RCKIS s ca-
pable of initiating the SCRR1 function on re-
ceipt of the avtomatic signal from the RFCS

Amendment )

3

4

DIAGIAF
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The preselected control roa. for an SCRRI
function are selected at the RC&IS dedicated
operators control panel and the CRT displays
of the performance monitor control systeni in
the main control room. The preselected
SCRRI rod data is stored in memory in the
rod action and position in‘ormation subsys-
tem of the RC&IS. The totzl control rod
worth for the preselected control rods is
designed to bring down the reactor power le-
vel from the 100% rod line to the 80% line,

The RC&IS dedicated ~perm irs conirol panel
also provides conatrol switches that requires
two manual operator actions for the operator
to manually initiate the SCRRI function.

For the manual or the automatic initiation
of the SCRRI function the RC&IS dedicated op-
erators panel provides status indications
and alarm annunciators in the control room.

The RC&IS provides the capability for manual
or autom~tic initiation of the SCRRI
function an. Ye total delay time to start
of control rod motion for the preselected
control rods is less thau 350 milliseconds.

Feedwater Control System

The feedwater control system provides
signals to both channels of the lugic of the
RC&IS that represents validated total
feedwater flow to the vessel, validated
narrow range vessel dome pressure, and
validated feedwater temperature. There
signals are used as part of the validity
checks when performing an ARBM operating
limit setpoint update

The RC&IS can obtain these s gnals from the
feedwater control system via the multiplex
ing system of direct communication hinks to
the RC&IS channels. These signals are also
completely independent from the process com-

puter system
Neutron Monitoriag System

Each of the four divisions of the neutron
monitoring system provides independent
signals to both channels ¢ the RC&IS that
indicate when the following conditions are
active

1%
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(a) Startup range neutron monitor (SRNM) pe-
riod alarm

(b} SRNM downscale alarm

(¢) SRNM upscale alarm

(d) Average power range monitor (APRM) up-
scale alarm

(e) SRNM inopurative

()  APRM downscalk

(g) Flow biased APRM rod block

(h) APRM inoperative

Whether or not some of the signals result in
a rod block depends on whether or not the re-
#ctor is in the RUN mode. The reactor mode
status is providc 4 1o the RCKIS from the reac:
tor pro.ection system via the essential multi-

plexing system.

Each oi the four divisions of NMS cignals pro-
vides APRM, LPRM and core flow signals to the
two channels of logic in the rod action and
positiow information system for determining
whether reactor power is above or below the
low power setpoint.

The four divisions of NMS signals 10 the
RC&IS two channel system are 1solated sig-
nals between the Class 1E NMS and the
nonsafety-related equipment of the RC&IS.

(5; Reactor Protection Systemr

Each of the four divisions of the reactor pro-
tection system provides the RC&IS two channel
system with separate isolated signals for
indication of the reactor mode switch
positions: SHUTDOWN, REFUEL, STARTUP,
HOT STANDEY and RUN.

Each of the four divisions of ihe reactor pro-
tection system (RFS) provides to the RC&IS
two separate isolated signals for each of the
following conditions.

(a) Reactor scram condition. This signal re-
mains active if initiated until the
scram condition has been cleared by the
RPS operators resetting the reset
switch,

(b) Low charging water header pressure trip
switches in bypass position

Amendmant 3

2IA10AF
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(¢) Status of hydraulic control unit (HCU)
scram test switch,

The essential multiplexing system provides
the above signals to the RC&IS with complete
isolation between the safety-related svstem
and the nonsafety-related system equipment.

(6) Nuclear Roiler System

The four divisions of the nuclear boiler sys-

tem (NBS) provide each of the two channels

of the RC&IS with the reactor high dome pres-

sree oad ceactor water level signals for gen-

¢ oo o RCKIS alternate rod insertion
1) fuasion,

LAST™
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ECEB Chemical
Techuology

SPLB Plant
Systems

Amendment )

Question SSAR Response
Number Subsection Subsection
2521 45111 2031
2822 451102 2031
2521 4522 2031
2524 4523 2031
2828 4524 2031
2826 4528 2031
2527 32322 2031
2928 $2323 2031
2929 §2331 2021
8 $2323 2031
28210 £23411 2031
25211 23423 2031
2211 5.1 2031
2812 §2322 204
2813 $2322 2031
214 $2322 2031
K18 2322 2031
216 $23222 2031
2517 §23223%4) 2031
WK $2322313)) 231
2819 6492 2031
281.10 Chap. § 2031
491 46 2032
432 52§ 2032
403 338 2032
iV 4 §2541 2032
4308 $25 2032
4Vn $25 2032
437 62 2032
438 Ve 2032
LR 6.2 20432
4310 6.2 2012
4301 6.2 2032
43012 6.2 2032
413 62113 2032
4314 6.2 2032
43018 2 2032
43,16 62 2032
4avi? 62123 2032
4318 6.2 2032
430.19 6.2 2032
430.20 62 .12
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1
1
1
1
1
1
1
1
1
1
1
1
1
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1
1
1
1
1
1
1

IPECRSESESENESESRSR SRS RESESESEFE SRR




ABWR

Standard Plant
NRC* Review
Branch Area
SRXB Reacior

Systems

Amendment 3

Question
Number

43021
43022
43023
43024
42028
43026
43027
430.28
4302
4% %
433
4022
43033
4303
430 A%
40 ¥
40137
43038
43 3%
43 30
4%4)
4V a2
43043
43 4
4% 45
430 &
4047
4% 4
43049
43 80
4% .5
43082
430 53
430 84
4% 88
43 56
4w s
43 5%

4401
4402
013
4404
408
LS RS
07

62
62
62
6.2

-
-

6.2

623
6.2
62
6.2
6.2
6.2

-
-

6.2
6.2
6.2
624
6.2

.
-

6.2
6.2
6.2
6.2
62
6253

r
oo

cooopoo
PR E SRS
- - -

oo
o m
i

6.7
1573

46
462322
4612
a6

46

46

46

2032
2032

2032
N2
32
2032
2032
2032
2032
2032
2032
2032
2032
2032
2032
2032
2032
232
2032
2032
2032
2032
2032
2032
2032
2032
2032
2032
2032
2032
2032
2032
2032
2032
2022
2032
2032

X132
2032
2032
20432
2032
2032
2032
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Subsrction  Subsection  Letter

P e S N N S N N e R R R R RS R RS R R RS R R R R R SRR

LS S

LIAVI00AT



NRC*

PRPB

Amendment 3

Radiological
Report

SSAR
Subsection

46
46
46231
46
46

1552
1562
1564511
156558
1565
1575
15.7

15.7

15.7

15.7

2032
20132
2032
2032
2032

20131
2031
2031
2031
2031
2031
2031
2031
2031
2031
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202.10
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0212
20211
0214
20215
20216
0217
20218
20219

Amendment 3

SECTION 20.2

CONTENTS

Title

20AGI0AT

2022
20.2-3
2024
2025
2.2-6
20.2-10
20.2-13
20214
20.2-15
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20.2.4 Chapter 4 Questions
82

Subsection 4.5.1.1 (1) should state: "The properties of _he matcrials selected for the control
rod drive mechanism must be equivalent to those given in Appendix | to Section 11 of the ASME Code,
or parls A and B of Section 11 of the ASME Code, or are included in Regulatory Guide 1.85, except
that cold-worked austenitic stainless steels should have a 0.2% offset yield strength no greater than
90,000 psi.’

22

Subsection 4.5.1.1 (2) should state: “All materials for use in this system must be selected for
their compatibility with the reactor coolsnt as described in Articles NB-2160 and NB-3120 of the ASME
Code "

bR

Subsection 4.52.2: The first sentence should read: "Core support structures are fabricated in
accordance with the requirements of ASME Code, Section 11, Subsection NG-4000, and the examination
and acceptance criteria shown in NG-S000

1824

Subsection 4523 The following statement should be added to the last sentence of the first
naragraph: *The examination will satisfy the requirements of NG-5300.°

188
Subsection 4.5 2.4 should state: "Furnace sensitized material should not be allowed
206

Subsection 4.5.2.5 should state: "All materials used for reactor internals will be selected for
their compatibility with the reactor coolant as shown in ASME Code Section 111, NG-2160 and NG-3120
The fabrication and cleaning controls will preclude contamination of nickel-based allovs by chloride
ions, fluoride ions, or lead

401

Provide a farlure modes and effects analysis of the control rod Jdrive system (CRDS) in tabular
form with supporting discussion to delincate the logic employed. The favlure analysis should
demonstrate that the CRDS can perform the intended functions with the loss of any active single
component. These evaluations and assessments should establish that all essential elements of the
CRDS are identified and provisions are made for isolation from nonessential CRDS elements. It shouid
be established that all essential equipment s protected from common mode failures such as failure of
modcrate- and high-encrgy lines. The failure mode and effects analysis of the control rod drives
should include water, air and electrical failures to CRDs and how the CRD system operation is
affected due to air contamination or water contamination. Before finalizing the scope of the
analysis, refer to ACRS subcommitiee meeting proceedings on the ABWR dated June 1, 1988 It is noted
that the above information is 10 be included in Appendix 15B of the SSAR which will be submitied at a
later date. However, the e aluation of the functional design of the reactivity control systems
cannot be completed until this information is provided. (4.6)

Amendment 3 02.5
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4401

SRP 4.6 identifics the following GDCs 23, 25, 26, 27, 28 and 29 in the acceptance criteria.
Confirm that the reactivity system, described in Section 4.6 of the SSAR, meet the requirements of
the above GDCs.

In Section 46.2.3.2.2 Analysis of malfunction relating to rod withdrawal, it is stated "There are
known single malfunctions that cause the unplanned withdrawal of even a single control rod” ¢ onfirm
that this is a editorial mistake and correct it if so. Otherwise, explain in detail the basis fou
this statement and why this is acceptable.

40

In Section 4.6.1.2 it is stated that CRD system in conjunction with CRC&IS and RPS systems
provides selected control rod run in (SCRRI) for reactor stability control. Describe in detail how
SCRRI works

4404

In Figurc 4.6.8a, CRD system P&ID, sheet 1, piping quality classes AA-D, FC-D, FD-D, FD-B, etc.
are shown. Submit the document which explains thess classes and relates them to ASME code classes.

4405

In Figure 4.6-8b, the leak receiver tank is shown. What is the function of this tank? How big it
this tank? Will a high level in the tank impact the operation of the control rod drive?

4406

Identify the essential portions of the CRD system which are safety related. Confirm that the
safety related portions are isolable from non-essentizl portions. (4.6)

a0

In the old CRD svstem, the major function of the cooling water was 1o cool the drive mechanism and
its seals to preclude damage resulting from long term ~xposure to reactor temperatures. What is the
fur~tion of purge water flow to the drives? (46)

40x

We understand that the LaSalle Unit 2 fine motion control rod drive demonstration test is still in
progress. Submit the test results as soon s it is available. (4.6)

4409

In the present CRD system design, the ball check valve ensures rod insertion in the event the
accumulator is pot charged or the inlet scram value fails to open if the reactor pressure is above
600 psig. Confirm that this capability still exists in the ABWR design. (4.6)

Amendment }
202-%
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440,10

In section 4.6.2.3.1, it is stated the scram time is adequate as shown by the transient analyses
of Chapter 15. Specify the scram time.

0.1

For both the low ("zero’) power and operating power region describe the patterns of the control
rod groups that are expected to be withdrawn simultancously with the new rod system, and estimatc the
maximum for the total and differential reactivity worth of these groups. What sort of margin to
period scram will exist in the low power range. (4.6)

44012
Describe the relative core location of control rods sharing a scram accumulator. Can a failure of

the scram accumulator fail to insert adjacent rods? If so, discuss the consequences of that failure
(46)

Amendment 3 20 250
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20.2.5 Chapter § Questions
2101

In Subsection $.2.1.2. the statement is made that Section 50.55a of 10CFRS0 requires NRC staff
approval of ASME code cases only for Class 1 components. Revise this statement to be consistent with
the current (1987) edition of 10CFRS0.5%, which requires staff approval of code cases for ASME Class
1, 2, and 3 components.

2102

Revise Table §.2-1 or provide additional tables in Subsection $.2.1.2 which identify all ASME code
cases that will be used in the construction and in-plant operation of all ASME Class 1, 2, and 3
components in the ABWR. All code cases in these tables should be id ntified by code case number,
revision. and title These tables should include those applicable code cases that are listed either
as acceptable or conditionally acceptable in Regulatory Guides 1.84, 1.85, and 1.147. For those code
cases listed as conditionally acceplable, verify that the construction of all applicable components
will be in compliance with the additional Regulatory Guide conditions.
2801

Subsection $.2.4.1 should state that the system boundary includes all pressure vessels, piping.
pumps, and valves which are part of the reactor coolant system, or connected 1o the reactor sys'ems,
up to and including:

(1) The outermost containe ent isolation valve in system piping tha penctrates the primary reactor
containment

(2) The second of two valves normally closed during normal reactor operation in system piping that
does not penctrate primary reactor containment.

(3) The reactor coolant syvstem and relief vahes
2802

Subsection §.2.4.2 rhould satisfy the requirements in ASME Code TWA-1500,
1)

Subsection $.3.1.1 should state that the matenials will comply with the provisions of the ASME
Code, Section 111, Appendix 1, and mect the specification requirements of I0CFRSG, Appendix G

M2

Subsection $.3.1.2 should state the specific subsection NB of ASME Code to which the menufacturing
and fabrication specifications were alluded

Amendmen: 3
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2813
Subsections §.3.1.4 4 and 5.3.1.4.5 should be rewritien; the cross-reference is unacceptable.

Subsections $3.1.47, 53182 53163, and 53.2.1.5: Revision 2 of Regulatnry Guide 1.99
should be added in these subsections.

2814

Subsection $.3.1.6.1: the third capsule of the vessel surveillance program is designated as a
standby; however, according to ASTM 185.82, the capsule should be withdrawn at the end of life.
Provide justification for this deviation.

Amendment ) W lta
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Regarding Reactor Coolant Pressure Boundary (RCPB) leakage detection systems, provide information
on the following: (5.2.5)

(a) Describe how the leakage through both the inner and outer reactor vessel head flange scals
will be detected and quantified.

(b) List the sources that may contribute to the identified leakage collected in the Reactor
Bnilding Equipment Drain Sumps.

(¢) Describe how potential intersystem leakages will be monitored for the (1) Low pressure
Coolant Injection System, (2) High Pressure Core Spray System, (3) Reactor Core Isolation
Cooling Systzm (RCIC) - Water side and (4) Residual Heal Removal System-Inlet and discharge
sides. Your response should include all the applicable (for the ABWR Jesigu) systems and
components connected to the Reactor Coolant System that are listed in Table 1 of SRP Section
§.2.5 and other systems that are unique to ABWR (except those that you have already
discussed in SSAR Subsection $2.52.2, ltem 11),

L LR

Discuss compliance of reactor coolant leak detection systems with Regulatory Guide (RG) 1.45,
*Reactor Coolant Pressure Boundary Leakage Detection Systems,” Positions C4, C§, €6, C8 and (9 with
respect to the following items: (52.5)

(a) Indicators for abnormal water levels or flows in all the affected arcas in the event of
intersystem leakages.

(b) Sensitivity and response time of leak detection systems used for unidentified leakages
outside the drywell

(¢) Qualification relating to seismic events for drywell equipment drain sump monitoring system
and leak detection systems outside the drywell.

(d) Tuting Procedures - Monitoring sump levels and comparing them with applicable flow rates of
fluids n the sumps

(e) Inclusion oi reactor building and other arcas floor and equipment drain sumps in ABWR
Technical Specifications for leak detection systems.

Note that a few of the questions above arise because in Subsection 5.2 541 you state that the
total leakage rate includes leakages collected in drywell, reactor building and other arca floor
corain and equipment drain sumps

44

Clarify whether (he RCIC makeup capacity is sufficient to provide also for main stem line
leakage through to the main turbine stop valves. Also, clarify whether this leakage is included in
the total leakage mentioned in Subsection 52541

20211
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Q08

Clarify bow Position C.2 of RG 1.29, "Seismic Design Classification” is met for all applicable
leak detection systems (also include the leak detection systems outside the drywell). (5.2.5)

206
Identify all the interface requirercnts relating to RCPB leakage detection systems. (5.2.5)

Amendment 3
21
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Subsection 6.6 8 should discuss the augmented insetvice inspection for those portions of high
energy piping enclosed in guard pipes.

i

Subsection 6.1.1.1 should Miscuss ferritic steel welding in detail. It should also discuss the
control of ferrite content in stainless steel weld metal similar to that of Regulatory Guide 131

2.3

Subsections 6.1.1.1.3.1, 6,1.1.1.3.2, and 6.1 1.1.3.5 should be rewritten because the
cross-reference is unacceptable

IR

Subsection 6 4.4.2 (page 6.4-6) discusses personnel respirator use in the event of toxic gas
intrusion into the control room. However, the chlorine detection system is not discussed. Also, any
control functions that are automatically triggered by a chlorine detector alarm (closing intake
dampers, encrgizing control room HVAC system recirculation) should be identified.

LA

In the SSAR section devoted to containment functional design, identify clearly those arcas that
are not part of the ABWR scope and provide relevent interface requirements. (6.2)

LLUN )
With respect to the design bases for the containment: (6.2)

(a) Discuss the bases for establishing the margin between the mavimum calculated accidem
pressure or pressure difference and the corresponding design pressure or pressure
difference. This includes the design external pressure, internal pressure, and pressure
between subcompartment walls

(b) Discuss the capability for encrgy removal from the containmeut under vanous single-failure
conditions  State and justify the design basis singic failure that affects containment heat
removal
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The Standard Safety Analysis Report (SSAR) states that the analytical models used to evaluate the
containment and drywell responses to postulated accidents and transients are included in General
Electric Co. report NEDO-20533 and its supplement 1, entitled The G.E Mark 111 Pressure Suppression
Containment Analytical Model. Provide justification that these references are appropriate to use
for the ABWR Containment design which is not specified as Mark 111, Discuss the similarities and
differences of the ABWR design to previously approved Mark 11 and Mark 111 designs as they relate to
the containment and drywell responses to the postulated accidents and the analytical model used for
the analyses. Include in the discussion the conservatism used in the model and assumptions, the
applicable test data that support the analytical models, and the sensitivity of the analyses to key
parameters. (6.2)

42010
With regard to the design features of the containment. (6.2)
(a) Provide gencral arrangement drawings for the containment structure.
(b) Provide appropriate references to Section 3 of the SSAR which inciudes the info:imation on
the codes, standards. and guides applied in the design of the containment and containment

internal structures

(¢) Discuss the possibilities of water entrapment inside containment and its effect on the
accident analysis.

(d) Provide information on qualification tests that are intended to demonstrate the functional
capability of the containment structures, systems and components. Discuss the status of any
developmental tests that may not have been completed

LLURE

Provide a detailed discussion of the hikelihood and sensitivity to steam bypass of the suppression
pool for a spectrum of accidents Include in your discussion the following information: (6 2)

(a) A comparison of the ABWR pool bypass capability with that for Mark 11 and Mark 111 designs
(b) The measures for minimizing the potential for sicam bypass and the systems provided to
mitigate the consequences of pool bypass. Discuss and demonstrate the conservatism of

assumptions made in the analysis of steam bypass.

(¢) Identify all lines from which leakage (or rupture) could contribute to pool bypass and
wetwell air space pressurization

(d) Identify all Nuid Lines which traverse the wetwell air space and identify those lines which
are protected by guard pipe

(¢) Discuss the rationale and basis for the wetwell spray flow capacity.

Amendment 3
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LU
With regard to containment response 10 external pressure: (6.2)

(a) Describe the werwell-to-drywell vacuum breaker system and show the ex.ent to which the
requirements of subsection NE of section 111 of the ASME B&PV Code aie satisfied  Discuss
the functional ility of the system. Provide the design and performance parameters for
the vacuum devices.

(b) Discuss the basis for selecting a low design capability for external pressure acting across
the drywell to wetwell boundary. It is not appareat that the drywell negative design
pressure of 2.0 psid is desirable or sufficient.

(¢) The margin between the ralculated wetwell-to-reactor building negative differential pressure
(1.8 psid) and the sign d fferential pressure (-2.0 psid) is ot considered adequate. A
higher margin of 15% should be provided at this stage of the design. Further, design on
contaioment venting to control pressure, discuss the basis for not providing wetwell-
to-reactor building vacuum breakers.

(d) In the analysis of wetwell-to-reactor building negative differential pressure calculation, a
S00 gpm wetwell spray flow rate was used.  Provide the basis for the assumption and the
design basis for the wetwell spray capacity.

43013

Section 6.2.1.1.3 of the SSAR states that the containment functional evaluation i based upon the
consideration of several postulated accident conditions including small break accidents. Provide the
assumptions, analysis and results of the small break accidents considered, ad demonstrate that the
identified (in the SSAR) feedwater line and steam line breaks are the limiting accidents.

4004

Provide analyses of the suppression pool temperature for transicnats iavolving the actuation of
safety/rehief valves. Provide the assumptions and conservatism employed in the analyses so that an
assessment could be made for conformance to the acceptance criteria set forth in NUREG.0783,
Suppression Pool Temperature Limits for BWR Containments. (6.2)

2018

Provide the pressure at which the maxmum allowable leak rate of 0.5% /day s quoted (6.2)
430.16

Provide engincered safery systems information for containment response analysis (full capacity
operation and capability used in the containment analysis), as indicated in Table 6-7 of Regulatory
Guide 1.70, Revision 3. (6.2)
a0

In the design evaluation section for containment subcompartments (Section 6.2.1.2.3), provide the
information necessary to substantiate your assessment that the peak differential pressures do not
exceed the design differential pressures. Guidance for the information required is provided in
Regulatory Guide 1.70, Revision 3, Section £.2.1.2, "Containment Subcompartments’, Design Evaluation.

Amendment 3
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Describe the manner in which suppression pool dynamic loads resulting from postulated loss-of-
coolant accidents, transients (e.g, relief valve actuation), and seismic events have been integrated
into the affected containment structures. Provide plan and section drawings illustrating all equip-
ment and structural surfaces that could be subjected to pool dynamic loads. For each structure or
group of structures, specify the dynamic loads as a function of time, and specily the relative magni-
tude of the pool dynamic load compared to the design basis load for each structure. Provide justifi-
cation for each of the dynamic load histories by the use of appropriate experimental data and/or

analyses.

Dzscribe the manner by which potential asymmeiric loads were considered in the containment
design  Characterize the type and magnitude of possible asymmetric loads and the capabilities of the
affected structures to withstand such a loading profile. (6.2)

43019

Provide information to demonstrate that the ABWR design is not vulnerable to a safety relief valve
discharge line break within the air space of the wetwell, coupled with a stuck open relief valve
after its actuation as a result of the transient. (6.2)

42020
Discuss suppression pool water makeup under normal and accident conditions. (6.2)
2021

With respect to mass and energy release analyses for postulated loss-of-coolant accidents identify
the sources of generated and stored encrgy in reactor coolant system that are considered in the
analyses of loss-of-coolant accidents. Describe the methods used and assumptions made in
calculations of the encrgy available for release from these sources. Address the conservatism in the
calculation of the available energy from cach source. Tabulate the stored energy sources and the
amounts of stored energy. For the sources of generated encrgy, provide curves showing the energy
release rates and integrated energy release (6.2)

022

In the SSAR section devoted to contanment heat removal systms, identify clearly those areas
that may not be part o the GE scope and provide relevant interface requirements (6.2)

202}

The SSAR states that the containment heal removal system is designed to limit the long-term
temperature of the suppression pool to 207 F. The calculated peak pool temperature is
206 46 " F for the feedwater line break. With respect to this analysis provide the following
information: (6.2)

(a) The justification that this is the hmiting accident with respect 1o the maxmum (emperature
in the suppression pool

(b) The bases for the design margin between the design and calculated temperatures

Amendment } N1y
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(¢) All assumptions used in the analysis and conservatism associated with each. Include the
effects of potential temperature stratification in the suppression pool and its effects on
heat removal capability of the system.

(d) The identification of the decay heat curve used in the analysis.
a024

Provide the design bases for the spray features of the containment heat removal system. Provide
the safety classification of the components associated with the spray feature of the system. (6.2)

o028

Discuss the rationale for continued reliance on sprays as the sole active engineered safety fea-
ture for drywell atmosphere pressure and temperature. Discuss the merits of upgrading the design of
drywell fan coolers to provide some capacity for pressure, temperature, and bumidity control
following an accident. (6.2)

43026

The time period assumed for initiation of the containment heat removal system after a LOCA is 10
mioutes requiring operator action. It is the staff's position that this time period is too restric
tive. In fact previous BWR designs (Grand Gulf's Mark 111) use 30 minutes actuation time.  Provide
the reasons why the ABWR does not provide more flexibility with respect to the time required for
actuation. (6.2)

a0

Describe the design features of the suppression pool suction strainers. Specify the mesh size of
the screens and the maximum particle size that could be drawn into the piping  Of the systems that
receive water through the suppression poul suction strainers under post accident conditions identify
the system component that places the limiting requirements on the maumum size of debris that may be
allowed to pass through the strainers and specify the limiting particle size that the component can
circulate without impairing system performance  Discuss the potential for the strainers to become
clogged with debris  Identify and discuss the kinds of debris that might be developed following a
loss-of-coolant accident  Discuss the types of insulation used in the containment and describe the
behavior of the insulation during and after a LOCA  Include in your discussion information regarding
comphiance with the acceptance criteria associated with USI A-43 as documented in NUREG-0897 (6.2)

02N

Provide analyses of the net positive suction head 'NPSH) available 1o the RHR pumps in accordance
with the recommendations of Regulatory Gude 1.1 Compare the calculated values of available NPSH 10
the required NPSH of the pumps. (6.2)

42029

In SSAR Section 6.2.3, identify clearly those arcas that may not be part of the ABWR scope and
provide relevant interface requirements. (6.2)

40N

Provide a tabulation of the design and performance data for the secondary containment structure
Provide the types of information indicated in Table 6-17 of Regulatory Guide 1.70, Revision 3. (6.2)

Amendment 3
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42000

Describe the valve isolation features used in support of the secondary containment. Specify the
plant protection system signals that isolate the secondary containment and activate the standby gas
treatment system. (6.2)
aon

Identify and tabilate by size, piping which is not provided with isolation features. Provide an
analysis to demonstrate the capability of the standby gas treatment system (0 maintain the design
mmmm.umm.ms«umhwmmuumm-mmmmu
the worst single failure of a secondary containment isolation valve to close. (6.2)

4200

Discuss the design provisions that prevent primary costainment leskage from bypassing the
secondary containment standby gas treatmeni system and escaping directly to ‘bhe environmen!  Include
a tabulation of potential bypass icakage paths, including the types of information indicated 10 Table
6-18 of Regulatory Guide 1,70, Revision 3. Provide an evaluation of potential bypass leakage paths
considering equipment design limitations and test sensitivities. Specify and justify the maximum
allowable fraction of primary containment leakage that may bypass ihe secondary containment
structure. The guidelines of BTP 6.3 should be addressed in considering potential bypass leakage
paths. (6.2)

L0M

Provide a list of the secondary containment openings and the instrumentation means by which cach
is assured 10 be closed during a postulated design basis accident. (6.2)

Q028

Provide a table of design information regarding the containment isolation provisions for fluid
system lires and fluid instrument hines penctrating the containment which are within the GE scope of
the ABWR design  Include as @ minimum the following information:

(1) General design criteria or regulatory guide recommendations that have beea mel or other defined
bases for acceptability,

(2) Svstem name;

(3)  Flud contained,

(4) Line size,

(5) ESF system (yes or no),

(6) Through-lnc leakage classification

(T) Reference to figure in SSAR showing arrangement of containment isolation barriers,
(8) Location of valve (1aside /outside containment ).

(9) Type C leakage test (yes of no),

3
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(10) Valve type and operator;
(11) Primary mode of valve actuation;
(12) Secondary mode of valve actuation;
(13) Nor=aal valve position;
(14) Shutdown valve position
(15) Postaccident valve position,
(16) Power failure valve position,
(17) Containment isolation signals;
(18) Valve closure time; and
(19) Power sowrce (6.2)
LR
For isolation valve design in systems not within the ABWR scope, identify the tystems and the
relevant interface requirements. Include a discussion on essential and non-essential systems per
Regulatory Guide 1.14] and the means or criteria provided to automatically isolate the nonessential
systems by a containment isolation signal. Also, include a discussion on tac requirement that the
setpoint pressure which initiates containment isolation for monessential Zenctrations be reduced to
the minimum value compatible with normal operations. (6.2)
LR

Specify all plant protection signels that initiate closure of the containment isolation valves
(6.2)

Describe the leakage detection means provided (o identify leakage for the outside-containment
remote-manual isolation valves on the following influent lines: Feedwater, RHR injection, HPCS,
standby liquid coatrol, RWCU connecting to feeawater line, RWCU reactor vessel head spray (6.2)

LURL)

The containment isolation design provisions for the recirculation pump seal water purge line do
not meet the explicit requirements of GDC 55 por does the design satisfy the GDC on some other
defined basis as outlined in SRP Section 6.2.4 1t is our position that the isolation design in the
instance is inadequate and ‘Auouid be modified to satisfy GDC $5 cither explicitly or on some other
defined basis, with the approprate justification. (62)
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Ao
With respect to Figure 6.2-38a
(a) Include the isolation valve arrangem.ent of the standby liquid control system line.

(b) Identify the line 1abcicd in the figure as "WDCS-A" (it joins the RWCU line prior to its
connection tu the feedwater line), and discuss the isolation provisions for that line.

204
Provide a diagram or reference to figrre(s) showing the isolation vaive arrangement for the lines
identified below. For the isolation valve design of cach of these lines, provide justification for
not meeting the explicit requirements of GDC $6, and demonstrate that the guidelines for acceptable
alternate comtainmzat isolation provisions contained in SRP 6.2.4 are satisfied  The lines in
question are:
o HPCS and RHR test and pump miniflow bypass hnes
o  RCIC pump miniflow bypass line
o RCIC turbine exhaust and pump mumniflow bypass lines
e SPCU suction and discharge lings
o
Describe the isolation provisions for the containment purge supply and exhaust lines and discuss
design conformance with Branch Technical Position CSB 6-4, *Containment Purge During Normal Operz-
nons.” (6.2)
204
Discuss the closure times of solation valves in system lines that can provide an open path from
the primary containment Lo tae environment (¢ g, containment purge system)  Also discuss provisions
of radiation monitors in these hines hoving the copability of actuating containment isolation (6.2)
LR )

Identify the system lines whose containmen! isolation requirements are covered by GDC $7 and
discuss conformance of the design 1o the GDC requitemenis. (6.2)

LR L

For **¢ combustible gas control systems de ign, identify Jleatly those arcas that may not be part
of the ABWR scope ane provide relsvant inturiete “oguirementz (6.2)

42046
Accordin ic socepta-oe sritesia re'ated to the concentration of bydroges ¢
oxygen in “heve ameap o hers are the following:
(a) The & 4 savgea § rodectior should be based on the parameters histed in
Table 2 o 7% 1% for (ke purpose of establishing the design basis for
combustibis vol svetems
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(b) The fission product decay encrgy used in the calculation of hydrogen and oxygen production

from radiolysis should be equal (0 or more conservative than decay energy model given in
Branch Technical Position ASB9-2 in SRP 9.2.5,

Provide ju tification that the assumptions used in the ABWR in establishing the design basis for
the combustible gas control systems are conservative with respect to the criteria a. and b, above .
(62)

W

Provide an analysis of the production and accumulation of combustible gases within the containment
following a postulated loss-of-coolant accident including all applicable information specified in
Section 6.2.5.3 of Regulatory Guide 1.70, Revision 3.

42048
Regarding Containment Type A leakage testing (6.2.6)
(a) Provide the values for P, and P,

(b) Include the acceptance criterion for Ly during preoperational leakage rate tests, i,
Ly = Ly (Lym/Lam). for the case when L, (Lyg/Lym) = 0.7.

(¢) Your acceptance criterion for Lyg (SSAR Subsection 6.2.6.1.2.2, ltem 1) is at variance
with the staff’s current practice for acceptance of Lygy  Also, it does not comply with
the 10 CFR Part S0, Appendix J, Section 11, Item A1 (a) requirement. Therefore, vither
provide sufficient supporting justification for the above requirement or correct the
criterion as appropriate to comply with the requirement. Also, correct the stated
acceptance criterion (SSAR Subsection 6.2.6.1.2.2, liem 3) as appropriate to comply with
Appendix J, Section I, ltem A 6.(b) requirement.

(d) Regarding ILRT, identify the systr ms that will not be veoted or drained and provide reasons
for the same

(¢) Provide PAIDs and process flow drawings for systems that will be vented or drained
a0
Regarding Type B tests (6.26)
(a) Clarify how air locks opened during periods when containment integrity is required by
plant’s Technical Specifications will be tested to comply with Appendix ), Section 111, Item
D.2.0b) (i)
(b) Prowvide the frequency for periodic tests of air locks and associated inflatable scals.

(¢) Provide the acceptance criteria for air lock testing and the associated inflatable scal
testing

(d) Last all containment penctrations subject 1o Type B tests
(e) List all those penctrations to be excluded from Type B testing and the rationale for

excluding them.
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Regarding Type C tests (6.2.6)

(a) Correct the statement (Subsection 6.2.6.3.1, Paragraph 1) as appropriate to ensure that the
hydraulic Type C tests are performed only on those isolation valves that are qualified for
such tests per Appendix J. The current statement implies that these tests are not
necessarily restricted to the valves that qualify for such tests.

(d) List all the primary containment isolation valves subject to type C tests and provide the
necessary P&IDs.

(¢) Provide the list of valves that you propose to test in the reverse direction and
justification for such testing for cach of these valves

(d) ldentify the valves that you propose to test hydrostatically based on their ability to
maintain a 30-day water leg scal. Also, identify other valves which you propose to test
hydrostatically and provide the basis for such tests. Provide the test pressure for all the
valves mentioned above.

(¢) Indicate test pressures for MSIVs (with justification if it is less than P,) and isolation
valves scaled from a sealing system.

(f) Indicate how you will perform Type € leak tests for ECCS systems and RCIC system isclation
valves

{(g) Confirm that the interval between two consecutive periodic Type C tests will not exceed 2
years as required by Appendix J.

(b) State what testing procedures you will follow regarding the valves that ave not covered by
Appendix ) requirements

Qos

Identify the reporting requirements for the tests. Note that your respoase should address
compliance with the requirements in this regard as stated in Appendix J, Sections 111.A (a), IV.A and
V. (For example, regarding follow up tests afier containment modification, you have not included
Type C testing for affecied arcas) (6.26)

Qo8
Regarding Secondary Containment (6.26)

(a) ldentify the special testing procedures you will follow to assure a maximum allowable in
leakage of S0 percent of the secondary containment free column per day at a differential
pressure of -0.25° water gavge with respect to the outdoor atmosphere (See Section
65132)

(d) Vdentify all potential lcak paths which bypass the sccondary containment. (For such
identification, see (BTP) CSB 6-3, "Determination of bypass Leakage Paths in Dual
Containment Plants’)

(¢) ldentify the total rate of secondary containment bypass leakage (o the eavironment

X210
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Identify all the interface requirem nis relating 1o containment leak testing (6.2.6)
408

Regarding Control Room Habitability systems, (6.4)

(a) Provide the minimum p. wive pressure at which the control building envelope (which includes
the mechanical equipment room) will be maintained with respect (o the surrounding air spaces
when makeup air is supplied to the design basis rate (295 CFM).

(b) Provide the periodicity for verification of control room pressurization with design flow
rate of makeup air.

(¢) Clarify whether all the potential leak paths (10 be provided in Section 9.4.1) include
dampers or valves upstream of recirculation fans.

(d) Identify the action (o be taken when there is no flow of the equipment room return fan and
consequently the equipment room is over pressurized (Table 6.4-1 contains no information on
the above).

| {e) Provide the actual minimum distances (lateral and vertical) of the control room ventilation
| inlets from major potential plant release points that have been used in your control room
| dose amalysis. Also, provide a schematic of the location of control room intake vents.

(f) Pronde Figure 6.4-5 (plan view) which you state shows the release points (SGTS vent)

| (g) Section 642 4 and Figure 6.4.1 indicate gnly ong air inlet for supplying makeup air to the
| emergency zone. Mowever, Tables 6.4-2 and 1568 and Section 15.6.5.52 indicate that there
are \wo aulomatic air inlets for the emergency zone. Correct the above discrepancy as
| appropriate. Also describe the characteristics of these inlets with respect to their
| relative locations and avtomatic selection control features. State how both flow and
isolation in cach inlet assuming single active components failure will be ensured.

(h) Describe the design features for protecting against confined arca releases fe g, ruhiple
barriers, air flow patterns in ventilation zones adjacent to the emergency zone)

| (i) Describe the specific features for protecting the control room operator from airborne
radioactivity outside the control room and direct shine from all radiation sources (e g,
shielding thickness for control room structure boundary, two-door vestibules).

Q) Clarify what you mean by “sustained occupancy’ (See SSAR Section 6.4.1.1, ltem 3) for 12
persons

(&) Provide justilication for mot specifying any unfiltered infiltration of contaminated a0
inlo the control room in SSAR Table 15.6.8

(1) Provide Subsection 6.3.1.1.6 which you state (SSAR Section 6.4.6) contains a complete
description of the required instrumentation for ensuring control room habitability at all |
limes. |
|
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(m) Give schematics for control room emergency mode of operation during a postulated LOCA (this
is required for calculating control room LOCA doses).

(n) The source terms and control room atmospheric dispersion factors (X/Q values) used in the
control room dose analysis (See SSAR Tables 15.6-8 and 15.6-12) 10 demonstrate ABWR control
room compliance with GDC 19 are non-consecutive. Therefore, reevaluate control room doses
during a postulated LOCA using RG 1.3 source terms and assumptions and the methodology given
in Reference 4 of SSAR Section 1567, Include possible dose contribution. from containment
shine, ESF filters and airborne radioactivity outside the control room. Also check and
correct as appropriate the recirculation rate in the control room (22.4 m”/sec) given in
Table i56-8

(0) ion 6.4.7.1, "External Temperature,” provides design maximum external temperatures of
100°F and -10°F. How are these values used in the design and assessments related to
the ABWR? What factors, such as insulation, heat generation from control room personnel and
cequipment and heat losses, are taken into account? D i these values represent
‘instantancous’ values or are they temporal and/or spatial averages?

(p) Clarify your position on potential hazardous or toxic gas sources onsite ol an ABWR. If
applicable, indicate the special features provided in the ABWR design in this regard, to
ensure control room habitability,

(q) Identify all the interface requirements for control room habitability systems (e.g.,
instrumertation for protection against toxic gases in general and chlorine in particular;
potential toxic gas release points in the environs)

2088
Regarding ESF Atmosphere Cleanup System (6.5.1)

(a) Provide a table hsting the compliance status of the standby gas treatment system (SGTS)
with gach of the regulatory positions specified under C of RG 1.52. Provide justifications
for each of those iems that do not fully comply with the corresponding requirements  In
this comtext, you may note that the iack of redundancy of the SGTS filter train (the stafl
considers that filter trains are also active components - See SRP 6.4, Acceplance Criterion
11.2.B) is not acceptabic. Further, the described sizing of the charcoal adsorbers based on
assumed decontamination factors for vanous chemical forms of 1odine in the suppression pool
is not acceptable (RG 1.3 assumes & decontamination factor of 1 for all forms of iodine and
RG 1.52 requires compliance with the above guide for the design of the adsorber section)
Therefore, revise charcoal weight and charcoal iodine loading given in SSAR Table 6.5-1 as
appropriate

(b) Specify the laboratory test criteria for methyl iodine peactration that will be identified
as an interface requirement to be qualified for the adsorber efficiencies for iodine given

in SSAR Table 15.6.8. Also, provide the depth of the charcoal beds for the control room
emergescy system.

(¢) Provide a table listing the compliance status of the instrumentation provided for the SGTS
for read out, recording and alarm provisions in the control room with gagh of the
instrumentation items identified in Table 6.5.1-1 of SRP 6 5.1 For partial or
pon-compliance items, provide justif ations.
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(d) Clarify whether primary containment purging during normal plant o:uﬁu when required to
limit the discharge of contaminants to the environment will always be through the SGTS (See
SSAR Section 6.5.1.2.3.3). Clarify whether such a release prior to the purge system
isolation has been considered in the LOCA dose analysis.

(¢) Provide the compliance status tables referred 1o in ltems (a) and (¢) above for the control
room ESF filter trains. (The staffl notes that you have commitied to discuss control room
ESF filter system under SSAR Section 94.1. However, since evaluation of the control room
habitability system canuot be completed until the information identified above is provided,
the above information is requested now )

() ldentify the applicable interface requirements for the SGTS and the control room ESF
atmosphere cleanup system.

Dose
Regarding Fission Product Control Sysiems and Structures (6.5.3)

(a) Provide the drawdown time for achieving a negative pressure of 0.2 inch water gauge for the
secondary containment with respect to the environs during SGTS operation. Clarify whether
the unfiltered release of radioactivity to the environs during this time for a postulated
LOCA has been considered in the LOCA dose analysis. (Note that the unfiltered release need
not be considered provided the required negative pressure differential is achieved withia 60
seconds from the time of the accident )

(b) Provide justification (See SRP Section 6. 53, 11 4) for the decontamination factor assumed
in SSAR Table 6 52 and 156-8 for iodine in the suppression pool, correct the elemental,
particulate and organic iodine fractions given in the tables to be consistent with RG 1.3,
and incorporate the correction in the LOCA analysis tables. Alternatively, taking no credit
for iodine retention in the suppression pool, revise the LOCA analysis tables. Note that
the revision of the LOCA analysis tables (this also includes the control room doses)
mentioned above is strictly in relation to the iodine retention factor in the suppression
pool (also, there may be need for revision of other parameter(s) given in the tables and
these will be identificd under the relevant SRP Sections questions).

(¢) ldentify the apphcable interface requirements.
LU Ry

Regarding SSAR Section 6.7, the stafl notes that the Nitrogen Supply System has been discussed
under this section, instead of the Main Stzam Isolation Valve Leakage Control System (MSIV.LCS) as
required by the Standard Format for SARs. The staff will review the material presented in SSAR
Section 6.7 along with the material that will be presented in SSAR Section 9.3.1.

Regarding MSIV-LCS, the stafl notes that you are committed to provide a non-safety related MSIV
leakage processing pathway consistent with those evaluated in NUREG-1169, "Resolution of Generic
Issue C-8," August 1986 Since the staff has not finalized its position so far on the acceptability
of the NUREG findings with regard 1o the design of the MSIV.LCS, provide pertinent information on the
sysiem design including interface requirements to evaluate the to-be-proposed design against the
acceptance criteria of SRP 67 (6.7)
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202,15 Chapter 18 Questions
40085

The accident analyzed under this section considers only the airborne radioactivity that may be
released due to potential failure of a concentrated waste tank in the radwaste enclosure. The SRP
acceptance criteria, however, requires demonstration that the liquid radwaste concentration at the
ncarest potable water supply in an unrestricted area resulting from transport of the liquid radwasie
to the unrestricted arca does not exceed the radionuclide concentration limits specified in 10 CFR
Part 20, Appendix B Table 1l Column 2. Such a demonstration will require information on possible
dilution and/or decay during transit which, in turn, will depend wpon site specific data such as
surface and ground waler hydrology and the parameters governing liquid waste movement through the
soil. Additionally, special design features (e.g, steel liners or walls in the radwaste enclosure)
may be provided as part of the liquid radwaste treatment systems at certain sites. The staff will,
therefore, review the site specific characteristics mentioned above individually for each plam
referencing the ABWR and confine its review of ABWR, only to the choice of the liquid radwaste tank.
Thercfore, provide information on the following (15.7.3)

(a) Basis for determining the concentrated waste tank as the worst tank (this may very well he
the case, but in the absence of information on the capacities of major tanks, particularly
the waste holdup tanks. i1 is hard to conclude that the above tank both in terms of
radionuchide concentrations and inventories will turn out to be the worst tank).

(b) Radionuchide source terms, pasticularly for the long-lived radionuchdes such as Cs-137 and
$r-90 (these may be the critical isotopes for sites that can claim only decay credit during
transit) in the major higuid radwaste tanks.

c01

Subsection 1562 of the ABWR FSAR provides your analysis for the radiclogical consequences of a
failure of small lines carrying primary coolant outside of containment. This analysis only considers
the failure of an instrument hine with a 1/ 4 inch flow restricting orifice. Show that this failure
scenario provides the most severe radioactin: releases of any nostulated failure of & small line.
Your evaluation should oclude hines that moet GLC S5 as well as small lines exempt from GDC $8.

oo

Provide a justification for your assumption that the plant contirues to operate (and therefore no
todine peaking is experienced) Juring a small line break outside containment (Subsection 156 2)

accident scemario Alse provide the hasis for the assumption that the relcase duration is only two
hours.

ol

Subsection 1564 51 1 of the FSAR gives the iodine source term (concentration and isotopic min)
used to analyze the steam line break outside of containmest accident. The noble gas source term,
however, is not addressed  Provide the noble gas source term used  Also, the table in Subsection
156 4511 seems heavily weighted 1o the shorter lived activities (L.e, (J-13). Provide the
bases for the isotopic mix used in your analysis (Jodine and noble gas)
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20.3 QUESTIONS/RESPONSES

This subsection provides the responses for each of the NRC questions identified in Sections 201
and 20.2. For convenience, each question is repeated here before its corresponding response. These
questions/responses are provided in group corresponding to the NRC Requests for Additional Informa-
tion (RAI) referr aced in Section 20.4. Within cach group, the questions/responses are presented in
the numerical order of the question numbers. Tables and Figures are provided at the end of each RAI
group.

20.3.1 Response to First RAl-Reference 1
QUESTION 210.1

in Subsection 5.2.1.2, the statement is made that Section 50.55a of 10CFRS0 requires NRC staff
snproval of ASME Code Cases only ior Class 1 components. Revise this statement to be consistent with
the current (1987) edition of 10CFRS0.55a which reouires staff approval of Code Cuses for ASME Class
1, 2, and 3 components.

RESPONSE 210.1

Response to this question is provided in revised Subsection §.2.1.2.

QUESTION 2102

Revise Table 5.2:1 or provide additional tables in Subsection §.2.1.2 which identifies all ASME
Code Cases that wiil be used in the construction and in-plant operations of all ASME Class 1, 2, and
3 components in the ABWR. All Code Cases in these tables should be identified by Code Case number,
revision and title. Thesc tables should include those epplicable Code Cases that are listed either
as acceptable or conditionally acceptable in Regulatory Guides 1.84, 1,87 and 1.147. For those Code
Cases listed as conditionally acceptable, verify that the construction of all applicable components
will be in compliance with the additional Regulatory Guide conditions.

RESPONSE 2102

Response to this question is provided in revised Subsection 5.2.1.2 and Table 5.2-1.
QUESTION 280.1

Subsection 5.2.4.1 should state that the system boundary includes all pressure vessels, piping,
pumps, and valves which are part of the reactor coolant system, or connected to the reactor coolant

systems, up to and including

(A) The outermost containment isolation valve in system piping that penetrates the primary reactor
containment.

(E) The second of two valves normally closed during normal reactor operation in system piping that
does not pencirzte prii ary reactor containment.

(C) The reactor coolant system and relief valves,

RESPONSF 2801

Response to this question is provided in revised Subsection $24.1,
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QUESTION 28211
Subsection 5.2.3.4.2.3 states that the ABWR design meets the intent of this Regulatory Guide (1.71) by

utilizing the alternate approach given in Section 1.8. We cannot review this subsection because we
have not received Section 1.8. In addition, this subsection should be rewritten because it lacks
detailed discussion about welder qualification.

RESPONSE 282.11
Response to this question is provided in revised Subsection 5.2.34.23.
QUESTION 281.1

In Section 5.1 (pay. >.1-2) the function of the reactor cleanup system filter demineralizer should
include the removal of radioactive corrosion and fission products in addition to particulate and
dissolved impurities.

RESPONSE 281.1
Response to this question is provided in revised Section S.1.

QUESTION 2812

In Subsection §.2.3.2.2 (page 5.2-7) irradiation-assisted stress corrosion cracking (IASCC) of
reactor internal components and its mitigation are not discussed. Present laboratory data and plant
experience has shown that IASCC can be initiated even at low conductivity (< 0.3uS/em) after long
exposure to radiation.

RESPONSE 2812

Response to this question is provided in the new Subsection 5.2.3.2.4, IGSCC Considerations.

QUESTION 2813

In Subsection $.2.32.2 (pages 5.2-7 and &) the ABWR standard plant design does not clearly
incorporate hydrogen water chemistry to mitigate 1GSCC. Since the plant design life is 60 years,
hydrogen water chemistry may be of greater importance in reducing reactor coolant electrochemical
corrosion potential to prevent 1GSCC as well as IASCC. If hydrogen water chemistry is the referenced
ABWR standard design, the following documents should be cited:

EPRI NP-5283.SR-A, Guidelincs for Permanent BWR Hydrogen Water Chemistr, Installations - 1987
Revision.

EPRI NP-4947-SR-LD, BWR Hydrogen Water Chemistry Guidelines - 1987 Revision (1o be published)
RESPONSE 2812

Response to this question is provided in revised Subsection §.2.3.2.2.
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(2) Criteria for Sclecting Stellitc Materials:
1. Wear resistance
2. Weldability
3. Experience and service history
4. Radiation level in arca of application
(3) Evaluation of Noncobalt-contaiuing Material to Replace Stellite:

The major source of cobalt froin the reactor core has been Haynes 25 and Stellite 3 (cobalt-bascd
alloys) for pins and rollers, respectively, in BWR control rods. Replacement of the cobalt
alloy pins and rollers with noncobalt alloys has been extensively investigated under a joint
GE-EPRI program (Project 1331-1). The results of this investigation are documented in the
report, EPRI NP-2329, Project 133]-1, Final Report, March 1982, The current design noncobalt
materials are alloy X-750 for control rod rollers and 13-8 PH for the pins.

QUESTION 2817

Subsection 5.2.3.2.2.3(4) (page 5.2-10) states that control of reactor water oxygen during
startup/hot standby may be accomplished by utilizing the de-aeration capabilities of the condenser.
In addition, this section states that independent control of control rod drive (CRD) cooling water
oxygen concentrations of < S0 ppb during power operation is desirable to protect against 1GSCC of CRD
materials. Are cither one or both of the above dissolved oxygen controls incorporated in the ABWR
star dard plant design?

RESPONSE 2817

In Subsection §.2.3.2.2.3, control of reactor water orygen by using the condenser and control of
control rod drive water were mentioned as dissolved orygen control methods. These two plant features
are not in the Nuclear Island scope. However, an interface requirement has been added (see new

Subsection 5.2.5) that requires the remainder of the plant to meet the water quality requirements of
Table 5.2-8.

QUESTION 251.8

In Subsection §.2.3.2.2.3(13) (page 5.2-11) it states that the main steam line radiation monitor
indicates an excessive amount of hydrogen being injected. An explanation of this occurrence should
oe discussed.
RESPONSE 281 8

Reponse to this question is provided in revised Subsection §23.2.2.3(13),
QUESTION 2819

Subsection 6.4.4.2 (page 6.4-6) discusses personnel respirator use in the event of toxic gas
intrusion into the control room. However, the chlorine detection system is not discussed. Also, any
control functions that are automatically triggered by a chlorine detector alarm (closing intake
dampers, energizing control room HVAC system recirculation) should be identificd.
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RESPONSE 281.10
ltem 1

Response to ltem 1 of this question is provided in revised Subsection 52.3.2.2.2,
Item 2

Response to ltem 2 of this question is provided in revised Subsection 5.2.3.2.2.
Item 3

Information is being obtained and evaluated from operating plants with GEZ)P. Fowever, this
feature is not in the Nuclear Island scope.

Item 4
This feature is not in the Nuclear Island scope. However, an interface requirement has been
added (sec new Subsection 5.2.6) that requires the remainder of the plant to meet the water
quality requirements in Table 5.2-5,

ltem §
New and improved water quality monitoring instrumentation is being constantly developed and
introduced for use in BWR plants, Several useful instruments have been developed and introduced
within the past few vears. GE will evaluate the state of the art when a BWR is undergoing
detailed design and will incorporate such instruments that are necessary to assure proper water
quality.

Item 6 ¢
Responie to Item 6 of this question is provided in revised Subsection §.2.3.2.2.3.

Item 7
Pesponse to Item 7 of this question is provided in revised Subsection $2.3.2.2.3,

Jtem 8

Response to Item 8 of this question is provided in revised Subsection 5.2.3.2.2.2 and Table
5.2:8

Item 9

Response to Item 9 of this question is provided in revised Subsection $2.3.2.2.3.
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Item 10

Response to I'em 10 of this questiun is provided in revised Subsection 5.2.3.2.23,
Item 11

Response to Item 11 of this question is provided in revised Subsection 52.32.2.3.
Item 12

This design feature is not in the Nuclear Island scope. However, an interface requirement has
been added (see new Subsection 5.2.6) that requires the remainder of the plant to meet the water
quality requirements in Table 5.2-5.

QUESTION 470.1

Subsection 15.6.2 of the ABWR FSAR provides you~ analysis for the radiological consequences of a
failure of small lines carrying primary coolant outside of containment. This analysis only considers
the failure of an instrument line with a 1/4-inch flow restricting orifice. Show that this failure
scenario provides the most severe radioactive releases of any postulated failure of a small line.
Your evaluation should include lines that meet GDC 55 as well as small lines exempt from GDC 55,

RESPONSE 470.1

The analysis for failure of a small line carrying primary coolant was conservatively analyzed as a
failure of an instrument line with full flow for a period of two hours. This analysis is deemed
conservative for the reason given below.

Of all the lines carrying coolant penctrating the primary containment wall, only the instrument
lines are exempt from GDC 55, All other lines use some form of check valve/motor-operated valve
combination to stop the flow of primary coolant in the event of a line break. Typically, the
motor-operated valves close at the rate of two inches per ten seconds, Considering a two-inch line
and assuming that a flow of 175 pounds per second would result in operator action within 60 seconds,
the total mass released over the 70 second period would be approximately 12,000 pounds or about on¢
half of the assumed release over two hours from the instrument line. Using this logic and these

simplified calculations, it is found that a two-hour instrument line break bounds releases for small
lines.

QUESTION 4702

Provide a justification for your assumption that the plant continues to operate (and therefore no
iodine peaking is experienced) during a small line break outside containment (Subsection 15.6.2)

accident scenario. Also provide the basis for the assumnption that the release duration is only two
hours.
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TABLE 20.3-1
SENSITIVITY STUDY OF PARAMETERS FOR LOCA ANALYSIS
(RESPONSE TO QUESTION 470.4)

Site Boundary 24 Hr,
Dose at 300 m (REM)
Thyreid
1. LOCA Results 1.5 0.62
2. NolInitial 1 Hr. Hold-up 1.5 0.9
3. No Pressure Reduction NC NC

@ 24 Hrs

4. lodine Species Consistent 10.0
with Regulatory Guide 1.3

5. No Suppression Pool 140
Scrubbing

6. No Stecamiine Plateout 1.5

7. No Steamline Plateout 1.5
or Hold-up

8  No Condenser Plateout 2.3

9.  No Condenser Plateout 280
or Hold-up

NOTE:

All evaluations are made independently of each other

Amendment 3
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20.3.2 Response to Second RAl-Reference 2
QUESTION 430.1

Provide a failure modes and effects analysis of the control rod diive system (CRDS) in tabular
form with supporting discussion to delineate the logic employed. The failure analysis should
demonstrate that the CRDS can perform the intended functions with the loss of any active siugle
component. These evaluations and assessments should establish that all essential elements of the
CRDS are identified and provisions are made for isolatioa from nonessential CRDS elements. it should
be established that all esserial equipment is protected from common mode failures such as failure of
moderate-and high-energy lines. The failure mode and effects analysis of the control rod drives
should include water, air and electrical failures to CRDs and how the CRD system operation is
affected due to air contamination or water contamination. Before finalizing the scope of the
analysis, refer to ACRS subcommitiee meeting proceedings on the ABWR dated June 1, 1983, It is noted
that the above information is to be included in Appendix 15B of the SSAR which will be submitted at a
later date. However, the evaluation of the functional design of the reactivity control systems
cannot be completed until this information is provided. (4.6)

RESPONSE 420.1

FMEAs for the CRDS and other selected svstems will be submitted by December 31, 1988. The scope
of CRDS FMEA will include appropriate consideration of the June 1, 1988 ACRS subcommitice meeting
proceedings.

QUESTION 4302

Regarding Reactor Coolant Pressure Boundary (RCPB) leakage detection systems provide information
on the following: (£.2.5)

(a) Describe how the leakage through both the inner and outer reactor vessel head flange seals
will be detected and quantified

(b) List the sources that may contribute to the identified leakage collected in the Reactor
Building Equipment Drain Sumps,

(¢) Describe how potential intersystem leakages will be monitored for the (1) Low Pressure
Coolant Injection System, (2) High Pressure Core Spray System, (3) Reactor Core Isolation
Cooling System (RCIC) - Water side and (4) Residual Heat Removal System - Inlet and
discharge sides. Your response should include gll the applicable (for the ABWR design)
systems and components connected to the Reactor Coolant System that are iisced in Table 1 of
SRP Section 5.2.5 and other systems that are unique to ABWR (except those that vou have
already discussed in SSAR Subsection §.2.5.2.2, Item 11).

RESPONSE 4302

Response to this question will be provided by November 11, 1988,
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QUESTION 4303

Discuss cowpliance of reactor coolant leak detection systems with Regulatory Guide (RG) 1.45,
"Reactor Coolant Pressure Boundary Leakage Detection Systems”, Positions C4, C3, €6, C8, and C9 with

respect to the following items: (5.2.5)

(a) Indicators for abnormal water levels or flows in all the affected areas in the event of
intersystem leakages.

(b) Sensitivity and response time of leak detection systems used for unidentified leakages
outside the drywell.

(¢) Qualification relating to seismic events for drywell equipment drain sump monitoring system
and leak detection systems outside the drywell.

(d) Testing Procedures - Monitoring sump levels and comparing them with applicable flow rates of
fluids in the sumps.

(¢) Inclusion of reactor building ana other areas floor and equipment drain sumps in ABWR
Technical Specifications for leak detection systems,

Note that a few of the questions above arise because in Subsection 5.2.5.4.1 you state that the
total leakage rate includes leakages collected in drywell, reactor building and other arca floor
drain and cquipment drain sumps.

RESPONSE 4303
Response to this question will be provided by November 11, 1988,

QUESTION 430.4

Clarify whether the RCIC makeuj capacity is sufficient to provide also for main turbine stop
valves. Also, clarify . uether this leakage is included in the total leakage mentioned in Subsection
52541,

RESPONSE 420.4

The RCIC system has sufficient capacity to account for this leakage. The total leakage mentioned
in Subsection 5.2.5.4.1 does not account for this leakage.

QUESTION 430.5

Clarify how Position € 2 i RG 1.29, “Seismic Design Classification® is met for all applicable
leak detection systems {a'so iaciude the leak detection systems outside the drywell). (5.2.5)

RESPONSE 4205

All elements of the 1eak detoction and isolation system (LDS) and supporting systems that must
accomplish a safety function or wnose failure could prevent accomplishment of a safety function will
be designed to accommodats & SSE and remain functional. All such equipment will be designated as
Seismic Category | equipment
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All LDS equipment related to isolating functions and all equipment of interfacing systems, either
providing input signals to the LDS, or which receive LDS isolation signals and accomplish the safety
functions related to isolating the reactor coolant pressure boundary (RCPB) or the primary contain-
ment vessel (PCV) will thus conform to Position C.2 of RG 1.29. Such conformance shall be applied to
the LDS itself and to all systems which support the LDS in monitoring for leaks from the RCPB,
internal to the drywell or external to the drywell, e.g., the nuclear boiler system and the process
radiation monitoring system provide such support.

The LDS and associated safety systems will also conform to the RG 1.100 position related to
satisfying requirements of IEEE 344, Note that RG 1.100 effects interfacing mechanical systems
(e.g., the isolation valves and motor control centers, etc., of these systems) to a greater degree
than it effects the LDS.

The airborne particulate radioactivity monitoring system of the LDS will also meet the guidelines
of RG 1.45, Position C-6 and will be designed to remain functional when subjected to a SSE.

QUESTION 430.6

Identify all the interface requirements relating to RCPB leakage detection systems. (5.2.5)

RESPONSE 430.6

There are no RCPB leakage detection system safety-related interfaces for the ABWR Standard Plant,
This will be reflected in Section 1.9,

QUESTION 4307

In the SSAR section devoted to containment functional design, identify clearly those areas thal
are not part of th: ABWR scope and provide relevant interface requirements. (6.2)

RESPONSE 420.7

There arc no containment safety-related interfaces for the ABWR Standard Plant. This will be
reflected in Section 1.9

QUESTION 4208
With respect to the design bases for the containment: (6.2)

QUESTION 430 8a

Discuss the bases for establishing the margin between the maximum calculated accident pressure or
pressure difference and the corresponding design pressure or pressure difference. This includes the
design external pressure, internal pressure, and pressure between subcompartment walls.

RESPONSE 430.8a

The containment pressure response (o a postulated accident is divided into three different time
periods: vent-clearing; short-term; and long-term. The most dynamic processes occur during vent
clearing and result in a very rapid rise in containment pressure and the maximum differential
pressure across the diaphragm floor. Because these processes are so dynamic, a margin of 30% between
the maximum calculated pressure and the design pressure is specified for design purposes. The peak
containment pressures are reached during the short-term period. For this time period a margin of 15%
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to the maximum calculated pressure 1 specified. This 15% margin is judged to be adequate, since the
blowdown and containment response are relatively stable and predictable  The short-term maximum
calculated pressure will bound the long-term pressure response.

The 30 and 15% margins described above are the same as those recommended by the Standard Review
Plan.

QUESTION 430.8b

Discuss the capability for energy removal from the containment under various single-failure
conditions. State and justify the design basis single failure that affects containment heat removal.

RESPONSE 430.8b

The containment heat removal system, which comprises of three independent loops, bas energy
removal capability to keep the suppression pool temperature within the acceptable limits and other
guidelines. The design basis of the heat removal system assumes a single failure of a RHR heat
exchanger which is the most limiting single failure.

QUESTION 4309

The Standard Safcty Analysis Report (SSAR) states that the analytical models used to evaluate the
containment and drywell response to postulated accidents and transients are included in the General
Electric Co. report NEDO-20533 and its supplement 1, entitled “The G.E. Mark I11 Pressure Suppression
Containment Analytical Model”. Provide justification that these references are appropriate to use
for the ABWR Containment design which is not specified as Mark 111, Discuss the similarities and
differences of the ABWR design to previously approved Mark 11 and Mark I11 designs as they relate to
the contaiament and drywell responses to the postulated accidents and the analytical model used for
the analyses. Include in the discussion the conservatism used in the model and assumptions, the
applicable test data that support the analytical models, and the sensitivity of the analyses to key
paramelters. (6.2)

RESPONSE 4309

The analytical models described in the NEDO-20533 are appropriate 1o calculate the ABWR
(containment and drywell) short-term responses to postulated accidents. Though originally writien
for prediction of Mark 111 transients, these models, which simulate from first principles the
transient conditions in the containment, can be adapted for the ABWR containment configuration.
These models have the capacity to model the reactor pressure vessel, drywell, vent systems, and
wetwell (suppression pool and airspace). They are, therefore, adaptable to other containment
configuration having the same basic components. Comparison of these analytical models with test data
is described and contained in NEDO-20533. In calculating the ABWR containment responses to
postulated accidents, these models are used with conservative modeling assumptions. These
assumptions are described in Subsection 6.2.1.1.3.3,

The ABWR design, basically, utilizes combined features of Mark 11 and Mark 111 design, with the
exception of a unique feature of *wo drywell volumes (upper and lower). The veut system is a
combination of vertical (Mark 11 design) and horizontal (Mark 111 design) vent system, and the
wetwell (suppression pool and airspace) is similar to Mark I11. The above models have capabilities to
predict the containment and drywell responses to the postulated accidents. The vent system (combined
vertical and horizontal vents) can be modeled by employing appropriate vent loss coefficient values.
The unique lower drywell feature of ABWR can be modeled by taking credit for transfer of a
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conservative fraction of the lower drywell contents into the wetwell airspace. Because the lower
drywell is connected to the drywell connecting vents, the inert atmosphere in the lower drywell would
not transfer to the wetwell until the peak pressure in the drywell is achieved.

OUESTION 420.10
With regard to the design features of the containment: (6.2)
QUESTION 430.10a

Provide general arrangement drawings for the containment structure.
RESPONSE 420.10a

The general configuration and the major dimensions of the containment are shown in Figure 3.8-18.
The nomenclature for various part of the containment and the internal structures are thown in Figure
3.8-17. The horizontal cross-sections of the reactor building and the containment are shown in
Figures 3.8-1 through 3.8.7; the vertical cross-sections are shown in Figures 3.8-10 and 3.8-11. The
code jurisdictioual boundary for various codes is shown in Figure 3.8-12.

QUESTION 430.10b

Provide appropriate references to Section 3 of the SSAR which includes the information on the

codes, standards, and guides applied in the design of the containment and containment internal
structures.

RESPONSE 420.10b

The applicable codes, standard:, and specifications applied in the design of the containment and
internal structures are provided in the following subsections of Chapter 3:

liem Subsection
Concrete Contsinment 3812
Steel Components of the 3822

Reinforced Concrete Containment
Concrete and Steel Internal 3832
Structures of the Concrete

Containment

QUESTION 430.10¢

Discuss the possibilities of water entrapment inside containment and its effect on the accident
analysis.
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RESPONSE 430.10¢

The ABWR containment uniquz design feature - lower and upper drywell volumes - has potential for
some waler entrapment inside containment. Water could be trapped in the lower drywell caviiy and the
wetwell equipment and personnel tunnel from two possible sources: (1) from the suppression pool draw-
down through the suppression pool return path (see Figure 3.8-18) or (2) directly from the reactor
pressure vessel (RPV). Effect of this possible water entrapment was considered as described below.

For the short-term response analysis which determinces sizing of the suppression pool, water
entrapment was not considered in the analysis. It was found that the short-term blowdown is
practically over before the spill-over from the suppression pool through the return path starts, Any
drawdown directly from the RPV to the lower drywell cavity will result in reduced pool heatup which,
in turn, will require a smaller pool volume. Therefore, for couservatism, no water entrapment was
considered in determining the minimum suppression pool volume required. For the long-term response
analysis which determines maximum pool temperature rise, water entrapment was considered in the pool
temperature response analysis. This is conservative since water entrapment reduces the suppression
pool heat sink capacity and therefore maximizes the nool temperature rise.

QUESYION 430.10d

Provide information on qualification tests that are intended to demonstrate the functional
capability of the containment structures, systems and components. Discuss the status of any
developmental tests that may not have been completed.

RESPONSE 420.10d

The structural integrity pressure test is discussed in Subsection 3.8.1.7.1. The preoperational
and inservice integrated leak rate test is discussed in Subsection 6.2.1.6. The shop tests related

to reinforced concrete containment vessel which were performed in Japan between 1981 and 1987 are
listed below:

(h  Fundamental Test
Transverse Shear

Openings in RCCA
Rebar loints

P

(I1) Partial Test

Top slab

Liner and liner anchors
Diaphragm floor slab joint
Penetrations

g Gob B pe

(1) Total Test
1. Large scale (1/4) model
All of the developmental tests are complete.

QUESTION 430,11

Provide a detailed discussion of the hkelihood and sens. ivity 1o steam bypass of the suppression
pool for a spectrum of accidents. Include in you discussion the following information: (6.2)
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RESPONSE 430.11

The ABWR design uses a pressure suppression-type containment which is similar to that used in the
Mark I, 11, and 11] containment designs. In a pressure suppression-lype containment, any steam
released from the primary system following a postulated LOCA will be condensed by the suppression
pool. However, the potential exists for steam to bypass the suppression pool through leakage paths
between the drywell and the wetwell airspace. The steam from the drywell leaking directly into the
wetwell airepace would produce pressurization of the ABWK co.tainment as is the case for the other
(MarX I1 and 111) containment designs.

Large primary system ruptures generate high pressure differentials across the assumed leakage path
which, in turn, give proportionally higher leakage flow rates. However, large breaks also rapidly
depressurize the reactor and terminate the blowdown. As the size of the assumed primary system
rupture decreases, the magnitude of the differential pressure across any leakage path also
decreases. Small breaks, however, result in an increasingly longer reactor blowdown period, which in
turn, results in longer durations of the leakage flow. The limiting case is a very small reactor
system break which will not automatically result in reactor depressurization. For larger breaks the
maximum allowable area of the leakage path is larger, since leakage into the wetwell airspace is of
limited duration.

QUESTION 420.11a

A comparison of the ABWR pool bypass capability with that for Mark Il and Mark 111 designs.
RESPONSE 430.11a

,Thc ABWR containment design nas a steam bypass capability for small breaks of the order of 0.08
fi* (A//K), same as for the Mark 11 plants.

QUESTION 430.11b

The measures for minimizing the potential for stcam bypass and the systems provided to mitigate
the consequences of pool bypass. Discuss and demonstrate the conservatism of assumptions made in the
analysis of stcam bypass

RESPONSE 430.11b

The potential leakage paths for steam bypass incorporate design features which help in minimizing
the potential for steam bypass. The ABWR design includes a wetwell spray system to mitigate the
consequences (wetwell airspace pressurization) of suppression pool bypass. Detailed analysis
results, discussing the analysis assumptions will be provided by December 31, 1988

QUESTION 430.11¢

Identify all lines from which leakage (or rupture could contribute to pool bypass and wetwell air
space pressurication,

RESPONSE 430.11¢

Response (o the question will be provided by December 31, 1988,
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QUESTION 430.11d

Identify all fluid lines which traverse the wetwell air space and identify those lines which are
protected by guard pipe.

RESPONSE 430.11d

Response to the question will be provided by December 31, 1988,
QUESTION 430.11e

Discuss the rationale and tasis for the werwell spray flow capacity.
RESPONSE 430.11¢

The primary purpose of the wetwell spray system (manually operated) is to provide mitigation for
the adverse consequences of the steam bypass. The basis for the wetwell spray flow capacity (500
gpm) is to assure that the maximum containment pressure due to pool bypass does not exceed the
containment design pressure

QUESTION 430.12
With regard to containment response to external pressure: (6.2)
QUESTION 430.12a

Describe the wetwell-to-drywell vacuum breaker system and show the extent to which the require-
ments of subsection NE of section 111 of the ASME B&PV Code are satisfied. Discuss the functional

capabilit 7 of the system. Provide the design and performance parameters for the vacuum relief
devices.

RESPONSE 420.12a

The wetwell-to-drywell vacuum breaker system (WDVBS) is safety-related consisting of eight (8) 20
inch vacuum breaker valves. Seven valves are required to open to provide an effective flow arca ade-
quate to keep the differential pressure between the drywell and wetwell within the negative design
value of 2 ... Juring all operating and accident transients. Therefore, the system design accounts
for the single failure case in which one valve fails to open. Each vacuum breaker valve shall ¢ pen
fully within 1.0 second (start to open at a pressure differential of 0.2 psi and fully oper at 0.5
psi).

The vacuum breaker valves shall be installed on the RPV pedestal in separate penetrations from the
lower drywell to the suppression chamber airspace, with one valve per penetration. The vacuum
breaker valves shall be swinging disk valves which will be actuited by the differential pressure
across the valve ports. No external power shall be utilized to open the valves. Valves shall be
capable of being manually operated and remotely operated with air operated piston to verify the
movement of valve disk. The valve shall be supplied with a position indicator switch in the control
room that will permit remote indication of valve position in control room.

OUESTION 430.12b

Discuss the basis for selecting a low design capability for external pressure acting across the
drywell to wetwell boundary. It is not apparent that the drywell negative design pressure of 2.0
psid is desirable or sufficient
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RESPONSE 430.12b

The drywell negative design pressure of 2.0 psid is specified mainly for designing the stecl
liner. The ABWR primary containment vessel (PCV) 1s a steel-lined reinforced concrete containment
vessel (RCCV). The main purpose of steel liner is to provide the leaktightness required. This
desiga value of 2.0 psid, which has also been specified for the Mark 11 design, is judged to be
adequate based on the experience for the Mark I1 plants.

Enginecring analyses were performed (with no vacuum breakeis) to calculate the negative
differential pressure between the wetwell and the reactor building. All possible wetwell
depressurization events which may result in the negative differential pressure were considered, and
analyses were conducted for the limiting transient event. The negative differential pressure was
determined to be 1.8 psid, which is below (by 10%) the negative design pressure of 2.0 psid.

QUESTION 430.12¢

The margin between the calculated wetwell-to-reactor building negative Jifferential pressure (-1.8
psid) and the design diferential pressure (<2.0 psid) is not considered adequatz. A higher margin
of 15% should be provided at this stage of the design. Further, given the reliance of the BWR
pressure suppression design on conlainment venting 10 control pressure, discuss the basis for not
providing wetwell to reactor building vacuum breakers.

RESPONSE 430.12¢

Experience indicates that a margin of 10% between the calculated and the design differential
pressure should be adequate. As noted in response to Part b of this question this design pressure is
for the steel liner and this is not a load carrying component to provide structural integrity of the
primary containment boundary. The reinforced concrete walls (about 6 fi. thick) are the main load
carrying components whose design is controlled by the internal design pressure 45 psig which is
~arried by rebar. The concrete walls (are not vulnerable) are subjected to compression under the 2.0
psid negative design pressure. Therefore, it is rot necessary to provide wetwell to reactor building
vacuum breakers

QUESTION 420.12d

In the analysis of wetwell-to-reactor building negative differential pressure calculation, a 500
gpm wetwell spray flow rate was used. Provide the basis for the assumption and the design basis for
the wetwell sprav capacity.

RESPONSE 410,124
See response to Question 430.11¢.
QUESTION 420,12

Section 6.2.1.1.3 of the SSAR states that the containment functional evaluation is based upon the
consideration of several postulated accident conditions including small break accidents. Provide the
assutaptions, analysis and results of the small break accidents considered, and demonstrate that the
identified (in the SSAR) feedwater line and steam line breaks are the limiting accidents.

RESPONSE 43013

Response to this question wall be provided by December 31, 1988
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QUESTION 430.14

Provide analyses of the suppression pool temperature for transients involving the actuation of
safety/relief valves. Provide the assumptions and conservatism employed in the analyses so that an
assessment could be made for conformance to the acceptance criteria set forth in NUREG-0783,
*Suppression Pool Temperature Limits for BWR Containments.” (6.2)

RESPONSE 430.14

Suppression pool temperature analyses, for transients involving the actuation of safety relief
valves (SRVs) to show conformance to NUREG-0783 are not required. Recent studies conclude that the
pool temperature limit for SRV discharge is not necessary and may be eliminated. Results of these
studies are documented in the GE Report NEDO-30832, Class 1, December 1984, This report has been
provided to the NRC Staff via BWR Owners Group letter, BWROG-8513, of March 21, 1985,

A temperature limit for BWR suppression pools during SRV discharge was specified in NUREG-0783.
This limit was established because of concerns about unstable condensation and associated high loads
on the containment structure at high suppression pool temperatures. The concern was raised because
of experience in BWRs with prolonged SRV discharge without quencher devices. The NRC established the
temperature limits in NUREG-0783 based on data available at the time it was issued in 1981 Al that
time sufficient data was not available to conflirm that quenchers were effective in ehiminating the
unstable condensation loads.

Since NUREG-0783 was issued, scaling laws have been developed and confirmed for the discharge and
condensation of steam in a suppression pool. Also, the subscale data base has been expanded over a
range of pool temperatures up to saturation temperature with both straight pipe geometries and witl
quencher devices. The confirmation of the scaling laws and the expanded data base now provide strong
support for the elimination of the pool temperature limit for SRV discharge with quenchers (T- and X-
quenchers). For details, pleasc refer to the GE Report NEDO-30832, Class 1, December 1984,
Elimination of Limit on BWR Suppression Pool Temperature for SRV Discharge with Quenchers.

The ABWR design utilizes X- quencher discharge devices which are the same as that used for the
Mark 11 and Mark 111 designs and evaluated in the recent study noted above. This study determined
that the dynamic pressures (loads) due to SRV discharge decrease as the pool temperature approaches

saturation temperature, and concluded that the pool temperature limit, specified in NUREG-0783, for
SRV discharge is not necessary and may be eliminated.

Therefore, the acceptance criteria set forth in NUREG-0783 are not necessary and, hence,
suppression pool transient analyses involving the actuation of SRVs are not needed.

QUESTION 420,15
Provide the pressure at which the maximum allowable leak rate of 0.5% /day is quoted. (6.2)
RESPONSE 43015
Response to this question is provided in revised Table 6.2-2,
QUESTION 420.16
Provide engineered salety systems information for containment response analysis (full capacity

operation aud capability used in the containment analysis), as indicated in Table 67 of Regulatory
Guide 1.70, Revision 3. (6.2)
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RESPONSE 430.16
Response to this question is provided in revised Subsection 6.2.1.1.3.2 and new Table 6.2-2a.
QUESTION 430.17

In the design evaluation section for containment subcompartments (Section 6.2.1.2.3), provide the
information necessary to substantiate your assessment that the peak differential pressures do not ex-
ceed the design differential pressure. Guidance for the information required is provided in Regula-
tory Guide 1.70, Revision 3, Section 6.2.1.2,, "Containment Subcompartments’, Design Evaluation.

RESPONSE 43017
Response (o this question will be provided bt December 31, 1988
QUESTION 43018

Describe the manner in which suppression pool dynaniic loads resulting from postulated
loss-of-coolant accidents. (ransients (e.g., reliefl valve actuation), and seismic events have been
integrated into the affected containment structures. Provide plan and section drawings of the
containment illustrating all equipment and structural surfaces that could be <ubjected to pool
dynamic loads. For cach structure or group of structures, specify the dynamic loads as a function of
time, and specify the relative magnitude of the pool dynamic load compared to the design basis load
for each structure. Provide justification for each of the dynamic load histories by the use of
appropriate experimental data and/or analyses.

Describe the manner by which potential asymmetric loads were considered in the containment
design. Characterize the type and magnitude of possible asy.ametric loads and the capabilities of the
affected structures to withstand such a loading profile. (6.2)

RESPONSE 420,18
Response to this question will be provided by November 11, 1988,

QUESTION 43019

Provide information to demonstrate that the ABWR design is not vulnerable to a safety relief valve
discharge line break within the air space of the wetwell, coupled with a stuck open relief valve
alter its actuation as a result of the transient. (6.2)

RESPONSE 420,19
Response (0 this question will be provided by November 11, 1988
QUESTION 42020

Discuss suppression pool water makeup under normal and accident condition. (6.2)

RESPONSE 42020

Under normal conditions, make-up water to the suppression pool can be added by the suppression
pool clean-up (SPCL') system. Suction is taken from the condensate storage pool (CSP) through a line
that primarily supplies the high pressure core flooder (HPCF) system and the reactor core isolation
cooling (RCIC) system. The SPCU pump outlet is piped to the suppression pool
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Under loss-of-coolant accident conditions the ECCS systems (HPCF and RCIC) take primary sustion
from the CSP and secondary suction from the suppression pool. Suction from the CSP is the preferred
source of water. The containment accident response (pressure and temperature) analyses neglect this
scurce of make up water for conservatism.

For post-accident suppression pool makeup or containment flooding, the HPCF system can take
suction from the CSP and pump water through the HPCF suppression pool return line. This will provide
makeup to the suppression pool or fill the containment to a water level consistent with containment
design pressure. For the extreme situation where containment flooding is desired, additional water
can be added to the CSP using fire hoses or another alternate source of water. For containment
flooding the suppression pool is compietely filled and the drywell flooded to the desired level.

QUESTION 42021

With respect to mass and encrgy release analyses for postulated loss-of-coolant accidents identify
the sources of gencrated and stored energy in the reactor coolant system that are considered in the
analyses of loss-of-coolant accidents. Describe the methods used and assumptions made in calcula-
tions of the energy available for release from these sources. Address the conservatism in the calcu-
lation of the available energy from cach source. Tabulate the stored energy sources and the amounts
of stored energy. For the sources of gencrated energy, provide curves showing the energy release
rates and integrated encrgy release. (6.2)

RESPONSE 43021

The energy released for postulated loss-of-coolant accidents is comprised of (1) the encrgy gene-
rated by fission product decay, and (2) stored energy in the reactor system. For short-term re-
sponse analyses, ANS-5 decay heat curve plus 20% margin is used for added conservatism, The rate of
release of core decay heat is provided in Table 20.3-2 as a function of time after accident initia-
tion, and Table 20.3-3 provides integrated decay heat release rate. For long-term analyses ANS-§
decay heat curve with to added margin is used.

The sensible stored energy in the reactor coolant system is made available to the reactor coolant
by modeling the heat sources as heat capacity modes in the analyses. Following each postulated
accident event, the total stored eacryy is made available for transfer to the reactor coolant. An
estimated total amount of available store  =nergy is about 200 x 10° Btu.

QUESTION 430.22

In the SSAR sections devoted to containment heat removal systems, identify clearly those arcas
that may not be part of the GE scope and provide relevant interface requirements, (6.2)

RESPONSE 40022

There are no containment heat removal system safety-related interfaces for the ABWR Standard
Plant. This will be reflected in Section 1.9,

QUESTION 43021

The SSAR states that the containment heat removal system is designed to limit the long-term
temperature of the suppression pool to 207°F. The calculated peak pool temperature is

206.46°F for the feedwater line break. With respect to this analysis provide the following
information: (6.2)
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QUESTION 43023a

The justification that this is the limiting accident with respect to the maximum temperature in
the suppression pool.

RESPONSE 43023a

In determining energy removal capability of the containment heat removal system, various potential
bounding transient and accident event were analyzed. The events analyzed are:

(1) Potential Bounding Transients on Suppression Pool Temperature

- Inadvertent Open Relief Valve (IORV)
< Loss-of-Coolant Accident (LOCA) (whole spectrum of LOCAs)

(2) Normal Shutdown Cooling
(3) Emergency Shutdown Cooling
(4) Anticipated Transients Without Scram (ATWS)

A feedwater line break (FWLB), which is the largest liquid break, was determined to be the most
bounding event for pool temperature response. Liquid breaks are expected to be more bounding than
steam breaks, since liquid breaks are expected to result in pool drawdown. Pool drawdown will
substantially reduce the heat sink capacity of the suppression pool.

QUESTION 430.23b

The bases for the design margin between the design and calculated temperatures.

RESPONSE 43021b

The wetwell design temperature is 219°F (see Table 6.2-1). The long-term pool temperature of
207°F is to assure sufficient net positive suction head (NPSH) for the pumps. The calculated
peak pool temperature of 206, 46°F demonstrates that the containment heat removal system has ad-
cquate encrgy removal capability

QUESTION 430.23¢

All assumptions used in the analysis and conservatism associated with each. Include the effects

of potential temperature stratification in the suppression pool and its effects on heat removal capa-
bility of the system.

RESPONSE 43021¢
Analysis assumptions are listed in subsection 6.2.1.1.3.3.1.2

During the LGCA blowdown, there exists a potential for temperature stratification in the suppres-
sion pool. During this period most of the mass and encrgy is release to the pool through the top
horizontal vents. As a result, the top portion of the pool will be heated more than the lower por-
tion. The temperature in the lower part of the pool where the RHR sustion is located can be expected
to be lower than the bulk pool temperature thus, the heat removal through the RHR heat exchanger may
be less than that expected if a umformly mixed pool temperature at the RHR suction is assumed.
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The long-term pool temperature analyses assume a well mixed uniform suppression pool temperature.
It is believed that the location of the RHR suction and return lines in the suppression pool, and
other conservatisms in the analyses will more than offset the effect of potential pool stratifica-
tion. The RHR suction and return line configuration will be designed (similar to Mark 111 design) to
provide adequate pool mixing and reduce the pool thermal stratification. The long-term analyses con-
servatively model and use a lower than expected suppression pool volume; no credit for heat sinks in
the dryweil and wetwell; and no credit for the ECCS suction from the condensate storage pool. Fur-
thermore, based on design practices, the RHR heat exchanger thermal performance is considerably bet-
ter than the design minimum.

QUESTION 43023d

The identification of the decay heat cuvve used in the analysis.
RESPONSE 410.23d

ANS-S decay heat curve.
QUESTION 41024

Provide the design bases for the spray features of the containment heat removal system. Provide
the safety classification of the components associated with the spray feature of the system. (6.2)

RESPONSE 43024

The drywell spray performs iodine removal which is not a NRC requirement. The drywell spray de-
sign is based on Japan Atomic Encrgy Research Institute (JAERI) testing. JAERI has tested the iodine
capability of PCV spray with 0.1 < F/V < 0.4 and have determined that, as a minimum, this range is
acceptable,

s
where F = spray flow rate, m” /hr N
V = [ree air volume (drywell), m

For ABWR E = %;‘-;- = 0.11, waich is within the acceptable range.
)

(Note: 840 m* /he = 1.81 x 10* Ib/hr is from Table 6.2-2a).
The design bases for the wetwell spray is provided in the Response to Question 43 11¢.

Both wetwell and drywell spray headers are located inside the primary containment vessel and are
classified as Safety Class 3.

QUESTIGN 43028

Discuss the rationale for continued reliance on sprays as the sole active engincered safety fea-
ture for drywell atmosphere pressure and temperature. Discuss the merits of upgrading the design of

drywell fan coolers to provide some capacity for pressure, temperature, and humidity control follow-
iug an accident. (6.2)
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RESPONSE 43025

The ABWR containment design does not require nor does it rely upon sprays for controlling drywell
pressure and temperature below their design values following design basis loss-of-coolant accident
(LOCA) conditions. The primary design objective of the drywell sprays (initiated by operator action)
is to provide removal of the fission products released in the drywell during LOCA. As an option,
drywell sprays can be utilized in controlling equipment environmental conditions in the drywell,

The ABWR drywell cooling system design is non-safety grade. Upgrading the design to safety te pro-
vide some capacity for controlling drywell thermodynamic conditions following an accident is not re-
garded as cost effective. Control of drywell conditions through the suppression pool cooling (RHR
heat exchangers) is en order of magnitude more effective in overall containment heat removal than the
drywell cooling system. It is not necessary to have the drywell cooling system available for control-
ling conditions in the drywell following an accident. The RHR heat exchangers have adequate heat re-
moval capability.

In order to upgrade the drywell cooling system to safcty grade, extensive design modification will
be required. The entire cooling system (cooling units, pipings, ducts, source of cooling water, etc)
design will be required to withstand scismic loads and other loads due to a high energy pipe break.
In addition, this upgrading will require an increase in the emergency diesel generator capacity.
Co.sidering that it is not necessary to have the drywell cooling system available following an
accident and the upgrading requircs extensive design modifications, it is concluded that there is no
technical merit in upgrading the drywell fan coolers.

QUESTION 420.26

The time period assumed for initiation of the containment heat removal system after a LOCA is 10
minutes requiring operator action. It is the staff's position that this time period is too restrig:
tive. In fact previous BWR designs( Grand Gulf's Mark 111) use 30 minutes actuation time. Provide
the reasons why the ABWR does not provide more flexibility with respect to the time required for ac-
tuation. (6.2)

RESPONSE 43026

Response to this question is provided in revised Subsections 6.2.1.1.3.3.1.2, 6.2.2.2 and
6.2.2.3.1. In addition, the following clarification is provided.

For the RHR response 10 a LOCA, 10 minutes was assumed as the time fo'lowing the LOCA initiation
when containment cooling is initiated. The ABWR RHR is designed with its heat exchanger always in se-
ries with the pump. A« soon as RHR injection flow initiates after depressurization the RHR heat ex-
changer is in the flow path and cooling the water. For a large break depressurization can occur in 3
to § minutes, at which time containment cooling begins as RHR injection sta.ts. For the large break
analysis, 10 minutes was conservatively assumed as the start of containment cooling.

The question mentioned the previous Grand Gulf design. Unlike the ABWR, the Grand Gulf design re-
quired operator act.on to perform valve alignment to bring the RHR heat exchanger into the flow path
Lo initiate containment cooling.

The ABWR design requirement for core cooling is that the ECCS shall be completely automatic in op-
eration (1.¢., no operator action required) for at least 3 minutes following a LOCA.
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QUESTION 43027

Describe the design features of the suppression pool suction strainers. Specify the mesh size of
the screens and the maximum particle size that could be drawn into the piping. Of the systems that
receive water through the suppression pool suction strainers under post accident conditions, identify
the system component that places the limiting requirements on the maximum size of debris that may be
allowed to pass through the stainers and specify the limiting particle size that the component can
circulate without impairing system performance. Discuss the potential for the strainers to become
clogged with debris. Identify and discuss the kinds of debris that might be developed following a
loss-of-coolant accident. Discuss the types of insulation used in the containment and describe the
behavior of the insulation during and after a LOCA. Include in your discussion information regarding
compliance with the acceptance criteria associated with USI A-43 as documented in NUREG-0897. (6.2)

RESPONSE 42027

Response to this question will be provided by December 31, 1988
QUESTION 43028

Provide analyses of the net positive suction head (NPSH) available to the RHR pumps in accordance
with the recommendations of Regulatory Guide 1.1. Compare the calculated values of available NPSH 1o
the required NPSH of the pumps. (6.2)
RESPONSE 43028

Response to this question is provided in revised Subsection 6.2.2.3.1 and new Table 6.2-2b.

QUESTION 43029

In SSAR Section 6.2.3, identify clearly those areas that may not be part of the ABWR scope and pro-
vids relevant interface requirements

RESPONSE 41029

There are no secondary containment safety-related intorfaces for the ABWR Standard Plant. This
will be reflected in Section 1.9,

QUESTION 43030

Provide a tabulation of the design and performance data for the secondary containment structure.
Provide the types of information indicated in Table 617 of Regulatory Guide 1.70, Revision 3. (6.2)

RESPONSE 43030
Response 10 ihis question will be provided by December 31, 1988

QUESTION 42001

Describe the valve isolation features used in support of the secondary containment. Specify the

plant protection system signals that isolate the secondary containment and activate the standby gas
treatment system, (6.2)
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RESPONSE 43031
Response to this question will be provided by November 11, 1988,
QUESTION 43032

Identify and tabulate by size, piping which is not provided with isolation features. Provide an
analysis to demonstrate the capability of the Standby Gas Treatment System to maintain the design ne-
gative pressure following a design basis accident with all non isolated lines open and the event of
the worst single failure of a secondary containment isolation valve to close. (6.2)

RESPONSE 43032
Respoase to this question will be provided by December 31, 1988

QUESTION 43013

Discuss the design provisions that prevent primary containment leakage from bypassing the
secondary containment standby gas treatment system and escuping directly to the environment. Include
a tabulation of potential bypass leakage paths, including the types of information indicated in Table
6-18 of Regulatory Guide 1.70, Revision 3. Provide an evaluation of potential bypass leakage paths
considering equipment design limitations and test sensitivities, Specify and justify the maximum
allowable fraction of primary containment leakage that may bypass the secondary containmeni
structure. The guidelines of BTP 6-3 should be addressed in considering potential bypass leakage
paths. (6.2)
RESPONSE 43022

Response to this question will be provided by November 11, 1988

QUESTION 4304

Provide a list of the secondary containment openings and the instrumentation means by which each
is assured to be closed during a postulated design basis accident. (6.2)

RESPONSE 43034
Response to this question will be provided by November 11, 1985,

QUESTION 43025

Provide a table of design information regarding the containment isolation provisions for fluid
system lines and fluid instrument lines penctrating the containment which are within the GE scope of
the ABWR design. Include as a minimum the following information:

(1) General design criteria or regulatory guide recommendations that have been met or other defined
bases for acceptability,

(2) System name,
(3) Fluid contained,

(4) Line size;
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(5) ESF system (yes or a0);
(6) Through-line leakage classification;
(7) Reference to figure in SSAR showing arrangement of containment isolation barriers;
(8) Location of valve (inside/outside containment);
(9) Type C leakage test (yes or no);
(10) Valve type and operator;
(11) Primary mode of valve actuation;
(12) Secondary mode of valve actuation,
(13) Normal valve position;
(14) Shutaown valve position;
(15) Post accident valve position,
(16) Power failure valve position;
(17) Containment isolation signals;
(18) Valve closure time; and
(19) Power source. (6.2)
RESPONSE 43028
Response to this question will be provided by November 11,1988
QUESTION 43036
For isolation valve design in systems not within the ABWR scope, identify the systems and the rel-
evant interface requirements. Include » discussion on essential and non-essential systems per Regula-
tory Guide 1.131 and the means or criteria provided to automatically isolate the nonessential systems
by a containment isolation signal. Also, include a discussion on the requirement that the setpoint
pressure which initiates containment isolation for nonessential penetrations be reduced to the
minimum value compatible with normal operations, (6.2)
RESPONSE 41036
Response 10 this question will he provided by November 11, 1988
QUESTION 42027

Specify all plant protection signals that initiate closure of the containment isolation valves.
(6.2)

Amendmaent ) WiIw



ABWR 2AGI0AT
Standard Plant RN 'Y

RESPONSE 43037

Response to this question will be provided by November 11, 1988,
QUESTION 43028

Describe the leakage detection means providea to identify leakage for the outside-containment

remote-manual isolation valves on the following influent lines: Feedwater, RHR injection, HPCS,
standby liquid control, RWCU connecting to feedwater line, RWCU reactor vessel head spray. (6.2)
RESPONSE 43028

Response to this question will be provided by November 11, 1988,
QUESTION 43039

The containment isolation design provisions for the recirculation pump seal water purge line do
not meet the explicit requirements of GDC 55 nor does the design satisfy the GDC on some other de-
fined basis as outlined in SRP Section 6.2.4. It is our position that the isolation design in the in-
stance is inadequate and should be modified to satisfy GDC 55 either explicitly or on some other de-
fined basis, with the appropriate justification. (6.2)

RESPONSE 43029

The ABWR RIP purge lines penetrating the primary containment are currently equipped with one check
valve each inside and outside containment and are currently 15 mm (1/2 inch) size. This size is less
than the ABWR instrument line size of 20 mm (3/4 inch). Therfore, the same design criteria (GDC S5,
Reg. Guide 1.11, and SRP 6.2.4) apply to the RIP purge line design.

Paragraph C.1b(2) of Regulatory Guide 1.11 coolant loss must be within the reactor coolant makeup
system capability. The ABWR RCIC system provides pormal reactor coolant makeup and is capable of
‘making up® coolant to the reactor with a nominal 1" diameter broken pipe discharging reactor cool-
ant. Therefore, due to the small 1/2° size of the RIP purge lines, the current containment isolation
valve configuration is in accordance with current NRC requirements.

QUESTION 430,40
With respect to Figure 6.2-3%4
(a) Include the isolation valve arrangement of the standby liquid control system line.

(b) Identify the line labeled in the figure as “WDCS-A” (it joins the RWCU line prior to its con-
nection to the feedwater line), and discuss the isolation provisions for that line.

RESPONSE 430.40

Response (o this question will be provided by November 11,1988
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QUESTION 430.41

Provide a diagram or reference to figure(c) showing the isolation valve arrangement for the lincs
identified below. For the isolation valve design of each of these lines, provide justification for
not meeting the explicit requirements of GDC $6, and demonstrate that the guidelines for acceptable
alternate containment isolation provisions conta‘ned in SRP 6.2.4 are satisfied. The lines in yues-
tion are:

o HPCS and RHR test and pump miniflow bypass
0 RCIC pump miniflow bypass line
v RCIC turbine exhaust and pump miniflow bypass lines
o SPCU suction and discharge lines (6.2)
RESPONSE 410,41
Response to this question will be provided by November 11, 1988,
QUESTION 430,42

Describe the isolation provisions for the containment purge supply and exhaust lines and discuss
design conformance with Branch Technical Position CSB 6-4, “Containment Purge During Normal Op-
erations.”

RESPONSE 42042

The containment purge supply and exhaust lines ~onncct 1o both the drywell and the wetwell. There
is one purge supply penetration for the drywell and one purge supply penetration for the wetwell.
Similarly, there is one exhaust penctration through each the drywell and wetwell. The purge supply
line connection to ecach or both of the drywell and wetwell has two inboard isolation valves in
parallel, located outside of but as close as possible ‘o the primary containment. One of these
valves is intended for use for (high volume) inerting and purge. The other, a two-inch valve, is
used for any necessary nitrogen makeup during power operation. The outboard isolation valves are
located in each of the lines for purge supply, nitrogen inerting, and nitrogen makeup. The exhaust
line has a similar paralle) arranpement for the two valves located nearest to the wetwell penctration
and the two valves located nearest the drywell penetration. Outboard isolation vaives are located in
tach of the lines to the plant vent and the standby gas treatment system. All Ysolation valves are
air operated and fail in the closed position, the signal sent from the leak detection and isolation
system.

As described above, these isolation valves are in conformance to the supplemental guidance of
Branch Technical Position CSB6-4 on containment purge during normal operation.

QUESTION 43041
Discuss the closure times of isolation valves in system lines that can provide an opew path from
the primary containment to the environment (¢.g, containment purge system). Also discuss provisions
of radiation monitors in these hines having the capability of actuating containment isolation. (6.2)
RESPONSE 40043
Response to this question will be prosided by Decembr

Amendment ) 20 M4



ABWR 2AGI00AT
StandardPlant SRR

QUESTION 430.44

Identify the system lines whose containment ise’ '~ requirements are covered by GDC 57 and dis-
cuss conformance of the design (o the GDC requ . v¢ s (6.2)

RESPONSE 430.44
Response (0 this question will be provided by November 11, 1988,
QUESTION 420,45

For the combustible gas control systems design, identify clearly those arcas that may not be part
of the ABWR scope and provide relevant interface requirements. (6.2)

RESPONSE 43045

There arc no combustible gas control system safety-related interfaces for the ABWR Standard
Plant. This wil! be reflected in Section 1.9

QUESTION 430.%6

According to SRP 6.2.5 specific acceptance criteria related to the concentration of hyd ogen or
oxygen in the containment atmosphere among others are the following:

(a) The analysis of hydrogen and oxvgen production should be based on the parameters listed in

Table 1 of Regulatory Guide 1.7 for the purpose of esiablishing the design basis for combus-
tible control systems.

(b) The fission product decay energy used in the calculation of hydrogen and oxygen production
from radiolysis should be equal to or move conservative than the decay energy model given in
Branch Techaical Position ASB9-2 in SRP 9.2.5.

Provide justification that the assumptions used in the ABWR in establishing the desigu basis for
the combustible gas control systems are conservative with respect to the criteria a. and b, above.
(6.2)

RESPONSE 42046
Response (o this question will be provided by December 31, 1983

QUESTION 42047

Provide an analysis of the production acd »~cumulation of combustible gases within the containment

following a postulated loss-of-coolant @ ent including all applicable information specified in
Section 6.2.5.3 of Regulatory Guide 1.70, v evision 3.

RESPONSE 40047

Response to this question will be provided by December 31, 1988
QUESTION 40048

Regarding Containment Type A leakage testing, (6.2.6)
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QUESTIO « 430.4%

Provide the value: for P, and Py
RESPONSE 430,484

P, approximately 40 psig and 0.5 P, < P <P,
QUESTION 430.48b

Include the acceptance criterion for Ly during preoperational leakage rate tests, ie, Ly -
Ly (Lym/Lam), for the case when Ly (Lyy/Lym) = 0.7.

RESPONSE 430.48b
Response 1o this question is provided in revised Subsection 6.2.6.1.1.5.

QUESTION 430.48¢

Your acceptance criterion for Lyy (SSAR Subsection 6.2.5.1.2.2, ltem 1) is at variance with the
staff’s current practice for acceptance of Lyy. Also, it does not comply with the 10 CFR Part 50,
Appendix J, Section 111, Item A.1.(a) requirement. Therefore, either provide sufficient supporting
justification for the exemption from compliance with the above requirement or correct the criterion
as appropriate to comply with the requirement. Also, correct the stated acceptance criterion (SSAR
Subsection 6.2.6.1.2.2, Item 3) as appropriate to comply with Appendix J, Section 11, Item A 5.(b)
requirement.
RESPONSE 430 48¢
Response tc this question is provided in revised Subsection 6.2.6.1.2.2.
QUESTION 430,484

Regarding ILRT, identify the systems that will sot be vented or drained and provide reasons for
the same,

RESPONSE 430484
Response to this question will be provided by December 31, 1988,
QUESTION 430.48¢
Provide F&IDs and process flow drawings for svstems that will be vented or drained.
RESPONSE 430.48¢
Response (o this question will be provided by Decemuer 31, 1988
QUESTION 43049

Regarding Type B teses, (6.2.6)

Amendment 030



ABWR 2AGIHAT
Standard Plant S—— N

QUESTION 430.49a

Clarify now air locks opened during periods when containment integrity is required by plant’s Tech-
nical Specifications will be tested to comply with Appendix J, Section 111, Item D.2.(b).(iii).

RESPONSE 430.49a
Response to this question is provided in revised Subsection 6.2.6.2.3,
QUESTION 420.490
Provide the frequency for periodic tests of air locks and essociated inflatable seals.
RESPONSE 430.49b
Response 10 this question s provided by revised Subsection 6.26.2.3.
CUESTION 430.4%¢
Provide the acceptance criteria for air lock testing and the associated inflatable seal testing.
RESPONSE 430.49¢
Response to this question will be provided by December 31, 1988,
QUESTION 430.49d
List all containment penetrations subject to Type B tests.
RESPONSE 430.49d
Response to this question will be provided by December 31, 1988,
QUESTION 430.49¢

List all those penctrations to be excluded from Type B testing and the rationale for excluding
them.

RESPONSE 430.4%¢
Respons» to this question will be provided by December 31, 1988
QUESTION 43050
Regarding Type C tests (6.2.6)
(a) Correct the statement (Subs . 6.2.6.3.1, Paragraph 1) as appropriate to ensure that the
bydraulic Type C tests are . .ormed only on those isolation valves that are quabified for

such tests per Appendix J. The current statement implies that these tests are not necessar-
ily restricted to the valves that qualify for such tests.

(b) List all the rrimary containment isolation valves subject to Tvpe C tests cad provide the
necessary P&IDs.
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(¢) Provide the list of valves that you propose to test in the reverse direction and justifica-
tion for such testing for cach of these valves.

(d) Identify the valves that you propose to test hvdrostatically based on their ability to main-
tain a 30-day water leg sear. Also, identify other valves which you propose to test hydro-
statically and provide the basis for such tests. Provide the test pressure for all the
valves mentioned above.

(e) Indicate test pressures for MSIVs (with justification if it is less than P,) and isolation
valves seaied from a sealing system.

() Indicate how you will perform Type C leak tests for ECCS systenis and RCIC system isolation
valves.

(g) Confirm that the interval between two consecutive periodic Type C tests will not exceed 2
years as required by Appendix J.

(h) State what testing procedures you will fellow regarding the valves that are not covered by
Appendix J requirements

RESPONSE 420.50

Kkesponse to this question will be provided by December 31, 1988,
QUESTION 430.51

Identify the reporting requirements for the tests. Note that your response should address compli-
ance with requiremeats in this regard as stated in Appendix J, Sections 1L A(a), IVA and V. (For
example, regarding follow up tests after comainment modification, you have not included Type C test-
ing for affected arcas). (6.26)
RESPONSE 430.51

Response to this question 1s provided in revised Subsection 6.2.6.4.
QUESTION 430.52

Regarding Secondary Containment, (6.2.6)

(a) ldentify the special testing procedures you will follow to assure a maximum allowable in
leakage of 30 percent uf the secondary containment free volume per day at a differential
pressure of -0.25" water gauge with respect to the outdoor axmosphere (see Section
6.5.132).

(b) Identify all potential leak paths which bypass the secondary containment. (For such identi-
fication, see (BTP) CSB 6-3, Determination of Bypass Leakage Paths in Dual Containment
Plants).

(c) Identify the total rate of secondary containment bypass leakage to the environment.

RESPONSE 400.52

Response to this question wi'l be provided by December 31, 1988

Amendment 3 0 848




ABWR 2AEI00AT
pandard Plant — REN. A

QUESTION 430.87
Identify all the interface requirements relating to containment leak testing. (6.2.6)
RESPONSE 43053

There are no containment leak testing safety-related interfaces for the ABWR Standard Plant. This
will be reflected in Section 1.9,

QUESTION 430.54
Regarding Contrul Room Habitability systems, (6.4)

(a) Provide the minimum positive pressure at which the control building envelope (which includes
the mechanical equi, ment room) will be maintained with respect to the surrounding air spaces
when makeup air is supplied 1o the envelope at the design basis rate (295 CFM),

(b) Provide the periodicity for verification of control room pressurization with design flow
rate of makeup air.

(¢) Clarify whether all the potential leak paths (to be provided in Section 9.4.1) include damp-
ers or valves upstream of recirculation fans.

(d) Identify the action to be taken when there is no flow of the equipment room return {an and
consequently the equipment room is ovi  pressurized (Table 6.4 1 contains no information on
the above).

(e) Provide the actual minimum distances (lateral and vertical) of the control room ventilation
inlets from major potential plant release points that have been used in your control room
dose analysis. Also, provide a schematic of the location of control room intake vents.

(f) Prowide Figure 6.4-5 (plan view ) which you state shows the release points (SGTS vent).

(g) Section 6.4.2 4 and Figure 6.4-1 indicate gnly ong air inlet for supplying makeup air to the
emergency zone. Mowever, Tables 6.4-2 and 15.6-8 and Section 15.6.5.5.2 indicate that there
are (wo automatic air inlets for the emergency zone. Correct the above discrepancy as appro-
priate. Also describe the characteristics of these inlets with respect to their relative lo-
cations and automatic selection control features. State kow both flow and isolation in each
inlet assuming single active component failure will be ensured.

(h) Describe the design features for protecting against confined area releases (e.g., multiple
barriers, air flow patierns in ventilation zones adjacent to the emergency zone),

(1) Describe the specific features for protecting the control room operator from airborne radio-
activity outside the control room and direct shine from all radiation sources (e.g., shield-
ing thickness for control room siructure boundary, two-door vestibules).

() Clarify what you mean by “sustained occupancy” (see SSAR Section 6.4.1.1, ltem 3) for 12 per-
sons.

(k) Provide justification for not specifying any unfiltered infiltration of contaminated air
into the control room in SSAR Table 15.6-8,

Amendment 3 20 3¢



ABWR SAGIAT
Standard Plant —  REV. A

QUESTION 430.53

Identify all the interface requirements relating to containment leak testing. (6.2.6)
RESPONSE 430.52

There are no containment leak testing safety-related interfaces for the ABWR Standard Plant.
QUESTION 430.84

Regarding Control Room Habitability systems, (6.4)

(a) Provi’e the minimum positive pressure at which the control building envelope (which includes
the mechanical equipment room) will be maintained with respect to the surrounding air spaces
when makeup air is supplied 10 the envelope at the design basis rate (295 CFM).

(b) Provide the periodicity for verification of control room pressurization with design flow
rate of makeup air.

(¢) Clarify whether all the potential lcak paths (1o be provided in Section 9.4.1) include damp-
ers or valves upsiream of recirculation fans.

(d) Identify the action to be taken when there is no flow of the equipment room return fan and
consequently the equipment room is over pressurized (Table 6.4-1 contains no information on
the above),

(¢) Provide the actual minimum distances (lateral and vertical) of the control room ventilation
inlets from major potential plant release points that have been used in your control room
dose analysis. Also, provide a schematic of the location of control room intake vents.

(N Provide Figure 6.4-5 (plan view) which you state shows the release points (SGTS vent),

(g) Section 6424 and Figure 6.4-1 indicate gnly ong air inlet for supplying makeup air to the
emergency zone. However, Tables 6.4-2 and 15.6-8 and Section 15.6.5.52 indicate that thore
are (wo aulomalic air inlets for the emergency zone. Correct the above discrepancy as appro-
priate. Also describe the characteristics of these inlets with respect to their relative lo-
cations and automatic selection control features. State how both flow and isolation in cach
inlet assuming singlc active component failure will be ensured.

(h) Describe the design features for protecting against confined area releases (e.g., multiple
barricrs, air flow patterns in ventilation zones adjacent to the emergency zone).

(i) Describe the specific features for protecting the control room operator from airborne radio-
activity cutside the control room and direct shine from all radiation sources (e.g., shield-
ing thickness for control room structure boundary, two-door vestibules).

() Clarify what you man by “sustained occupancy” (see SSAR Section 6.4.1.1, Item 3) for 12 per-
sons.

(k) Provide justification for not specifying any unfiltered infiltration of contaminated air
into the control room in SSAR Table 15.6-8.
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(1) Provide Subsection 6.3.1.1.6 which you state (SSAR Section 6.4.6) contains a complete de-
scription of the required ins'rumentation for ensuring control room habitability at all
times.

(m) Give schematics for control room emergency mode of operation during a postulated LOCA (this
is required for calculating control room LOCA doses).

(n) The source terms and control room atmospheric dispersion factors (X/Q values) used in the
control room dose analysis (see SSAR Tables 15.6-8 and 15.6-12) (o demonstrate ABWR control
room compliance with GDC 19 are non-conservative. Therefore, reevaluate control room doses
during a postulated LOCA using RG 1.3 source terms and assumptions and the methodology given
in Reference 4 +f SSAR Section 156.7. laclude possible dose contributions from containment
shine, ESF filters and airborne radioactivity outside the control room. Also check and cor-
rect as appropriate the recirculation rate in the control room (22.4 M /sec) given in
Table 15.6-8.

(0) Section 6.4.7.1, "External Temperature,” provides design maximum external temperatures of
100 F and -10 F. How are these values used in the design ar . assessments related to the
ABWR? What factors, such as insulation, heat generation from control room pcrsonnel and
equipment and heat losses, are taken into account? Do these values represent “instanta-
neous” values or are they temperal and/or spatial averages?

(p) Clarify your position on potential hazardous or toxic gas sources ozsite of an ABWR. It ap-
plicable, indicate the special features provided in the ABWR design in this regard, to en-
sure control room habitability.

(q) 'dentify all the interface - ‘quirements for control room habitability systems (e.g.. instru-
mentation for protection sgainst toxic gases in general and chlorine in particular; poten-
tiai toxic gas release points in the environs).

RESPONSE 42054

Response to this question will be provided by December 31, 1988,
QUESTION 420 558

Regaiding ESF Atmosphere Cleanup Systems, (6.51)

(a) Provide a table listing the compliance status of the Standby Gas Treatment System (SGTS)
with gach of the regulatory positions specified under C of RG 1.52. Provide justifications
for cach of those items that do not fully comply with the corresponding requirements. In
this covtext, you may note that the lack of redundancy of the SGTS filter train (the stafl
considers that filter trains are also active components - See SRP 6.4, Acceptance Criterion
11.2.b) is not acceptable. Further, the described sizing of th: charcoal adsorbers based on
assumed decontamination factors for various chemical forms of iodine in the suppression pool
is not acceptable (RG 1.3 assumes a decontamination factor of 1 for all forms of iodine and
RG 1.52 requires compliance with the above guide for the design of the adsorber section)
Therefore, revise charcoal weight and charcoal iodine loading given in SSAR Table 6.5-1 as

appropriate.

(b) Specify the laboratory test criteria for methyl iodine penetration that will be identified
as an interface requirement to be qualified for the adsorber efficiencies for iodine given
in SSAR Table 15.6-8. Also, provide the depth of the charcoal beds for the control room
emergency system
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(c) Provide a table listing the compliance status of the instrumentation provided for the SGTS
for read out, recording and alarm provisions in the controi room with gach of the instrumen-
tation items identified in Table 6.5.1-1 of SRP ¢.5.1. For partial or non compliance items,
provide justifications.

(d) Clarify whether primary containment purging during normal plant operation when . equired to
limit the discharge of contaminants to the environment will always be thre.gh the SGTS (See
SSAR Section 6.5.1.2.3.3). Clarify whether such a release priod 1~ Jue purge system isola-
tion has been considered in the LOCA dose analysis.

(e) Provide the compliance status tables referred to in Items (a) and (¢) above for the control
room ESF filter trains. (The staff notes that you have committed to discuss control room
habitability system cannot be complete until the information identified above is provided.
the above information is requested now.)

() Identify the applicable interface requirements for the SGTS and the control room ESF atmo-
sphere cleanup system.

RESPONSE 430.55

Response to this question will be provided by November 11, 1988,
QUESTION 430.56

Regarding Fission Product Control Systems and Structures, (6.5.3)

(a) Provide the drawdown time for achieving a negative pressure of 0.25 inch water gauge for the
sccondary containment with respect to the environs during SGTS operation. Clarify whether
the unfiltered release of radioactivity to the environs during this tizae for postulated LOCA
has been considered in the LOCA dose analysis. (Note that the unfiltered release need not
be considered provided the required negative pressure differential is achieved within 60 sec-
onds from the time of the accident).

(b) Provide justification (See SRP Section 6.5.3, 11.4) for the decontamination factor assumed
in SSAR Tables 6.5-2 and 15.6-8 for 10dine in the suppression pool, correct the elemental,
particulate and organic 1odine fractions given in the tables to be consistent with RG 1.3,
and incorporate the correction in the LOCA analysis tables. Alternatively, taking no credit
for iodine retention in the suppression pool, revise the LOCA analysis tables. Note that
the revision of the LOCA analysis tables (this also includes the control room doses) men-
tioned above is strictly in relation to the iodize retention factor in the suppression pool
(also, there may be need for revision of other parameter(s) given in the tables and these
will be identified wuder the relevant SRP Sections questions).

(¢) ldentify the applicable interface requirements.
RESPONSE 430.56

Response to this question will be provided by November 11, 1988,
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QUESTION 420.57

Regarding SSAR Section 6.7, the staff notes that the Nitrogen Supply System has been discussed un-
der this section, instead of the Main Steam Isolation Valve Leakage Control System (MSIV-LCS) as re-
quired by the Standard Format for SARS. The staff will review the material presented in SSAR Section
6.7 along with the material that will be presented in SSAR Section 9.3.1,

Regarding MSIV-LCS, the staff notes that you are committed to provide a non-safety related MSIV
leakage processing pathway consistent with those evaluated in NUREG-1169, *Resolution of Generic Is-
sue C-8." August 1986. Since the staff has not finalized its position so far on the acceptability of
the NUREG findings with regard to the design of the MSIV-LCS,, provide pertinent information on the
system design including interface requirements to evaluate the to-be-proposed design against the ac-
ceptance criteria of SRP 6.7, (6.7)

RESPONSE 420.57

In accordance with Section 89 of the GE ABWR Licensing Review Bases (Murley to Artigas dated Au-
gust 7, 1987) GE committed to a design that provides a non-safety related main steam isolation valve
(MSIV) leakage process pathway consistent with those evaluated in NUREG-1169. Accordingly, the
drains and vents are routed to the main condenser for leakage control to take advantage of fission
product plateout and holdup in the main steam line, drain line, and the main condenser. Fission
products are removed by plateout on the relatively cool condenser tubes. The earlier BWR designs,
where the fission products are routed through the reactor building to the standby gas treatment sys-
tem, had the disadvantage of increasing the dose rate to plant personnel. In addition there was no
holdup or removal of noble gases, so that dose rate to the public may be higher.

The carlier BWR designs also had the disadvantage of heing ineffective if the MSIVs greatly ex-
ceeded the design leak rate (typically 11.5 standard cub.c feet an hour). Because of no uncovery in
the ABWR design, the ABWR would have less fission product generation during & postulated
loss-of-coolant accident than carlier BWR designs. As a consequence the ABWR design 15 better able
to handle leakages beyond the technical specification limits.

The ABWR design is also passive requiring no operator actiors. The valves on the drain lines open
automatically when the reactor is at less than 40 percent steam flow to vent to the main condenser.
In addition, the valves fail open on loss of air or electrical power to ensure that this pathway ex-

ists during an accident. These valves and drain lines are illustrated in the Nuclear Boiler system
P&ID (Figures 5.1.3),

In conclusion, the ABWR design provides a passive non-safety related means for controlling and

mitigating the release of fission product leakage through the MSIVs and meets the GE ABWR Licensing
Review Bases.

QUESTION 430.5%

The accident analyzed under this section considers only the airborne radioactivity that may be re-
leased due to potential failure of a concentrated waste tank in the radwaste enclosure. The SRP ac-
ceptance criteria, however, requires demonstration that the liquid radwaste concentration at the
nearest potable water supply in an unrestricted area resulting from transport of the liquid radwaste
to the unrestricted area does not exceed the radionuclide concentration limits specified in 10 CFR
Part 20, Appendix B Table 1I, Column 2, Such a demonstration will require information on possible
dilution and/or decay during transit which, in turn, will depend upon site specific data such as
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surface and ground water hydrology and the parameters governing liquid waste movement through the
soil. Additionally, special design features (e.g., steel liners or walls in the radwaste enclosure)
may be provided as part of the liquid radwaste treatment systems at certain sites. The staff will,
therefore, review the site specific characteristics mentioned above iudividually for each plant
referencing the ABWR and confine its review of ABWR, only to the choice of the liquid radwaste tank.
Therefore, provide information on the following: (15.7.3)

(a) Basis for determining the concentrated waste tank as the worst tank (*his may very weli be
the case, but in the absence of information on the capacities of major tanks, particularly
the waste holdup tanks, it is hard to conclude that the above tank both in terms of
radionu:lide concentration: and inventories will turn out to be the worst tank).

(b) Radionuclide source terms, particularly for the long-lived redionuclides such as Cs-137 and
Sr-90 (these may be the critical isotopes for sites that can claim only decay during tran
sit) in the major liquid radwaste tanks.

RESPONSE 43 58

Response to this question will be provided by December 31, 1988
QUESTION 4401

SRP 4.6 identifies the following GDCs 23, 2§, 26, 27, 28, and 29 in the acceptance criteria. Con-
firm thai the reactivity system, described in Section 4.6 of the SSAR, meet the requirements of the
above GDCs.
RESPONSE 440.1

Section 4.6 has been revised to reference the evaluation of the reactivity system against the re-
quiremenis of the above GDCs contained in Subsection 3.1.2.

QUESTION 4402

In Section 4.6.2.3.2.2 analysis of malfunciion relating to rod withdrawal, it is stated, "There
are known single malfunctions that cause the unplanned withdrawal of even a single control rod.” Con-
firm that this is a editorial mistake and correct it if se. Otherwise, explain in detail the hasis
for this statement and why this is acceptahle
xESPONSE 4402

This editonal error has been corrected in Subsection 46.2.32.2.
QUESTION 4402

In Section 4.6.1.2 it is stated that CRD system in conjunction with CRC&IS and RPS systems pro-
vides selected control rod run in (SCRRI) for reactor stability control. Describe in detail how
SCRRI works.
RESPONSE 4402

Response 10 this question is provided in revised Subsections 4.6.1.2(10) and 7.7.1.2.2(2)
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QUESTION 430,

In Figure 4.6-8a, CRD system P&ID, sheet 1, piping quality classes AA-D, FC.D, FD-D, FD-B, etc.
are shown. Submit the document which explains these classes and relates them to ASME code classes.

RESPONSE 4404

This information is scheduled to be included in Section 1.7. Essentially, the first two letters
of the codes specify the pipe primary pressure rating (150 1b., 900 Ib,, etc.) the type of service
(condensate or reactor water, steam, etc.), and material (carbon or stainless steel). The symbois
A", "B" and "C* represeat ASME Section 111, code Classes 1, 2, and 3, respectively. The symbol "D”
represents ASME Section 8, or ANSI B31.1 or other equivalent codes.

QUESTION 440.5

in Figure 4.6-8b, the ieok receiver tank is shown. What is the function of this tank? How big is
this tank? Will a high lzvel in the tank impact the operation of the control rod drive?

RESPONSE 4405

This leakage collection tank is no longer part of the design. The intent of the leakage collec:
tion system was to assist the operator in identifying which drives were potential candidates for seal
replacement during plant outages, which would facilitate plant maintenance planning. However, the de-
sige could not provide the level of differentiction of leakage between individusl drives needed for
this purpose and was therefore deleted. An updated P&ID (Figure 4.6-8b) will be provided by December

31, 1988 to document this change.
QUESTION 440 8

Identity the essential portions of the CRD system which are safety related. Confirm that the
safety related portions ere isclable from non-cssential portions, (4.6)

RESPONSE 4406
The essential portions of the CRD system which are safety-related are:
(a) The hydraulic control units (HCUs),
(b) The scram insert piping from the HCUs to the fine motion control rod drives (FMCRDs), and
(¢) The FMCRD:s (except the motors)

The non-essential portions of the CRD system interface with the essential portions at the follow-
ing connections to the HCUs

(a) The accumulator charging water line
(b) The FMCRD purge water line, and

(¢) The scram valve air supply from the scram air beader.
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The safety-related portions of the HCU and the scram function are protected against failure in the
non-essential portions of the charging water and purge water lines by check valves. Also, instrumen-
tation in the charging water line provides signals (o the reactor protection system to cause reactor
scram in the event of loss of charging water pressure. Loss of pressure in the scram air header
causes the scram valves to actuate, resulting in reactor scram. This fail-safe feature is the same
as provided on current BWR designs using locking piston-type control rod drive.

QUESTION 440.7

In the old CRD svstem, 'he major function of the cooling water was to cool the drive mechanism and
its seals to preciude damage resulting fom long term exposure to reactor temperatures. What is the
function of purge water flow to the drives? (4.6)

RESPONSE 440.7

The function of the purge water flow to the fie: wotion zontrol rod drives is to prevent reactor
~ater from entering the drive housing during operation. This will minimize crud buildup in the drive
housin~ and reduce operator exposure during diive maintenance.

QUESTION 440.8

We understand that the LaSalle Unit 2 fine motion control rod drive demonstration test is still in
progress. Submit the test results as soon as it is available,

RESPONSE 4408

Al the current time, the LaSalle Unit 2 fine motion control rod drive demonstration test is ex-
pected to be terminated in October 1988, The final report for the FMCRD In-Plant Test Program, which
will include the LaSalle Test results, will be formally issued in September 1989,

QUESTION 440.9

In the present CRD systewn design, the ball check valve ensures rod insertion in the eveat the accu-
mulator is not charged or the inlet scram value fails to open if the reactor pressure is above 600
psig. Confirm that this capability still exists in the ABWR design. (4.6)

RESPONSE 4409

The AB'WR control rod design does not have the capability of the locking piston control rod design
to insert hydraulically using reactor pressure in the event of a failure in the hydraulic control
units (“.e., scram valve fails or accumulator is not charged). However, the fine motion control vod
drive (FMCRD) has a diverse means of insertic.g the control rod using electric @wotor run-in if hydrau-
lic scram fails. This feature provides the FMCRD with the capability to insert the control rod over
the entire range of reactor operating pressures

QUESTION 440.10

Ie section 4.6.2.3.1, it is stated the scram time is adequate as shown by the transient analyses
of Chapter 15, Specify the scram time. (4.6.23.2.1)

Amendment 3 N0
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The average maximum scram time of all control rods in the core under the reactor conditions with
accumulator available and reactor steady state pressure as measured at the vessel bottom below 76.3
Kllc-'g (1085) psig) shall meet the following requirements: (all times are after deenergizing of
scram solennids)

lnscrtion 4 Limg (scconds)
10 04
& £ 100
60 214
100 228
QUESTION 440.11

For both the low ("zero®) and operating power region describe the patterns of the control rod
groups that are cepected to be withdrawn simultancously with the new rod system, and estitaate the
maximum for the total and differential reactivity worth of these groups. What sort of margin to pe-
riod scram will exist in the low power range. (4.6)

RESPONSE 44011

(1) Summary of rod withdrawal straleg

The ABWR rod groups are assigned as shown in Figures 2031 and 203-2. The FMCRD step size is
183 mm (0.5% of full CRD stroke). with a nominal speed of 30mm /sec. The number of rods per
gang for rod groups #1 2 3, 4 s 26, i.e, the whole group of 26 rods will be moved simulta-
neously as one gang. Group | and 2 will be moved continuously from full in to full out. Group
3 and 4 which cover the rod pattern condition from cold critical to hot critical, wili be moved
in jog cycle in one step at a time. The peripheral rods of group § and 6 will be moved as one
gavg. For the remaining 7, 8, 9, 10 groups, rods are divided into 4-rod gangs and §-rod gangs.

A BWR/6 type banked position wit' rawal sequence (BPWS) constraint, called grouped wir'
quence (GWS), is appiied in ABWR as the rod withdrawal sequence guideline It is in et .
to the jow power setpoint (LPSP), or 25% power. Above LPSP, the rod withdrawal sequence is
based on core-management pic-developed rod withdrawal sequence in 4 and 8 rod gangs.

(2) Typical rod patier ¢ al variou, power level
(a) Hou criticality after hot recovery (EOIC, rated condition Xe)

Rod paitern: Figure 20.3-3 (quarter core only, same for all Figure 20.3-4
thru 20.3.9)

Rod position of cach group:  Table 20.3-4
(b) 5% power*, Cold Startup, equilibrium Xe, BOEC

Rod pattern: Figure 20 3-4
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(¢) 10% power®, Cold Startup, equilibrium Xe, BOEC
Rod pattern: Figure 20.3-5

(d) 25% power®, Cold Startup, equilibrium Xe, BOEC
Rod pattern: Figure 20.3-6

(¢) 40% power*, Cold Startup, equilibrium Xe, BOEC
Rod pattern: Figure 203.7

(N $3% power*, Cold Startup, equilibrium Xe, BOEC
Rod pattern: Figure 20.3-8

(g) 100% powe: 100% flow, Cold Startup, equilibrium Xe, BOEC
Rod pattern: Figure 20.3-9

*minimum core flow

(3) Estimates of maximum reactivity worth
Reactivity Worth Estimates

Group Whole Group  Max. Worth Ist Rod Max. Worth 1.1 Gang

1 s

2

3 2.1%

8 1.5%

5

6

’

8] max 329 < 12% < 15%
9

10

(4) Margin t¢ seriod Scram esimales

For 3% total rod worth (full in to full out), the shortest period per step is ~60 seconds. For
2% total rod worth, the shortest period per step 's ~ 100 seconds.

So, for step-wise withdrawal, there is plenty of margin to period scram (10 second scram
setpoint)

QUESTION 44012

Describe the relative core location of control rods sharing a scram accumulitor. Can a failure of
the scram accumulator fail to insert adjacent rods? If so, discuss the consequences of that failure.
(4.6)
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RESPONSE a40.12

The grouped HCU to contiol rod drive assignment and their relative core locations are shown in
Figure 20.3-10. As can be seen, the two control rods sharing a scram accumulator are separated by

several core cell locations. A failure of an HCU cannot result in the failure to insert adjacent
rods.

Amendment ) 20 3,54
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TABLE 20.3.2
CORE DECAY HEAT(D) FOLLOWING LOCA
SHORT-TERM ANALYSES
(Response to Question 430.21)
Time (sec) Normalized Core Heat?)

0 1.084

2 0.5566

6 0.5501

10 0.3859

20 0.1239

kY] 0.0772

il 0.0771

60 00472

100 0.0427

120 0.4

121 0.039

200 0.0358

60 002N

1000 0.0245

NOTES

(1) Based on '973 ANS Standard with 20% margin

(2) Nomalzed to 102% of rated thermal power

Amendmen 20 1.8
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TABLE 20.3.3

INTEGRATED CORE DECAY HEAT VALUES (D)
SHORT-TERM ANALYSES

(Response to Question 430.21)

Integrated Decay Heat
Time tg (sec) in_Full Power Seconds'

b ]
s)




TABLE 2034
HOT STARTUP CRITICALITY ROD SEQUENCE
(Response to Question 440,11)

:

Gang#  Rod WithArgwn Te Notch Position

-48 (12 h)
- 48

- 48

- 48

I8 (45N
- 18
<123 M)
- 12
10251
- 12

- 12

- 10

« 10

(2)

()
(6)
(7

- O N

9)

OO0 O0O0O0OOCOOOOOO0OODOOS

A
B
C
D
A
B
C
A
B
C
A
B
C
D
E
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67 X
- D I 1 2 1
- r 3 4 3 1

2 1 2 1 2 1
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4 3 4 3 4
51 “
1 2 1 2 \ 2
47
3 4 3 a 2 4 3 —
43 ~
\ 2 1 2 1 2 1 2
29
3 4 3 4 3 4 3 4 3
3%
2 \ 2 1 2 1 2 1
n
4 3 4 3 4 3 3 3 4
27
1 2 \ 2 1 2 1 2
23
L a i 4 3 4 3 4 -
19
1 ? 1 2 1 2
15
- 3 4 3 4 3 3 3
1"
7 2 1 2 1 3
4 3 ] J
: T , - T
v ¢

2 6 10 14 1B 22 20 30 34 38 42 46 50 54 58 62 e
8847704

Figure 2031 ROD GROUPS 1-4, SEQUENCE A
(Response to Question 440.11)
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