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42 FUEL SYSTEM DESIGN
4.2.1 Discussion

The fuel to be loaded in an ABWR is any fuel
design approved by the USNRC or that meets the
criceria documented in Appendix 4B. Using these
designs will assure that all fuel system design
requirements are mel.

To demonstrate ABWR system response in this
SSAR. a reference core of BP8xSR fuel is used.
This core is shown in Section 4.3; information
for this fuel design is provided in Reference 1.
Each utility referencing the ABWR design may have
different fuel and core designs which will be 423 References
provided by the COL applicant to the USNRC for
information. See Subsection 4.2.2.1 for COL L GE Fuel Bundle Designs, NEDE-31152P.

license information.
Q Control Rod Designs, (To be issuidm

The control rods perform the dual function of
power shaping and reactivity control. A
discussion of the rod control system components
is presented in Secticn 4.6.

The control rod design to be used in an ABWR
is any design approved or that meets the e
documented in Appendix 4CJ To d
ABWR sysiem response in this report, a control
rod design of sheathed cruciform array of
stainless steel tubes filled with boron-carbide
was used. This design is documented in Reference
2 and shown in Figure 4.2-1/ The contro :
design to be used at the plant will be provide
by the COL applicant to the USNRC for
information. See Subsection 4.2.2.2. for COL
license information.

INSERT A

4.2.2 COL License Information
42.2.1 Fuel Design

The fuel bundle name and & reference o
documentation of the fuel design will be provided
by *he utility referencing the ABWR design to the

| USNRC for information. (Sec Subsection 4.2.1).

4222 Control Biade Design

The control blade model and reference to
documentation of the control blade design will be
provided by the utility referencing the ABWR
design to the USNRC for information. (See
Subsection 4.2.1).

Amendment 23 421
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The reference ABWR control rod i:<ign consists of a sheathed cruciform
array of stainless steel tubes filled with boron carbide (B4C) powdcr. Figure 4.2-1is
an illustration of the reference design. The main structural members of the reference
design are made of stainless steel and consist of a top handle, a lower transition piece
with a control rod drive coupling, a vertical cruciform center post, and four U-shaped
absorber tube sheaths. The top handle, lower transition piece and center post are
welded into a single skeletal structure. The U-shaped sheaths are welded to the center
post, handle, and lower transition piece to form the housing for the absorber rods
filled with B,C. Rollers at the top and bottom of the control rod guide the control rod
as it is inserted and withdrawn from the core. The B,C powder in the absorber tubes
is compacted to approximarely 70 percent of its theoretical density. The B,C is sealed
into the absorber tubes by plugs welded into each end, and is longitudinally separat. 1
into individual compartments by stainless steel balls. Typical parameters of the

reference ABWR control rod design are provided in Table 4.2-1.
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TABLE 4.2-1
Typical Parameters - Reference ABWR Control Rod Design

Control Rod Weight (Ib) 180

Absorber Rod - B4C

Number per control rod 72
Length (in.) 143
Diameter (in.) 166
Density (% Theoretical) 70

Abssorber Tube - B4C

Cladding material 304SS
Outside diameter {in.) 220
Wall thickness (in.) 027

Sheath Thickness (in.) 045

Pin Material PH13-8MQ

Roller Material INCONEL x-750
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4.4.2 Description of the Thermal and
Hvdraulic Design of the Reactor Coolant
Svstem

4421 Plamt Configuration Data

4.42.1.1 Reactor Coolant System Configuration

442.12 Reactor Coolant System Thermal
Hydraulic Data
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442323 Regions of the Power Flow Map

This region defines the system
operational capability with the
reactor internal pumps running at
their minimum speed (30%). Power
changes, during normal startup and
shutdown, will be in this region. The
normal operating procedure is to start
up along curve 1.

Regon |

This is the low power area of the
operating map where the carryover
through steam scparators is expected
to exceed the acceptable value.
Operation within this region 1s
precluded by system interlocks.

Region 1

This is the high power/low flow area
of the operating map which the »ystem
is the least damped. Operation within
this region is precluded by SCRRI
(Selected Control Rods Run-In).

Region I

Region IV This represents the normal operating
zone of the map where power changes
can be made, by cither control rod
movement or by core flow changes,

through the change of the pump speeds.

44234 Design Features for Power-Flow
Control

The following limits and design features are
emploved 1o maintain power-flow conditions shown
in Figure 44-1:

(1) Minimum Power Limits at Intermediate and
High Core Flows: To prevent unacceptable
separator performance, the recirculation
svstem is provided with an interlock to
reduce the RIP speed.

(2) Pump Minimum Speed Limit: The Reactor
Internal Pumps (RIPs) are equipped with
Anti-Rotation Devices (ARD) which prevent 2
tripped RIP from rotating backwards. The
ARD begins operating at 300 rpm decreasing
speed. 1n order to prevent mechanical wear
in the ARD, minimum speed is specified at
300 rpm. However, to provide a stable
operation, the minimum pump speed 1s set al
450 rpm (30% of required).

Amendment 15
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44235 Flow Control

The normal plant startup procedure requires
the startup of all RIPs first and maintain at
their minimum pump speed (30% of rated), at
which point reactor heatup and pressurization
can commence. When operating pressure has been
established. reactor power can be increased.
This power-flow increase will follow a line
within Region 1 of the flow control map shown in
Figure 44-1. The system is then brought to the
desired power-flow level within the normal oper-
ating arca of the map (Region IV) by increasing
the RIP speeds and by withdrawing control rods.

Control rod withdrawal with constant pump
speed will result in power /flow changes along
lines of constant pump speed (Curves 1 through
&). Change of pump speeds with constant control
rod position will result in power /flow changes
along, or ncarly parallel to, the rated flow
control line (curves A through F).

4424 Thermal and Hydraulic Characteristics
Summary Table

The thermal-bydraulic characteristics are
provided in Table 4.4-1 for the core and tables
of Section 5.4 for other portions of the reactor
coolant system.

4&3——-1Nifﬂnf
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ATTACKH™MENT A

4.4.2.S Thernnal N‘jém“\sc S4eloy \\'L:) Oavicwmsnce
As discussed in the Response to Question 100.1, the ABWR design
assures the stability performance in the normal operating region is more stable
than current operating BWRs by incorporating the following design features:

(I)  Smaller inlet orifices, which increase the inlet single-phase pressure
drop, and, consequently, improve the core and channel stability.

(2) Wider control rod pitch, which increases flow area, and, consequently,
reduces the void reactivity coefficient and improves both core and
channe! stability, and

(3) More steam separators, which reduce the two-phase pressure drop, and
improve the stability.

In order to reconfirm this conclusion, a stability analysis based on the
procedures developed by the BWROG committee on thermal hydraulic
stability (Reference 1) was performed for the ABWR. In this analysis, a
conservative nuclear conditions, taking into consideration of future core
design, were assumed. The results at the most limiting conditions in the
normal operating region (i.e.; the intercept of 102 % rod line with all
operating RIPs at their minimum speeds, assuming only 9 out of 10 RIPs are
in operation) are as follows:

- Core Decay Ratio 0.72,
- Channel Decay ratio 0.36.
Ge-3

These results are also shown in Figure & together with the criteria. From
Figure 1, it is confirmed that that ABWR is stable in the normal operating
region.
6~y

Furthermore, automatic logics (Figure {) which prevent plant operation
in the region with the least stability margin is also implemented. This design is
similar to Option I-A, one of long-term solutions considered by the BWROG.
In addition, in order to meet the stability design requirements specified in the
ALWR Utility Requirements Document, Option III, LPRM based Oscillation
Power Range Monitor (OPRM), which is also one of long-term solutions



ATTACUMENT A (ConT.)

considered by the BWROG, will be implemented in the ABWR design, when
the OPRM design is approved by the NRC.

As for issues relates to ATWS stability, they are of no concems to the
ABWR design, since the ABWR design has logic to automatically initiate the
SLCS. including automatic initiaiion of feedwater run back. Furthermore, the
ABWR EPG will incorporate any changes recommended by the BWROG.

In summary, the ABWR stability design is consistent with the licensing
methodology proposed by the BWROG committee on thermal hydraulic
stability. The ABWR will be stable in the normal operating region.
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conditioning equipment, alarming monitor, signal
analysis and data acquisition equipment, and
calibration equipment.

4.4.4 COL License Information
4.4.4.1 Power Flow Opersting Map

The specific power flow operating map (o be
used &t the plant will be provided by the COL
applicant 10 the USNRC for information. (Sec
Subsection 4.4.2.3.1).

4442 Thermal Limits
The thermal limits for the core loading at
the plant will be provided by the COL applicant

to the USNRC for information. (See Subsection
44231).
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532 Pressure/Temperature Limits

£321 Limit Curves

The pressure/temperature limit curves in
Figure 5.3-1 arc based on the requirements of
10CFRS0, Appendix G. The prressure/temperature
limits look different than SRP Section 5.3.2
because the ABWR temperature limits are based on a2
more recent revision of Regulatory Guide 1.99.

All the vessel shell and head arcas remote from
discontinuities plus the feedwater nozzles were
evaluated, and the operating limit curves are
based on the limiting location. The boltup limits
for the flange and adjacent shell region arc based
on a mimimum metal temperature of RT DT plus
33°C. The maximum throughwall tempcru"ure gradi-
ent from continvous heating or cooling at 55.5°C
per hour was considered. The safety factors
applied were as specified in ASME Code, Appendix
G, and Reference 2.

The material for the vessel will be provided
with the following requirements of RT T %
determined i accordance with Branch T’e‘gnical
Position MTEB 5-2: shell and flanges -229°C;
nozzles - 29°C and welds - 29°C.

See Subsection 5.3.4.3 for COL license
information.

£32.1.1 Temperature Limits for Boltup

Minimum closure ﬂan%c and fastener tem-
peratures of RT 337°C are required for
bk I\lDT Fouen .
tensioning at preload condition and dgnng
dclcnsioninq, Thus, the limit is -29°C +

33°C » + 4°C.

£12.12 Temperature Limits for 151 Hydro-
static and Leak Pressure Tests

Pressure (measured in the top head) versus tem-
perature (minimum vessel shell and head metal tem-
perature) limitc to be observed for the test and
operating conditions are specified in Figure
53-1. Temperature limits for preservice and
inservice tests are shown in Curve A of Figure
5.3-1

£§32.1.2 Operating Limits During Heatup,
Ceoldown, and Core Operation

Amendment 23
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Heatup and Cooldown.

Curve B in Figure 5.3-1 specifies limits for
non-nuclear heatup and cooldown following a
nuclear shutdown.

Reactor Operation

Curve C in Figure 5.3-1 specifies limits appli-
cable for operation whenever the core is critical
except for low-level physics tests.

£32.14 Reactor Vessel Aonealing

Inplace anncaling of the reactor vessel,
because of radiation embrittiement, is not an-
ticipated to be necessary.

and
G-IVE)

£32.15 Predicted Shift iv RT
Drop in Upper-Sheifl Energy (

For design purposes the adjusted reference nil
ductility temperature and drop in the upper-shelf
energy for BWR vessels is predicted using the pro-
cedures in Regulatory Guide 1.99.

The calculations (see response to Question
251.5) are based on the specified limits on
Phosphorous (0.020%), Vanadium (0.05%), Copper
(0.08%) and Nicke! (1.2%) in the weld material.
In plate material, the limits are Copper (0.05%)
and Nickel (0.73%). Forgings will bave the same
chemitry as plate but the nickel limit is 1%. ),

The ABWR neutron fluences are low when compared
with the past reactors because of the fact that
the incorporation of internal pumps increased the
annulus between the shourd and the vessel wail,

A surveillance program in accordance with ASTM
E 185 will be used. The surveillance program will
include samples of base metal, weld metal =od heat
affected zone material. Subsectios 5.3.1.6
provide. added detail on the surveillance program.

£322 Operating Procedures

A comparison of the pressure versus temp-
erature limit in Subsection 5.3.2.1 with in-
tended normal operation procedures of the most
severe service level B transient shows that
those limits will not be exceeded during any
foreseeable upset condition. Reactor operating
procedures have been established so that actual
transients will not be more severe than those

536
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The evaluation of fast neutron fluence for the ABWR vessel was done using the Oak
Ridge National Lab code DOT-4 on a CRAY X-MP Super Computer using an eighth core
symmetry fixed source model. The neutron source was based upon a three dimensional
nodal fuel model of ABWR for an integrated equilibrium core with a 26 group neutron
spectrum  The results shown below are reasonable in comparison to the BWR/
calculations which were performed with an older version of DOT . In this comparison, the
BWR/6 40 year quarter thickness evaluations for the 218-624 plant were compared to the
40 year B_':gs 232}-2‘:8 plant and the 40 year ABWR values which are shown on line
three of * In evaluating the relative fluence, the power level and shroud 1o
vessel water thickness were taken into account. In the case of the e_rihickneu. the
neutron reduction factor was interpolated from she-attached figurefWhich shows the
calculated fast neutron flux for an annular region as a function of water thickness. The
WAl O .fﬂ*\.v‘ of \whrv\o‘ v S '“CM‘-J ""K
D\‘\V\V\P\MJ ta'&ww +\~L S\\Vt::&\ ‘:unr( 4\ V‘""‘ W“\

f.0. ARwWR . This leads 4o ow ov-dhia, T mAjV\\‘L“J.L
v-QAu\c.‘\‘\ov\ ey 4—\~I. -&x?ac“l.d ~$As“’ -:—vlu&y\q,



TAGLE 5.3~

BWR/6 ABWR
218-624 238-748

Peak Fluence (40yr) | 5.SE+18 43E+18 2.2E+17
(1/41)
Power (MW1) 2894 3579 3926
Bundles 624 748 872
Power Lvl (kw/) 528 54.5 513
Vessel IR 276 86 302 26 353 06
Shroud OR (cm) 234 95 256 54 280 35
Water Gap (cm) 419 457 72.7
Neutron Reduction | 0.007 0.0044 0.00042
Factor for Water
Expected Fast 5SE+18 3 6E+18 34E+17
Fluence based upon
218-624
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Neutron Flux vs Water Thickness
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vendor fuel. Mixed core effects are included in
the calculation.

Whes loading GE fuel into a core with other
vendor fuel, GE will use the puclear libraries
calculated fro the otker vendor fuel and the
actual fuel bundle parameters of the other
vendor fuel in a mixed core analysis to
demonstirate the adequacy of the plant

overpressure system.

4B.11 LOSS-OF-COOLANT ACCIDENT
ANALYSIS METHODS

(1) The criteria in 10CFRS0.46 is met by either
plant-specific or bounding analyses.

The criteria is curreatly met by plant exposure
dependent, bundle /lattice specific MAPLHGR
values which must be met during plant operation.
in the future, other criteria or bounding analyses
may be approved by the NRC.

(2) MAPLHGR adjustment factors are utilized for
each design if required for operating flexibility
options.

Plant MAPLHGR adjustment factors for
operation it & configuratiop Of TEgIOD rEQUIring
revised MAPLHGR values such as single
recirculation loop operation must be confirmed
for each pew fuel design. This will be done for
each plant prior to the cycle of operation of the
new fuel design in that plant.

(3) When GE fuel is loaded into a core with other
vendor fuel, and, when no new system analysis 15
performed, MAPLHGR values for other vendor
fuel will be those calculated by that vendor.

The LOCA analysis used to caiculate fuel
MAPLHGR values is independent of the other
fuel in the core. Therefore, insertion of GE fuel
into a core with other vendor fuel will not impact
the results of the LOCA snalyses previously
performed for the other vendor fuel if Bo pew
system analysis 1 performed

4B.12 ROD DROP ACCIDENT

| ANALYSIS

| (1) Plant cycle specific analysis results, if analysis is

|
|

required, shall not exceed the heensing himat

Amendment 16

appve

(2) Applicability of the bounding BPWS mlym
must be confirmed if analysis is required.

4B.13 REFUELING ACCIDENT
ANALYSIS

The consequences of refueling accidents are
confirmed as bounding or a new analysis shall be
performed and documented when a new fuel design
i wtroduced.

The consequences of the refueling accident are
primarily dependent vpon the number of fuel rods in
s bundic. When the pumber of fuel rods changes,
the effect on the refueling accident must be
determined based oo the fuel design information

report.
>

4B.14 ANTICIPATED TRANSIENT
WITHOUT SCRAM

below:

(1) A negetive core moderator void reactivily
coefficient, consistent with the analvzed range of
void coefficients provided in Appendix 15E, shall
be maintained for any operating conditions above
the startup critical condition.

events (as described in Appendix 15E) will be
evaluated to demoanstrate that the plant response

in within the ATWS criteria specified in
Appendix 15E.

' 4B.15 UNACCEPTABLE RESULTS FOR
INFREQUENT INCIDENTS
 (UNEXPECTED OPERATION

OCCURRENCES)

The following are considered (o be unacceptabie
safety results for infrequent incidents (upexpected
operational occwrrences):

(1) release of radioactivity which results in dose

- ‘ch -F,Aq,\ v

LSl \ 2“ a“‘ A'CV‘ l

consequences that exceed small fraction (10
percent) of 10CFR100

(2) failure of fuel cladding wkich could taust
changes 1o core geometry such that core cooling
would be inhibited

SoV\QK‘\’aA'\oaJO— 4 s‘\o” bQ

T4

(2) ¥ eriterion (1) above is pot satisfied, the limiting |

The fuel must meet either criteria (1) or (2) |

|
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worst possible location, and the plant is oper-
ated with the mislocated bundle. This event s
categorized as a himiting fault based on the
following data:

Expected Frequency: 0.002 events/operating
cycle

This number is based upon past exnenence.

15472 Sequence of Events and Systems
Operstion

154721 Sequence of Events

The postulated sequence of evenis for the
misplaced bundie accident (MBA) is presented in
Table 15 4-6.

1£.4722 Systems Operation

A fuel loading error, undetrcied by in-core
instrumentation foliowing fueling operations, may
result in an undetected reduction in thermal
matgin during power operations. For the analysis
reported berein, po credit for detection is taken
and, therefore, no correciive operator action o
sutomatic protection sysiem functioning is
assumed 10 occur.

18,473 Core and System Ferformance

This event is presented in Subsection S.7 €4
of Reference 1

Mislocated bundie apalyses are not performed
for reloau cores because, based on analysis of
dala available from past reloads, the probability
that a mislocated fuel bundle loading error will
result in a CPR less than the safety limit is
sufficiently small (see Reference $.2-58 of
Reference 1).

For ABWR initial core, the mismatch of
exposurcs and istegrated bundle power between
mislocated bundles are less severe than the
equilibrium cycle. Therefore, the consequence of
a postulated misplaced bundle accident for the

initial core is less severe th n that for the
equilibrium cycle. Conseque “ly, ihe concl;suﬂ
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drawn from the reload core apalysis as previous-
ly presented is applicable to the * ®WR imitial
core. Hence, no specific analysi. -+ . 'red.
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15.4.7.4 Barvier Performance

An evaluation of the barrier performance is

nc made for this event, because it is & mild

od highly localized event. No perceptible
hange in the core pressure is observed.

£.4.75 Radiological Consequences

An evsluation of the radiological conse-
quences is pot required for this event, because
po radioactive material is released for the
fuel.

15.48 Rod Ejection Accident

15481 ldentification of Causes and Frequency
Classification

The rod ejection accident is caused by a
major break on the FMCRD bousing. outer tube or
associated CRD pipe lines. Due to a break of
this type, the reactor pressure exerted on the
CRD spud pushes down the bollow piston and the
ballout with a large force. The shaft screw and
the motor are forced to unwind. A passive brake
mechanism is instalied in the FMCRD system 10
prevent the control rod from moving. The design
of the brake is presented in Section 4.6.1. The
probability of the initial causes, i.c., 2 CRD
pipe line break or bousing break, is considered
jow enough to warrant its being categorized as a
limiting fault. Even if this accident does
bappen, the brake prevents the control rod from
ejection. Should the brake fail, the check
valve will ¢=rve as a backup brake to prevent
the rod ejection.

18482 Sequence of Events and Systems
Operation

If @ major break occurs on the FMCRD housing,
the reacior pressure will provide forces that
could cause the shaft screw to unwind. The
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FMCRD brake mechanism prevents the rod irom
moving. Therefore, no rod gjection can occur
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control rod {rom the bollow piston of the FMCRD.
Jf the control rod is stuck, the separation-de-
tection devices will detect the separation of the
control rod and bollow piston from the ballout of
the FMCRD and rod block interlock will prevent
further rod withdrawal. The operator will be
alarmed for this separation.

There is no basis for the control rod drop
event 10 occur

15,493 2 ldentification of Operator Actions

No operator actions are required to preclude
this event. However, the operator will be
potified by the separation-detection alarm if
separation is detected.

1£.49.4 Core and System Performance

The performance of the separation-detection
devices and the rod block interlocks virtually
preclude the cause of a 1od drop accident.

15495 Barrier Performance

An evaluation of the barrier performance is
not made for this accident since there is no
circumstance ;5r which this event could occur

12,496 Radiological Consequences
The radiological analysis 15 not required.

it
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