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Washington Public Power Supply System
P.0.Box968 3000 GeorgeWashingtonWay Richland, Washington99352 (509)372-5000

March 21, 1983
602-83-244

Docket No. 50-397

Director of Nuclear Reactor Regulation
Attention: Mr. A. Schwencer, Chief
Licensing Branch No. 2

Division of Licensing

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Mr. Schwencer:

Subject: NUCLEAR PROJECT NO. 2
REWRITE OF CHAPTER 4, SECTIONS 4.1
THROUGH 4.4 OF THE WNP-2 FSAR

Enclosed are sixty (60) copies of our rewrite to Sections 4.1 through
4.4 of Chapter 4 of the WNP-2 FSAR. The enclosed will be incorporated
into Amendment No. 30 to be issued in June 1983,

Very truly yours,

ﬁ@wva‘j
G..D. Bouchey
Manager, Nuclear Safety and Regulatory Programs

jeca
Enclosure

cc: R Auluck - NRC
WS Chin -~ BPA
A Toth - NRC Site
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_spargers, and the jet pumps. Except for the Zircaloy in the

' other corrosion resistant alloys. All major internal com-
_ponents of the vessel can be removed except the jet pump

O '
' ‘
-
. .
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CHAPTER 4
REACTOR

4
=

1 SUMMARY DESCRIPTION

The reactor assembly consists of the reactor vessel, its
internal components of the core, shroud, steam separator

and dryer assemblies, and jet pumps. Also included in the
reactor assembly are the control rods, control rod drive
housings, and the control rod drives. Figure 5.3-1, Reactor
Vessel Internals, shows the arrangement of reactor assembly
components. A summary of the ., important design and perform-
ance characteristics is given in 1.3. Loading conditions for
reactor assembly components are specified in 3.9.

4,1.1 REACTOR VESSEL
The reactor vessel design and description are covered in 5.3.
4,1.2 REACTOR INTERNAL COMPONENTS

The major reactor internal components are the core (fuel,
channels, control blades, and instrumentation), the core
support structure (including the shroud, top guide and core
plate), the shroud head and steam separator assembly, the
steam dryer assembly, the feedwater spargers, the core spray

reactor core, these reactor internals are stainless steel or

éiffusers, the jet pump risers, the shroud, the core spray
lines, spargers, and the feedwater sparger. The removal
of the steam dryers, shroud head and steam separators, fuel
assemblies, in-core assemblies, control rods, orificed fuel
supports, and control rod guide tubes, can be accomplished
on a routine basis.

The General Electric Standard Application for Reactor Fuel,
Licensing Topical Report NEDO-24011l and NEDE-24011-P.

3.1-1
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The in-core location of the startup and source
range instruments provides coverage of the large
reactor core and provides an acceptable signal-
to-noise ratio and neutron-to-gamma ratio. All
in~core instrument leads enter from the bottom
and the instruments are in service during re-
fueling. In-core instrumentation is further
discussed in 7.6.1.5 and 7.7.1.6. .

c. As shown by experience obtained at Dresden-1l
and other plants, the operator, utilizing the
in-core flux monitor system, can maintain the
desired power distribution within a large core
by proper control rod scheduling.

d. The Zircaloy-4 reusable channels provide a fixed
flow path for the boiling coolant, serve as a
guiding surface for the control rods, and protect
the fuel during handling operations.

e. The mechanical reactivity control permits criti-
cality checks during refueling and provides
maximum plant safety. The core is designed to
be subcritical at any time in its operating . @ﬁ%

()
24

-
Il
il

history with any one control rod fully withdrawn.

£. The selected control rod pitch represents a
practical value of individual control rod reac-
tivity worth, and allows ample clearance below
the pressure vessel between control rod drive
mechanisms for ease of maintenance and removal.

4,1.2.1.2 Core Configuration

The reactor core is arranged as an upright circular cylinder
containing a large number of fuel cells and is located within
the reactor vessel. The coolant flows upward through the
core. The core arrangement (plan view) and the lattice con-
figuration, are shown in Figure 4. L

2_.—
4.1.2.1.3 Fuel Assembly Description

As can be seen from the referenced figures, the bhoiling water
reactor core is composed of essentially two components--fuel
assemblies and control rods. The £fuel assembly and control
rod mechanical configurations (see Figures 4,2- .-16229
a—and.b¥ are basically the same as used in Dresden-l and
in all subsequent General Electric boiling water reactors.

an</ /‘fg;cre. /-/ of ,@oé/‘cnce —%/’/02)
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4.1.2.1.3.1 Fuel Rod

A fuel rod consists of UO2 pellets and a Zircaloy-2 cladding

tube. A fuel rod is made by stacking pellets into a Zircaloy

-2 cladding tube which is evacuated and back-filled with 3 g oF
helium, and sealed by welding Zircaloy end plugs in each end

of the tube. .

The BWR fuel rod is designed as a pressure vessel. The ASME
Boiler and Pressure Vessel Code, Section III, is used as a
guide in the mechanical design and stress analysis of the
fuel rod.

The rod is designed to withstand the applied loads, both
external and internal. The fuel pellet is sized to provide
sufficient volume within the fuel tube to accommodate differ-
ential expansion between fuel and clad. Overall fuel rod
design is conservative in its accommodation of the mechanisms
affecting fuel in a BWR environment. Fuel rcd design basis
are discussed in more detail in 4.2.1.+<7

4.1.2.1.3.2 Fuel Bundle

Each fuel bundle contains 62 fuel rods and two water rods
P which are spaced and supported in a square (8x8) array by a
5%? . lower and upper tie plate. The fuel bundle has two important
design features:

a. The bundle design places minimum external forces
"on a fuel rod; each fuel rod is free to expand
in .the axial direction.

b. The unique structural design permits the removal
and replacement, if required, of individual fuel
rods.

The fuel assemblies of which the core is comprised are de-
signed to meet all the criteria for core performance and to
provide ease of handling. Selected fuel rods in each assem-
bly differ from the others in uranium enrichment. This
arrangement produces more uniform power production across
the fuel assembly, and thus allows a significant reduction
in the amount of heat transfer surface required to satisfy
the design thermal iimitations.

4.,1-5
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4.,1.3 REACTIVITY CONTROL SYSTEMS
4,1.3.1 Operation

The control rods perform dual functions of power distribution
shaping and reactivity control. Power distribution in the
core is controlled during operaticn of the reactor by manipu-
lation of selected patterns of rods. The rods, which enter
from the bottom of the near-cylindrical reactor core, are
positioned in such a manner to counter-balance steam voids .in
the top of ‘the core and effect significant power flattening.

These groups of control elements, used for power flattening,
experience a somewhat higher duty cycle and neutron exposure
than the other rods in the control system.

The reactivity control function requires that all rods be

available for either reactor "scram" (prompt shutdown) or

reactivity regulation. Because of this, the control elements

are mechanically desighed to withstand the dyramic forces

resulting from a scram. They are connected to bottom-mounted,
hydraulically actuated drive mechanisms which allow éither

‘axial positioning for reactivity regulation or rapid scram A
insertion., The design of the rod-to~drive connection permits
each blade to be attached or detached from its drive without
disturbing the remainder of the 'control system. The bottom-
‘mounted drives permit the entire control system to be left
intact and operable for tests with the reactor vessel open.

4.1.3.2 Description of Rods

The cruciform shaped control rods contain 76 stainless steel
tubes (19 tubes in each wing of the cruciform) filled with
vibration compacted boron-carbide powder. The tubes are seal
welded with end plugs cn either end. Stainless steel balls
are used to separate the tubes into individual compartments.
The stainless steel balls are held in position by a slight
crimp in the tube. The individual tubes act as pressure
vessels to contain the helium gas released by the boron-
neutron capture reaction.

The tubes are held in a cruciform array by a stainless steel
sheath extending the/full length of the tubes. A top handle,
shown in Figure 4.2-4, aligns the tubes and provides struc-
tural rigidity at the top of the control rod. Rollers,
housed in the handle, provide guidance for control rod in-
sertion and withdrawal. A bottom casting is also used to
provide structural rigidity and contains positioning rollers

(2
&5

4.31-8
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and a parachute~shaped velocity limiter. The handle and
lower casting are welded into a single structure by means of
a small cruciform post located in the center of the control
rod. A steel stiffener is located approximately at the
midspan of each cruciform wing. The control rods can be
positioned at 6-in. steps and have a nominal withdrawal and
insertion speed of 3 ln/sec.

F ure 4.2~
The velocity llmlteﬂjis g'ﬁévfce W LC%DLS an integral part
of the control rod and protects against the low probability
of a rod drop accident. It is designed to limit the free
fall velocity and reactivity insertion rate of a control rod
so that minimum fuel damage would occur. It is a one-way

device, in that control rod scram time is not significantly
affected.

Contrel rods are cooled by the core leakage (bypass) flow.
The core leakage flow is made up of recirculation flow that
leaks through the several leakage flow paths, which are:

a. The area between fuel channel and fuel
assembly nosepiece;

b. The area between fuel assembly nosepiece and
fuel support pilece;
. "//0¢$ /n /e /Sowoer Fre .
dp. T?e area between fuel éﬁpport piece and core
+  plate;

ed. The area between core plate and shroud;

J#. Holes in the core plate near power range
monitor instrument guide tubes; amd—

3£. Various leakageafaths around the control rod
guide tubes; an

. '/‘ C’ov\’lfo/ /o c/f e C’oO/lﬂ M"/f
4.1.3.3 Supplementary Reactivity Control

The control requirements of the initial core are designed
to be considerably in excess of the equilibrium core re-
quirements because of the long initial operating cycle.
The initial core control requirements are met by use of
the combined effects of the movable control rods and a
supplemental burnable poison. The supplemenuary burnable

poison is gadolinia (Gd203) leEd with UO2 in selected fuel
rods in each fuel bundle.

U
=
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A
L=
foa
I
w



4 4

WNP=-2
Tune /973

4.1.4 'ANA.";.YSIS TECHNIQUES

4.1.4.1

Reactor Internal Components

Computer codes used for the analysis of the internal com-
ponents are listed as follows:

a.

b.

j.

MASS

SNAP (MULTISHELL)
GASP

NOHEAT

FINITE

DYSEA

SHELL 5

HEATER

‘FAP-T71

CREEP~PLAST

, Detail descriptions of these programs are given in the.
following sections:

4 - l"lo
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4.1.4.3 Reactor Systems Dynamics

The analysis techniques and computer codes used in reactor
systems dynamics are described in section 4 of Reference
4.1-10. . A complete stability analysis for the reactor
coolant system is also provided in 4.4.4.6.

4.1.4.4 Nuclear Engineering Analysis

The analysis techniques are described and referenced in seec on 3./

43X~ The codes used in the analysis are: ) of Peference ¢ /~/2q4
Computer Code Function '
Lattice Physics Model Calculates average few-

group cross sections,
bundle. reactivities, and
relative fuel rod powers
within the £uel bundle.

BWR Reactor Simulator Calculates three-dimen-
' sional nodal power distri-
butions, exposures and
thermal hydraulic charac-
@ teristics as burnup pro- . ,
gresses. .

4.1.4.5 Neutron Fluence Calculations

Neutron_vessgl fluence calculations were carried out using
a one-dimensional discrete ordinates Sn transport code with
general anisotropic scattering.

This code is a modification of a widely used discrete ordin-
ates code which will solve a wide variety of radiation trans-
port problems. The program will solve both fixed source and
multiplication problems. Slab, cylinder, and spherical geom-
etry are allowed with various boundary conditions. The £lu-
ence calculations incorporated as an initial starting point
neutron fission distributions prepared from core physics data
as a distributed source. Anisotropic scattering was consid-
ered for-all regions. The cross sections were prepared with
a 1/E flux weighting, P; matrices for anisotrecpic scattering
bu:z did not include resonance self-shielding factors. Fast
neutron fluxes at locations other than the core mid-plane
wege calculated using a two-dimensional discrete ordinate
code. "

40 1-19
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4.2 “ FUEL SYSTEM ‘ IGN

4.2/
See Appendix A, Section A.4.2 of Reference iﬁ

) ' é TR
ign Bases ¢7 ~°

4.2.1 S

N Gorx-/
See Appendix A, Subsection A.4.2.1 of Reference 2.

4.2.2 Desgrintion and sign Drawings qgﬂ;‘"<—jjw’aéﬂgbézr*—héy’_

4 2=/
See Appendix A, Subsection A.4.2.2 of Reference Y.

4.2.2.1 Céntrol Rods

The control rods (Figures 4.2~1 and 4.2-2) perform the dual func-

tion of power shaping and reactivity control. A, design drawing

of the control blade is seen in Figures 4.2~1 and 4.2-2. Power

distribution in the core is controlled during operation of the

reactor by manipulating selected patterns of control rods. Con~
withderawa | .

trol rod 4ispiseement tends to counterbalance steam void effects

axia .
at the top of the core and results in significan;npower flattening.

The control rod consists of a sheathed cruciform array of stain-
less steel tubes filled with boron-carbide powder. The control
rods are 9.88 inches in total Zfan and are separated uniformly

throughout the core on a l2-in¢ pitch maximum. Each control rod

is surrounded by four fuel assemblies.

The main structural member of a contrcl rod is made of Type-304
stainless steel and consists of a top handle, a bottom castinc
with a velocity limiter and control rod drive coupling, a vertical
cruciform center post, and four U-shaped absorber tube sheaths.
The top handle, bottom casting, and center post are welded intc a
single skeletal structure. The U-shaped sheaths are resistance
welded to the center post, handle, and castings to form a rigid
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housing to contain the boron-carbide-filled absorber rods. Rollers
at. the top and bottom 6f the control rod guide the control rod as

it is inserted and withdrawn from the core. The control rods afe!
cooled by the core bypass flow. The U~shaped sheaths are perfora-
t£ed to allow the coolant to circulate freely about the absorber
tubes. Operating experience has shown that control rods constructed
as described above are not susceptible to dimensional distortions.

The boron-carbide (B C) powder in the absorbe* tubes is compacted
to about 70 percent of its theo*e.zcal density. The boron-
carblde contains a minimum of 76.5 percent by weight natural
boron. The boron-10 (B-10) minimum content of the boron is .18
percent by weight. Absorber tubes are made of Type-304 stainless
steel. Each absorber tube is 0.188 inches in outside diameter “
and has a 0.025-in all thickness. Absorber tubes are sealed by
a plug welded into each end. The boron-carbide is longitudinally
separated into individual compartments by stainless steel balls

at approximately 16-inl"intervals. The steel balls are held in
place by a sllght crimp of the tube. Should bcron-carblde tend

to ecﬂaisz—:géehef-ln service, the steel balls will é*ﬂéggg;%e the

re:ultlng vo;dz’over the length of the absorber tube.
Spaces o istriduTed

4.2.2.2 Velocity Limiter

.

The control rod velocity limiter (see Figure 4.2-3) is an integral
part of the bottom assembly of each control rod. This engineered
safeguard protects agalnst hlgh reactivity insertion rate by
limiting the control rod veloc;ty in the event of a control- ro*-
drop accident. It is a one-way device in that the control rod
scram velocity is not significantly affected but the control rod
dropout Qelocity is reduced to a permissible limit.
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2% loci ite ontinued

The velocity limiter is in the form of two nearly mated conical
elements that act as a large clearance piston inside- the control
rod guide tube. The lower conical element is separated from the
upper conical element by four radial spacers 90 degrees apart,and

-

a.,o,oraxzmqfc,/
The hyd..aul:.c drag forces on a control rod areVpr opor,.:.onal to

approimetaiv the square of the rod velocity and are negligible
at normal rod withdrawal or rod insertion speeds. However, during
the scram stroke the rod réaches high velocity, and the drag
forces must be overcome by the drive mechanism.

To limit control rod vélocity during dropout but not during scram,
the velocity limiter is provided with a streamlined profile in

" the scram (upward) direction. Thus, when the control rod is

scrammed, water flows over the smooth surface of the upper conical
element into the annulus between the guide tube and the limiter.
In the dropout direction, however, water is trapped by the "owe:
conical element and discharged throuch the annulus between the

two conical sections. Because th:.s water is f,-‘gcige- in a partia
reversed d~rect:.on into water af}iw_%&‘gs upwaru in the annulus, a
severe tur..ulance is created, shoseby SlOWi—R‘i’— the descent o:i.the.

control rod assembly to less than 5 ft/sec.
4.2.3 Design Evaluation ‘a’fo

’ g2/
See Appendix A, Subsection A.4.2.3 of Reference X.

4.2.4 ge_s:'m‘&g,:Inso%ctibn gnd §urve‘¥é' lagcg Plans-~ M
4.2.9.1 Goneval Eltetrie Fuel T’c.d-:ng ,D\srmhbn,and Surveillanee

, See Appendix A, Subsection A.4.2.4 of Reference Y.

g.21
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The following fuel surveillance will be conducted for the WNP-2 unit on
fuel discharged during the shutdown period of each refueling outage. . .

. '
- 3

Scope

The fuel surveillance program, developed to provide verification of the
reliable performance of the WNP-2 fuel design, will consist of the
followi inspections and measurements: .

highest burnup assemblies of the discharged
fuel during each refueling outage to verify assembly and rod 7
structural integrity. .

Zb3 . If anomalous behavior of the fuel cladding, components of the
fuel assembly, or significant rod bow are detected by visual * .
examination, further investigation and measurements of such '
significant anomalies will be conducted after the refueling
outages.

Inplementation

fa3, On-site receiving inspection of all the initial core fuel
assemblies and subsequent reloads will be documented. Any
significant anomalies detected will be documented,and=XXx

%Zb2. Fuel performance history and related plant operation data will
be monitored and analyzed during operation.

#c3. Fuel assemblies scheduled to be permanently discharged will be
evaluated prior to the refueling shutdown to identify the
range of burnup and operating conditions based on core analysis’
simulation.and-in-core-measurements.

' 25t 1o Fon praatnt 2BTAL, - |
£y, At leasg’ZEEEEEEZhighesc burnup assemblies discharged during
each refueling outage will be selected for visual inspection.

a

The visual examination of the peripheral rods will include ...—— ——w

observations for cladding defects, fretting, rod bowingﬁmﬂs-lefwP”“$

f:
.l

corrosion, crud deposition, and geometric distorticns. The
surface area examined on the selected discharged fuel assem- -
blies will be videotaped. .
¥e7. In the event that significant anomalies are observed during
the refueling examination, all other discharged assemblies
will also be visually inspected during the refueling outage.
The results will be analyzed to detcrmine fuel utilization
strategy and possible safety implications in accordance with
- the operating procedures and applicable licensing requirements.
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1f unusual defects are observed, the fucl with the defects and the
applxcable operational data will be investigated and further appro-
priate tests and examination of the defected fuel will be performed.

0

‘Following inspections, an oral report of ‘the results and conclusions

will be made prior to startup. In addition, a written report will
be submitted to the NRC within 90 days after the startup for the
subsequent cycle. Under normal conditions, the report will contain
visual examination summaries confirming the reliable performance of .
the fuel assemblies. In the event that significant anomalies. or

“unusual defects are observed, the report will contain the descrip-

tion and related data of on-site receiving inspection and operational
conditions. Evaluation and studies to identify causes for any
encountered anomalies or defects will be assessed and the results
will be reported to the NRC as they become available,

"
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4.3 NUCLE “DESIGN .-
T 43-/

See Appendzx A, Sect;on Aﬂé 3.0f Referenceﬁi
‘ | T " L TN, (#Ljuéak)
' 4.3.1, Design Bases /%—i A

: o 3/
See Appendix A, Subsection A.4.3.1 of Reference }z'

4.3.2 Dgscrigtion.¢‘627“9 ' -
/3 -/ |
" See” Apoend;x A, Subsectlon A.4, 3 2 of Reference

4.3.2.1 Nuclear Design Description _
| o : 9.3/

See Aopendit A, Subsection A.4.3. 2 .1 of Reference XZ. The initial
core loading pattern is provxded in Flgure 4.3-1. A summary of
the fuel bundles loaded is given in Table 4.3-1.

4.3.2.2 Power Dis#;;butionm

. - ; - Y3~/
§ee‘Appendix A, Subsection A.4.3.2.2 of Reference L. ‘
4.3.2.3 Reactivity Coefficients

yaf/

See Appeqaix A, Subsection A.4.3.2.3 of Rebe*enco,i.

4.3.2.4 Control Requirements

| ‘ o g3/
'See Appendix A, Subsection A.4.3.2.4 of Reference Y.’

4.3-1" o



- See Agpendix A, Subsection A.4.3.2.5 of Reference %,
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4.3.2.4.1 Shutdown Reactivity

To 'assure that the safety design basis for shutdown is satlsfled,
an additional design margin is adopted. k-effective is calcu~-
lated to be less than or equal to 0.99 with the contzol roé;higp-
est worth fully withdrawn.

The cold shutdown margin for the initial core loading pattern is
given in Table 4.3-2.

4.3.2.4.2 Reactivity Variations

The excess reactivity"designgd into the core is controlled by
the control rod system supplemented by gadolinia-urania fuel
rods.- En*;chment distributions for these rods are given in .

i 0f Reference }/5/5'/

Section 2 g

Control rods are used during the cycle partly to compensate for
burnup and partly to flatten the power distribution.

Reactivity balances are not used in describing BWR behavior
because of the strong interdependence of the individual constitu-
ents of reactlv ty. Therefore, the design process does not pPro=-
duce comnonents of a reactivity balance at the conditions of .
interest. Instead, it gives the k esf (Table 4.3-2) representing
all effects combined. Further, any listing of components of

a reactivity balance is quite ambiguous unless the sequence of the
changes is clearly def;ned.

4.3.2.5 Control Rod Patterns and Reactivity Worths

4.3-)

4.3-2
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1 3.2.6 Crztlcalxty of Reactor Durlng Refuelxng

. 3'/
See Appendzx A, Subsectlon A 4.3.2.6 of Reference 2? 7

4.3.2.1 Stability

93-/

See Appendix A, Subsection A.4.3.2.7 of Reference Z.
4.3.2.8 Vessel Irradiations

*he neutron fluxes at the vessel have been calculated using the
cne-dimensional discrete ordinates transport code described in
Sualmection 4.1.4.5. The discrete brdinates code was used in a
dist rlbuted source mode with cylindrical gecmetry. The geometry
described six regloxs;réwg the center of the core to a point beyond
the vessel. The core region was modeled as a single homogenized
cylindrical region. The coolant water region between the fuel
channel and the shroud was described contqininé saturated water at
530°F and 1050 psi. The material compositions for the stainless
steel in the shroud and the’ carbon steel in the vessel contain the
nixtures by weight as soeczf;ed in the ASME material specxf;cat-ons
for ASME sii}4o, 304L, and ASME SK:BBB grade B. In the region

between the shroud and the vessel, the presence of the jet pumps
wus ignored. A simple diagram showing the regions, dimensions,

uad weight' fractions are shown in Figure 4.3-2.

e distributed source used for this analysis was obtained from tpe
¢ross radial power description. The distributed source at any
pcint in the core is the product of the -power from the power
dascription and the neutron yvield from fission. By using the neu-
:7Gn energy spectrum, the distributed source is obtained for posi-
zion and energy. The integral over pos?tion and energy is normal-
ized to the tctal number of neutrons %n the core region. The core
regioh is'defined as a 1 centimeter thick disc with no transverse
ieakage. The ppwer’in this core region is set equal to the max imum
pewer in the axial direction.
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‘The neutron fluence is determined from the calculated filux by
Nassum.ng that the plant is operated 90 percent of the time at
‘90 .percent power level for 40 years or equivalent to 1 x 109 full
power seconds. The calculated fluxes and fluence are shown in
" \Table 4.3-3. . The calculated neutron flux leaving the cylindrical

;"co*e is shown in Table 4.3-4.
f . .
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Fuel Designation .

. : | pNP-2
‘1‘

) Table 4.3-1 N

'INITIAL CORE FUEL BUNDLES ; N
: 3 m A

¥

Number Loaded .

P8CRB219 432 | 7
'PBCRB176 - 240 S
 PBCRBO71 92 u

X
i «
. -
.
= »
. ) ‘
. ‘ , |
.
. L] " € .
.
-
‘ ' w . .
* ¥
¥ "
.
.
. )
. .
. ] .
.
,
. ] .
. . .
.
.
-
. .
- v e . - .« 4 .
N
" a
- ®
;
. 5 i ‘
:
L -
.
- "
: "
.
.
.
. .
. .
~ -
. »
.
* - -
.
. . . . .
-
) v
.
‘ .
* "
' v
' ‘ N
a & %.
N . %
“
¥ -
Y :
" .
. - » w
.
1.3-5 :
.
.
N .
.
.
L4 £




e



: wENOMELT 2D, 30
: . ) WNP-2 ‘ TZ") e /W_B

Sy ‘

[

» '

~

. h “Table 4.3~2

.o ULATED CO EFFECTIVE MULTIPLICATION . S
e ~_ AND CONTPOL SYSTFM WORTH = NO VOIDs, 20°C

-
*

... Beginning of Cycle, K-effective
AL ) - ‘ .
LR Uncontrolled
AR S

1.1165
NS Fully Controlled 09328 0.%302
» B ¢ P T ) '
33;"‘ © Strongest Control Red Out
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" TABLE 4.3-3

CALCULATED NEUTRON FLUXES (USED TO EVALUATE VESSEL IRRADIATION)

FLUX .AT THE

. AVERAGE FLUX FLUX AT THE .  INSIDE SURFACE
NEUTRON. ENERGY IN THE CORE CORE BOUNDARY VESSEL
HeV - n/cm2-sec 7 n/cm2-gec n/cm2-sec
>3.0 _ 1.5 x 1013 5.4 x 1012 3.3 x 108
1.0 - 3.0 C 3.3 x 1013 1.2 x 1013 2.8 x 108
0.1 -~ 1.0 . 5.3 x 1013 1.7 x 1013 4.9 x 108

Haximum Fluence >1.0 MeV = 1.4 x 10]'8 n 2

cmz

‘ Yaking Yhe
1. The calculated flux is a maximum in the axial direction byhaverage
over the azimuthal angle.

2. The maximum fluence is calculated uaiing the flux and a capacity factor
of 80% or 1 x 109 full power seconds. The fluence includes @azimuthal
peaking factor and a factor to cover analytical uncertaintiea.\ .

. an

T-dNM

Vg

>

\{

S
s




{

h]
%

TABLE 4.3-4
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CALCULATED NEUTRON FLUX AT éORB EQUIVALENT BOUNDARY
LOWER' ENERGY

W 0 3 W W N e

[
w

GROUP. BOUND eV
| 10.0 x 10°
6.065 x 10°
13,679 x 10°
2.231 x 10°
1.353 x 108
8.208 x 10°
*$.979 x 10°
3.020 x 10°
1.832°x 10°
10 1.111 x 10°
11 6.732 x 10%
12 4.087 x 10%
2.478 x 104
14 1.503 x 0%
15 9.119 x 107
16 5.531 x 103
17 ' 3.355 x 107
18 2.034 x 103
13 1.010 x 10°
20 2.492 x 202
21 5.560 x lof
22’ %.240 x 10*
23 0.625°
24 0.0

PLUX -

n/cm2-Sec

4.6

6.1

2.1
4.2

4.4

3.9
4.0

2.8

2.3
1.8

1.4

1.1
1.0

1.0
3.6
9.4

9.4

x

X

X
X

X

10

x°10

10

10
10td

1012

1012
1012
lol‘z
1012
10

10

10

10
11

11
12

10
10

10
12
12

10

1012

12
12

11
11

12

20 . 3O
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4.4 THERMAL-EYDRAULIC ﬁss:cm
: o,

See Appendix A, Section A.4.4 of Reference 1.

: A [
4.4:1 Desian Basis - a%;w
) 4.4-/
See Appendix A, Subsection A.4.4.1 of Reference Y.
4.4.1.1 safety Design Bases

g4~/
See Appendix A, Subsection A.4.4.1.1 of Reference A.

4.4.1.2 Power Generation Design Bases

o ‘ " 4
See Appendix A, Subsection A.4.4.1.2 of Reference 2.

4.4.1.3 Requirements for Steady-State Conditions

For purposes of maintaining adequate thermal margin during normal
steady~-state operation, the MCPR must not be less than theﬁrequired
MCPR operating limit, and the MLHGR must be maintained belcw the
design LHGR for the plant. . This does not specify the operatihg.
power nor does it specify peaking factors. These parameters are b
determined subject to a number of’constraints including the thermal;
limits given previously. The core and fuel design basis for éteady¥
state operation (i.e., MCPR and LHGR limits) have been defined,to
provide margin between the steady-state operating conditions and

5

any fuel damage condition to accommodate uncertainties and to assure
that no fuel damage results even during the worst anticipated tran-

.sient condition at anv time in life. The design steady-state MCPR

operating limit and the peak LEGR are given in Table 4.4-1.
4.4.1.4 Recuirements for Transient Conditions

4~/
See Appendix A, Subsection A.4.4.1.4 of Reference 2(

4.4—1 M :

v
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4.4.1.5 Summary of Design Bases

y.4-/ *
See Appendix A, Subsection A.4.4.1.5 of Reference X.

4.4.2 Reggrigtion of Thermal-Hydraulic Design Q£ Reactoxr Corébef”

S all
See Appendix A, Subsection A.4.4.2 of Reference ﬁﬂ

4.4.2.1 Summary Comparison
‘An evaluation of plant performance from a thermal and hydraulic
standpoint is provided in Bubseetiem 4.4.3.

A tabulation of thermal and hydraulic parameters of the core gs:
given in Table 4.4-1.

4.4.2.2 Critical Power Ratio . .

g4~/

See Appenéix A, Subsection A.4.4.2.2 of Reference X.

4.4.2.3 Linear Heat Generation Rate (LHGR)

"y y-/

See Appendix A, Subsection A.4.4.2.3 of Reference K.
- 4.4.2.4 Void Fraction Distribution

The core average and maximum eﬁit void fractions in the core at’
rated condition are given in Table 4.4-1. The axial distribution
of core void fractions for the average radial channel and the
maximum radial channel (end of node value) for the core are givenam
in Table 4.4-2. The core average and maximum exit valuesggfgigz-
provided. Similar distributions for steam quality are provided

in Table 4.4~3. The core average axial power distribution used

" to produce these tables is given in Table 4.4-4.

» e
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4.4.2.5 Core Coolant Plow Distribution and Orificing Pattern
4.4/

See Appendix A, Subsection A.4.4.2.5 of Reference [X.

4.4.2.6 Core Pressure Drop and Hydraulic Loads

: _ g4/
See Appendix A, Subsection A.4.4.2.6 of Reference [X.

4.4.2.7 Correlation and Physical Data

19-/

4.4.2.8 Thermal Effects of Operational Transients
' . . . ¢J/
See Appendix A, Subsection A.4.4.2.8 of Reference 4. i

4.4.2.9 Uncertainties in Estimates

.

.

, yy-/
See Appendix A, Subsection A.4.4.2.9 of Reference Y.
4.4.2.10 Flux Tilt Considerations
‘ - {/. y - / ‘ . o .
See Appendix A, Subsecticn A.4.4.2.10 of Reference Y. , ]

4.4.3 escrintion of the Thermal and Hydraulic Design cf the ——C@ﬂf
eactor Coolant stem

. Y-/
See Appendix A, Subsection A.4.4.3 of Reference X.

4.4.3.1 Plant Configuration Data

4.4.3.1.1 Reactor Coolant System Configuration

The reactor cooiant system is described in Section 5.4 ané shown
in isometric perspective in Figure 5.4-1. The piping sizes,
fittings and valves are listed in Table 5.4-1.

 4.4-3
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4.4.3.1.2 Reactor Coolant. System Thermal Hydraulic Data
. ~N

The séead§-spatg distribution of temperature, pressure and flow

rate for each flow path in the reactor coolant system is shown

in Figure 5.1-1. o ’

4.4.3.1.3 Reactor Coolant System Geometric Data

' Coolant volumes of regions and components within the reactor
vessel are shown in .Figure 5.1-2.

Table 4.4-5 provides' the flow path length, height, liquid level,
minimum elevations, and minimum flow areas for each major flow

L path;volume within the reactor vessel and recirculation loops of
the reactor coolant systems. ” ’

Table 4.4~6 provides the lengths égd‘sizés of all safety injection
lines to, the reactor coolant system.

P

."4.4.3.2 Operating Restrictions on Pumps

Expected recirculation pump performance curves are shown in

C Figures(5.4-3). 'These curves are valid for all conditions with a

normal operating range varying from approximately 20 percent to

.4 -Jé and S4-34

115 percent of rated pump flow.

The‘bump characterisﬁics)‘inclhdiné considerations of N§SH
zm‘requiréments, are the same for the conditions of two-pump and « o
*  ‘one-pump operation ‘as described in Subsectien 5.4.1. Sub- "
section 4.4.3.3 gives the operating limits imposed on the recir-
culation pumps by cavitation, pump loads, bearing design flow ‘
séarvation, and pump speed.

4.4-4
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4.4.3.3 WPoweg-Flow Operating Map

4.4.3.3.1 Limits for Normal Operation
A beiliné water reactor must operate with certain resérictions
because of pump net positive suction head (NPSH), overall plant
control charaqterietiCS, core thermal power limits, etc. The
power-flgarﬁgg“?;r the power range of operation is shown in
Figure 4.4-1. The nuclear system equipment, nuclear instrumen-
tation, and the reactor protection system, in conjunction with

al\
operatlng procedures, maznta;nhoperatzons within the area of this
map, £ :

The boundaries on this map

. are as follows:

The operating state of the reactor
moves along this line for the normal control rod wlthdeawal
sequence in the absence of recirculation pump operation.

Natural Circulation Line:

Rated Flow Control Line: This line passes through 100% power
at 100% flow. The operating state for the reactor follo&s}
this line (or similar ones) during recirculation f£low changes
‘with a fixed’control rod pattern. The line is based on'a
cdnetant‘xendn concentration at rated power aﬁd.flow. )

LConstant Position Lines 'for Flow Control Valve (FCV): .These
lines show the change in flow associated with power changes
while maintaining flow-control valves at a constant position.

Cavitation Protectidn Line: This iine results from the

reczrculatlon Dump, flow control valve, and jet pump NPSH
requirements.

I D2 /7 2D,

30
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4.4.3.3.2 Regions of the Power Flow Map

Region I

Region II

Region III

Region IV

‘

This region defines the system operational capa~
bility with the recirculation pumps and motors
being driven by the low frequency motor-
generator set at 25% speed. Flow is controlled
by the flow control valve and power changes
during normal staftup and shutdown will be in
this region. The normal operating procedure is

to start up along curve C - FCV wide open at’ 25%
speed.

This region shows the area where the 25% pump °
speed and 1003 pump speed operating regimes
overlap. The switching sequence from the low

frequency m-g set to 1003 speed will be done in
this region.

This is the low power area of the operating map
where cavitation can be expected in the recircu-
lation pumps, jet pumps, or flow control valves.
Operation within this region is precluded by

system interlocks which trip'the main motor from

" the 100% speed power source to the 25% sgeed

power source.

v

This represents the normal operating zone of the
map where power changes can be made by either
control rod movement or by core flow changes
through use of the flow control valve.

4.4.3.3.3 Design Features for Power-Flow Control

«

The £following limits and design features are employed to main-
tain power~flow conditions to the reguired values shown in

Figure 4.4-1.

4.4-6
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-Flow Contr

« , 4

Minimum power limits at intermediate and high core

recirculation flow control valve p051tlon are measu*ed

flows. To prevent cavitation:in the récirculation
pungz jet pumps and flow control valves, the recircula-

‘tion: system lS provided with an interlock to trip off

the 60 Hz power source and close the 15Hz power source . -

_if the difference between steam line temperature and

recifculation pump inlet temperature is less than a
preset value (10. 7°”) Thzs differential temperature.
is measured using hlgh hxgh accuracy RTDs with a sens-
ing error of less than 0.2°F at the two standa*d devia-
tion (20) confidence level. This action is 1n1t~ated

eieétronically through a l5-second time delay.‘ The

interlock is active while in both the automatic and
manual operation modes.

Minimum power limit at low core flow. During low power,
low loop. flow operations, the temperature differential

t

interlock may not provide sufficient cavitation protec-
‘tion to the flow control valves. Therefore, the system:
.- is provided with an interlock to trip off the 60Hz

power source and close the lSHz power source if the -

feedwater-flow falls below a preset level, (28% of
rated) and the flow control valves are below a preset.

position (19% oneh) The feedwater flow rate and

by existing process control lnatrunents. The speed . .« .
change, action is electronically iritiated. This intex-
lock is active during both automatic and manual modes

- of operation.

5,

Pump bearing limit. For pumps as large as. the recir-
culation pumps, practical limits of pump bearing desi gn'

v -

4~4"'7
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require_that minimum pump' £low be-limited to 20% of

. rated. ' To assure this minimum flow, the system is
designed so that the minimum flow control wvalve posi- °
. tion will allow'this rate of flow. )

d. Valve position. To prevent structural or cavitgtion

‘_damage to the recirculation pump due to pump suction.
flow starvatzon, the system is provxded w*th an inter-
lock to prevent starting 'the pumps, or ‘to trzo the
pumps if the suctlon or dlscharge block valves are at .
less’ than 90%.open position. This circuit is activated
ﬁy a position limit switch and is active before the
pump is started, durlng manual operatlon mocde ang, durlng
automa ic operation mode. ‘

4.4.3.3.3.1 F%ow Control

|
”

" “

The pfincioal'modeS‘of normal operation with valve flow control

, . . low frequency motor gene*atcr (LFMG) set are summarlved as -
: follows. . The recirculation pumps are started on 100% speed powe-
+ source in order to unseat the pump bearings.’ Suctlcn .and dis-

charge block valves are full open and the flow control ‘valve is'

in the minimum position. ' When’ the-pump is at £full speed the
. -‘main power source is tripped and the pump allowed to coast down
“to 25% speed where ‘the LTMG set will power the pump and motox
’ ':AThe low control valve is then- opened to the maximum position at
"which pozne reactor heatup and pressurization can commence. When
operating pressure Hes been‘establiéhed, reactor power can be
increased. This éower—flow increase will follow a line within |, .
“Region”I of the flow control map shown- in Figure 4.4-1.

LY

'When reactor power is greater than approximately 30% of rated, the
low feedwater flow interlock is cleared and the main recirculation




.k

‘
>

' wlll result in power/flow changes along lines of constant C
,(constant position). Flow control valve movement with constant
~ control rod’positieﬁ will result'ln power/flow changes along, or
'nearly pa:allel to, the rated flow control lineJCF.i '

,Q’ + ' a
- B
2e
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punps can be SWLtChEd to the GOHz power source. The flow control

~ wvalve is closed to the- mlnlmum position before the speed change
. to prevent large lncreases in core power and a potential £lux
scram. This operatlon occurs within Region II of the operatlngf7

mab. The system is then brought to the desired power-flow level

‘within the normal operating area of the map (Region IV) by open-'

ing the flow control valves and, by withdrawing control rods.

_ Control rod withdrawal with condtant £low control valve position

v

4.4.3. 4 Temperature-?ower Operat ng Map (FWR)

Not applicable.”

.

4.4.3.5 Load-Following Characteristics’ = R s

Large negatlve operatlng react;vxty coeffzcxents inherent in the

boiling water reactor provzde the followzng xmoortan* advantages.
a.. Good load-following with wéll damped behavior and little

undershoot or overshoot ‘in the heat transfer response,

b. Load-following with recirculation flow control, and

“a

€., Strong damping of spatiai power disturbances.

..~ Design of the boiling water reactor includes the ability to follow

load demands over ‘a reasonable range without recuiring operator



O “ ' ﬁ’
s
" <
o

= T ,9/75/.720/27‘9’/?(7’ 2 3¢
' " ' ‘ J;Jne" /973, o

actlon. -Reactor powor can be controlled automatically by flow
control over approxlmately a 35% power range at, for exano a;,
app:oxlmately l/2%=per second for a 10% - step—load change.‘ .

4.4.3.6° Thermal and Hydraulic Characteristics Summary Table

The thermal-hydraulic 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. - o

%3

y4-/

See Append;x A, Subsect;on A.4.4. 4 of Reeereoce,z

4.4, 5 g § ing and Ve*lfzcatlon.—adf” - e ’
y-/ :

See Apoend;x A, Subsect;on A. 4 4.5 of Reference ﬁ&

é Eggentatlon Recuirements ,Chf”
L3 y_’/ ' ’"

See Append;x A, Subsection K;4.4:6:cf Reférence ;z

4.4.6.1 Loose Parts
The loose part detect;on sensors are mounted on the exte.lor of
prlmary cooclant system and are located at natural collectzon

poln*s where lcose par ts WIll be most likely to impact. The gen-
eral:locatlonsmerez
N ’ > ' G

n
a. °~ Main St ean Line A & B (é line): 2 sensors.

b. FeeJWeﬁer.line A & 3 (12" line): 2 sensors.

4.4-10
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c. Recirculaéion Water Outlet A & B (24" line):
2 sensors

4a. Reactor Vessel Bottom Head (3/4" to 1" CRD lines):
4 sensors

See 7.7.1.12 for further information.

et

4.4.7 m—'t&

qg4-/ o

}ﬂ "General Electric Standard Application for Reactor Fuel,"
"(NEDE-24011, latest approved revision).

4.4-11
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TABLE 4.4-1 Page 1 of 2

THERMAL AND HYDRAULIC DESIGN CHARACTERISTICS

OF THE REACTOR CORE

General Operating Conditions

Reference désign thermal
output, Mwt

Power level for engineered
safety features, Mwt

Steaﬁ flow rate, at 420°F
final feedwater temperature
millions 1lb/hr

Core coolant flow rate,
millions lb/hp

. Feedwater flow rate,
millions 1lb/hr

' System pressure, nominal
in steam dome, psia

System pressure, nominal
core design, psia .

Coolant saturation temperature
. at core design pressure, OF

"' Average power density,

kW/liter

Maximum Linear Heat Generation
.Rate kW/ft

Average Linear Heat .Generation
.Rate kW/ft }

.Core total heat transfe
area, ft< »

‘Maximum heat flux,
‘Btu/hr-sq ft

4.4-34"

3,323 .8

3,489 .87

14.30

108.5

14.26

1020 ,87

.1035‘5/

549
49.15
13.4
5.4
74,871

361,500
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TABLE 4.4-1

‘General Operating Conditions

Averaqe heat flux,
Bstu/hr-saq ft

Design operatinag minimum w
critical power ratio (MCPR)
. Core inlet enthalpy at 420°F
FFWT, Btu/lb

Core inlet temperature, at
420 F FFWT, °F ..

Core maximum exit voids w1th1n
assemblies, %

Core averaage void fraction,
active coolant

Maximum fuel temperature, °F

Active coolan% flow area per
‘assembly, in.¢ (BOL),

Core average inlet velocxtv,
£t/sec

Maximum inle: velocity,
ft/sec : ’
Total core pressure droo,
psi

'Core sumport nlate pressure
drop, pPsi

Averaqe orifice pressure drop
Central reagion, psi
Perioheral reaion, psi

Maximum channel pressure
loading, nsi

4.4-3%

AMENDMENT NO. 23. 30‘

June /7583
Page 2 of 2

(Continued)

145,100

1.24 (see
Table 15.0-3)

527.6
533
5,716 8~

0.418
3,435.87

15.824
6.88
7.28
24.74
20.32

6.03
16.54

13.218
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TABLE 4.4-2

; VOID DISTRIBUTION

Ce Core Average Value = 0.409
' Maximum Exit Value = 0.760 )
Active Fuel Length = 150 inches

.
. xi’

Core Average Maximum Channel

EX

Node (Average Node Value) (End of Node Value)
Bottom 1 0.000 0.000
of Gre 0.000 0.007
) 3 0.007 0.073
4 0.041 0.183
5 0.104 0.287,
6 0.179 0.371
7 0.254 0.443
8 0.323 0.500
, 9 0.379 0.545
10 0.425 0.582
11 0.462 0.611
. 12 0.492 0.636
. 13 0.517 0.655
14 0.537 0.672
15 0.555 0.686
16 0.571 0.699
17 0.585 0.711
i 18 0.598 0.722
19 0.610 0.733
20 0.622 0.742
: 21 0.631 0.750
3 22 0.638 0.756
§ 23 0.644 0.759
‘Top 24 0.646 0.760
ot Gre

4.41;5;







o,

o P%ere

WNP-2

TABLE 4.4-3

AMENDMENT NO. X 3o

Tone /943

_ FLOW QUALITY DISTRIBUTION

Core Average Value = 0.072
Maximum Exit Value = 0.282
Active Fuel Length = 150 inches

Core Average

Maximum Channel

Node (Average Nocde Value) (End_of Node Value)
1 0.000 0.000
2 0.000 0.000
3 0.000 0.003
4 0.001 0.012

5 0.004 0.026
6 0.010 0.042
7 0.019 0.061
8 0.029 0.081
9 © 0.040 0.100

10 0.051 0.119

11 0.062 0 0.137

12 . 0.072 0.153

13 " 0.080 0.169

14 0.089 0.182

15 0.097 0.196

16 0.105 0.208

17 0.112 . 0.221

18 0.119 0.233

19 0.126" 0.246

20 0.134 0.258

21 0.140 0.268

22 0.145 0.275

23 0.149 0.280

24’ 0.151

4.4-%

0.282

C- )8

@

&






1“ . . i - : 0 W_NP"Z

TABLE 4.4-4

AXIAL POWER DISTRIBUTION USED TO GENERATE
, :VOID AND QUALITY DISTRIBUTIONS

 ANERR P ERSY Y 3O
June 783

NODE

Bottem of Core: 1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21

-
&

23
Top of Core 24

¢ . 4.4-16

AXIAL POWER PACTOR

0.38
0.69

0.93

1.10

1.21 ;
1,30 s
1.47

1.51

1.49

1.44

1.36

1.28

1.16

1.06

1.01

0.97

0.94

0.97 .

0.96

0.91

0.77

0.59

0.38

0.12
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TABLE 4.4-5.

REACTOR COOLANT SYSTEM GEOMETRIC DATA

Beight Elevation

. | . Plow and of Bottem Minimum
. Path Liquid of Each Plcw
. Length lLevel Volume? Areas
(in.) (in.) {in.) (sq £+t)
A. Lower Plenum. . - 216 216 71.5
« . 216 -172.5 .
- B. Core ' 164 164 44.0 142.0
| 7 164 :
C. Upper Plenum and = 178 . 178 208.0 49.5
‘Separators - 178
D. Dcme- (Above Nor=- 312 312 386.0 343.5
mal Water Lavel) T ’ 0 ’
" E. Downcomer"Areg st 321 . 321
321 /=51.0 79.5
P. Recizculation 108.5 £t. 403 . =394.5 - 132.5 in2
- Loops and Jet ‘, 403 :

Pumps (one loop)

*Refarence point 1s recirculation nozzle outlet centerline.

229. 30
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‘ TABLE 4 4-6 )
w ‘*nzncrzs AND SIS OF SATETY TMIZCTION LINES - - . Vo
‘ ' ' LINE LINE
0.D. (in.) Length (£¢)

I. HPCS Line |
A. Pmp discharge to valves 16° 331'-5 15/16"
B. Inside containment to RPV . 12 3/4° 104'=0 1/4"

| TOTAL 435'-6 3/16"
II. LPCI Lines
A, tooPA ., ) :
| o ' 18" 352'=0 1/8°
1. Pump dlacharge to valve* UL L 23'=0 &
2. Inside containment to RPV - 14" 91'-2"
‘ o TOTAL 466'-2 5/8"
B. LOOP B | | ‘
X o m ' 18° 339'=5 5/16"
. 1. Pump discharge to valve* ’ U 15'=7 3/4"
2. ZInside containment to RPV Y - _e1t-1 9/16°
. . . . © . TOTAL 450'-2 5/8"
c. ‘zcop € o , | “
' o v is" 71'=4 3/8"
1. Ppump discharge-to valve* 4" ‘ 139'-0 4/16".
2. Inside containment to RPV bER . 91'~1 9/16*
. : . TOTAL . 301'-6 3/16"

212, PCS Line . ; : o

- A+ Pump dischargs to valvet ‘ 16" 225'~) 5/8°,
3. Inside containment to RPV 12 3/4° 106'=~4 2/8"

- o TCTAL 332'-6 172"

*Valva located as near as possible to outaide of containment wall.

¢

4.4-18
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STABILITY ANALYSIS RESULTS

Table 4.4-7 o S

Rod Line Analyzed: 1054

‘Decay Ratio:

Total System Stability . 1.0
Reactor Core Stability : 0.702
Channel Hydrodynamic Performance . ‘ 0.494

s -
rd
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