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INTRODUCTORY STATEMENT ;

1

This report, entitled Combustion Engineering Standard Safety B
,

Analysis Report - Design Certification (CESSAR-DC), has been |

prepared in support of the overall' effort to standardize nuclear
plant designs by obtaining Regulatory approval of the standard A ;

design marketed by Combustion Engineering,
System 80+g document
Inc. Th

describes the Combustion Engineering, Inc. Standard
Design. B

CESSAR-DC FORMAT B

Sections

Section numbering is in accordance with Regulatory Guide 1.70,
Rev. 2, since CESSAR-F was originally prepared in accordance with

ARev. 2. In preparing future amendments, however, additional
information will be provided as appropriate. Paregraph titles
and content of this guide have been followed wherever possible,
consistent with clarity.

Tables and Fiqures

Tables in the text are numbered in accordance with the order of
reference or appearance in a section or subsection. Example:
Table 7.2-2 indicates the second table in Section 7.2. Location
of tables in most cases is at the rear of each section; Table
7.2-2 would appear at the end of the text of Section 7.2.
Drawings, pictures, sketches, graphs, and engineering diagrams
are identified as "Figures" and are numbe ed according to the
order of appearance in the subsection (same as for tables).
Figures are located at the end of each section after the tables.
An index of tables and figures appears after the chapter index at
the beginning of each chapter.

|

Pace Numberine System '

A

Pages are numbered sequentially within each section. Sequential
page numbering continues from the text material through the
reference list at the end of each section. Figures and Tables
are provided with a number but do not have a page number.

Where necessary, letters will be used to insert additional
material between two existing pages within a section when
revising CESSAR (e.g., to insert pages between 9.3-4 and 9.3-5
the following page order would appear: 9.3-4, 9.3-4A, 9.3-4B,
9.3-4C, and 9.3-5).

O
Amendment B i

1 March 31, 1988 |



CESSAR !!nibmu

O
Amendments A

From time to time, it may become necessary to submit additional
information or revise material contained in CESSAR-DC. The |B
following guidelines will be followed:

1) Whenever there is a change to CESSAR-DC, the affected pages |8
will be marked in the lower right hand corner with the
amendment letter and date. In addition, new material will A
be highlighted by a vertical line and the amendment letter |

in the right-hand margin next to the lines being changed.

2) Figure changes will be denoted by placing the appropriate A
amendment letter and date in the lower right hand corner.

3) Where information is deleted from CESSAR-DC, a vertical line |8
with the amendment letter will be placed in the right hand

A
margin adjacent to where the material was deleted.

4) Answers to questions will be incorporated into the text of

|BCESSAR-DC.

O

1

l

O
Amendment B

2 March 31, 1988
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A September 11, 1987
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1.0 INTRODUCTION AND GENERAL DESCRIPTION OF PLANT

1.1 INTRODUCTION

The Combustion Engineering Standard Safety Analysis Report -

Design Certification (CESSAR-DC) has been prepared in support of
the overall effort to standardize nuclear plant designs by
obtaining Regulatory approval of the standard design marketed by
Combustion Engineering, Inc This submittal demonstrates the B

System 80+g Standard Design with all currentcompliance of the
regulations for existing plants as well ac the guidelines for
future plants outlined in the Commission's Severe Accident,
Safety Goal and Standardization Policy Statements.

CESSAR-F was referenced (in total or in part) in the safety A
analysis reports submitted by Arizona Public Service and

systeg"described inWashington Public Power Supply System. The
80 design. ACESSAR-F is also referred to as C-E's "System

technically enhanced version of this system, referred to as the
System 80+ Standard Design, is described in this revision of
CESSAR. The features of this enhanced design are specifically
identified as applicable to the System 80+ Standard Design. B

Unless otherwise noted, the term "CESSAR" and "System 80" are
n generally applicable to both the original and enhanced versions
V of the System 80 design. Modifications to CESSAR-F are denoted

by revision bars in the right hand margin.

O1.1.1 SYSTEM 80+ STANDARD DESIGN

A summary of the System 80+ Standard Design is presented in
ASection 1.2 and detailed information on specific systems is

developed in the appropriate sections of CESSAR.

In addition to the Nuclear Steam Supply System (NSSS), the System
80+ Standard Design includes within the design scope (1) the
Emergency Feadwater System (2) the Reactor Containment and (3)
the Nuclear Plant Control Center. These, in conjunction with the
NSSS, are referred to as the Nuclear Power Module (NPM).

The scope of information presented in CESSAR includes both the g
NPM and the Interfaces with the Balance of Plant. The Interfaces
are written as Standardized Functional Descriptions to provide
more detailed information on the remainder of the plant design
and are described in Section 1.1.3. Together, the descriptions
of the NPM and the Standardized Functional Descriptions are
sufficient for the evaluation of the enfety of an essentially
complete plant.

Amendment B
1.1-1 March 31, 1988

.



e

95778 100

{ TASLE 4

A T .A . CoAA ge e 00
i,giTTsa >e LtTTtaj 3ApgTV CLAN t:114) A 8 AI"O'"8 "'Ej , i tist pecesenAL PIPfl

n i op; 14AftRLAL 0008
I DEtsen Ttte, COOG (*F) C 2 as

; wesoN Paesevas Coos tPow 0 to
. 5 4 le
1

MTI AIAL COOG f 6 at
( A AUBTtsetTIC STANeLIN STitL G e at^

8. CAn804STtEL
C* IIuCOLOY gm N 7 as

1 0 N
J 9 4

i it 19 44i
'

L 11 30

W 12 SS

'.s N 14 Og

i 0 16 46
t

P le 70

Q 17 PS
} m is ao

3 19 06

7 30 90

W ft 95

W 72

W 23

x 24

Y 29

3 31

e

i
N.

1 $. Phi DIAG A AWS 00 aeof totNTif v SCort of SUPPLY
14. VAlv(S WITM DiAPMRAGM, PiST086, AND WOTOR OPLRATC#$ ARE IOUIPPt0 *ITM

i POSIfl08e SwlTCHEL
g 11 INST #uwiNf 8 LOCK VALvf5 art tre0wN ON WtAsvPtMENT CMANNEL 4 LOCK DIACa AWS

12. OtPEN0iNG ON P5 PING LAvouT,Pf Lits Aho vtNT LINES CLAsstS CAN st CHANGlo F A0W
MC 70 MS DEPtNoi40 ON CLOSENESS TO THE lovmCE OR RECEevia NrWS)

tI. LOCAL ALARW$ A AE G A0vPt0 ON LOCAL PANELL tach LOCAL PANELfW MAS A CONTROL
ROOM ALAAW |

14 MAND SwiTCMt$ 0R CONTn0Ls pOn atWOTELY ort A Afte v&Lvis Not etCtiviNG A
PaoponTIONAL CONTROL liGNAL F 20W A ME A$vaiutNT CMANNIL ARE NvWsE aED TMs
SAut AS THE VALyt

$. WEA&QREMENT CHANNILS AR$ 10ENTiFit0 AS FDLLowS2
$Uf Fint$ WAY 0m WAY NOT AMI A A AS PART 08 CMANNtt kvweta.TME FOLLowNG
Avtts APPLY WMEN A Suf Fix APPt A#$ As P ART OF CHANNEL NvW88 R

| 9L SAFETY CHAlshtL NQW88 A$ ARE $ypplato $Y A,3, C, & O
-

Oh. SIMILAR WEASUAEWINT CMANNELS WAY 05 suf finto tv x. Y. & E ETC.
to M & C WMEN US40 iN INSTRvWENT Afs0N CHANNEL,$Uf fitt$ 0tNOTE MOT ANO COLO

I
es. * MEN M a C is v$40 miTM sAFaTV CHANNits,M Ca C is THE ist LaTTEa AND At C on 0

i t$THE$4CONO ~

' & $AFGTV CtA$&ES AS INC4CATED ON PtPiNG AND INsf avutNTA7:08:0 A AniNGs aat y$t 0
A8 A gut 0E TO win >WVW C00E $TANCA Ac$ CP n,DWPON4NTI18I ACCOACANCE WITM
ASW$ $01(t A AND PME$$ytt vE554L C00E

'
7 PAOCEt3 0ATA POINTS Amt AEPRi$4NTIo lv @NO CEFiNto iN THE $As AEPC AT

' 6 ALL WOTOR opt R Aff 0 V ALyt$ ARE tovia'to atTM MAN 0*MIELS
L FOR iN$tavWENTAfiON 0tf aits. $t t WE A$vatWENT CMANNEL SLOCK Di AS
4 4 9 CON <t AftaS 0m po$4TiONaas AN0 PILOT SCttN0io vaLvis CAnaY eESPECTivt

VALys NUW$t23 AND ARE NQT NyedgtSto ON p g g g-

3. Aim 50LINoio V ALyt$ art $ MOAN htTM PC A T$ IN NC AW AL OPE A ATiNG PC$4TiCN
2. TM8 NvWOE AING OP v&LVES CONTROLLl0 av A P ACPORT*CNAL $rGN AL *iLL tl TME

$ AWE AS TME CONT 80LLING eN5TavWENT C A faiTCM No. v&LviS Caga ATED tv T=E
$AWt INSTRvWENT CM ANNEL Amt Di8FERE'ITI Afl0 SY & Li TTE R $wf fit, t. F, G. M iTC.

1 THE INST AyWINT #04'etiplCAfiON LETTitt CF TABLE 1 Of voit CM ANNil f UNCTION
NOT SPECippC toviPWINT $4E NOTE 9

- | %) $ v580 3 41"ic

O Qe. a CSSSAR-F

PIPING & INSTRUMENTATIO Figure

DIAGRAM SYMBOLS 1,1-1

\

|



CESSAR!aMem

O
In developing the System 80 design, changes from earlier C-E f
designs were made to respond to utility needs and provide B |

increased conservatism (including for Loss-of-Coolant Accident I

(LOCA) conditions). These improvements included a larger core |B |
size, greater number of fuel rods and modification in the I

guidance meth'd for control element assemblies used for reactor
control and rapid shutdown. The larger core size and increased
number of fuel rods allowed for higher reactor power levels with |B
a decrease in peak heat rating and a resultant decrease in fuel
rod temperatures under LOCA conditions. The modified Control
Element Assembly guidance system design provided increased |B
conservatism and flexibility in the reactivity control and
shutdown capability.

While the System 80+ design contains most of the features of A

are included.yariety of engineering and operationalSystem 80, a improvements
The changes to System 80 are designed to provide

8additional safety margin and address Severe Accident, Safety Goal
and Standardization Policy Statements.

System 80+ incorporates reduced strength CEAs for better
reactivity control during maneuvers, thus minimizing the need for A

changes in RCS boron concentration during intended maneuvers and

g operational transients.
U

The volume of the pressurizer in the System 80+ design has been |B
increased to permit a greater NSSS tolerance of upset conditions '

without challenging protective systems. System 80+ includes a
larger steam generator secondary inventory which also provides
additional system tolerance to upset or off-normal system
conditions. Also, the steam generator for System 80+ has a
greater tube plugging allowance thus permitting the NSSS to
remain at full power with a large number of tubes plugged. The
System 80+ steam generator has a larger heat transfer area than
its predecessor, commensurate with a decrease in T, which
permits a lower full power steam pressure. The lower TH provides
additional thermal margin.

System 80+ has a four-train Safety Injection System with direct
vessel injection. In addition, the need for low pressure
injection has been eliminated thus simplitying the overall
Safeguards System design. Also, an In-containment Refueling A

Water Storage Tank (IRWST) has been provided, eliminating the
requirement to shift to a recirculation mode of system operation
following a LOCA and permitting a significantly greater water
volume to receive primary safety valve discharge.

1Specifically, for the System 80+ Standard Design, the Electric
Power Research Institute's Advanced Light Water Reactor

'

Requirements Document has been used as a guide for utility |B
requirements regarding plant design.

| Amendment B
1.1-2 March 31, 1988
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The design pressure of the System 80+ Shutdown Cooling System
(SCS) has been increased to provida greater operational
flexibility and alleviate concerns reg (rding overpressurization. A
A dedicated Safety Depressurization System has been added to
System 80+. [

No longer performing any accident mitigation or safe shutdown |B
functions, the System 80+ Chemical and Volume Control System has
been reclassified as a non-safety grade system, providing a much A

simpler design. The new CVCS design also features two-stage
letdown and centrifugal charging pumps. The accident mitigation

B
and safe shutdown functions are now performed by the Safety
Depressurization and Safety Injection Systems.

The service life for System 80+ will be sixty calendar years.
(A

1.1.2 POWER LEVELS.

,

The System 80+ Standard Design, described herein, includes a
reactor core designed to operate at a maximum core power level of
3800 MWt. While the System 80+ design is,/ independent of power B I

level, the maximum core power level licensable in the United
States was selected for the analysis described herein to provide

O limiting design and safety analysis parameters. For this core
power level, the total thermal output is 3817 MWt.

,

1.1.3 INTERFACE 8

The requirements for the site specific desihn, known e
interfaces, are provided in terms of Standardized Functional .B
Descriptions. These present functional design requirements in !
sufficient detail to assure that the CESSAR design scope systems,

A'
as listed in Table 1.2-1, will fulfill their stfety functions as
detailed in the system descriptions. A matrix of sections in B
CESSAR which provide the functional design requirements and ,, ,

descriptions of the interface systems designated as performing a > I

Asafety function is provided in Table 1.2-2.

1.1.3.1 Interface Definitions ,

'

f <

A CESSAR interface is a requirement that the site specific design
Ahave a certain standardized configuration necessary f 6. assuring

that a CESSAR design scope system wilI. fulfilV its safety. '

functions. Requirements that are spart of Technical- I

Specifications are not separately identified a s. interface I
requirements.

,

O
/
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1.1.3.2 SSAR Desian ScoDe SVste5 Safety Functio _n. ,

Safety functions of CESSAR design scope systems, structures, or
components are defined as those which are essential to assure:
(1) the integrity of the reactor coolant pressure boundary; (2)
that Specified Acceptable Fuel Design Limits (SAFDLs) are not
exceeded as a result of all moderate frequency and some
infrequent incidents; (3) the capability to shutdown the reactor
and maintain it in a safe shutdown condition; or (4) the'

capability to prevent or mitigate the consequences of the'

remaining infrequent incidents and all limiting faults which
could result in offsite exposures in excess of applicable
guidelines.

Specific safety functions of CESSAR design scope systems, which
Aat/s used in determining CESSAR requirements are as follows:

1. Reactor Coolant System (RCS)

a) Removes heat from the core in order to assist the
Reactor Protective System (RPS) in assuring that SAFDLs
are not exceeded as a result of a normal plant
operation or a moderate frequency incident.

O 8) Acts as the primerv doundarv for the reector cooiene
and the radioactive materia ~t contained therein and the
secondary boundary for the release of fission products
from the fuel.

c) Provic.es a means of transferring heat from the primary
coolant to the secondary coolant.

d) Provides a means of maintaining primary coolant
pressure. ;

!

e) Provides overpressure protection for the Reactor
Coolant Pressure Boundary (RCPB) during normal plant
operation and subsequent to moderate frequency
incidents. j

f) Provides a medium for reactivity and chemistry con rol.

2. RCS Support System

a) Providen support for the primary loop components and
piping while allowing essentially unrestrained movement
due'to'heatup and cooldown. |

|

|
,

O
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b) Withstands, within allowable stress limits, the reactor
loads due to dead weight, operation.nl thermal expansion
and temperature gradients, OBE and SSE seismic effects,
and postulated design basis pipe break effects.

c) Provides a sufficiently stiff support of the masses of f '

the RCS components and piping to remove the dynamic
response natural frequencies of the supported system
fro;; the amplified peak responsa range of the design
basis seismic response spectra. <

d) (deleted)
3. (deleted) 9'

f

I
i /
"4 .' Safety Injection System (SIS) ,-

)I n <

a) Provides core cooling after a Loss of Coolant Accido @) ' '

(LOCA) such t''.at requirements of 10CFR50.46 and GDC 35
are met.,

b) Provides neutron absorbers after a LOCA to maintain theO cor<'=uderitic 1-
.

c) Pro'71 des neutron absorbers after Secondary Line Break
(SLB) to add negative reactivity to the core.

d) Provides the primary source of borated water fc,r
4injection.

5. Shutdown Cooling System (SCS)

a) Assists in placing and maintaining the plant in a safe
shutdown condition.

b) Aids in removal of stored energy from the recirculating
containment sump water following a LOCA.

6. Reactor System

a) Provides a method of reactivity control.

b) Provides, by means of the fuel cladding, the first
boundary preventing the release of fission products
from the fuel,

c) Provides a coolable geometry for the fuel.
1

O i
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') , { 7. Fuel Handling System (FHS)

a) Provides a means of handling the fuel Jor removal orI t

j. insertion in the reactor such that fuel clad integrity
; ,i requirements are not violated.

'

8. Reactor Protective System (RPS)

a) Automatically initiates reactor trip to assure that
'

SAFDLs are not violated as a result of a moderate
frequency incident.

b) Automatically initiates reactor trip to aid in,
mitigating the consequences of infrequent incidents and
limiting faults.

9. Engineered Safety Features Actuation System (ESFAS)

a) Automatically initiates the operation of the proper ESF
systems to aid in mitigating the consequences of
infrequent incidents and limiting faults.

10. Safety Depressurization System

a) Provides safety grade depressurization when pressurizer
sprays are unavailable.

,

11. Emergency Feedwater System (EFWS)
I

a) Provides core cooling after a Loss of Feedwater Event.

12. Reactor Containment

a) Prevents the release of radioactive material in the A

event of a breech in the Reactor Coolant Pressure
Boundary.

13. Containment Spray System

a) Prevents containment overpressurization if Reactor,

~ Coolant System mass and energy are released to the
containment.'

1 h Nuclear Plant Control Center

a) Provides an integrated, centra - concrol capability
for the plant operators.

O
i Amendment B j
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1.1.3.3 Standardised Functional Descrintions,

,

The Standardized Functional Descriptions (SFDs) will provide
detailed descriptions for systems outside the scope of the

'
,

Nuclear Power Module which are relied upon to make safety
determinations for the System 80+ Standard Design. The SFDs will
identify the acceptance criteria that will ensure these safety
determinations remain valid. The SFDs will begin with a
discussion of the safety-related design bases of the system to

Iwhich it applies. To support these design bases, the SFD will
elaborate further and provide a description of the system
configuration and a detailed functional description of the system
features necessary to meet NRC requirements. These functional ,

descriptions will include specific performance criteria,
~

applicable codes and standards governing the system design,
system arrangement criteria, pipe and valve performance criteria,
IEC requirements, appropriate safety-related EPRI ALWR ,

requirements, and installation requirements necessary to make the
required health and safety determination for the System 80+
Standard Design. A safety evaluation will enumerate those
acceptance criteria that will ensure that a system malfunction '

will not adversely impact Nuclear Power Module safety. Feedback
from the System 80+ PRA, where appropriate, may provide system

P reliability acceptance critiera which will be included in the
9FDs. Additionally, the SFDs will provide the material selection ,

requirements, fabrication requirements, testing and 1ispection
B -

requirements, and the appropriate chemistry requirements needed
to ensure safe and reliable operation.

1.1.3.4 Severe Accident Policy

The requirements to be met by future plants are: ,

I a. Demonstration of compliance with the procedural requirements
and criteria of the current Commission regulations,
including the Three Mile Island requirements for new plants

'as re,flected in the CP Rule (10CFR50.34 (f)];

b. Demonstration of technical resolution of all applicable
Unresolved Safety Issues and the medium- and high-priority
Generic Safety Issues, including a special focus on assuring
the reliability of decay heat removal systems and the
reliability of both AC and DC electrical supply systems; ;

c. Completion of a Probabilistic Risk Assessment (PRA) and,

: consideration of the severe accident vulnerabilities the PRA |

| exposes along with the insights that may add to the |
assurance of no undue risk to public health and safety; and j

i O
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d. Completion of a staff review of the design with a conclusion B

of safety acceptability using an approach that stresses
deterministic engineering analysis and judgement

' complemented by PRA.

CESSAR-DC will address the Severa Accident Policy and the
unresolved generic issues. The resolution of these issues will
be summarized in Appendix A and they will take into full
consideration the acceptance criteria from EPRI ALWR and DOE
ARSAP Topic Papers. A Level III PRA will be performed. This PRA
will be described in Appendix B. Degraded core analyses will be
included in the PRA.

1.1.4 CESSAR ORGANI3ATION

CESSAR is organized to respond to Regulatory Guide 1.70, Revision
2, "Standard Format and Content of Safety Analysis Reports for
Nuclear Power Plants", since CESSAR-F was originally prepared in

Aaccordance with Rev. 2. In preparing future amendments, however,
additional information will be provided as appropriate.

,

1.1.5 SITE RELATED INFORMATION

Site related information is provided to the maximum extent
O Preoeio bie. This site re1ated tatormatioa, waere it aereots A

System 80+ design and safety analyses, is assumed as a series of
envelopes for certain site-related parameters (see Chapter 2.0)
which will encompass most of the current nuclear power plant
locstions in the continental United States. Non-NPM information |B
or details related to a specific and/or number of sites is
deferred to the site specific safety analysis report, unless A
otherwise noted in CESSAR.

,

1.1.6 PIPING AND INSTRUMENTATION SYMBOLS

Figure i.1-1 and Table 1.1-1 provide a summary of the standard
symbols used for the engineering flow, piping and instrumentation '

diagrams, and valve lists presented in CESSAR. Table 1.1-2
provides a cross reference list between CESSAR figure numbers and
C-E piping and instrumentation diagram (P&ID) numbers. System
80+ P& ids will be revised and submitted with the appropriate

A
chapter revisions.

O
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TABLE 1.1-1

VALVE LIST SYMBOLS

Valve Tvoe Svabol

Angle A
Ball B
Swing Check C
Packless D )
Butterfly F
Globe G
Spring Loaded Check L
Needle N |
Plug P
Relief R
Safety S
Gate T |
Vacuum Breaker V
Three Way W !
Excess Flow Check X
Pressure Regulator

coerator Tvee !

O 1

Pneumatic Diaphragm D 1

Hand H
Motor M
None N
Motor Modulating (Valve Position Proportion) O
Pneumatic Piston P
Solenoid S j
Pneumatic Vane V

|

:

O
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TABLE 1.1-2

Ficure/Diacram Cross Reference List

CESSAR C-E Piping and Instrumentation
Figure No. Diacram No.** A

1.1-1 SJ-SYS80-310-100

5.1.2-1 SJ-SYS80-310-110

5.1.2-2 SJ-SYS80-310-111

6.3.2-1A SJ-SYS80-310-130

6.3.2-1B SJ-SYS80-310-131

6.3.2-1C* SJ-SYS80-310-130

6.3.2-1D* SJ-SYS80-310-131

6.3.2-1E* SJ-SYS80-310-130

6.3.2-1F* SJ-SYS80-310-131

6.3.2-1G* SJ-SYS80-310-130

6.3.2-1H* SJ-SYS80-310-131

() 6.3.2-1I* SJ-SYS80-310-130

6.3.2-1J* SJ-SYS80-310-131

6.3.2-1K* SJ-SYS80-310-130

6.3.2-1L* SJ-SYS80-310-131

3.5 E-SYS80-310-135

9.3-1 SJ-SYS80-310-121

9.3-2 SJ-SYS80-310-122

9.3-3 SJ-SYS80-310-123
|9.3-4 SJ-SYS80-310-120

10.3-1 SJ-SYS80-310-115 |

|

|

These are all special case flow diagrams which are modified*
versions of Figures 6.3.2-1A and 6.3.2-1B showing the SIS
aligned for the indicated mode.

** These figures are not revised to reflect System 80+ unless
marked. Revisions will be made as the appropriate CESSAR A i
section is completed and submitted for review. j

)
! Amendment A |

September 11, 1987 |'
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1.2 GENERAL PLANT DESCRIPTION

1.2.1 PRINCIPAL SITE CHARACTERISTICS

1.2.1.1 Site Location

The System 80+ Standard Design is designed for use at multiple |B
sites as described in Chapter 2. The site specific SAR will
identify the specific site for that unit. A

1.2.1.2 Plant Surroundines

The System 80+ Standard Design is designed for use at multiple B

sites as described in Chapter 2. The site specific SAR will
identify the specific surroundings for that unit. A

1.7.1.2.1 Meteorology

Section 2.3 of CESSAR lists, for plant radiological evaluation
purposes, the short (accident) and long (routine) term diffusion
estimates (X/Q). The site specific Safety Analysis Report
factors particular site dependent wind loadings resulting from
tornadoen or hurricanes into the design of safety related
structures and equipment (e.g., containment structure, etc.).

'
1.2.1.2.2 Hydrology

Hydrological data affecting the design of safety related
structures is presented in Section 2.4 of the site specific
Safety Analysis Report.

1.2.1.2.3 Geology and Seismology

The design of safety related structures, systems, and components
of the System 80+ Standard Design is consistent with the general B

structural response spectra envelopes given in Section 3.7.

1.2.2 SYSTEM 80+ STANDARD DESIGN SCOPE AND DESCRIPTION

The design scope of the System 80+ Standard Design includes the
Nuclear Power Module (NPM) and the Standardized Functional B

Descriptions. Together, the descriptions of the NPM and the
Standardized Functional Descriptions are sufficient for the
evaluation of the safety of an essentially complete plant. The
NPM includes the NSSS, the Reactor Containment, the Nuclear Power

AControl Center and the Emergency Feedwater System. The CESSAR
scope of design for the NPM systems and components is listed in
Table 1.2-1. The seismic category and safety and quality
classification of mechanical components within the NPM are listed
in Table 3.2-1. Summary descriptions are presented below and B

Amendment B
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detailed in the appropriate sections of CESSAR. The Standardized
B

Functional Descriptions contain information related to the safe
design of structures, systems and components which affect the
systems in the NPM but which are not within the NPM design scope.

1.2.3 NUCLEAR STEAM SUPPLY SYSTEM (N888)

The NSSS generates approximately 3817 Mwt, producing saturated
main steam.

The NSSS contains two independent primary coolant loops, each of
which has two reactor coolant pur,4, a steam generator, a 42-inch
ID outlet (hot) pipe and two 30-inch ID inlet (cold) pipes. In
addition, the safety injection lines are connected directly to
the Reactor Vessel. An electrically heated pressurizer is A
connected to one of the loops of the NSSS. The pressurizer has
an increased volume to enhance transient response and is
connected to one of the RCS loops. Pressurized water is
circulated by means of electric-motor-driven, single-stage,
centrifugal reactor coolant pumps. Reactor coolant flows
downward between the reactor vessel shell and the core support
barrel, upward through the reactor core, through the tube side of
the vertical U-tube (with an integral economizer) steam
generators, and back to the reactor coolant pumps. The saturated(q steam produced in the steam generators is passed to the turbine.

-

y

1.2.3.1 Reactor Core

The reactor core is fueled with uranium dioxide pellets enclosed
in zircaloy tubes with welded end caps. The tubes are fabricated
into assemblies in which end fittings limit axial motion and
grids limit lateral motion of the tubes. The centrol element
assemblies (CEAs) consist of NicrFe alloy clad boron carbide
absorber rods, or hafnium full strength absorber rods and solid

A
NiCrFe alloy reduced strength absorber rods, which are guided by
tubes located within the fuel assembly. The core consists of 241
fuel assemblies which will be initially loaded with three
different U-235 enrichments. The hSSS full thermal output is
3817 MWt with a core thermal output of 3800 MWt.

Design criteria are established to ensure the following: |
,

'

A. The minimum departure from nucleate boiling ratio during
normal operation al.d anticipated operational occurrences
will provide at least a 95% probability with 95% confidence

3that departure from nucleate boiling does not occur. |

'

1
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B. The maximum fuel centerline temperature evaluated at the
design overpower condition is below that value which could
lead to centerline fuel melting. The melting point of the
UO is not reached during normal operation and anticipated
op$ rational occurrences.

C. Fuel rod clad is designed to maintain cladding integrity
throughout fuel life.

D. Each reactor system is designed so that any xenon transients
will be adequately damped.

E. The Reactor Coolant System is designed and constructed to
maintain its integrity throughout the expected plant life.

F. Power excursions that could result from any credible
reactivity addition incident do not cause damage either by
deformation or rupture of the pressure vessel, or impair
operation of the engineered safety features.

G. The combined response of the fuel temperature coefficient,
the moderator temperature coefficient, the moderator void
coefficient, and the moderator pressure coefficient to an

pg increase in reactor thermal power is a decrease in
t/ reactivity. In addition, reactor power transients remain

bounded and damped in response to any expected changes in
any operating variable.

The reactor core is further discussed in Chapter 4.

1.2.3.2 Reactor Internals

The internal structures include the core support barrel, the
lower support structure & ICI nozzle assembly, the core shroud,
and the upper guide structure assembly. The core support barrel
is a right circular cylinder supported by a ring flange from a
ledge on the reactor vessel. It carries the entire weight of the
core. The lower support structure transmits the weight of the
core to the core support barrel by means of a beam structure.
The core shroud surrounds the core and minimizes the amount of
bypass flow. The upper guide structure provides a flow shroud
for the CEAs, and limits upward motion of the fuel assemblies
during pressure transients. Lateral snubbers are provided at the
lower end of the core support barrel assembly.

The principal design bases for the reactor internals are to
provide the vertical supports and horizontal restraints during
all normal operating, upset, and faulted conditions.

CT
t/
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The core is supported and restrained during normal operation and
postulated accidents to ensure that coolant can be supplied to
the coolant channels for heat removal.

Reactor internals are further discussed in Sections 3.9 and 4.5.

1.2.3.3 Reactor Coolant System (RCS)

The RCS is arranged as two closed loops connected in parallel to
the reactor vessel. Each loop consists of one 42-inch ID outlet
(hot) pipe, one steam generator, two 30-inch ID inlet (cold)
pipes, and two pumps. An electrically heated pressurizer is
connected to one of the loops of the NSSS which, for System 80+, A
has an increased volume to enhance transient response.

The RCS operates at a nominal pressure of 2250 psia. The reactor
coolant enters near the top of the reactor vessel, then flows
downward between the reactor vessel shell and the core barrel, up
through the core, leaves the reactor vessel, and flows through
the tube side of the two vertical U-tube (with an integral
economizer) steam generators where heat is transferred to the
secondary system. Reactor coolant pumps return the reactor
coolant to the reactor vessel.

OQ Two steam generators, using heat generated by the reactor core
and carried by the primary coolant to each steam generator,
produce steam for driving the plant turbine-generator. Each
steam generator is a vertical U-tube heat exchanger with an
integral economizer which operates with the reactor coolant on
the tube side and secondary coolant on the shell side.

Each unit is designed to transfer heat from the Reactor Coolant
System to the secondary system to produce saturated steam when
provided with the proper input feedwater. Moisture separators
and steam driers on the shell side of the steam generator limit
the moisture content of the steam during normal operation at full
power.

Hot reactor coolant from the reactor vessel enters the steam
generator through the inlet nozzle in the primary head. From
here it flows through the U-tubes, where it gives up heat to the
secondary coolant, to the outlet side of the primary head where |
the flow splits and leaves through the two outlet nozzles. A
vertical divider plate separates the inlet and outlet plenums of
the primsry head. An integral economizer is employed on the cold
leg of the U-tube steam generator to enhance the generator i

thermal effectiveness. With fixed reactor coolant conditions, |
the use of an economizer enables the steam generator to operate ,

at a higher steam pressure without an increase in heating |
surface. |n

U
Amendment A
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The steam generator with integral economizer is in most respects
similar to earlier U-tube recirculating steam generators. The
basic dif ference is that instead of introducing feedwater only
through a sparger ring to mix with the recirculating water flow
in the downcomer channel, feedwater is also introduced into a
separate, but integral section of the steam generator. A
semi-cylindrical section of the tube bundle, at the cold leg or
exit end of the U-Tubes, is separated from the remainder of the
tube bundle by vertical divider plates. Feedwater is introduced
directly into this section and pre-heated before discharge into
the evaporator section. Feedwater flow enters the economizer
through two nozzles into the distribution box. Discharge ports
in the distribution box are sized and spaced to provide a uniform
rate of discharge over the full half circumference of the
economizer. The flow after leaving the distribution box passes
radially across the tube sheet. A flow baffle acts as the upper
boundary of this radial pass. This baffle is sized to evenly
distribute flow through the axial region of the economizer. Flow
passes upward through the annuli formed by the tubes and baffle
plate into the axial flow region. This region is basically a
counterflow heat exchanger, with feedwater directed upward
outside the tubes and primary flow directed downward inside the
tubes. Feedwater then exits the economizer slightly subcooled
and enters the boiling region of the steam generator.

The remainder of the steam generator differs little from previous
recirculating U-tube steam generators manufactured by C-E, except
that the lower portion of the evaporator section and the
downcomer channel occupy only one-half of the steam generator
cross-section. The effect of this nonsymmetry is factored into
the design of tube support structures. The steam-water mixture
leaving the vertical U-tube heat transfer surface enters the
separators which impart a centrifugal motion to the mixture and
separate the water particles from the steam. The water exits
from the perforated separator housings and recirculates through
the downcomer channel to repeat the cycle. Final drying of the
steam is accomplished by passage of the steam through corrugated
plate dryers.

The System 80+ steam generator incorporates several design
'

enhancements including better steam dryers, increased overall
heat transfer area and lightly reduced full power steam pressure.
The System 80+ steam generator also has a larger secondary

Afeedwater inventory which extends the "boil dry" time thus
enhancing the NSSS's capabil3ty to tolerate upset conditions and
improving operational flexibility. Finally, the System 80+ steam
generator design has a greater tube plugging allowance therefore
permitting the NSSS to maintain rated output with a significant
number of tubes plugged.

O
'
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|BAn integral flow restrictor has been designed into each steam

generator steam nozzle to reduce flow area.

The reactor coolant is circulated by four electric-motor-driven
single stage centrifugal pumps. The pump shafts are sealed by
mechanical seals. The seal performance is monitored by precsure
and temperature sensing devices in the seal system.

The RCS is further discussed in Chapter 5.

1.2.4 ENGINEERED SAFETY FEATURES
t

Engineered safety features function in the highly unlikely event
of an accidental release of radioactive fission products from the
reactor system, particularly as the result of loss-ofacoobnt
accidents. These safeguards function to localize, dontroi.,
mitigate, or terminate such accidents to hold exposure levels
below 10CFR100.

1.2.4.1 Containment System I

A
The containment systems include the containment structure, th2
containment heat removal systems, the contairm.b sic
purification and cleanup systems, the containaut.t isolation i

O v te=, ead the contata= eat co duetidie ee coatro1 ev teo- .

,

A physical description of the containment and th3 desigh critsri4
relating to the construction techniques, st Dic lo-Js, and
seismic loads are provided or referenced in Section 3.8. This ,

section pertains to those aspects of containment design, testing,
and evaluation that relate to the accident mitigation func .%n. Ae

The containment design basis is to limit release of radioacifve
'

materials, subsequent to postulated accidents, such that
resulting calculated offsite doses are less than the guideline
values of 10CFR100. In order to meet this requirement, a design
(maximum) containment leakage rate has been defined in
conjunction with performance requirements placed on the ,

engineered safety features (ESP) systems.

The capability of the containment structure to maintain design
leaktight integrity and to provide a predictable environment for )
operation of ESF systems is ensured by a comprehensive design,
analysis, and testing program that includes consideration of:

.

1

A. The peak containment pressure and temperature
associated with the most severe postulated accident ;

coincident with the operating basis earthquake (OBE) or | |
'

safe shutdown earthquake (SSE).

n

| b
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B. The maximum external pressure loading condition to

which the containment may be subjected as a result of A
inadvertent containment systems operations that
potentially reduce containment internal pressure below
outside atmospheric pressure.

1.2.4.2 Safety Inieotion System

In the highly unlikely event of a loss-of-coolant accident, the
safety injection system (SIS) for System 80, which includes [A
safety injection pumps and safety injection tanks, injects
borated water into the Reactor Coolant System.

The System 80+ SIS incorporates a four-train safety injection
configuration and an in-containment refueling water storage tank
(IRWST).

The System 80+ SIS utilizes four safety injection pumps to inject
Aborated water into the Reactor Vessel. In addition, 4 Safety

Injection Tanks are provided as part of the SIS. The SI pumps
are normally aligned to the IRWST and a realignment for
recirculation following a LOCA is r9t required. This system
provides cooling to limit core damage and fission product release
and ensures adequate chutdown margin.g

O
The SIS also provides continuous long-term, post-accident cooling
of the core by recirculation of borated water from the
containment sump. System 80+ SIS provides for the recirculation
of borated water to the in-containment RWST. A

The SIS is discussed further in Section 6.3.
1.2.4.3 Esercency Feedwater Systen B

,

The Emergency Feedwater System (EFWS) for System 80+ is a I
dedicated safety system that is designed to perform the following I

functions:

1. Supply feedwater to the steam generators for the
removal of heat from the RCS in the event the ma#'
feedwater system is unavailable following a transient
or accident. A

I. Papply fee 6 vater to the steam generators for the
,

reuuvel of heat from the RCS in the event of a totcl '

ices of AC power (statich blackout). B
f

1

(_)
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The EFWS is comprised of four pumps and associated piping and
valves. Two pumps are motor driven and two are steam turbine A
driven. The EFWS is actuated automatically. The EFWS is
discussed further in Section 10.4.

1.2.4.4 8 fety Depressurisation vstea 0

The Safety Depressurization System (SDS) is a dedicated safety
system designed to perform the following functions:

1. Provide a safety grade means to depressurize the RCS in
the event that pressurizer spray is unavailable during
plant cooldown to cold shutdown or in the event of a
steam generator tube rupture.

^2. Provide a capability to rapidly depressurize the RCS to
initiate a primary system feed and bleed for the beyond
design bases event of total loss of feedwater.

The system includes the valves and piping which establishes a
flow path from the pressurizer steam space to the In-containment
Refueling Water Storage Tank (IRWST). It is manually actuated
and controlled. The SDS is discussed further in Section 6.7.

*O 1.2.4.5 Coatei eat orav vste.

The Containment Spray System (CSS) for System 80+ is an
independent safety system. It is designed to maintain
containment pressure and temperature within design limits in the
unlikely event of design bases mass-energy releases to the
containment atmosphere.

The CSS is a fully redundant two-train system. Two containment
spray pumps supply water through two heat exchangers to the upper
region of the containment. Spray headers are used to provide a
relatively uniform distribution of spray over the cross sectional
area of the containment. The In-Containment Refueling Water
Storage Tank (IRWST) is used as the water cource for the system.
The Containment Spray Pumps can be manually aligned and used as
residital heat removal pumps during Shutdown Cooling System (SCS)
operation. Likewise, the SCS pumps can be manually aligned to
perform the containment spray function.

The Containment Spray System is discussed further in Section 6.2.>

>
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1.2.5 INSTRUMENTATION AND CONTROL

The System 80+ Standard Design includes all the instrumentation
and controls within th previous scope of System 80 (as described
in CESSAR-F) . These are integrated with other systems B
within the Nuplex 80+g ystemsAdvanced Control Complex (ACC) .

Automatic protection systems, control systems, and interlocks are
provided, along with the administrative controls of the specific
site, to assure safe operation of the plant. Sufficient
inctrumentation and controls are supplied to provide manual
operation as a normal backup control mode on all automatic
systems.

1.2.5.1 Protection. Control and Instrumentation Systems

A Plant Protection System (PPS) initiates a reactor trip if the
reactor approaches prescribed safety limits, or provides an
actuation signal to the Engineered Safety Features systems when a
fluid system or containment parameter approaches a prescribed
limit.

Sufficient redundancy is installed to permit periodic testing of
the PPS so that removal from service of any one protection systemO component or portion of the system will not preclude reactor
trip, or other protective action when required. Additionally, no
single failure can preclude the PPS providing a reactor trip or

Oother protective action when required.

The protection system and associated instrumentation is separated
from the control systems and their associated instrumentation !

such that failure, or removal from service, of any control
system, component or instrument channel will not inhibit the>

functioning of the protection system (see Chapter 7.0 for
details).
1.2.5.1.1 Reactor Protective 8ysten

B ,

The controllable reactor parameters are normally main *.ained
within acceptable operating limits by the inherent
characteristics of the reactor, the Reactor Regulating System
(RRS), soluble boron concentration, and the plant operating
procedures.

Four independent channels of the RPS normally monitor each of the
selected plant paratetors. The RPS logic is designed to initiate |

protective action whenever the signal of any two channels of a
,

given parameter reach the preset limit. Should this occur, the I
power supplied to the Control Element Drive Mechanisms (CEDM) is I

interrupted, releasing the control Element Assemblies (CEA) which
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drop into the core to shutdown the reactor. The two-out-of-four
logic can be converted to two-out-of-three logic to allow one
channel to be bypassed for testing, maintenance or operation.
The protection system is independent of and separate from the
manual and automatic control systems.

O1.2.5.1.2 Alternate Protection Systea

The Alternate Protection System (APS) augments plant protection
by generating an Alternate Reactor Trip Signal (ARTS) and
Alternate Feedeater Actuation Signal (AFAS) that are separate and
diverse from the Plant Protection System. This system is
provided to address ATWS and ATWS Mitigating Systems Actuation
Circuitry (AMSAC) design requirements. The added equiment
provides a simple, yet diverse mechanism to significantly
decrease the possibility of an ATWS.

The ARTS will initiate a reactor trip when Pressurizer Pressure
exceeds a predetermined value. Its sensors and circuitry are
diverse from that of the RPS. The ARTS design uses a
two-out-of-two logic to open the CEDM motor generator output
contactors.

O The AFAS will initiate emergency feedwater when the levels in
V either Steam Generator decrease below a predetermined value. Its

sensors and circuitry are diverse from that of the PPS Emergency ;

Feedwater Actuation System and Reactor Frotective System.

1.2.5.1.3 Engineered Safety Features Actuation System

The Engineered Safety Features Actuation System (ESFAS) operates
in a manner similar to the RPS to automatically actuate the
Engineered Safety Features (ESF) systems. Again, it has a ;

selective two-out-of-four actuation logic that can be converted
~

'to a selective two-out-of-three logic. The ESFAS is completely
independent of the control systems.

1.2.5.1.4 Reactor Control Systems

The reactor control systems are used for startup and shutdown of
the reactor, and for adjustment of the reactor power in response
to turbine load demand. The NSSS control systems are capable of
following ramp load changes between 15% and 100% of full power at ,

a rate of 5% per minute and a step change of 10%, except as i

limited by Xenon. This control is normally accomplished by
automatic movement of CEAs in response to a change in reactor
coolant temperature, with manual control capable of overriding
the automatic signal at any time. If the reactor coolant

; temperature is different from a programmed value, the CEAs are
adjusted until the difference is within the prescribed control'
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band. Regulation of the reactor coolant temperature, in
accordance with this program, maintains the secondary steam
pressure within operating limits and matches reactor power to
load demand.

The reactor is controlled by a combination of CEA motion and
dissolved boric acid in the reactor coolant. Boric acid is used
for reactivity changes associated with large but gradual changes
in water temperature, Xenon concentration, and fuel burnup.
Addition of boric acid also provides an increased shutdown margin
during the initial fuel loading and subsequent refuelings. The
boric acid solution is prepared and stored at a temperature
sufficient to prevent precipitation (maximum boron concentration A
in any storage tank is 2.5 weight percent).

CEA movement provides changes in reactivity for shutdown or power
changes. The CEAs are moved by CEDMs mounted on the reactor
vessel head. The CEDMs are designed to permit rapid insertion of
the CEAs into the reactor core by gravity. CEA motion can be
initiated manually or automatically.

System 80+ provides additional reduced strength CEAs for ,

reactivity control during maneuvers thus minimizing the need for ^

changes in RCS boron concentration during intended maneuvers and
(s) operational transients.

The pressure in the Reactor Coolant System is controlled by
regulating the temperature of the coolant in the pressurizer
where steam and water are held in thermal equilibrium. Steam is
formed by the pressurizer heaters or condensed by the pressurizer
spray to reduce variations caused by expansion and contraction of
the reactor coolant due to system temperature changes.

System 80+ contains a relatively large pressurizer to accommodate
A

greater primary system transients without challenging safety
systems.

Overpressure protection is provided by safety valves connected to
the pressurizer and designed in accordance with the ASME Code,
Section III. The discharge from the System 80+ pressurizer

Asafety val 'es is released underwater in the In-containment
Refueling Water Storage Tank (IRWST), where it is cooled and
condensed. The Megawatt Demand Setter (MDS) is a Nuplex 80+
system that automatically controls the response of the station's B

main turbine to changes in power dmeand relayed from the I

utility's grid by the Automatic Dispatch System (ADS). A Steam
Bypass Control System (SBCS) is used to dump steam in case of a
large mismatch between the power being produced by the reactor
and the power being used by the turbine. This allows the reactor

O
V
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to L'emain at power instead of tripping. Each steam generator's
water level is maintained by a Feedwater Control System (FWCS).
A Reactor Power Cutback System (RPCS) is used to drop selected
CEAs into the core to reduce reactor power rapidly during a loss

Bof a feed pump or a large loss of load. This allows the SBCS and
FWCS to maintain the NSSS in a stable condition, without a
reactor trip, and without lifting any safety valves during loss
of load transients.

1.2.5.1.5 Nuclear Instrumentation

The nuclear instrumentation includes ex-core and in-core neutron
flux detectors. Eight channels of ex-core instrumentation
monitor the power. Two channels are provided for the startup,
two channels are provided for power control, and four channels
are provided for the protection channels. The control channels
are used to control the reactor power during power operations.
The protection channels are used to provide inputs to the
overpower, logarithmic power Departure from Nucleate Boiling
Ratio (DNBR), and Local Power Density (LPD) trips in the RPS.

The in-core instrumentation consists of self-powered detectors,
distributed throughout the core, which provide information on
flux distribution within the core.g

U
B1.2.5,1.6 Process Monitoring Systems

General temperature, pressure, flow and liquid level monitoring
are provided as required to keep the operating personnel informed
as to plant operating conditions. Protection channels will
indicate the various parameters used for protective action as
well as providing trip and pre-trip alarms from the RPS.

The plant liquid and gaseous effluents are monitored to assure
that they are maintained within applicable radioactivity limits.
A complete description of the radiation instrumentation will be
provided in Chapter 11 of the site specific Safety Analysis
Report.

1.2.6 NUCLEAR PLANT CONTROL CENTER

The System 80+ Standard Design includes the Nuplex 80+ Advanced
BControl Complex (ACC) to ensure a completely integrated design

approach for both NPM and BOP system interfaces.
1

!

The ACC is subdivided into functional units which complement but
do not interfere with each other. These functional units include
the Main Control Room where plant control is performed; the-

Data Processing Center - where plant logs and hard copy results |

O
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are generated and computer programming is accomplished; the
Supervisory Monitoring Console - which supports the supervisor's B

functions with respect to monitoring plant operations, and
interfaces to the On-Site Technical Support Center and the
Emergency Operations Facility.

The Advanced Control Complex design consists of the following
major interdependent systems: Main Control Panels (MCP) , Remote
Shutdown Panel (RSP) , Alarm and Display Systems, Data Processing
System (DPS) and Component Control System and all the systems
previously described in 1.2.5.1 which were in the previous System
80 design.

1.2.6.1 Main Control Panels

The main control panels are designed to permit command by a
single individual during normal power operation. However, the
main control room design accommodates two control room operators
and a supervisor for all normal modes of plant operation and up
to the full operating crew during emergencies.

Each main control panel section integrates, in a human engineered
fashion, miniaturized back lighted component control switches,
meters, alarms, indicators and Video Display Units (e.g., CRTs,

O Plasma Displays) such that both safety related 1E and non-1E
instrumentation are routinely used by the operator.

Discrete alarms and indicators are provided to allow accident and
technical specification monitoring, safe shutdown and other
licensing requirements for which the Data Processing System VDUs
described in Section 1.2.6.4 cannot be credited. The discrete
alarms and indicators are also designed to permit continued plant
operation for unlikely instances when the Data Processing System
is unavailable.

The panel arrangements and layouts for all controls and
indicators on the main control panels are designed, verified and
validated in accordance with human factors design guidelines and
requirements specified in NUREG-0700. Refer to Chapter 18, Human
Factors Engineering, for further information.

A Supervisory Monitoring Console, including a Plant Monitoring
and Display System (PMDS) driven VDU and sufficient desk space,
is provided to support the plant monitoring and daily operational
needs of the Control Room Supervisor.

1.2.6.2 Remote Shutdown Panels
,

i

The Remote Shutdown Panel (RSP) design includes two isolated i>

redundant channels of the safety related instrumentation and I_ p controls necessary to achieve hot shutdown plant conditions if
'

V the main control room must be evacuated.
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A VDU monitor is provided at the Remote Shutdown Panel to provide
Boperational display pages. This VDU is the same as the control

room VDUs and is provided for convenience.

Local controls, RSP controls and instrumentation are provided to
bring the plant to cold shutdown conditions utilizing suitable
procedures.

1.2.6.3 Alara and DisDlav Bystems

The alarm and display systems are designed to aid the operator in
handling any challenges to critical plant availability or safety
functions.

The design integrates the information displayed from alarm
windows, meters and VDUs such that the same instruments used for
accident monitoring are used for normal plant operations to
enable operators to use instruments with which they are most
familiar during accident situations.

The advanced control panels include displays and alarms which
allow monitoring of the following critical safety functions.

Reactivity Controlfs -

() RCS Inventory Control-

RCS Pressure Control-

Core Heat Removal-

RCS Heat Removal-

Containment Integrity-

Plant Radiation Emissions-

The set of VDU panel displays include human engineered pictorial
mimic and alarm information that provides the operator a
continuous real-time high level overview of the entire power
plant's steam and electric conversion process.

The alarm and display systems are designed such that no single
failure will result in the loss of plant information presented tc
the operator. The design includes diverse means of providing the
operator information necessary to keep the plant operating and
for monitoring during accident conditions.

The alarms are designed to identify their priority through the
use of hierarchical physical location and color coding. Alarm
processing techniques (plant mode adaptation ad suppression)
based on validated process parameter inputs are used to increase
operator comprehension and reduce nuisance alarms,

p
O
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1.2.6.4 Data Processina Systen g

The plant Data Processing System (DPS) performs supervisory
monitoring of the NPM and Balance of Plant (BOP) steam and power
production processes. Its major functions are data acquisition,
data logging and trending and plant performance calculations, and
it is the primary source of data for the ACC visual display
units.

The DPS architecture is a redundant distributed multiprocessor
network designed to maximize system reliability and performance.

1.2.6.4.1 Plant Data Acquisiton System (PDAS)

PDA9 provides fast, efficient and reliable signal transmission
froia plant process sensors to control center computer systems
over a minimum number of cable sets.

The PDAS is segmented into four separate and independent loops.
Each loop cosists of a communication station, signal multiplexers
and a high speed reconfigurable data link. Loop segmentation
increases the throughput capacity and expansion capability of the
system.

) 1.2.6.4.2 Plant Monitoring and Display System

The Plant Monitoring and Dispaly System (PMDS) receives input
data from PDAS and displays plant operational status and alarms
to the opertor. The PMDS also provides the NPM and BOP
performance calculations, overall plant status monitoring and
logging, post trip review and sequence of events monitoring,
operator interface and CRT presentation of status and results
and hard-copy documentation of plant data. The plant monitoring
computer also performs the Core Operating Limit Supervisory
System (COLSS) function to assist the operator in maintaining the
plant within normal operating design limits.

Multi-color CRT displays, driven by redundant, high speed 32-bit
minicomputers, present the plant information to the operator.
The display formats are designed to permit rapid operator
comprehension of information necessary to monitor, control, or
diagnose plant conditions.

1.2.6.5 qquouter Control System

The Component Control System (CCS) is designed to control
discrete state components such as pumps, valves, heaters and fans
within the NPM and BOP plant systems.

A
U
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The CCS consists of six physically independent assemblies t

Bprovide control for the different channels of class 1E equipment,
as well as non-Class lE equipment. Although they perform
different plant control functions, the CCS Class 1E and non-Class
1E Assemblies utilize the same electronic and mechanical
components.

Comoonent Control Loaic - The Component Control Logic (CCL) is a
microprocessor based controller that monitors various digital,

inputs, such as manual on-off demands from the main control
panel, interlocks, ESFAS, Diesel sequence signals, automatic
control signals, and, as programmed, produces digital output
signals to control the component (start-stop; on-off). The CCL
generates outputs for status indication on the main control panel
and plant Data Processing System.

Encineered Safety Features Locic - The CCS accepts ESF Initiation
signals from the Plant Protection System. The ESF Logic is used
to activate the plant's Engineered Safety Features Systems
components. The Engineered Safety Feature Actuation System
(ESFAS) logic includes modules for ESF actuation and an ESF test
controller. Diesel Load Sequencing (DLS) logic is included in
the design.

( Main Conrol Room and Remote Shutdown Panel Interface - All main
, control room interfaces are isolated to prevent fault propagation
! into the CCS logic in the event of control room damage. Upon
i main control room evacuation, CCS local panel controls and/or the

Remote Shutdown Panel may then be used effectively to achieve an
orderly, unobstructed plant shutdown. The Remote Shutdown Panel
provides control for all required hot shutdown components. Local
CCS front panel controls are provided for all components,
allowing complete cold shutdown from a central location outside
the control room. j

,

1.2.7 ELECTRICAL SYSTEM
|

Standardised Functional Descriptions and interfaces are provided B
in Chapter 8. See the site specific SAR for details.

1.2.8 POWER CONVERSION SYSTEM

| Standardized Functional Descriptions and interfaces are provided B
; in Chapter 10. See the site specific SAR for details.

1.2.9 ERATING, VENTILATING, AND AIR CONDITIONING SYSTEMS

i Standardized Functional Descriptions and interfaces are provided
~

in Section 9.4. See the site specific SAR for details. 8

O
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1.2.10 FUEL HANDLING AND STORAGE

1.2.10.1 Fuel Handlina

Fuel handling equipment provides for the safe handling of fuel
assemblies and CEAs under all specified conditions and for the
required assembly, disassembly, and storage of reactor vessel
head and internals during refueling.

The major components of the system are the refueling machine, the
CEA change platform, the fuel transfer system, the spent fuel
handling machine, and the new fuel and CEA elevators. This
equipment is provided to transfer new and spent fuel between the
fuel storage facility, the containment building, and the fuel
shipping and receiving areas during core loading and refueling
operations. Fuel is inserted and removed from the core using the
refueling machine. During normal operations, irradiated fuel and
CEAs are always maintained in a water environment.

The principal design criteria specify the following:

A. Fuel is inserted, removed, and transported in a safe manner,

n B. Subcriticality is maintained in all operations.
O

Fuel handling is further discussed in Section 9.1.4.

1.2.10.2 Fuel Storace

Standardized Functional Descriptions and interfaces are provided B

in Section 9.1. See the site specific SAR for details.

1.2.11 AUXILIARY SYSTEMS

1.2.11.1 Shutdown Coolina system
,

1

The Shutdown Cooling System (SCS) is used to reduce the !
temperature of the reactor coolant at a controlled rate from '

350'F to a refueling temperature of approximately 140*F and to )
maintain the proper reactor coolant temperature during refueling. |

This system utilizes the shutdown cooling pumps to circulate the i
reactor coolant through two shutdown heat exchangers, returning .

Iit to the reactor coolant system. The component cooling water
system supplies cooling water for the shutdown heat exchangers.

The shutdown cooling system for System 80+ has a nominal design
Apressure of 900 psig. This higher system pressure provides for

greater operational flexibility and simplifies concerns with
system over-pressurization. The SD pumps do not share functions
with the SIS.

O
Q
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The shutdown cooling system in further discussed in Section
5.4.7.

1.2.11.2 Chealcal and Volume Control Systen

The Chemical and Volume control System (CVCS) controls the
purity, volume, and boric acid content of the reactor coolant.

The coolant purity level in the Reactor Coolant System is
controlled by continuous purification of a bypass stream of
reactor coolant. Water removed from the Reactor Coolant System
is cooled in the regenerative heat exchanger. From there, the
coolant flows to the letdown heat exchanger and then through a
filter and a domineralizer where corrosion and fission products
are removed. It is then sprayed into the volume control tank and
returned by the charging pumps to the regenerativo heat exchanger
where it is heated prior to return to the Reactor Coolant System.

The Chemical and Volume Control System automatically adjusts the
amount of reactor coolant in order to maintain a programmed level
in the pressurizer. The level program partially compensates for
changes in specific volume due to coolant temperature changes and
reactor coolant pump controlled seal leakage. (See Section

p 9.3.4.2 for details.)
The CVCS controls the boric acid concentration in the coolant by
a "feed and blood" method where the purified letdown stream is
diverted to a boron recovery section and either concentrated
boric acid or domineralized water is sent to the charging pumps.
The diverted coolant stream is processed by ion exchange and
degasification and flows to a concentrator. The concentrator
bottoms are sent to the refueling water tank for reuse as boric
acid solution and the distillate is first passed through an ion
exchanger and then stored for reuse as domineralized water in the
reactor makeup water tank.

The Chemical and Volt |.me Control System (CVCS) for System 80+
incorporates several significant improvements and simplifications A

including the following:

1. Reclassification as a non-safety grade system by
transferring of previously credited accident mitigation and

Bsafe shutdown functions to other dedicated safety systems.

2. Downgrading of all CVCS components outside of containment A
(excepc containment isolation valves) to a non-nucicar
safety class.

C')
V
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3. Improved letdown configuration. A

4. Improved charging configuration.

Transferring of accident mitigation and safe shutdown functions |B
to other dedicated safety systems has permitted simplification of
the CVCS without increasing overall plant complexity. This has
permitted elimination of redundancy for the purpose of providing
single failure protection as well as simplification of power and
qualification requirements. In addition, all components in the4

system (with the exception of the containment penetrations and
containment isolation valves) can be designed, purchased, and A

constructed to non-nuclear safety criteria. Although not a
safety grade system, the System 80+ CVCS provides reliable makeup
and depessurization capabilities for defense in depth and ease of
operation.

System 80+ employs an improved letdown configuration of which key <

elements are (1) a full pressure letdown heat exchanger, and (2)
pressure reduction to CVCS operating pressures downstream of the
letdown heat exchanger by use of a letdown flow control valve in
series with a letdown orifice. In addition, the charging flow is
controlled by the use of centrifugal charging pumps and a
charging pump flow control or throttle valve on the discharge ofO the pumps.

1.2.12 RADIOACTIVE WASTE MANAGEMENT SYSTEMS

Standardized Functional Descriptions and interfaces are provided
Bin Chapter 11. See the site specific SAR for details.

1.2.13 PHYSICAL PLANT SECURITY AND PROTECTION FROM 8ABOTAGE

Standardized Functional Descriptions and interfaces are
presented in Section 13.6. Design features are described in
Chapters 2, 3, 8, and 9.

i

|

)
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TABLE __1.2-1

(Sheet 1 of 8)

CESSAR DESIGN SCOPE SY3TEMS AND EOUIPMENT

1. Reactor Coolant Svstem

a) Reactor Vessel Assembly

1. Reactor Vessel Internals

2. Fuel and Fuel Assemblies

3. Surveillance Specimens and Holders

4. Neutron Sources

5. Control Element Assemblies

6. Control Element Drive Mechanisms

7. Reactor Vessel Supports

() 8. Closure Studs, Nuts and Washers

9. Reactor Vessel Head Closure Seal

b) Steam Generator Assembly

1. Steam Generator Internals

2. Steam Generator Supports

c) Pressurizer Assembly
i1. Pressurizer Heaters
|
!

2. Pressurizer Supports |
|

d) Reactor Coolant Pumps |

1. Reactor Coolant Pump Supports

Reactor {gplantPumpInstrumentationandComponent2.

controls

e) Reactor Coolant Piping
A

f) MainSteamandFeejyyterSystemInstrumentationand() Component Controls
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TABLE 1.2-1 (Cont'd) (Sheet 2 of 8)

g) RCS Instrumentation and Component Controls II

h) Spray Line Valves .. ,

1) Insulation r

a

2. Engineered Safety Features Systems

a) Safety Injection Syst6m , ,

:)
'1. Safety Injsction Tanks ,

,

'

2. Safety Injection Pumps
7

,'
A

\

3. (deleted) \

! 4. Associated Valves

Instrumentation and Component controls (2)5.

b) Containment Isolation SystemI}
, ,

^1O '

1. Safety Insection System tines

2. Containment Sump Suction Lines

T. . Shutdown Cooling suction Lines
i

#4. Letdown Line
:

5. Charging Line

6. Reactor Coolant Pump Seal Water Injection and <,

Return Lines i
;

7. Reactor Drain Tank Discharge Line

; 8. Makeup Water Supply Lino to the Reactor I) rain Tank
,

'

I

9. Safety Injection Tank IMll snd Drain Line j

3. Fuel Handling System

a) Refueling Machinot

,

| '

] b) Transfer Carriage System

j 1. Transfer Carriage
1

i O i
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IAILR 1. 2-1 (cont'd) (Sheet 3 of s)

2. Uponding Machino

3. Hydraulic Iawer IJ.".at

c) Fuel Transfer Tube, Valve and Flange

p d) CEA Chango Platform
.-

e) Long and Short Fuel Handling Tools

f) heactorVesselHeadLiftingRig
g) Upper Guide Structure Lifting Rig

h) Core Barrel Lifting Rig
,

1) Spent Fuel, Handling Machine

j) New Fuel Elevator

k) Underwater Television

n) 1) Dry Sipping Equipnent(

m) Refueling Pool Seal

n) In-Core Instruhnentation and CEA Cotter

o) Extension Shaft Uncoupling Tool

4. Chemical and Volume Control System
,

a) Pumps

1. Charging Pumps

1. Boric Acid Makeup Pumps

3. Rehetor Makeup Water Pumps

4. Holdup Pumps

'I5. Reactor Drain Pumps '

6. Boric Acid Batching Pump g

O
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TABLR 1.2-1 (Cont'd) (8heet 4 of 8)

b) Tanks

1. Volume Control Tank

2. Boric Acid Batching Tank |

3. (deleted) A ,

4. Holdup Tank

5. (deleted) A

6. Reactor Drain Tank

7. Equipment Drain Tank

8. In-containment Refueling Water Storage Tank
A

9. Boric Acid Storage Tank

c) Heat Exchangers

() 1. Regenerative Heat Exchanger

2. Letdown Heat Exchanger

3. RCP Seal Injection Heat Exchanger

d) Ion Exchangers

1. Purification Ion Exchangers

2. Deborating Ion Exchanger

3. Preholdup Ion Exchanger

4. E?,ric Acid Condensate Ion Exchanger

e) Filterc

1. Purification Filters

2. Boric Acid Filter

3. Reactor Makeup Water Filter

O
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', TABLE 1.2-1 (Cont'd) (Sheet 5 of 8)-

4. Reactor Drain Filter

5. Seal Injection Filters

f) Gas Stripper Package

g) Boric Acid Concentrator Package

h) (deleted) A

i) (deleted)
j) Gas Stripper Effluent Radiation Monitor

k) Instrumentation and Component Controls (2)

1) f Valves
I

m) Chemical Addition Package
3

5. Shutdown Cooling System

a) Shutdown Cooling Heat Exchangers

b) Instrumentation and Component Controls (2)

c) Valves

6. Test Programs

a) Preoperational Tests for CESSAR Design Scope Systems

b) Startup Tests for CESSAR Design Scope Systems

7. Reactor Protection System

a) Variable overpower Trip

b) High Logarithmic Power Trip

c) High Pressurizer Pressure Trip

d) Low Pressurizer Pressure Trip

e) Low Steam Generator Pressure Trip

f) Low Steam Generator Water Level Trip

G
'

Amendment A
September 11, 1987

|
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g) High Steam Generator Water Level Trip

h) High Containment Pressure Trip

i) Low DNBR Trip in DNBR/LPD Calculator System

j) High Local Power Density Trip in DNBR/LPD Calculator
System

k) Manual Trip

8. Alternate Protection System B

a) Alternate Reactor Trip Signal High Pressurizer-

Pressure Trip
b) Alternate Feedwater Actuation Signal Low Steam-

Generator Water Level Trip

9. Engineered Safety Features Actuation System

a) Containment Isolation Actuation Signal

() b) Energency Feedwater Actuation Signal

c) Main Steam Isolation Signal

d) Safety Injection Actuation Signal

e) (deleted) A

f) Containment Spray Actuation Signal

10. Control Systems

a) Reactor Regulating System

b) Control Element Drive Mechanism Control System

c) Pressurizer Pressure Control System

d) Pressurizer Level Control System

e) Feedwater Control System

f) Reactor Power Cutback System
1

g) Steam Bypass Control System

O
Amendment B
March 31, 1988

__
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h) Boron Control System (3)

1) Megawatt Demand Setter B

11. Process Monitoring Systems

a) Plant Monitoring System

b) In-core Flux Instrumentation System

1. Fixed In-core Instrument System

2. Movable In-core Instrument System

c) Inadequate Core Cooling Monitoring System
B

d) NSSS Integrity Monitoring System

12. Nuclear Instrumentation

a) Source Range Channels

O b) Power Renge Chenne1 - Contra

c) Logarithmic and Linear Safety Channels

13. Other Protective Instrumentation

a) Shutdown Cooling System Suction Line Isolation Valve
Interlocks

b) Safety Injection Tank Isolation Valve Interlocks

14. Advanced Control Complex (Nuplex 80+)
B

a) Main Control Center Panels

b) Remote Shutdown Panels

c) Alarm and Display System

d) Data Processing Systems

e) Component Control System

15. Containment Building
A

16. Emergency Feedwater System

Amendment B '

March 31, 1988

- _ _ . _ _ _ . _ _ -_. .
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TABLE 1,2-1 (Cont'd) (Sheet 8 of 8)

|
17. Safety Depressurization System A i

18. Containment Spray System

a) Containment Spray Pumps ;

b) Containment Spray Heat Exchangers B

c) Containment Spray Valves

d) Containment Spray Nozzles

O

NOTES

1. There is no one particular system for complete containment
isolation. Containment isolation is achieved by applying |

acceptable common criteria to penetrations for CESSAR design !

scope systems and by using a containment isolation signal to '

actuate appropriate valves. Containment isolation is within
the CESSAR scope for the lines listed under "2.b" above.

2. There is no implication that all instrumentation and
controls within the CESSAR scope are safety related. The
text defines what instrumentation is considered to be safety
related. j

3. Because of the relatively slow response of the system to
changes in boron concentration, the boron control system is I

manual with the operator controlling boron concentration I

based on periodic sampling with digital indication of
concentration for spot checks.

O
Amendment B
March 31, 1988

_ _ ____. _ _
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TABLE 1.2-2

MATRIX OF CESSAR/ BOP INTERFACE SECTIONS

9.2.2
10.3 10.4 Component 11.0 8.3 8.2

CESSAR Standardized Main Main Cooling Waste Onsite Offsite 6.4
Located Fur.ctional Requirement Steam Feedwater Water Management Power Power Habitability
In Sections: Systems Systems System System System System Systems

'

CESSAR SECTIONS SYSTEM SCOPE:
4.2.5 Reactor
5.1.4 Reactor Coolant System X X X X A
6.3.1 Safety Injection System X X X
6.7 Safety Depressurization

BSystem X X |
7.1.3 & Reactor Protection System X X X
7.2.3
7.1.3 & Engineered Safety Features
7.3.3 Actuation System X X X X
9.1.4 Fuel Handling System X X X A
5.4.7 Shutdown Cooling System X X X X
9.3.4 Chemical and Volume Control X X X X X

System<

10.4.9 Emergency Feedwater System X

| 6.2 Containment X
'

7.0 Control Room

SUPPORTING INTERFACE AREA
3.5.3 Missile Protection X

3.11 Environme d Design X
9.5 Fire Protection X
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1.3 COMPARISON TABLES

1.3.1 COMPARISON WITH SIMILAR FACILITY DESIGNS

1.3.1.1 General

This section highlights the principal design features of the
"System 80" arrangement and provides a comparison of the major I
plant design features with other pressurized water reactor I

facilities. The design of this 3817 Mwt NSSS is based upon
proven technology and experience resulting from the development,
design, construction, and operation of pressurized water ,

reactors of earlier types. !

Table 1.3-1 summarizes the design and operating characteristics
for the nuclear, electrical, power, structural and safeguards
systems of various facilities. Combustion Engineering reactor
designs of recent years are grouped into classes which are
helpful in illustrating and justifying the progrescion of plants
from lower to current power levels. The data, performance
characteristics, and other information presented herein
represent the current design of reactors in each class according
to the docket material listed in Table 1.3-2. Where major
differences exist between plants within the same class, Table

; 1.3-1 favors the lead plant of the class.

1.3.1.2 ConDarison of the H8vsten 80" Reactor with Other
EtAc_ tor Sva,tems of Recent Desians

The C-E System 80 pressurized water reactor incorporates several
design improvements which have not been employed in previously
licensed C-E PWR plants. These improvements do not represent an

,

assumption of new technology but are more properly characterized |

as the application of proven design concepts. Similarities
between System 80 and other reactor designs such as the use of
chemical shim and control rods for reactivity control and the
production of dry saturated steam in vertical U-tube steam
generators are summarized as part of Table 1.3-1 and detailed in
the appropriate CESSAR sections. Differences or improvements
between reactor designs are summarized briefly in the following
paragraphs, compared in the parameter lists of Table 1.3-1, and
are discussed in detail in the appropriate sections of CESSAR.

The System 80 reactor reflects some changes relative to previous
reactor class designs. The core includes 16 x 16 fuel
assemblies rather than 14 x 14 assemblies as in some earlier
designs. The upper guide structure which once housed all of the
Control Element Assembly shrords has relatively more open space.
This has been accomplished by the inclusion of a shroud tube
bundle section above the core region. These shroud tubes

Q provide guidance for CEAs and protect CEAs from the effects of

1.3-1
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coolant crossflow in the core outlet region. This results in
flexibility in the location of multi-fingered (4 and 12) CEAs
which can enter several assemblies.

The System 80 design includes bottom mounted in-core
instrumentation. The bottom mounted fixed plus movable
detectors are positioned in the center guide tube of selected
fuel assemblies.

System 80 fuel assemblies are reconstitutable, should it prove
desirable to replace individual fuel rods. The upper end
fitting can be removed by mechanical means, fuel rods withdrawn
from the assembly and replaced with new fuel rods, and the upper
end fitting replaced.

Other differences between the System 80 reactor and other C-E
designs are in the power rating, inlet coolant temperature, and
flow rate. The reactor power is increased about 10 percent over
earlier C-E plants (3400 Mut series) whereas the power per fuel
assembly is essentially the say . Similarly the total NSSS flow
rate is increased to 164 x 10 lb/hr, but the average coolant
velocity through the core and flow per fuel assembly are
essentially the same. The reactor coolant temperature has

T increased about 6 12*F (cold / hot leg) to provide the higher-

steam pressure.

The fuel rod maximum linear heat rate at full power has been
reduced approximately 30 percent due to the larger number of
fuel rods with the 16 x 16 fuel assemblies and lower axial
peaking resulting from control of axial power distribution.
These changes result in a significant reduction in the
calculated peak fuel rod centerline temperature and computed
peak clad temperature.

1.3.2 COMPARISON OF FINAL AND PRELIMINARY INFORMATION

Changes to the design of systems and components normally occur
during the progression from preliminary to final design
information. A summary of CESSAR scope design changes which
have occurred during the process of finalizing the System 80
design are presented in Table 1.3-3. Details of the modified
design configuration are provided in the appropriate sections,
as noted in Table 1.3-3. These changes either provide
additional conservatism with regard to safety related aspects of
the design or do not alter the safety functions.

1.3.3 SYSTEM 80+ ENHANCED DESIGN

Changes to the design that have been incorporated in System 80+
Aare summarized in Table 1.3-4. Additions to scope that are

O incorporeted into System 80+ are aummerized in Tebte 1.3-s.

Amendment A
1.3-2 September 11, 1987
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TABLE 1.3-1

(Sheet 1 of 13)

Q PARISON OF REACTOR CHARACTERISTICS

SYSTEM 80
SYSTEM 80+ REFERENCE

2570 Mwt 3410 Mut 2825 Mwt 3817 Mut 3817 Mut CESSAR SECTIOW

ruclear Desian Data

structural characteristics
Core Diameter, in. (Equivalent) 136.0 136.0 123.0 143.6 143.6 4.2
Core neight, in. ( Active Fuet) 136.7 150.0 150.0 150.0 150.0
N/U, Unlimited Assembly (Not) 4.34 4.34 4.07 4.23 4.23 4.3
Number of Fuel Assembtles 217 217 177 241 241
U0 Fuel Rod Locations Per Assembly 176 (Batch A) 236 (*) 236 (*) 236 (*) 236 (*)2 164 (Batch 8)

176/164/164
(Batch C)

Performance Characteristics
Loading Technique 3 Satch Mixed 3 Batch Mixed 4 Baten Mixed 3 Batch Mixed- 3 Batch Mixed

Central Zone Centrat Zone Centrat Zone Central Zone Central Zone

Fuel Discharge Surnup Mud /MTU A
Average First cycle 13,775 12,373 13,600 13,740 13,740
First Core Average 22,550 21,700 28,124 24,144 24,144

Fuel Enrichments U/O U-235
Region 1 2.05 1.27 1.25 1.83 1.83
Region 2 2.45 2.38 2.06 2.49 2.49
Region 3 2.99 2.33 2.75 2.95 2.95
Region 4 3.30

Control Characteristics
Criticat Soron Concentrations, PPM

(beginning of life, Rods out)
Cold, Zero Power, Clean 1120 899 (LATER) 902 902
Not, Zero Power, clean 1095 632 (LATER) 882 882
Not, Equilibrium Xe, Full Power 725 952 (LATER) 516 516
Mot, Full Power, Clean 960 719 (LATER) 764 764

* In the first core, some UO rods may be replaced by burnable poison rods.
2
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'TABLE 1.5-1 (Cont'd.)
(Sheet 2 of 13)

COMPARISON OF REACTOR CHARACTERISTI(S
t

SYSTEM 80
SYSTEM 80+ REFERENCE.

2570 Mwt 3410 Mwt 2825 Mut 3817 Mwt 3817 Mut CESSAR SECTION

ruclear Deslan Data (Cont'd.)

Control Element Assemblies i

Materlat (Futt/Part Length) B C/SS-Ag-In-Cd B C/Ag-In-Cd B C/Inconel B C/B C-Inconel B C or Nf/Inconel 4.24 4 4 4 4 4
Number of Control Assemblies

(FutL/Part Length /Part Strength) 77/8/0 83/8/0 65/0/8 (*) 76/13/0 (*) 68/0/25 (*) 4.2
Number of Absorber Rods Per CEA

(or RCC) Assembly 5 4,5/5 4 or 12 4 or 12 4 or 12 4.2

Total Rod Worth (Hot) %Ap 1 9.60 11.35 16.00 16.76 16.00 4.3

Kinetic Characteristics Range
Over First Cycle A

Moderator Temperature Coefficient

-0.20x10|f/ -0.5x10|'/ -0.4x10f/ -0.7x10[f/ -0.7 x 10 f/
-

fg>/*F (Not, Full Power) BOL/EOL
x 10 - 6 x 10 -2.5 x 10 5 -2.5 x 10'-1.96 x 10 - . . -6-6 -6Moderator Pressure Coefficient (80L) +0.30 x 10 +0.9 x 10 +1.0 x 10 +0.69 x 10 +0.69 x 10'

Ap/ psi (Hot, operating) -3 -3 ~3 -3,

Moderator void Coefficient (BOL) -0.10 x 10 -u.36 x 10' -0.46 x 10 -0.24 x 10 -0.24 x 10
'

Ap/1 void (Mot, operating)
Doppler coef ficient ap/*F (Not, -1.06 x 10'' -1, 'O'$ -1.34 x 10'' -1.18 x 10" -1.18 x 10

-5
Operating Range) to ** ** **-5 ,5 -5 -5 -5-1.46 x 10 -1 . -1.52 x 10 -1.66 x 10 -1.66 x 10.

* Locations are provided for 8 additional CEAs.
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TABLE 1.3-1 (Cont'd.)
(sheet 3 of 13)

COMPARISON OF react 0R CHARACTERISTICS

SYSTEM 80
SYSTEM 80+ REFERENCE

2570 Mwt 3410 Mut 2825 Mut 3817 Mut 3817 Mut CESSAR SECTION

ruclear DeSian Data (Cont *d.)
A

tydraulic and Thermal Design Parameters 4.4

Total Core Heat Output, Mut 2560 3390 2815 3800 38006 7 7 7Totat Core Heat output, Stu/hr. 8740 x 10 1157 x 10 (LATER) 1297 x to 1297 x 10 0
Heat Generated in Fuet, % 95.3 97.5 (LATER) 97.5 97.5

System Pressure, Nominal, psia 2250 2250 2250 2250 2250 4.4 A
System Pressure, Minimum Steady State,

psia 2200 2200 2250 2200 2200
Det Channet Factors Overalt

| Neat Flux, F 3.00 2.35 2.35 2.35 2.35
0EnthalpyRise?F 1.65 1.55 1.52 1.55 1.55

Due Ratio at Nominah"Conditions 2.18 (W-3) 2.07 (CE-1)* 1.79 (CE-1)* 1.98 (CE-1)* 2.10(CE-1)*
,

Cootant Flow 6 6 6 0 6Totat Flow Rate, tb/hr. 139.5 x 10 148.4 x 10 122.0 x 10 164.0 x 10 164.0 x 10 A
Effective Flow Rate for Heat 6 6 6Transfer, tb/hr. 134.6 x 10 142.8 x 10 (LATER) 157.4 x 10' 157.4 x 10

EffectiveFlowgreaforHeat
Transfer, ft 53.5 54.7 (LATER) 60.8 60.8

Average Velocity Along fuel
Rods, ft/sec. 13.6 6.3 (LATER) 16.6 16.6 02 6 6 6 6-Average Mass Velocity, lb/hr-ft 2.20 x 10 2.61 x 10 (LATER) 2.61 x 10 2.61 x 10

Rsactor Temperatures, *F
4,4 |Bmoninal Intet 544.5 553.0 565.0 565.0 558.0

Average Rise in Vessel 52 58 57 56 (Later)

|A
* Minimum DNSR at nominal conditions.
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TABLE 1.5-1 (Cont'd.) ;
- (Sheet 4 of 13) |) COMPARISON OF REACTOR CHARACTERISTICS
,

L

i
SYSTEM 80 ,

*SYSTEM 80+ REFERENCE
2570 Nwt 3410 Mut 2825 Mwt 3817 mut 3817 Mwt CESSAR SECTION

i ruclear Desion Data (Cont'd.)

Average Rise in Core, *F 54 60 57 59 (LATER)
Average Temperature in Core, *F 570.4 586 594 594 (LATER)
Average Temperature in Vessel, *F 569.5 585 (LATER) 593 (LATER)
Not Channel Outtet, *F 643 649.2 (LATER) 653 (LATER)
Average Film C efficient, '

Stu/hr-ft2 *F 5240 6160 (LATER) 6300 (LATER)
-

Average Film Temperature
ADifference, *F 34.6 30 (LATER) 30 (LATER)

j Maat Transfer at 100% Power
2'

Active Neat Transfer Area, fg 48,416 62,000 (LATER) 68,460 68,460 4.4I Average Meat Flux, Stu/hr-ft 176,000 182,400 (LATER) 189,800 189,800 B2Maximun Nest Flux, Stu/hr-ft 527,900 428,000 (LATER) 445,700 445,700
j Average Thernet Output, kW/ft 5.94 5.34 (LATER) 5.40 (LATER) i

Nazimum Thernet Output, kW/ft 17.5 12.5 (LATER) 12.7 12.7 18
Maximum Cted Surface Temperature

: at Nominal Pressure, *F 657 657 (LATER) 656 (LATER) AFuel Centerline Temperature, *Fi

neximum at 100% Power 3,780 3,420 (LATER) 3,290 (LATER) '

|gEngineering Neat Flux Factor 1.03 1.03 (LATER) 1.03 1.03

.
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TABLE 1.3-1 (Cont'd.)
(Sheet 5 of 13)

COMPARISON OF REACTOR CHARACTERISTICS

,

SYSTEM 80
SYSTEM 80+ REFERENCE

2570 Mut 3410 Mwt 2825 Mut 3817 Mwt 3817 M=t e.ESSAR SECTION

Core Mechanical DeSion Parameters

Fuel Assemblies 4.2
Rod Sundle Arrangement 14 x 14 16 x 16 16 x 16 16 x 16 16 x 16
Design CEA CEA CEA CEA CIA
Rod Pitch, in. 0.580 0.506 0.506 0.506 0.506 :
Cross Section Dimensions, in. 7.972 x 7.972 7.972 x 7.972 7.972 x 7.972 7.972 x 7.972 7.972 x 7.P72 7

Fuet Weight (as 00 ), Ib. 207,269 223,900 188.609 257,245 25?,245
2

Number of Grids Per Assembly 8 12 11 11 11
fuet Rods

Number of Locations 36,896* 49,500* 41,772 56,876* 56,876*
Outside Diameter, in. 0.440 0.322 0.352 0.382 U.382
Diametrat Cap, in. 0.0085 0.007 0.007 0.007 0.007
Ctad Thickness, in. 0.026 0.025 0.025 0.025 0.025 4
Ctad Materiet Zircatoy-4 Zircatoy-4 Zircatoy-4 Zircatoy-4 lircoloy-4'

Fuel Pettets
Materlat U0, Sintered UO., Sintered UO, Sintered U0, Sintered UO Sirstered3 ,

Diameter, in. 0.3795 0.325 0.325 0.325 0.325
Length, in. 0.650 0.390 0.390 0.390 0.399

Control Assemblies
Cladding Materlat MicrFe Alloy NiCrfe Alloy NiCrFe Attoy NICrFe Attoy MICrFe Attoy
Cted Thickness, in. 0.040 0.035 0.035 0.035 0.035

Core Structure
Core Barret 10/00, in. 148/149.75 143/153.00 138/(Later) 157/162.25 157/162.25

* Some of the rod locations are occupied by bornable poison rods.
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TABLE 1.3-1 (Cont'd.)
i (Sheet 6 of 13)

COMPARISON OF REACTOR CHARACTERISTICS |

SYSTEM 80
SYSTEM 80+ REFERENCE

2570 Mwt 3410 Mwt 2825 Mwt 3817 Mwt 3817 Mwt CESSAR SECTION

Reector Coolant System Code Requirements 5.2, 5.4

Component
Reactor vesset ASME III, ASME III, ASME III, ASME III ASME III

class A Class 1 Class 1 Class 1 Class 1
Steam Generator

Tube Side ASME III, ASME III, ASME III, ASME III, ASME III,
Class A Class 1 Class 1 Class 1 Class 1

Shett Side ASME III, ASME III, ASME III, ASME III, ASME III,
Class A Class 1 Class 1 Class 2 Class 2

Pressurizer ASME III, ASME III, ASME III, ASME III, ASME III,
Class A Class 1 Class 1 Class 1 Class 1

Pressurizer Safety Valves ASME III ASME III, ASME III, ASME III, ASME III,
Class 1 Class ? Class 1 Class 1 A

Reactor Coolant Piping ANSI B31.7 ASME III, ASME III, ASME III, ASME III,
Class 1 Class 1 Class 1 Class 1

Prixinet Design Parameters of the Reactor Vesset 5.3

Katerlat Low alloy steet Lou attoy Low alloy Low alloy Low altoy
internally clad steel clad steel clad steel cted steel clad
with austenitic with austen- with austen- with austest- with austen-
SS. itic SS. itic SS. Itic SS. Itic SS.

Design Pressure, psig 2485 2485 2465 2485 2485
Design Temperature, *F 650 650 650 650 650
Operating Pressure, psig 2235 2235 2235 2235 2235

1
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TABLE 1.3-1 (Cont'd.)
(Sheet 7 of 13)

COMPARISON OF REACTOR CHARACTERISTICS

SYSTEM 80
SYSTEM 80+ REFERENCE

2570 Mwt 3410 Mut 2825 Mut 3817 Mwt 3817 Mut CESSAR SECit0N

Principat Design Parameters of the Reector Vesset (Cont'd.)

Inside 9iameter at Shett, in. 172 172 162 182-1/4 182-1/4
Outside Diameter Across Nozzles, (n. 253 253 250.8 267-1/4 267-1/4
overett Neight of Vesset

and Enclosure Head, ft-in. to top 41' 11-3/4" 43' 6-1/2" 48' 7-3/4" 50' 1-5/8" 50' 1-5/8"
(including bottom (including bottom
instrumentation instrumentation
nozzles) nozzles)

stinimum Ctad Thickness, in. 1/8 1/8 1/8 1/8 1/8

Principat Desian Parameters of the Reactor Coolant Piping 5.4.3

C:steriet Carbon steel Carbon steel Carbon steel Carbon steel Carbon steet A
internalty eted internalty cted internally eted internally clad internatly clad
with stainless with stainless with stainless with stainless t8th stainless
steel steet steet steel steet

Kot Leg - I.D., In. 42 42 42 42 42
Cold Leg - 1.0., in. 30 30 30 30 30
Cetween Pump and Steam Generator -

I.D., in. 30 30 30 30 30
Design Pressure, psia 2500 2500 250C 2500 2500

|
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TA8tE 1.3-1 (Cont'd.)
(Sheet 8 of 13)

COMPARISOh OF REACT 0a CMARACTERISTICS j

<

|

i SYSTEM 80
SYSTEM 30+ REFERENCE

2570 Mwt 3410 Mut 2825 Mut 3817 Mut 3617 Mut CESSAR SECTION

Principat Desinn Parameters of the Reactor Coolant System 5.1, 5.4
.

Operating Pressure, psia 2250 2250 2250 2250 2250
Reactor Intet Temperature, *F 544.5 553.0 565.0 565.0 558.0 B
Reactor Outtet Temperature, *F 599.4 611.2 622.0 621.0 615.0
number of Loops 2 2 2 2 2

. Design Pressure, psig 2485 2485 2485 2485 2485
1 Design Temperature, *F 650 650 650 650 650 A ,

tydrostatic fest Pressure (cold), psig 3110 3110 3110 3110 3110
3Total Coolant Volume, ft 11,101 10,300 11,315 11,643 (Later)

Total Reactor Flow, gal / min.* 370,000 396,000 330,000 445,600 445,600 |B
Princloat Desian Parameters of the Reactor Coolant Pumps 5.4.1

uumber of Units 4 4 4 4 4
Type vertical, vertical, vertical, Vertical, vertical,

Asingle stage single stage single stage single stage single stage
centrifugal centrifugal centrifugal centrifugal centrifugal
with bottom with bottom with bottom with bottom with bottom
suction and suction and suction and suction and suction and
horizontal horizontal horizontal horizontal horizontal
discharge discharge discharge discharge discharge

Design Pressure, psig 2485 2485 2485 2485 2485
Design Temperature, *F 650 650 650 650 650
Operating Pressure, nominat psig 2235 2235 2235 2235 2235
Suction Temperature, *F 543.4 553.0 565.0 564.5 (Later)

* Design minimum.
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TABLE 1.3-1 (Cont'd.)
(Sheet 9 of 13)

a COMPARitou 0F REACY0P CMARACTERISTICS

SYSTEM 80
SYSTEM 80+ REFERENCE

2570 Mwt 3410 Mut 2825 Mwt 3817 Mut 3817 Mwt CESSAR SECit0N

Principat Desian Parameters of the Reactor Coolant Pumps (Cont'd.)

Design Capacity, gal / min. 92,500 99,000 82,500 111,403 111,400
Design Need, ft 300 310 340 365 365
tydrostatic Test Pressure, (cold) psig 3110 3110 3110 3110 3110
Motor Type AC Induction AC Induction AC Induction AC Induction AC Induction

Single Speed Singte Speed Single Speed Single Speed Single Speed
Motor Rating, hp. (cold) 7,200 9,700 8,500 12,000 12,000

PrinciOel Desian Parameters of the Steam Generators 5.4.2

mumber of units 2 2 2 2 2
Type verticat U-tube verticat U-tube verticat U-tube vertical U-tube vertical U-tube

with integrat with integral with integral with integrat with integral
moisture sep- mo6sture sep- moisture sep- moisture sep- moisture sep- Aarator arator arator arator and arator and

economizer economizer
Tube Materiet Inconel S8-163 NICrFe SB-163 NiCrFe SB-163 NICrFe S5-163 NICrFe

atLoy attoy attoy attoy
Primary side - Primary side - Primary side - Primary side - Primary side -
tow attoy steet low alloy staet tow attoy steet toe attoy steet low attoy steet
clad with aus- clad with aus- cted with aus- clad with aus- clad with aus-
tenitic stain- tenitic stain- tenitic stain- tenitic stain- tenitic stain-
tess steet tess steet less steet less steel tess steet
Secondary Secondary Secondary Secondary Secondary
side - carbon side - carbon side - carbon side - carbon side - carbon
steet steet steet steel steet

!
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TA8tE 1.3-1 (Cont *d.)
(Sheet 10 of 13)

COMPARISON OF REACT 0e CHARACTERISTICS

SYSTEM 80
SYSTEM 80+ REFERENCE

2570 Mwt 3410 Mwt 2825 Mut 3817 Mwt 3817 Mwt CESSAR SECTION

Principal Design Parameters of the Steam Generators (Cont'd.)

Tube Side Design Pressure, psig 2485 2485 2485 2485 2485
Tube Side Design Temperature. *F 650 650 650 650 650
Tube Side Design Flow, tb/hr per steme 6 6 6 6

generator 61 x to 74 x 10 61 x 10 82 x to (Later)
Shett Side Design Pressure, psig 985 1085 1255 1255 1255 A
Shett Side Design Temperature, *F 550 560 575 575 575
Operating Pressure, Tube Side,

moninet, psig 2235 2235 2235 2235 2235
Operating Pressure, Shett Side,

maximue, psia 885 985 1155 1155 1085
Mamieue Moisture at Outlet at Futt

|BLoad, 1 0.20 0.20 0.25 0.25 0.10
Cydrostatic Test Pressure, Tube

Side (cold), psig 3110 3110 3110 3110 3110
Steam Pressure, pala, at Full Power 850 900 1070 1070 1000
Steam Temperature, *F at Fut1 Power 525.2 532.0 552.9 552.9 544.6
Steam Flow, at Futt Power, (b/hr per 6 6 6 6

steam generator 5.630 x to 7.565 x to 6.364 x to 8.590 x 10 (Later)

A
Containment System Parameters

Type Stee1-tined Stee1-1ined (*) (*) (Later)
prestressed post pr2 stressed post
tensional tensional
concrete concrete
cylinder, curved cylinder, curved
dome roof. done roof.

* See Site Specific SAR.
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j TABLE 1.5-1 (Cont'd.)
j (Sheet 11 of 13)

COMPARISON OF REACTOR CMARACTERISTICS

l !
c

'

STSTEM 80
! SYSTEM 80+ REFERENCE
-l 2570 Mut 3410 Mwt 2825 Mwt 3817 Mut 3817 Mut CESSAR SECTION

Conteineent SYsteg Parameters (Cont'd.)

Design Parameters - Containment
Inside Diameter, ft 130 150 (*) (*) (Later)
Neight, it 181-2/3 240

3 6 6
i Free volume, ft 2.000 x to 2.335 x to
] Reference Incident
l Pressure, psig 50 60
3 Steet Thickness, in. (approx.)

| Vertical Watt 1/4 1/4
| Neelspherical Need 1/4 1/4

Concrete Thickness, ft
vertical Watt 3-3/4 4-1/3 (*) (*) (Later)
Dome 3-1/4 3-3/4

.] Containment Leak Prevention and Leak tight Leak tight A
Mitigation Systems penetration and penetration and

centinuous ateel continuous steei
,

tiner. Auto- tiner. Automatic (*) (*) (Later)
matic isolation isolation where
where required. required. Con-

1 tinuous steel
tIner exhaust
from penetration
rooms directe<l to
vent stack.

* See Site Specific SAR.,
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TABLE 1.3-1 (Cont'd.)
| (Sheet 12 of 13)

COMPARISON OF REACTOR CMARACTERISTICS

SYSTEM 80
SYSTEM 80+ REFERENCE ;

2570 Mut 3410 Mut 2825 Mut 3817 Mut 3817 Mwt CESSAR SECTION

,

Enaineered Safety Features 6.3
i

j Safety injection System
No. of Nigh Need Pumps 3 3 2 2 4
mo. of Low mead Pumps 2 2 2 2 0
Safety Injection Tanks, No. 4 4 4 4 4

Emergency Power
Standby Generator Units 3 total for 4 total for (*) (*) (*)

2 units 2 units

Instrumentation and Controt Systems 7.2

Reactor Protective Systee Sec. 7.2 Sec. 7.2 A
j Initiating Reactor Trip

number of Manual Switches 2 Sets of 2 Sets o* 2 Sets of 2 Sets of 2 Sets of
2 each 2 each 2 each 2 each 2 each

'
Automatic Initiation 2 of 4 Logic 2 of 4 Logic 4 channets 4 channets 4 channels

, Parameter Channets/ for each trip for each trip provided, provided, provided,
! Logic coincidence coincidence coincidence

of 2 required of 2 required of 2 required
for trip for trip for trip

* See Site Specific SAR.
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TABLE 1.3-1 (Cont'd.)
(5 beet 13 of 13)

COMPARISON OF REACTOR CHARACTERISTICS

L

SYSTEM 80 s

SYSTER 80+ REFERENCE
2570 #wt 3410 Met 2525 nwt 3817 Mwt 3817 Mut CESSAR SECTION

Instrumentation end Controt Systems (Cont'd.)
L

ESFAS
Initiating ESTAS

i uumber of Isenual Switches 2 sets of 2 sets of 2 sets of 2 sets of 2 sets of
2 each 2 each 2 each 2 each 2 each

Automatic Initiation Parameter 2 of 4 Logic 2 of 4 Logic 4 Channets 4 Channets 4 Channets
Channets/ Logic for each for each provided, provided, provided,

function function coincidence of coincidence of coincidence of
i 2 required for 2 required for 2 required for A

each function each function each function
4
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TABLE 1.3-2

DOCKET LISTINGS FOR C-E RECENT REACTOR DESIGNS

Class SDecific Plant Docket Listina

2570 Mwt Baltimore Gas & Electric Co.
Calvert Cliffs Units 1 & 2 Docket No. 50-317 and 50-318

Florida Power & Light Company
St. Lucie Units 1 & 2 Docket No. 50-335 and 50-389

Northeast Utilities
Millstone Unit 2 Docket No. 50-336

3410 Mwt Louisiana Power & Light Co.
Waterford Unit 3* Docket No. 50-382

Southern California Edison
San Onofre - Units 2 & 3 Docket No. 50-361 and 50-362 ,

|
3617 Mwt Washington Public Power
(System 80) Supply System Unit 3 Docket No. STN-50-508 )

O l
Arizona Nuclear Power
Project Palo Verde Nuclear A

Generating Station
Units 1,* 2 & 3 Docket Nos. STN-50-528,

STN-50-529 and STN 50-530

|

|

* Denotes Class lead plant in licensing process.

|

O
Amendment A
September 11, 1987
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TABLE 1.3-3

(Sheet 1 of 2)

SUMMARY OF SIGNIFICANT DESIGN CHANGES (a)(b) A

SYSTEN DESCRIBED
ITEM IN FSAR SECTION DESCRIPTION OF CHANGE

1. Control Element 3.9.4 The CEDM design now uses a "double-
Drive Mechanism stepping" mechanism which uses the
(CEDM) lift coils to perform both a load

transfer function and stepping action.

2. Lower Support 3.9.5.1.1.2 The core support plate and supporting
Structure (LSS) beams are replaced by grid beams with

fuel locating pins arranged such that
the corners of the fuel assemblies
rest on the grid structure.

3. Upper Guide 3.9.5.1.2 The individual CEA shroud assemblies
Structure (UGS) have been replaced by an assemblage

of large vertical tubes connected by

0 '''''''' "''''' '" * 9'id a'" ''"-

4. Control Element 4.2.2.4 A. The CEA pattern has been rear-
Assembly (CEA) ranged so as to eliminate the

eight rod CEAs, but result in an
overall increase in the number of
CEA rods.

B. The CEA buffer design has been
changed to eliminate the VGS
mounted piston by returning to the
"in-fuel" buffer design used in
other C-E reactors.

4.3.2.4.3.5 C. The part length CEA rod design now
includes a short region of 8,C at
the upper end. Thus, scrammTng
the CEA can never result in a re- ,

activity increase. j

|

(a) None of the items listed in this table will adversely affect reactor |

safety. Those marked with an asterisk (*) were specifically implemented
to improve safety margins.

(b) This table compares the original System 80 with earlier non-System 80
Adesigns.

U
Amendment A
September 11, 1987 |
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TABLE 1.3-3

(Sheet 2 of 2)

SUNNARY OF SIGNIFICANT DESIGN CHANGES

SYSTEN DESCRIBED
ITEN IN FSAR SECTION DESCRIPTION OF CHANGE

5. Fuel Assembly 4.4.4.1 The spacer grid V-tabs described in
Spacer Grid the PSAR were deleted from the de-

sign, thus making the design similar
to that of earlier C-E plants.

6. Steam Generator 5.4.2.2 & The economizer design has been mod-
5.4.2.3 ified to eliminate the dual feedwater

inlet nozzles which provided a split
t atween counterflow and parallel flow
in the economizer. In the present
design, all feedwater to the econo-
mizer enters at the bottom.

* 5.4.4 Flow restrictors have been incor-
porated into the steam generator out-

O let nozzles which will limit the con-
sequences of postulated steam line
break incidents.

*7. Reactor Protective 7.2.1.1.1.1 The overpower trip has been modified
System (RPS) to trip the reactor when neute on flux

power increases at a great enough
rate. The reactor trip at a preset
value is maintained.

*8. Supplementary 7.2.4 The SPS has been added to augment the
Protection System RPS by providing a separate and di-
(SPS) verse trip logic based on pressurizer

pressure.

*9. Main Steam 7.3.1.3 & MSIS actuation on high steam gener-
Isolation 7.3.2.2.5 ator level has been added.
Signal (MSIS)

*10. Emergency Feed- 7.3.2.2.6 The EFAS has been added to CESSAR-F |

water Actuation scope. It will actuate the Emergency |
Signal (EFAS) Feedwater System on low water level A

in the intact steam generator.

O
Amendment A
September 11, 1987
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TABLE 1.3-4

(Sheet 1 of 2)
SUMMARY OF SIGNIFICANT DESIGN CHANGES FOR SYSTEM 80+

SYSTEM INVOLVED DESCRIPTION OF CHANGE

1. Reactor Part length CEAs have been eliminated and a
new CEA pattern using part strength rods
employed to provide a rodded maneuvering
capability.

2. Reactor Coolant System The Reactor Coolant System will be operated at
a lower hot leg temperature to increase
thermal margin.

3. Pressurizer The pressurizer volume has been increased to
accommodate larger fluctuation in primary
plant pressure without challenging the safety
systems.

4. Steam Generator The steam generator has a number of design
improvements including improved steam dryers
to increase steam quality, a larger heat

O traaster area aad reduced ste>= pressure to
enhance thermal margin and greater feedwater
inventory to improve NSSS transient response.

5. Safety Injection System The Safety Injection System design has been
modified to permit direct vessel injection.

AAlso, the SIS has four trains using 50%
capacity pumps. An in-containment RWST has
been included, eliminating the need to switch
to a recirculation line up following a LOCA.

6. Shutdown Cooling System The Shutdown Cooling System design pressure i

has been increased to 900 psig. This
increased design pressure will reduce the
probability of inadvertent system |

overpressurization and enhance NSSS i

operational flexibility.

7. Safety Depressurization The Safety Depressurization System has been
System added to provide a safety grade, manual

depressurization capability.

I

O
Amendment A
September 11, 1987
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TABLE 1.3-4 (continued)

(Sheet 2 of 2)
SUMMARY OF SIGNIFICANT DESIGN CHANGES FOR SYSTEM 80+

SYSTEM INVOLVED DESCRIPTION OF CHANGE

A8. Chemical and Volume The Chemical and Volume Control System is no
Control System longer being credited for any safety

functions, thereby allowing a simpler design;
centrifugal charging pumps have been provided,
along with two-stage letdown.

9. Alternate Protection This system replaces the Supplementary
System Protection System. It retains the diverse

reactor trip function based on high
pressurizer pressure and now addresses ATWS
mitigation requirements by incorporating an 8
Alternate Feedwater Actuation Signal based on
low steam generator water level.

O

O
Amendment B
March 31, 1988
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TABLE 1.3-5 ,',-

: ,i

SUMMARY OF ADDITIONS TO SCOPE EQP SYSTEM 80+ i
$

/

SYSTEM INVOLVED DF38]E10!LOF CHANGE >
,

->
.

.

.r-triin Emergency 7eedwater /1. Emergency Feedwater A dedicate -

System System has been included as part,of the
Engineered Safety Features systers to enhance !

overall safety. s .

,|
~| 5 ,|

4 I
f)2. Instrumentation and TheNuplex80+AdvaatedControlComplexhas 1 1,

Control beenincludedtoproddeanenhanced~oberatory A - ''
control capability. ' /'

j
,

3. Containment Anenhancedcontainment'designhasbeen/ '

included to,rescive the remainipg severe
accident issues, including heat and, fission
product removal, pressure capability, and
leakage limitations,

l

iO '
-

, ,

,

t ,

I

i
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|
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( 1.4 IDENTIFICATION OF AGENTS AND CONTRACTC$R_S!

i

[' 1.4.1 APPLICANT'S QUALIFICATIONS A4D EXPERIENCE
( |

(Presented in site specific SAR.) A j
l

1.4.2 ARCHITECT-ENGINEER'S QUALIFICATIONS AND EXPERI11NCE

(Presented in site specific SAR.) A

1.4.3 COMBUSTION ENGINEERING'S QUALIFICATIONS AND
EXPERIENCE

Combustion Engineering, Inc., hereafter referred to as C-E or
Combustion, nuclear power activities are of three general types:
design, development, construction and operation of reacto:r and
auxiliary systems; design and fabrication of nuclear componenta;
and, support of design, development and analytical projects;

i A summary of the company's efforts, accomplishments, and
'

operating experience in the light water reactor field is provided/

below.

1.4.3.1 Pre-Commercial Reactor Procrans
O

1.4.3.1.1 Naval Propulsion Program

During the period 1955 through 1960, Combustion war a major
contributor to the U.S. Naval Reactors program. The Company
designed and built, at its Windson, Connecticut site, the
prototype of a small attack submarine power plant. This
prototype (SlC) went into operation in 1959 and is still being
operated as a naval training facility. A second pltrA of this
type was also designed and built by Combustion for installation
in the USS Tullibee (SSN-597) which has been operated as a phrt
of the United States nuclear submarine fleet.

'
,

'

In the design, development, construction and operation of the
prototype system and the submarine power plant, Combustion's
responsibilities included all safety aspects of the reactor
systems

|
1.4.3.1.2 Boiling Nuclear Superheat (BONUS) Plant '

Combustion was responsible for the nuclear design and for the
direction of startup and initial operation of the BONUS plant in
Puerto Rico.

The design of this reactor system presented a number of unique
> problems, e.g., control and safety analysis of a two-ry ion core,,

' design of a superheater fuel element, design of a steam control

Amendment A
1.4-1 September 11, 1987
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system to assure adequate cooling of superheater fuel under all l
credible conditions, and design of a containment building of the
"total containment" type to house the entire power generating
installation.

The BONUS plant achieved full power operation in September 1965,
and was the first nuclear power plant under USAEC control
operating with an integral superheating core.

1.4.3.2 DeveloDuent and Desian of Commercial PWR Systems

The development and design by Combustion of a pressurized water
reactor for utility service dates back to 1958. At that time,
the Company was selected by the AEC to undertake the design,
analysis and economic avaluation of a 250 MWe PWR plant, in
conjun: tion with an architect-engineer. This effort provided
initial technical and economic guidelines for combustion's
commercial development of the PWR.

With a subsequent decision by the Company to concentrate on the
development of the PWR for large nuclear power stations, a
program was initiated to guide required design and development
work ?.long appropriate lines. The 'ollowing is representative of
the types of PWR-oriented work which have been performed:

O
a) Evaluation of overall plant and systems to establish optimum

physical arrangement and design criteria tram the standpoint
of economics and safety. Much of this' work has been
performed in conjunction with qualified
architect-engineering organizations;

b) Design and development of nuclear components such as control
assemblies, control assembly drive mechanisms and auxiliary
systems equipment;

c) Extensive testing of PWR nuclear components, such as fuel
assemblies and reactor control components, under actual
service pressure, temperature and flow conditions.

Combustion's Nuclear Laboratories have been engaged in the
development and testing of fuels, fuel elements, control
assemblies, reactor components and materials for reactor
application. Particular emphasis has been given to UO and

2Zircaloy cladding technology, involving both in-pile and
out-of-pile invest ,gations. The initial efforts in the
laboratories were associated with submarine reactor programs.
Since 1960, the personnel of the nuclear laboratories have ;

actively participated in the joint U.S. AEC Euretom research )-

and development program for fuels development. In addition to I

o ;C/ )

|
1.4-2 l

|

|
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these programs, personnel in the Nuclear Laboratories have been I

responsible for materials design activities for the HWOCR study
and for pressurized water, boiling water, nuclear superheat, and
fast breeder reactor systems.

1.4.3.3 Maior Component Desian and Fabrication

During the period of 1955-1961, Combustion was a major supplier
of nuclear cores for naval propulsion service. The Company has
fabricated the boiling and the superheating fuel for the BONUS
reactor. The boiling section of the Bonus core was made up of
Zircaloy clad, rod type, UO fuel elements fundamentally similar

2to those being utilized in the C-E Standard fuel design. The
superheater fuel utilizes Inconel-clad, rod type, UO fuel
elements. The superheater cladding is designed for an op$ rating
temperature of 1250'F.

C-E has performed the design engineering and fabrication of
control rod drive mechanisms and fuel rods for all of the
commercial power reactors listed in Table 1.4-1 at its facilities
in Windsor and East Windsor, Connecticut.

Combustion has "abricated and shipped many reactor vessels for
utility plant service and for naval service. Additional vessels

Os for plant sizes up through 1300 Mwe are now in service. A

The Company has been fabricating nuclear steam generators for
naval service for over a decade and for all its commercial PWR
plants. In addition, the company designed and fabricated the 10
steam generators in the Hanford ::ew Production Reactor facility.

The P. F. Avery Company, a subsidiary of Combustion Engineering,
Inc., is a highly experienced organization with the facilities
for manufacturing all reactor vessel internal structures.

Combustion Engineering extended its manufacturing capability to
include fabrication of reactor coolant pumps by its entry in 1974
into joint ownership, as the majority cwner, of the CE/XSB Pump
Company.

1.4.3.4 Facilities

The C-E laboratories at Windsor, Connecticut, and Chattanooga,
Tennessee, provide complete facilities for the development,
design, analysis and testing of PWR components and systems.
These laboratories include equipment for:

O
Amendment A

1,4-0 September 11, 1987
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1) Mechanical Testing; 2) X-ray and Radiography; 3)
Metallography; 4) Ceramics Development; 5) Analytical and
Radio-Chemistry; 6) Fuel Fabrication Development; 7) Corrosion
Testing; 8) 2500 psi Component performance Testing; 9) 2500 psi
and 5000 psi Steam Generation; 10) Welding Development.

The Windsor facilities of Combustion Engineering, Inc. are
equipped to fabricate, and provide the necessary quality control
for, fuel assemblies, control assemblies, control assembly drive ,

mechanisms, and other specialized nuclear components. |

C-E has in operation a PWR power plant simulator at the Nuclear
Training Facility in Windsor which simulates the Calvert Cliffs
reactor. Used by C-E to train utility operator personnel, the ,

facility provides simulation of the full spectrum of nuclear I

steam supply system plant operatio.as, including hot and cold
startup and full load operation, maneuvers throughout the power'

range, equipment malfunctions, emergency conditions and recovery,
and plant shutdown. In addition, C-E completed a full scope

Asimulator for BG&E's Calvert Cliffs facility.

Combustion Engineering's Chattanooga Plant includes a separate
facility which is equipped and staffed to design and fabricate,
and to provide quality control for large reactor pressure

Yn components. The facility has such special equipment as heavy
duty cranes and large capacity machine tools capable of
performing work on large, heavy M rt.1 to close tolerances and
fine surface finishes. It is e .;o equipped with the latest
testing and quality control equipment, including a linear
accelerator for weld examination.

1.4.3.5 Commorcial Reactor Operation

Table 1.4-1 lists all Combustion Engineering Pressurized Water
Reactors designed and built to date.

A

O
Amendment A
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TA8tE 1.4-1

(Sheet 1 of 2)

C-E PRESSURIZED WATER REACTOR PLANTS

Commercial Nominal ,

Plant Operator Utility Plant Location Operation Mwe Net

Non-System 80 Plants

Palisades Consumers Power Co. Michigan 1972 800
Maine Yankee Maine Yankee Atomic Power Co. Maine 1972 800
Fort Calhoun Omaha Public Power District Nebraska 1973 475
Calvert Cliffs Unit 1 Baltimore Gas & Electric Co. Maryland 1974 850
Millstone Point Unit 2 Northeast Utilities Connecticut 1975 865 A

Calvert Cliffs Unit 2 Baltimore Gas & Electric Co. Maryland 1976 850,

St. Lucie Unit 1 Florida Power & Light Co. Florida 1976 810
Arkansas Nuclear One Unit 2 Arkansas Power & Light Co. Arkansas 1980 900
St. Lucie Unit 2 Florida Power & Light Co. Florida 1983 810
San Onofre Unit 2 Southern California Edison Co. California 1983 1100-

San Onofre Unit 3 Southern California Edison Co. California 1984 1100
Waterford Unit 3 Louisiana Power & Light Co. Louisiana 1985 1100

$h*
%a
ea

*a
C'."
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TABLE 1.4-1 (Cont'd.)

(Sheet 2 of 2)

C-E PRESSURIZED WATER REACTOR PLANTS

Comunercial Nominal
Plant Operator Utility Plant location Operation Mwe Het

System 80 Plants

Palo Verde Nuclear Arizona Public Service Arizona 1300 A ,

Generating Station Company
Units 1 1986

2 1986
3 1988 |B

Washington Nuclear Project Washington Public Power Supply Washington 1300
Units 3 System A

5

Yeongkwang Korea Electric Power Company Republic of 1000
Units 3 Korea 1994* B

4 199S*

A

* Anticipated Commercial Operation

? 25.

a
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1.5 REOU.REMENTS FOM FURTHER TECHNICAL INFORMATION

CESSAR-PSAR, in this section, listed a number of development
programs underway and whose results were to be reported in the
FSAR. Table 1.5-1 lists those programs and identifies where
results are documented.

1.5.1 TOPICAL PROGRAM SUMMARY

References 1 through 8 present descriptions of safety related (A
Research and Development programs which are being carried out by,
or in conjunction with Combustion Engineering, Inc., and which
are applicable to C-E pressurized water reactors (PWR). This
type of report is updated annually, when required. |A
For each program summarized in these reports, the objectives are
first introduced, followed, where appropriate, by background
information. This is followed by a description of each program

i
relative to the stated objectives and a presentation of

1
pertinent, up-to-date results. Finally, conclusions are made |
where appropriate and future work plans are discussed relative to |
past performance and findings of the program. New programs, '

Iwhich include existing programs which become safety related for
n licensing purposes will be described in future versions of this
V report. Descriptions of programs or parts of prc, grams are phased i

out of versions of this report as they are completed and
'

documented.

1.5.2 SYSTEM 80 - 16 x 16 ASSEMBLY TEST PROGRAM

Since fuel fabrication for System 80 reactors was not scheduled
to start for some time, a development schedule, compatible with
the project schedules having System 80 designs, was implemented
such that definite results would be available before each plant A i

design was completed and/or in time to consider a backup position i

in the program or changes in the design if the program results
did not verify expectations.

1.5.2.1 Components Testina

Component test programs have been conducted in support of all C-E
PWR designs. The tests subject a full-scale reactor core module ,

comprising fuel assemblies, control element assembly, control l

element drive mechanism, and reactor vessel internals components )
to the hydraulic environment of the reactor under all normal
operating conditions. The program is a continuing series of
tests wherein components introduced as part of a particular
design are tested in the C-E TF-2 hot loop test facility at

O
Amendment A
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Windsor, Connecticut. The tests are designed to proof and life
test the integrated fuel assembly and control element drive
mechanism under a variety of simulated operating conditions to
evaluate component fretting and wear characteristics, scram
performance, and fuel assembly uplift and pressure drop.
Information and a description of the testing is provided in
Section 4.4.4.2.

1.5.2.2 Epel Assembly Seismic Testina

The program can be divided into three areas - spacer grid tests,
fuel assembly static tests and fuel assembly dynamic tests. The
results are utilized in developing the seismic models of the fuel
described in Section 3.7.3.14 and Section 4.2.

1.5.2.3 Reactor Flow Model Testina

A scale flow model of the C-E System 80 reactor vessel and
internals has been tested. A detailed discussion of the flow
model and test facility appears in Section 4.4.4.2. The purpose
of these tests is to establish or verify design hydraulic
parameters. In particular, core inlet flow distributions and
pressure losses along the flow path segments within the reactor

o vessel have been measured for operating configurations.

Additional information is provided in Appendix 4A. B

1.5.2.4 DNB Imorovement

A substantial test program has been undertaken to verify the
thermal performance capability of the System 80 fuel assembly.
The test program is an extension of the experimental studies
conducted with rod bundles representative of the C-E 14 x 14 fuel
assembly. Those studies are described in more detail in Section
4.4.4.5 and are used in System 80 analyses.

1.5.2.5 Fuel Develocuent Procrams

Combustion Engineering has in progress several company-sponsored
fuel irradiation programs. In addition, several cooperative fuel
development programs were perfcmed with Kraftwerk Union as part
of a technical agreement. A

A complete description of the programs and the results obtained
is provided in Section 4.2.

o
|

Amendment B |
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1.5.3 SYSTEM 80 STRAM GENERATOR DEVELOPMENT PROGRAM 8

C-E's System 80 Steam Generator is a vertical U-tube component.
A complete description of the steam generator is given in Section ;

5.4.2. Development efforts were conducted by C-E to confirm the ;

structural integrity of the steam generator during thermal, MSLB i

and FWLB transients. The results of these programs are given in
Appendices 5B and SC for the MSLB and FWLB conditions
respectively.

O

1

|

|

|
'

!

1

0
1.5-3

<

1

. - . _ . . . . _ _ _ ,. ._ , , , ,__



CESSAR n.5]acua

p
v

REFERENCES FOR SECTION 1.5

1. CENPD-87, "Safety Related Research and Development for C-E
Pressurized Water Reactors Program Summaries: January 1973",
March 1973.

2. CENPD-143, "Safety Related Research and Development for C-E
Pressurized Water Reactors Program Summaries: January 1973
through February 1974", June 1974.

3. CENPD-184, "Safety Related Research and Development for C-E
Pressurized Water Reactors: 1974 Program Summaries", May
1975.

4. CENPD-229, "Safety Related Research and Development for C-E
Pressurized Water Reactors: 1975 Program Summaries",
June 1976.

5. CENPD-258, "Safety Related Research and Development for C-E
Pressurized Water Reactors: 1976 Program Summaries",
October 1977.

p 6. CENPD-262, "Safety Related Research and Development for C-E
t/ Pressurized Water Reactors: 1977/1978 Program Summaries,"

March 1979.

7. CENPD-265, "Safety Related Research and Development for C-E
Pressurized Water Reactors: 1979/1980 Program Summaries",
September 1981.

8. CEN'D-267, "Safety Related Research and Development for C-E
Pressurized Water Reactors: 1981 Program Summaries", July
1982. A
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TABLE 1.5-1

SUMMARY OF DEVELOPMENT PROGRAMS TO DEMONSTRATE

SYSTEM 80 DESIGN CONSERVATISM

PROGPAM RESULTS DOCUMENTED IN: A

1. Component Tests Appendix 4B B

2. Fuel Assembly Seismic Tests CENPD-178 Rev. 1

3. Reactor Flow Model Test Appendix 4A B

4. DNB Improvement and Flow
Mixing Tests CENPD-162A and CENPD-207

5. Fuel Densification Program Section 4.2.3.2.10 and
CENPD-139

A 6. LOCA Refill Program CENPD-134
U

7. Blowdown Heat Transrer Program CENPD-132, Supp. 1, 2, & 3

8. Reflood Test CENPD-213

9. Iodine Decontamination and
Iodine Spiking Tests CENPD-180, Supp. I

10. Steam Generator Program Appendices 5B & SC

11. CPC Program CEN-72A and CEN-73A 1

|
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1.6 MATERIAL INCORPORATED BY REFERENCE

The following list is a tabulation of all material which is
incoroorated by reference as part of this application. Other
material not incorporated by reference is listed in. the
individual chapter and section references for information
purposes.

DATE CESSAR
REPORT NO. TITLE ISSUED CHAPTER

CENPD-26 Description of Loss-of-Coolant 3.
Calculational Procedures 8/20/71 6.

Suppl. #1 Description of Loss-of-Coolant
Calculational Procedures 10/14/71

Suppl. #2 Steam Venting Experiments 1/10/72
Suppl. #3 Moisture Carryover during a PWR

post LOCA Core Refill 1/10/72

CENPD-67 Combustion Engineering, Inc. September 1973 10.
Suppl. #1 "Iodine Decontamination May 1974 11.
Suppl. #2 Factors During PWR Steam June 1974
Addendum 1 Generation and Steam Venting" November 1974O Addendum 2 August 1975

CENPD-80 Hoisture Carryover During an January 1973 6.
NSSS Steam Line Break Accident

CENPD-98-A C0AST Code Description 4/18/75 5. |B
15.

CENPD 105 Combustion Engineering, Inc. June 1973 No Longer
"Fast Neutron Attenuation by the Referenced B

ANISN SHADRAC Analytical Method"

CENPD-107 Combustion Engineering, Inc. August 1974 15.
"CESEC"

Suppl. #1 September 1974
Suppl. #2 ATWS Models For Reactivity September 1974

Feedback and Effects of
Pressure on Fuel

Suppl. #3 ATWS Model Modification August 1975
Suppl. #4 To CESEC December 1975
Suppl. #5 June 1976

t

O
Amendment B
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DATE CESSAR
REPORT NO. TITLE ISSVED CHAPTER

CENPD-132-P Combustion Engineering, Inc. August 1974 6.
"Calculation Methods for the
C-E Large Break LOCA
Evaluation Model"

Suppl. #1-P February 1975 6.
Suppl. #2-P July 1975 6. B
Suppl. #3-P June 1985 6.

CENPD-133 Combustion Engineering, Inc. August 1974 6.
"CEFLASH-4A Fortran IV
Digital Computer Program
for Reactor Blowdown Analysis"

Suppl. #1 CEFLASH 4AS, A Computer 09/25/74
Program for Reactor Blowdown
Analysis of the Small Break
Loss of Coolant Accident

Suppl. #2 CEFLASH 4A, A FORTRAN IV Digital 03/13/75
Computer Program for Reactor
Blowdown Analysis (Modifications)

CENPD-134 Combustion Engineering, Inc. August 1974 6.
"COMPERC-II A Program for

Suppl. #1 Emergency Refill - Reflood of February 1975
the Core"

,

1

CENPD-135-P Combustion Engineering, Inc. August 1974 4. B
Suppl. #2 "STRIKIN-II A Cylindrical February 1975 6.
Suppl. #4 Geometry Fuel Rod Heat August 1976 )
Suppl. #5 Transfer Program" April 1977 i

|

CENPD-136-P High Temperature Properties 4. Bof Zircaloy and U0 for Use
2in LOCA Evaluation Models

CENPD-137 Combustion Engineering, Inc. August 1974 6.
"Calculative Methods for the

Suppl. #1 C-E Small Break LOCA January 1977
Evaluation Model"

CENPD-138 PARCH - A FORTRAN IV August 1974 6.
Suppl. #1 Digital Computer Program to February 1975
Suppl. #2 Evaluate Pool - Boiling Axial January 1977

Rod, and Coolant Heatup

V(3
Amendment B

1.6-2 March 31, 1988
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DATE CESSAR
REPORT NO. TITLE ISSVED CHAPTER

CENPD-139 P C E Fuel Evaluation Model July 1974 4.
Rev. 01 Topical Report
Suppl . #1

CENPD 145 A Method of Analyzing In-Core April 1975 4.
Detector Data in Power Reactor

CENPD-153 Evaluation of Uncertainty in May 1980 4.
Rev. I the Nuclear Power Peaking

Measured by the Self-Powered, B

Fixed In-Core Detector System

CENPD-155-P-A C-E Procedures for Design, 5.
Fabrication, Installation and
Inspection of Surveillance
Specimen Holder Assemblies

CENPD-161-P TORC Code: A Computer Code for July 1, 1975 4.
Determining the Thermal
Margin of a Reactor Core

n
V CENPD-162-P-A Combustion Engineering, Inc. September 1976 4. B

"CHF Correlation for C-E Fuel
Suppl. #1-A Assemblies with Standard February 1977

Spacer Grids - Part 1; Uniform
Axial Power Distribution"

CENPD 168-A Combustion Engineering, Inc. June 1977 3. |
Rev. I "Design Basis Pipe Breaks for 5. B

'

the Combustion Engineering Two
Loop Reactor Coolant System"

CENPD-169 Combustion Engineering, Inc. July 1975 No longer
"Assessment of the Accuracy Referenced

Bof PWR Operating Limits as
Determined by Core Operating

,

limit Supervisory System" '

CENPD-170 Combustion Engineering, Inc. August 1975
Suppl. #1 "Assessment of the Accuracy November 1975 7.

of the PWR Safety System
Actuation as Performed by the
Core Protection Calculators"

(3v
Amendment B

1.6-3 March 31, 1988
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DATE CESSAR

REPORT NO. TITLE ISSUED CHAPTER

CENPD-178 Structural Analysis of Fuel August 1981 4.
Rev. 1 Assemblies for Seismic and B

.

Loss of Coolant Accident
Loading

CENPD-179 Combustion Engineering, Inc. April 1976 No longer
"C-E Thermo-Structural Fuel Referenced B
Evaluation Method"

CENPD-180 Radioiodine Behavior in Reactor March 1976 15.
Suppl. #1 Coolant During Transient March 1977

Operation

CENPD-182 Combustion Engineering, Inc. November 1975 3.
"Seismic Qualification of C-E
Control Equipment"

CENPD-183 Combustion Engineering, Inc. August 1975 15.
"C-E Methods for loss of Flow
Analysis"

O CENPD-187-P-A Combustion Engineering, Inc. March 1976 4.
B"CEPAN, Method of Analyzing Creep

Suppl. #1-A Collapse of Oval Cladding" June 1977

CENPD 188-A HERMITE, A Multi-Dimensional March 1976 4. |BSpace-Time Kinetics Code for
PWR Transients

CENPD-190-A Combustion Engineering, Inc. January 1976 15. B
"C-E Method for Control Element
Assembly Ejection Analysis"

CENPD 198-P Combustion Engineering, Inc. December 1975 4.
BSuppl. #1 "Zircaloy Growth-In-Reactor

Dimensional Changes in
Zircaloy-4 Fuel Assemblies

CENPD-201-A Reactor Coolant Pump Performance April 1976 5.

CENPD-206 P Combustion Engineering, Inc. January 1977 4. |B"TORC Code Verification and
Simplified Modeling Method"

C')U
Amendment B

1.6-4 March 31, 1988
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DATE CESSAR
REPORT NO. TITLE ISSUED CHAPTER

CENPD-207 P Combustion Engineering, Inc. June 1976 4. B

"Critical Heat Flux Correlation
for C-E Fuel Assemblies with
Standard Spacer Grids, Part 2,
Non-Uniform Axial Power Distri-
butions"

CENPD-210-A Quality Assurance Program July 1977 17. B
Rev. 4 A Description of the C-E Nuclear January 1987

Steam Supply System Quality
Assurance Program

CENPD-213 Combustion Engineering, Inc. January 1976
Suppl. #1 "Application of FLEIGHT Reflood March 1976

Heat Transfer Coefficients to
Combustion Engineering 16 x 16
Fuel Bundles"

CENPD-221 Joint C-E/EPRI Fuel Performance December 1975 4.
Evaluation Program, Task C,

3(d Evaluation of Fuel Rod B

Performance on Maine-Yankee
Core I

CENPD-225-P Combustion Engineering, Inc. October 1976 4. 8"Fuel and Poison Rod Bowing"

Suppl. #1 February 1977
Suppl. #2 June 1978
Suppl. #3 July 1979

CENPD 254 "Post-LOCA Long Term Cooling June 1977 6.
Evaluation Model"

CENPD-255 "Qualification of Combustion July 1977 7.
Engineering Class lE
Instru, mentation"

CENPD-266-P-A The ROCS and DIT Computer Codes April 1983 4.
for Nuclear Design

3

CENPD-269-P Extended Burnup Operation July 1984 4.
of Combustion Engineering PWR
Fuel

O
Amendment B
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DATE CESSAR

!
REPORT N0. TITLE ISSUED CHAPTER

i

CENPD 275-P C-E Methodology for Core March 1987 4.
Designs Containing Gadolinia B

Urania Burnable Absorbers

CESSAR PSAR Appendix 68 6.4

1 I
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1.7 ELECTRICAL. INSTRUMENTATION, AND CONTROL DRAWINGS

The systems of interest are the Reactor Protective System (RPS),
Alternato Protection System (APS), and the Engineered Safety |B
Features Actuation System (ESFAS). These three systems provide

,

reactor trips and Engineered Safety Features (ESP) systems
'

actuation for limiting events as determined by the safety
analysis for the plant.

{BThe functional block diagrams for the RPS, APS, and ESFAS are
shown in Figures 7.2-9, 7.2-8a and 7.3-3. The interface logic is
shown in Figure 7.2-13. Other figures at the end of Sections 7.2
and 7.3 provide more detailed logic on various portions of these
systems.

Operating logics for the control of the Shutdown Cooling System
(SCS) and the Chemical and Volume Control System (CVCS) are shown
in Section 7.4. Operating logics for the SCS Suction Line Valve
Interlocks and the Safety Injection Tank Isolation Valve
Interlocks are shown in Section 7.6.

Measurement Channel Block Diagrams (MCBDs), Plant Protection
System (PPS) design drawings and component Functional Logic B

n Diagrams are identified in the applicable CESSAR sections.

The MCBDs show all channels which are safety related. The
drawings apply to the RPS, APS, ESFAS, and to the Post Accident |B
Monitoring requirements in CESSAR.

Component Logic Diagrams provide NSSS interface requirements to
the specific site. They show controls on individual components
for which C-E has system design responsibility. They describe
how a component is to operate. That is, what signals cause a
component to start or stop, open or close, and what operator
controls are required.

1

)

|
1
|

O |
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n TABLE 1.7-1
i"!

(Sheet 1 of 4)

CESSAR SAFETY RELATED ELECTRICAL. INSTRUMENTATION

AND CONTROL DRAWINGS * A

Drawina No. Title Section

Figure 7.1-1 MCBD Symbols, Notes and Abbreviations

Figure 7.1-2 Loop 1 Temperatures MCBC 7.2

Figure 7.1-3 Reactor Coolant Pump MCBD 7.2

Figure 7.1-4a Pressurizer Pressure MCBD 7.2

Figure 7.1 4b Pressurizer Pressure MCBD 7.2

Figure 7.1-4c Pressurizer Pressure MCBD 7.2

Figure 7.1-5 Pressurizer Level Control System MCBD 7.5

Figure 7.1-6a Miscellaneous Pressurizer Measurements MCBD 7.2

(O Figure 7.1-6b Miscellaneous Pressurizer Measurements MCBD 7.2

Figure 7.1-7 Nuclear Instrumentation MCBD 7.2

Figure 7.1-8 Letdown Line and Letdown Control Valve MCBD 7.3

Figure 7.1-9 Refueling Water Tank MCBD 7.3

Figure 7.1-10 Charging Pumps MCBD 7.3
lFigure 7.1-11 Reactor Drain Tank MCBD 7.3 i

Figure 7.1-12 Safety Injection Tank 1 MCBD 7.3 ;

1Figure 7.1-13a Shutdown Cooling and Containment Spray MCBD 7.4 i

Figure 7.1 13b Shutdown Cooling and Containment Spray MCBD 7.4 i

Figure 7.1-14 Shutdown Cooling Valves MCBD 7.4

Figure 7.1 15 Containment Pressure MCBD 7.2

*These figures are not revised to reflect System 80+ unless marked. Revisions
will be made as the appropriate CESSAR section is completed and submitted for A
review.

p
O

Amendment A
September 11, 1987
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TABLE 1.7-1 (Cont'd.)
0e

(Sheet 2 of 4)

Drawina No. Title Section

Figure 7.1-16a High Pressure Safety Injection MCBD 7.3

Figure 7.1-16b High Pressure Safety Injection MCBD 7.3

Figure 7.1-17a Steam Generator Protective System MCBD 7.2

Figure 7.1-17b Steam Generator Protective System HCBD 7.2

Figure 7.1-17c Steam Generator Protective System MCBD 7.2

SYS80-417 060 Legend Notes & Device Table

SYS80 417-302 Sht 1 Pump Motor Controls 7.3

SYS80 417-302 Sht 2 Pump Motor Controls 7.3

SYS80-417-302 Sht 4 Pump Motor Controls 7.3

SYS80 417-303 Sht 1 Pump Motor Controls 7.3

o SYS80-417-303 Sht 2 Pump Motor Controls 7.3
U

SYS80 417-303 Sht 3 Pump Motor Controls 7.3

SYS80 417-309 Pump Motor Controls 7.3

SYS80 417-352 Sht 3 Motor Operated Valve 7.3

SYS80 417-352 Sht 4 Motor Operated Valve 7.3 1

l
SYS80-417-353 Sht 1 Motor Operated Valve 7.3 |

SYS80-417-353 Sht 2 Motor Operated Valve 7.3

SYS80-417-353 Sht 3 Motor Operated Valve 7.3

SYS80-417-353 Sht 4 Motor Operated Valve 7.3

SYS80-417-353 Sht 5 Motor Operated Valve 7.3

SYS80-417-353 Sht 6 Motor Operated Valve 7.3

SYS80-417-353 Sht 7 Motor Operated Valve 7.3

SYS80-417-353 Sht 8 Motor Operated Valve 7.3

SYS80-417-353 Sht 9 Motor Operated Valve 7.3
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n TABLE 1.7-1 (Cent'd.)
U

(Sheet 3 of 4)

Drawina No. Title Section

SYS80 417-353 Sht 10 Motor Operated Valve 7.3

SYS80 417-353 Sht 11 Motor Operated Valve 7.3

SYS80-417-353 Sht 12 Motor Operated Valve 7.3

SYS80 417-353 Sht 13 Motor Operated Valve 7.3

SYS80 417-353 Sht 14 Motor Operated Valve 7.3

SYS80 417-361 Electro-Pneumatic Valve 7.3

SYS80-417-364 Sht 1 Electro-Pneumatic Valve 7.3

SYS80-417-372 Sht 5 Solenoid Operated Valve 7.3

SYS80-417-372 Sht 6 Solenoid Operated Valve 7.3

SYS80 417 372 Sht 7 Solenoid Operated Valve 7.3

SYS80-417-372 Sht 10 Solenoid Operated Valve 7.3

SYS80 417-372 Sht 11 Solenoid Operated Valve 7.3

SYS80 417-372 Sht 21 Solenoid Operated Valve 7.3

SYS80-417-373 Sht 2 Solenoid Operated Valve 7.3

SYS80 417-373 Sht 3 Solenoid Operated Valve 7.3

SYS80 417-373 Sht 4 Solenoid Operated Valve 7.3

SYS80-417-374 Sht 1 Solenoid Operated Valve 7.3

SYS80-417-374 Sht 2 Solenoid Operated Valve 7.3

SYS80 417-374 Sht 3 Solenoid Operated Valve 7.3

SYS80 417-379 Solenoid Operated ','alve 7.3

SYS80-411-501 Sht 2 PPS Simplified Functional Diagram 7.2

SYS80-411-501 Sht 3 PPS Simplified Functional Diagram 7.2

SYS80-411 520 Sht 1 PPS Cabinet Assembly and Front Panel layout 7.2

SYS80 411-520 Sht 2 PPS Cabinet Assembly and Front Panel Layout 7.2
O
V
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O, TABLE 1.7-1 (Cont'd.)

(Sheet 4 of 4)

Drawino No. Title Section

SYS80 411-520 Sht 3 PPS Cabinet Assembly and Front Panel Layout 7.2

SYS80 411-521 PPS Remote Control Module Layout 7.2

SYS80-411-522 PPS Status Panel 7.2

SYS80 411-531 PPS 2/4 Logic Matrix 7.2

SYS80 411-532 PPS Testing System 7.2

SYS80 411-534 PPS Initiation System 7.2

SYS80 411-537 PPS Variable Setpoint 7.2

SYS80 411-541 PPS Bistable I/O 7.2

SYS80 411-542 PPS Safety Channel NI and DNBR/LPD I/O Signals 7.2

SYS80 411 550 PPS Bistable Control Panel Test Circuits 7.2

f3 SYS80 411-560 PPS Bypass and Block Schematic 7.2
-

SYS80 411-561 PPS Auxiliary Logic 7.2

SYS80 411-562 PPS Miscellaneous Logic 7.2

SYS80 411-570 Sht 1 PPS Annunciator Input 7.2

SYS80-411-570 Sht 2 PPS Annunciator Input 7.2

SYS80 411-580 Sht 1 PPS Control Room Cabling 7.2

SYS80-411-580 Sht 2 PPS Control Room Cabling 7.2

SYS80-411 581 Excore N1 Containment Cabling 7.2

SYS80 413-130 RTSS Arrangement and Control Wiring 7.2

SYS80-412-190 Auxiliary Protective Cabinet layout 7.2

SYS80-414-075 Auxiliary Protective Cabinet Ext. Cabling 7.2

Ov

.
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1.8 REGULATORY GUIDES i

|

|Table 1.8-1 lists the applicable Regulatory Guides which are
addressed in the System 80 design as outlined in Section 1.8 and B

'

Appendix A of CESSAR-F. The General Design Criteria references
|indicated in the Regulatory Guides, the applicable Guide A

revision, and the CESSAR FSAR Section in which each Guide is
addressed are noted. Changes relative to the System 80+ Standard
Design will be included as subsequent CESSAR chapters are B

revised.

O(>

.

O(>
Amendment B

1.8-1 March 31, 1988
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n TABLE 1.8-1
V

(Sheet 1 of 18)

REGULATORY GUIDES

Original or Revision Reference
Document / Title GDC References issue Date CESSAR Section

Reg. Guide 1.1 - 11/70 6.3
Net Positive Suction H!ad for
Emergency Core Cooling and
Containment Heat Removal System
Pumps GDC-41

Reg. Guide 1.2 - 11/70 5.2.3.3.1.1
Thermal Shock to Reactor
Pressure Vessels - GDC 35

Reg. Guide 1.3 - Not Applicable (BWR)

Reg. Guide 1.4 - Revision 1 6.3.3.6
Assumptions Used for Evaluating 6/73
the Potential Radiological
Consequences of a LOCA for

n Pressurized Water Reactors
V

Reg. Guide 1.5 - Not Applicable (BWR)

Reg. Guide 1.6 - See Site Specific SAR
Independence Between Redundant
Standby (On-Site) Power Sources
and Between Their Distribution
Systems GDC - 17, 18

Reg. Guide 1.7 - See Site Specific SAR
Supplement - Control of
Combustible Gas Concentration
in Containment Following LOCA
GDC-41

Reg. Guide 1.8 - See Site Specific SAR
Personnel Selection and Training

Reg. Guide 1.9 - See Site Specific SAR
Selection of Diesel Generator
Set Capacity for Standby Power
Supplies - GDC 17

/

'

i

|
,
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TA8LE 1.8-1

(Sheet 2 of 18)

REGULAT')RY GUIDES :
;

Original or Revision Reference
Document / Title GDC References Issue Date CESSAR Section

Reg. Guide 1.10 - Withdrawn See Site Specific SAR B

Mechanical (Cadweld) Splices in
Reinforcing Bars of Concrete
Containments GDC 1

Reg. Guide 1.11 - Not Applicable
Instrument Lines Penetrating
Primary Reactor Containment
GDC-55, 56

,

Reg. Guide 1.12 - See Site Specific SAR !

Instrumentation for Earthquakes

Reg. Guide 1.13 - See Site Specific SAR
Fuel Storage Facility Design
Basis GDC 61

Reg. Guide 1.14 - Revision 1 5.4.1.1
Reactor Coolant Pump Flywheel 8/75
Integrity - GDC 4 i

Reg. Guide 1.15 - Withdrawn See Site Specific SAR B

Testing of Reinforcing Bars
for Concrete Structures - GDC-1

Reg. Guide 1.16 - See Site Specific SAR |
'Reporting of Operating

Information

Reg. Guide 1.17 - See Site Specific SAR
Protection Against Industrial
Sabotage

Reg. Guide 1.18 - Withdrawn See Site Specific SAR B

Structural Acceptance Tests
for Concrete Primary Reactor |

Containments

Reg. Guide 1.19 - Withdrawn See Site Specific SAR B

Nondestructive Examination of
Primary Containment Welds

O
Amendment D |
March 31, 1988

I
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TABLE 1.8-1
'

(Sheet 3of18)
;

'

REGULATORY GUIDES
,

original or Revision Reference
Document / Title GDC References Issue Date CESSAR Section |

Reg. Guide 1.20 - Revision 2 3.9.2.4, A 1 B
Vibration Measurements on 5/76
Reactor Internals GDC 1

Reg. Guide 1.21 - See Site Specific SAR
Measuring and Reporting of
Effluents from Nuclear Power
Plants - GDC-64

Reg. Guide 1.22 - 2/72 7.1.2.15
Periodic Testing of Protection
Systems Actuation Functions -
GDC 20 '

Reg. Guide 1.23 - See Site Specific SAR
'Onsite Meteorological Programs

Reg. Guide 1.24 See Site Specific SAR -

Assumptions Used for Evaluating
the Potential Radiological
Consequences of a Pressurized

^

Water Reactor Radioactive Gr4
Storage Tank Failure

Reg. Guide 1.25 - 3/72 15.7
Assumptions Used for Evaluating

,

the Potential Radiological
Consequences of a Fuel Handling
and Storage Facility for Boiling
and Pressurized Water Reactors

Reg. Guide 1.26 - Revision 3 3.2.2 and
B

,

Quality Group Classifications 2/76 See Site Specific SAR '

) and Standards - GDC 1 !

! Reg. Guide 1.27 - See Site Specific SAR
! Ultimate Heat Sink - GDC-44

Re9. Guide 1.28 - Revision 2 17.0, A 77
B; Quality Assurance Program 2/79

Requirements

A
U

Amendment B
March 31, 1988
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(" TABLE 1.8-1

(Sheet 4 of 18)

REGULATORY GUIDES

Original or Revision Reference
Document / Title GDC References Issue Date CESSAR Section

,

Reg. Guide 1.29 - Revision 3 3.2.1, 7.1.2.16, B

Seismic Design Classification - 9/78 A 78
GDC 2

Reg. Guide 1.30 - See Site Specific SAR
Quality Assurance Requirements
for the Installation, Inspection
and Testing of Instrumentation*

and Electrical EquipmSnt.

Reg. Guide 1.31 - Revision 3 5.2.3.4.2.1 B
'

Control of Stainless Steel 4/78
Welding - GDC 1

: Reg. Guide 1.32 - 8/72 8.1.1
Use of IEEE Std. 308 1971,
"Criteria for Class IE Electric

Gs Systems for Nuclear Power
Generating Stations" GDC-17

Reg. Guide 1.33 - See Site Specific SAR
Quality Assurance Program
Requirements (Operation)

,

| Reg. Guide 1.34 - 12/72 5.2.3.3.2.2
; Control of Electroslag Weld
1 Materials - GDC-1
1

Reg. Guide 1.35 - See Site Specific SAR
! Inservice Surveillance of '

| Ungrouted Tendons in Prestressed
Concrete Containment Structures -'

GDC-53 )
) Reg. Guide 1.36 2/73 5.2.3.2.3,

Nonmetallic Thermal Insulation 10.3.2.3.4 B

for Austenitic Stainless Steel -
| GDC-1, 14, 31
'

|

1 i
:

;

O .

i Amendment B |
j March 31, 1988
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(Sheet 5 of 18)

REGULATORY GUIDES

Original or Revision Reference
Document / Title GOC References liste Date CESSAR Section

.

'

Reg. Guide 1.37 - 3/73 5.2.3.4.1.2.1, I
BQuality Assurance Requirements 10.3.6.2 j

for Cleaning of Fluid Systems
and Associated Components of
Water Cooled Nuclear Power
Plants

Reg. Guide 1.38 - Revision 2 A-8 8
Quality Ass: rance Requirements 5/77 (,

for Packaging, Shipping, / ',
Receiving, Storage, and '

,

Handling of items for Water
Cooled Nuclear Power Plants >

! ,
*

Reg. Guide 1.39 - See Site Specific SAR
Housekeeping Requirements for

A Water Cooled Nuclear Power
V Plants

Reg. Guide 1.40 - See Site Specific SAR
Qualification Tests of
Continuous - Duty Motors '

Installed Inside of Containment '

,

of Water Cooled Nuclear Power /

Plants
.

Reg. Guide \.41 - See Site Specific SAR,

Preoperational Testing of
' 'Redundant On-site Electric

i

Power Systems to Verify 1

Proper Load Group Assignments .'
Reg. Guide 1,42 - Withdelwr. See Site Specific SAR 3 l

'Interim Licensing Policy
on as low as Practicable for
Gaseous Radiciodine Releases
from Light Water Cooled |

Nuclear Power Reactors
I

m.
(G

Amendment B
March 31, 1988
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3 TABLE 1.8-1(O
(Sheet 6 of 18f/

REGULATORY GUIDES

Original or Revision Reference
Qgcumen+/ Title GDC, References issue Date CESSAR Section

Reg. Guide 1,43 - 5/73 5.2.3.3.2.1
Control of Stainless Steel
Weld Ciadding of Low-Alloy
Steel Components - GDC 1

Reg. Guide 1.44 - 5/73 5.2.3.4.1.1.1
Control of the Use of Sensitized
Stainless Steel - GDC 1, 4

Reg. Guide 1.45 - 5/73 |i.2.5
Reactor Coolant Pressure
Boundary leakage Detection
Systems - GDC-30

Reg. Guide 1.46 - Withdrawn B

Protection Against Pipe '

('.)) Whip Inside Containment -
u coc.4

Reg. Guide 1.47 - 5/73 7.1.2.18,

Bypassed and Inoperable Status
Indication for Nuclear Power
Plant Safety Systems

Reg. Guide 1,48 - Withdrawn
BDesign Limits and Loading

Combinations for Seismic
Category 1 Fluid System
Components - GDC-2

;

l
Reg. Guide 1.49 - Revision 1 1.1.2 |

Power Levels of Water - 12/73 i

Cooled Nuclear Power Plants

,- Reg. Guide 1.50 - 5/73 5.2.3.3.2.1 |

Control of Preheat Temperature.

for Welding of Low Alloy Steel

Reg. Guide 1.51 - Withdrawn
BInser, ice inspection of ASMEs

Code Cla n 2 Nucl M r Po w
Components

,,

,s

'

Amendment B
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REGULATORY GUIDES

Original or Revision Reference
Document / Title GDC References issue Date CESSAR Section

Reg. Guide 1.52 - See Site Specific SAR
Design, Testing, and Maintenance
Criteria for Atmosphere Cleanup
System Air Filtration and
Absorption Units of Light-Water-
Cooled Nuclear Power Plants

Reg. Guide 1.53 - 6/73 7.1.2.9
Application of the Single-
Failure Criterion to Nuclear
Power Plant Protection Systems

Reg. Guide 1.54 6/73 6.1.2.1
Quality Assurar.ce Requirements
for Protective Coatings Applied
to Water-Cooled Nuclear Power

O Plants

Reg. Guide 1.55 - Withdrawn 8
Concrete Placement in Category 1
Structures

Reg. Guide 1.56 - Not Applicable (BWR)
Maintenance of Water Purity
in Boiling Water Reactors

Reg. Guide 1,57 - See Site Spc.cific SAR
Design Limits and Loading
Combinations for Metal Primary
Reactor Contsinment System
Components

Reg. Guide 1.58 - See Site Specific SAR
Qualification of Nuclear
Power Plant Inspection,
Examination and Testing
Pers.nnel

Reg. Guide 1.59 - See Site Specific SAR
Design Basis Floods for !

'

Nuclear Power Plants

lO
Amendment B
March 31, 1988 l
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REGULATORY GUIDES

Original er Revision Reference
Docunent/ Title GDC References Issue Date CESSAR Section

Reg. Guide 1.60 - See Site Specific SAR
Design Response Spectra for
Seismic Design of Nuclear
Power Plants

Reg. Guide 1.61 - 10/73 3.7.1.3
Damping Values for Seismic
Design of Nuclear Power Plants

Reg. Guide 1.62 - 10/73 7.1.2.19
Manual Initiation of Protective
Actions

Reg. Guide 1.63 - See Site Specific SAR
Electric Penetration Assemblies
in Containment Structures for
Water-Cooled Nuclear Power PlantsO
Reg. Guide 1.64 - Revision 2 17.0
Quality Assurance Requirements 6/76for the Design of Nuclear Power
Plants

Reg. Guide 1.65 - 10/73 5.3.1.7
Material and Inspection for
Reactor Vessel Closure Studs

Reg. Guide 1.66 - Withdrawn B

Nondestructive Examination of
Tubular Products

Reg. Guide 1.67 - Withdrawn BInstallation of Overpressure
Protection Devices

Reg. Guide 1.68 - Revision 2 14.2.7.1,7.1.2.21,Preoperational and initial 8/78 A 10, See Site B

Startup Test Program for Specific SAR
Water-Cooled Power Reactors

Reg. Guide 1.68.1 - Not Applicable (Bh'R)Preoperational and Initial
Startup Testing of Feedwater
and Condensate Systems for

O ' "'"9 "'''' " "'r " '"''

Amendment B
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REGULATORY GULDff

Original or Revision Reference.
Document / Title GDC References , Issue Date _.,CESSAR Section

Reg. Guide 1.68.2 - Revision 1 14.2.7
Initial Startup Test Program 7/78
to Demonstrate Remote Shutdown !
Capability for Water-Cooled Nuclear i

Power Plants B

Reg. Guide 1.68.3 - 4/82 See Site Specific SAR
Preoperational Testing of
Instrument and Control Air

Reg. Guide 1.69 - See Site Specific SAR
Concrete Radiation Shields for
Nuclear Power Plants

Reg. Guide 1.70 - Revision 2 CESSAR-F is prepared
BStandard Format and Contents 9/75 in accordance with

of Safety Analysis Reports for R.G. 1.70, Rev. 2
hs Nuclear Power Plants

Reg. Guide 1.71 - 12/73 5.2.3.3.2.3 B

Welder Qualification for Areas
of Limited Accessibility

Reg. Guide 1.72 - See Site Specific SAR
Spray Pond Plastic Piping

Reg. Guide 1.73 - 1/74 7.1.2.22
Qualification Tests of Electric
Valve Operators Installed Inside
the Containment of Nuclear Power
Plants

Reg. Guide 1.74 - 1/74 17.0
Quality Assurance Terms and
Definitions

Reg. Guide 1.75 - Revision 2 7.1.2.10, A-86 B

Physical Independence of 9/78
Electric Systems

Reg. Guide 1.76 - See Site Specific SAR
Design Bases Tornado for Nuclear
Power Plants

O
Amendment B
March 31, 1988
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REGULATORY GUIDES

Original or Revision Reference
Document / Title GDC References Issue Date CESSAR Section

Reg. Guide 1,77 - 5/74 15.4.5
Assumptions Used for Evaluating
a Control Rod Ejection Accident
for Pressurized Water Reactors

Reg. Guide 1.78 - See Site Specific SAR
Assumptions for Evaluating
the Habitability of a Nuclear
Power Plant Control Room
During a Postulated Hazardous
Chemical Release

Reg. Guide 1.79 - Revision 1 3.1.33, 14.2.7.2
Preoperational Testing of 9/75
Emergency Core Cooling Systems
for Pressurized Water Systems

O Reg. Guide 1.80 - Withdrawn See Site Specific SAR B

Preoperational Test %) of
Instrument Air Systems

Reg. Guide 1.81 - Not Applicable i
Shared Emergency and Shutdown '

Electric Systems for Multi-Unit
Nuclear Power Plants

|

Reg. Guide 1.82 - See Site Specific SAR
Sumps for Emergency Core
Cooling and Containment
Spray Systems

Reg. Guide 1.83 - Revision 1 5.2.4.1 BInservice Inspection of 7/75
Pressurized Water Reactor
Steam Generator Tubes /GDC
14 & 31

1Reg. Guide 1.84 - Revision 24 5.2.1.2 B I

Code Case Acceptability ASME 6/83
Section III Design and
Fabrication

O
Amendment B
March 31, 1988
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REGULATORY GUIDES

Original or Revision Reference
Document / Title GDC References Issue Date CESSAR Section

Reg. Guide 1.85 - Revision 24 5.2.1.2 B

Code Case Acceptability ASME 6/86
Section III Materials

Reg. Guide 1.86 - See Site Specific SAR
Termination of Operating
Licenses for Nuclear Reactors

Reg. Guide 1.87 - Not Applicable (ETR)
Construction Criteria for
Class 1 Components in Elevated
Temperature Reactors

Reg. Guide 1.88 Revision 2 17.0
Collection, Storage, and 10/76
Maintenance of Nuclear Power
Plant Quality Assurance Records

O
Reg. Guide 1.89 - 11/74 7.1.2.5
Environmental Qualification of
Certain Electric Equipment i
important to Safety for Nuclear '

Poser Plants |

Reg. Guide 1.90 - See Site Specific SAR
Inservice Inspection of Prestressed
Concrete Containment Structures B

with Grouted Tendons

Reg. Guide 1.91 - See Site Specific SAR
Evaluations of Explosions Postulated
to Occur on Transportation Routes
Near Nuclear Power Plants

Reg. Guide 1.92 - Revision 1 3.7.2.7
Combining Modal Responses and 2/76
Spatial Components in Seismic
Response Analysis

Reg. Guide 1.93 - See Site Specific SAR
Availability of Electric Power
Sources

O
Amendment B
March 31, 1988
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REGULATORY GUIDES

Original or Revision Reference
Document / Title GDC References Issue Date CESSAR Section

Reg. Guide 1.94 - See Site Specific SAR
Quality Assurance Requirements
for Installation, Inspection,
and Testing of Structural
Concrete and Structural Steel
During the Construction Phase of
Nuclear Power Plants

Reg. Guide 1.95 - See Site Specific SAR
Protection of Nuclear Power Plant
Control Room Operators Against an
Accidental Chlorine Release

Reg. Guide 1.96 - Not Applicable (BWRs)
Design of Main Steam Isolation
Valve Leakage Control Systems

^ for Boiling Water Reactor Nuclear
Power Plants

Reg. Guide 1.97 - Revision 2 7.0, A-24, A-82
Instrumentation for Light-Water- 12/80
Cooled Nuclear Power Plants To B

Assess Plant and Environs
Conditions During and Following
an Accident

Reg. Guide 1.98 - Not Applicabla (BWRs)
Assumptions Used for Evaluating
the Potential Radiological
Consequences of a Radioactive
Offgas System Failure in a
Boiling Water Reactor

,

Reg. Guide 1.99 - Revision 1 5.3.1.6.7
Effects of Residual Elements on 4/77
Predicted Radiation Damage to
Reactor Vessel Materials

Reg. Guide 1.100 - Revision 1 3.10
Seismic Qualification of Electric 8/77
Equipment for Nuciar Power
Plants

O
Amendment B
March 31, 1988
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REGULATORY GUIDES

Original or Revision ReferenceDocument / Title GDC Refennees Issue Date CESSAR Section

Reg. Guide 1.101 - Withdrawn
Emergency Planning for
Nuclear Power Plants

Reg. Guide 1.102 -
Flood Protection for Nuclear See Site Specific SAR
Power Plants

Reg. Guide 1.103 - Withdrawn
Post Tensioned Prestressing
Systems for Concrete Reactor
Vessels and Containment

Reg. Guide 1.104 - Withdrawn
Overhead Crane Handling
Systems for Nuclear Power
Plants

O.
Reg. Guide 1.105 - Revision 1 7.2Instrument Setpoints for

11/76Safety-Related Systems

Reg. Guide 1.106 - Revision 1 7.1.2.2 8Thermal Overload Protection 3/77for Electric Motors on
Motor-Operated Valves

Reg. Guide 1.107 -
Qualifications for Cement See Site Specific SAR
Grouting for Prestressing
Tendons in Containment Structures

Reg. Guide 1.108-
Periodic Testing of Diesel See Site Specific SAR

Generator Units Used as Onsite
Electric Power Systems at Nuclear
Power Plants

Reg. Guide 1.109 -
Calculation of Annual Doses to Man

See Site Specific SAR

Frou Routine Releases of Reactor
Effluents for the Purpose of
Evaluating Compliance with 10 CFR
Part 50, Appendix I

O

Amendment B
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REGULATORY GUIDES

Original or Revision Reference.
Document / Title GDC References Issue Date CESSAR Section

Reg. Guide 1.110 - See Site Specific SAR
Cost-Benefit Analysis for Radwaste
Systems for Light-Water-Cooled
Nuclear Power Reactors

Reg. Guide 1.111 - See Site Specific SAR
Methods for Estimating Atmospheric
Transport and Dispersion of Gaseous
Effluents in Routine Releases From
Light-Water-Cooled Reactors

Reg. Guide 1.112 - See Site Specific SAR
Calculation of Releases of
Radioactive Materials in
Gaseous and Liquid Effluents
frem Light-Water-Cooled
Power Reactors

O Reg. Guide 1.113 - See Site Specific SAR
Estimating Aquatic Dispersion
of Effluents from Accidental
and Routine Reactor Releases
for the Purpose of Implementing B
Appendix I

Reg. Guide 1.114 - See Site Specific SAR
Guidance on Being Operator at
the Controls of a Nuclear Power
Plant

Reg. Guide 1.115 - See Site Specific SAR
Protection Against Low-
Trajectory Turbine Missiles

Reg. Guide 1.116 - See Site Specific SAR
Quality Assurance Requirements
for Installation, Inspection,
and Testing of Mechanical
Equipment and Systems

Reg. Guide 1.117 - Revision 1 3.1.2
Tornado Design Classification 4/78

O
Amendment B
March 31, 1988
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REGULATORY GUIDES

Original or Revision Reference
Document / Title GDC References Issue Date CESSAR Section

Reg. Guide 1.118 - Revision 2 8.0, A-81
Periodic Testing of Electric 6/78
Power and Protection Systems

Reg. Guide 1.119 - Withdrawn Site Specific SAR
Surveillance Program for
New Fuel Assembly Designs

Reg. Guide 1.120 - Revision 1 7.0, A-17
Fire Protection Guidelines for 11/77
Nuclear Power Plants

Reg. Guide 1.121 - 8/76 5.4, A-38
Bases for Plugging Degraded PWR
Steam Genertor Tubes

Reg. Guide 1.122 - Revision 1 3.7.2
r Development of Floor Design Response 2/78
\ Spectra for Seismic Design of Floor-

Supported Equipment or Components

Reg. Guide 1.123 - Revision 1
BQuality Assurance Requirements for 7/77

Control of Procurement of Items
and Services for Nuclear Power Plants

Reg. Guide 1.124 - Revision 1 5.4.14 ,

Service Limits and Loading 1/78 j
Combinations for Class 1 Linear
Type Component Supports

Reg. Guide 1.125 -
Physical Models for Design and

IOperation of Hydraulic Structures
and Systems for Nuclear Power
Plants

Reg. Guide 1.126 - Revision 1 4.2, A-21
An Acceptable Model and Related 3/78
Statistical Methods for the Analysis
of Fuel Densification

O
Amendment B
March 31, 1988
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REGULATORY GUIDES

Original or Revision Reference
Document / Title GDC References Issue Date CESSAR Section

Reg. Guide 1.127 - See Site Specific SAR
Inspection of Water-Control
Structures Associated with Nuclear
Power Plants

Reg. Guide 1.128 - See Site Specific SAR
Installation Design and Installation

'

of Large lead Storage Batteries
for Nuclear Power Plants

Reg. Guide 1.129 - See Site Specific SAR
Maintenance, Testing, and Replacement
of Large Lead Storage Batteries for
Nuclear Power Plants

Reg. Guide 1.130 - Revision 1 5.4.14
Service Limits and Loading 10/78s

i Combinations for Class 1 Plate-and-
Shell-Type Component Supports

Reg. Guide 1.131 - 8/77 A-22
Qualification Tests of Electric

BCables, Field Splices, and
Connections for Light-Water-Cooled
Nuclear Power Plants

Reg. Guide 1.132 -
.

See Site Specific SAR
Site Investigations for Foundations
of Nuclear Power Plants

Reg. Guide 1.133 -
Loose-Part Detection Program for
the Primary Systems of Light-Water-
Cooled Reactors

:

Reg. Guide 1.134 - See Site Specific SAR !
Medical Evaluation of Nuclear Power |
Plant Personnel Requiring Operator
Licenses

Reg. Guide 1.135 - See Site Specific SAR
Normal Water Level and Discharge at
Nuclear Power Plants

O l

Amendment B
March 31, 1988
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REGULATORY GUIDES

Original or Revision Reference
Qo_cument/ Title GDC References Issue Date CESSAR Section

Reg. Guide 1.136 - See Site Specific SAR
Materials, Construction, and Testing
of Concrete Containments (Articles
CC-1000, -2000, and -4000 through
-6000 of the "Code for Concrete
Reactor Vessels and Containments"

Reg. Guide 1.137 - See Site Specific SAR
Fuel-0il Systems for Standby Diesel
Generators

Reg. Guide 1.138 - See Site Specific SAR
Laboratory Investigations of Soils
for Engineering Analysis and Design
of Nuclear Power Plants (For Comment)

Reg. Guide 1.139 - 5/78 5.4.7p) Guidance for Residual Heat RemovalL :
!

Reg. Guide 1.140 - See Site Specific SAR l

Design, Testing, and Maintenance l

Criteria for Normal Ventilation
Exhaust System Air Filtration and
Adsorption Units of Light-Water-
Cooled Nuclear Power Plants B

Reg. Guide 1.141 - 4/78 A-41
,

Containment Isolation Provisions i

for Fluid Systems

Reg. Guide 1.142 - See Site Specific SAR
Safety-Related Concrete Structures
for Nuclear Power Plants (Other
Than Reactor Vessels and Containment)

Reg. Guide 1.143 - See Site Specific SAR
Design Guidance for Radioactive
Waste Management Systems, Structures,
and Components Installed ir. Light-
Water-Cooled Nuclear Power Plants

O
Amendment B
March 31, 1988
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REGULATORY GUIDES

Original or Revision Reference
Document / Title GDC References Issue Date CESSAR Section

Reg. Guide 8,8 - Revision 3 A-84 See Site
Information Relevant to Ensuring 6/78 Specific SAR
the Occupational Radiation
Exposures at Nuclear Power
Stations will be ALARA B

Reg. Guide 8.19 - Revision 1 See Site Specific SAR
Occupational Radiation Dose 5/79
Assessment in Light-Water
Reactor Plants-Design Stage
Man-Rem Estimates

O

i
1

|
|

|

|

O i

Amendment B
March 31, 1988
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4.0 REACTOR

4.1 SUMMARY DESCRIPTION

The reactor is of the pressurized water type using two reactor
coolant loops. A vertical cross section of the reactor is shown
in Figure 4.1-1. The reactor core is composed of 241 fuel
assemblies and 93 or more control element assemblies (CEAs). The |B
fuel assemblies are arranged to approximate a right circular
cylinder with an equivalent diameter of 143.6 inches and an
active length of 150 inches. The fuel assembly, which provides
for 236 fuel rod positions (16 x 16 array), consists of 5 guide
tubes welded to spacer grids and is closed at the top and bottom
by end fittings. The guide tubes each displace four fuel rod
positions and provide channels which guide the CEAs over their
entire length of travel. In-core instrumentation is installed in
the central guide tube of selected fuel assemblies. The in-core
instrumentation is routed into the bottom of the fuel assemblies
through the bottom head of the reactor vessel. Figure 4.1-2
shows the reactor core cross section and dimensional relations
between fuel assemblies, fuel rods and CEA guide tubes.

The fuel is low enrichment UO in the form of ceramic pellets and
s is encapsulated in prepressdized Zircaloy tubes which form a

hermetic enclosure.

The reactor coolant enters the inlet nozzles of the reactor
vessel, flows downward between the reactor vessel wall and the
core barrel, and passes through the flow skirt section where the
flow distribution is equalized, and into the lower plenum. The
coolant then flows upward through the core, removing heat from
the fuel rods. The heated coolant enters the core outlet region
where the coolant flows around the outside of control element
assembly shroud tubes to the reactor vessel outlet nozzles. The
control element assembly shroud tubes protect the individual
neutron absorber elements of the CEAs from the effects of coolant
cross flow above the core.

The reactor internals support and orient the fuel assemblies,
control element assemblies, and in-core instrumentation, and
guide the reactor coolant through the reactor vessel. They also
absorb static and dynamic loads and transmit the loads to the
reactor vessel flange. They will safely perform their functions
during normal operating, upset, and faulted conditions. The
internals are designed to safely withstand forces due to dead
weight, handling, temperature and pressure differentials, flow
impingement, vibration, and seismic acceleration. All reactor
components are considered Category I for seismic design. The
design of the reactor internals limits deflection where required

Amendment B
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by function. The stress values of all structural members under

inormal operating and expected transient conditions are not
'

greater than those established by Section III of the ASME Code.
The effect of neutron irradiation on the materials concerned is
included in the design evaluation. The effect of accident
loadings on the internals is included in the design analysis.

Reactivity control is provided by two independent systems: the
Control Element Drive System and the Chemical and Volume Control
System. The Control Element Drive System controls short term
reactivity changes and is used for rapid shutdown. The Chemical
and Volume Control System is used to compensate for long-term
reactivity changes and can make the reactor suberitical without
the benefit of the Control Element Drive System. The design of
the core and the Reactor Protective System prevents fuel damage
limits from being excceded for any single malfunction in either
of the reactivity control systems.

O

ou

4.1-2
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4.2 FUEL SYSTEM DESIGN l

!

4.2.1 DESIGN BASE 8

4.2.1.1 Fuel Assembly

The fuel assemblies are required to meet design criteria for each
design condition listed below to assure that the fungtional
requirements are met. Except where specifically noted, the !

design bases presented in this section are consistent with those
used for previous designs.

A. Nonoperation and Normal Operation (Condition I)
Condition I situations are those which are planned or
expected to occur in the course of handling, initial
shipping, storage, reactor servicing and power operation
(including maneuvering of the plant). Condition I

situations must be accommodated without fuel assembly
failure and without any effect which would lead to ai

restriction on subsequent operation of the fuel assembly. ,

The guidelines stated below are used to determine loads I

during Condition I situations:

1. Handling and Fresh Fuel Shipping

Loads correspond to the maximum possible axial and lateral
loads and accelerations imposed on the fuel assembly by
shipping and handling equipment during these periods,
assuming that there is no abnormal contact between the fuel
assembly and any surface, nor any equipment malfunction.
Irradiation effects on material properties are considered
when analyzing the effects of handling loads which occur
during refueling. Additional information regarding shipping
and handling loads is contained in Section 4.2.3.1.5.

2. Storage

Loads on both new and irradiated fuel assemblies reflect
storage conditions of temperature, chemistry, means of
support and duration of storage, i

3. Reactor Servicing i

|<

| Loads on the fuel assembly reflect those encountered during
refueling and reconstitution.,

O
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4. Power Operation

Loads are derived from conditions encountered during
transient and steady-state operation in the design power
range. (Hot operational testing, system startup, hot!

standby, operator-controlled transients within specified
rate limits and system shutdown are included in this
category.)

5. Reactor Trip

Loads correspond to those produced in the fuel assembly by
control element assembly (CEA) motion and deceleration.

B. Upset Condition (Condition II)
Condition II situations are unplanned events and operating !

basis earthquakes (OBEs) which may occur with moderate
frequency during the life of the plant. The fuel assembly
design should have the capability to withstand any upset
condition with margin to mechanical failure and with no
permanent effects which would prevent continued normal
operation. Events classified as Upset Conditions are listed

O below:

1. Operating Basis Earthquake (OBE) B

2. Uncontrolled CEA Withdrawal :

3. Uncontrolled Boron Dilution
4. Partial Loss-of-Coolant Flow
5. Idle Loop Startup (in violation of established

operating procedures)
6. Loss of Load (reactor-turbine load mismatch),

! 7. Loss of Normal Feedwater ,

8. Loss of Offsite Power
] 9. Excessive Heat Removal (feedwater system malfunction) '

10. CEA Drop
11. Accidental Depressurization of the Reactor Coolant J

System (RCS)
i

,

Emergency Conditions (Condition III)C.
l

i From Chacter 15 and Minor Fuel Handlina Accidents
i

Condition III events are uuplanned incidents and minor fuel
3

handling accidents which might occur infrequently during
plant life. Rod mechanical failure must be prevented for

3

any Condition III event in any area not subject to extreme

i

: O
J
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local conditions (e.g., in any rod not immediately adjacent |
to the impact surface during a fuel handling accident). !

Incidents classified as Emergency Conditions are listed
below:

1. Completo loss or interruption of primary coolant flow B
at 100% power, excluding the occurrence of a reactor
coolant pump locked rotor

2. Steam bypass malfunction
3. Minor fuel handling accident (fuel assembly and grapple

remain connected)
4. Inadvertent loading _ of a fuel assembly into improper ,

position. !

D. Faulted Conditions (Condition IV)
Condition IV incidents are postulated events (as discussed
in Chapter 15) and the Safe Shutdown Earthquake (SSE), LOCA
(Mechanical Excitation only), combined SSE and LOCA, and
major fuel handling accidents whose consequences are such

|
that integrity and operability of the nuclear energy system
may be impaired. Mechanical fuel failures are permitted,
but they must not impair the operatian of the EngineeredO Safety Features (ESF) systems to mitigate the consequences
of the postulated event. Events cltssified as Faulted ;

; Conditions are listed below: |

1. Design Basis Earthquake (DBE) 0

2. Loss-of-Coolant Accident (LOCA)
| 3. Locked Reactor Coolant Pump Rotor
i

4. Major Secondary System Pipe Rupture
5. CEA Ejection
6. Major Fuel Handling Accident (fuel assembly and grapple

are disengaged).,

4.2.1.1.1 Fuel Assembly structural Integrity Criteria

For each of the aesign conditions, there are structural criteria
which apply to the fuel assembly and its components, but not to
individual fuel rods. These criteria are listed below and give
the allowable stresses and functional requirements for each

4

j design condition. Criteria for individual fuel rods are !
discussed separately in Section 4.2.1.2. |

|

|-

1

!,

| O |
'

,
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A. Design conditions I and II

P, 5 S,

P, A P $ F,S,b

Under cyclic loading conditions, stresses must be such that
the cumulative fatigue damage factor does not exceed 0.8.
The cumulative fatigue damage factor is defined as the sum
of the ratios of the number of cycles at a given cyclic
stress (or strain) condition to the maximum number permitted
for that condition. The selected limit of 0.8 is used in
place of 1.0 (which would correspond to the absolute maximum
fatigue damage factor permitted) to provide additional
margin in the design.

During the OBE, fuel assembly deflections must be such that
permanent deformations are limited to a value allowing the
CEAs to scram.

B. Design Condition III

O P i 1.5 Sm m

P +P 1 1.5 F,S,m 3

C. Design Condition IV

P I8$m

P +P $ F,S'm 3

where S' = smaller value of 2.4 S , or 0.7 S .

1. If the equivalent diameter pipe break in the LOCA does
not exceed 0.5 square feet, the fuel assembly
deformation shall be limited to a value not exceeding
the deformation which would preclude satisfactory
insertion of the CEAs. i

,

|

2. For pipe break sites greater than 0.5 square feet, i

deformation of structural components is limited to
maintain the fuel in a coolable array. CEA insertion
is not required for these events as the appropriate
safety analyses do not take credit for CEA insertion.

O
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3. For the upper end fitting hold down springe, calculated
shear stress must not exceed the minimum yield stress !

in shear.
'

4. For the spacer grids, the predicted impact loads must
be less than the tested grid capability, as defined in
Reference 50.

5. During the SSE, fuel assembly deflections must be such
that permanent deformations are limited to a value
allowing the CEAs to scram.

D. Nomenclature -

The symbols used in defining the allowable stress levels are
as follows:

IP, = Calculated general primary membrane stress ")

Pb = Calculated primary bending stress,

Design stress intensity value as defined by SectionS =

IEI, ASME Boiler
O and Pressure vesset Code (')

S = Minimum unirradiated ultimate tensile strengthu

Shape factor corresponding to the particular crossF =

sIction being(c)
analyzed

| Sy = Design stress intensity value for faulted conditions
I The definition of Sg as the lesser value of 2.4 S and 0.7 S is

- contained in the ASME Boiler and Pressure , Vessel C3de,
|

Section III. i

(a) P and P are defined by Section III, ASME Boiler and
p9 essure Messel Code.

(b) With the exception of zirconium base alloys, the design
stress intensity values, S of materials not tabulated byi the Code are determined in T,he same manner as the Code. The:

i

| design stress intensity of zirconium base alloys shall not
. exceed two-thirds of the unirradiated minimum yield strength
'

at temperature. Basing the design stress intensity on the
unirradiated yield strength is conservative because the
yield strength of zircaloy increases with irradiation. The
use of the two-thirds factor ensures 50% margin to component

Q yielding in response to primary stresses. This 50% margin

, |
! !

4.2-5 |
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together with its application to the minimum unirradiated
properties and the general conservatism applied in the
establishment of design conditions is sufficient to ensure
an adequate design. ,

(c) The shape factor, F, is defined as the ratio of the
s"plastic" moment (all fibers just at the yield stress) to ;

the initial yield amount (extreme fiber at the yield stress ,

'

and all other fibers stressed in proportion to their
distance from the neutral axis). The capability of cross
sections loaded in bending to sustain moments considerably
in excess of that required to yield the outermost fibers is
discussed in Timoshenko.(,1_)

4.2.1.1.2 Material Selection

The fuel assembly grid cage structure consists of 10 Zircaloy-4
spacer grids, 1 Inconel 625 spacer grid (at the lower end) , 5
Zircaloy-4 guide tubes, 2 stainless steel end fittings, and 4
Inconel X-750 coil springs. Zircaloy-4, selected for fuel rod
cladding, guide tubes and spacer grids, has a low neutron
absorption cross section, and high corrosion resistance to the
reactor water environment. Also there is little reaction between

O the cladding and fuel or fission products. As described in
Section 4.2.3, Zircaloy-4 has demons.: rated its ability as a

|
cladding, CEA guide tube, and spacer grid material.

The bottom spacer grid is of Inconel 625 and is welded to the
,

lower end fitting. In this region of local 4,nlet turbulence, |
Inconel 625 was selected rather than Zircaloy-4 to provide |

additional strength and relaxation resistance. Inconel 625 is a !

very strong material with good ductility, corrosion resistance I

and stability under irradiation at temperatures below 1000*F.

The fuel assembly upper and lcwer end fitting are of cast 304
stainless steel and the upper and lower end fitting posts are
Type 304 stainless steel machined components. This material was
selected based on considerations of adequate strength and high4

corrosion resistance. Also, Type 304 stainless steel has been
used successfully in almost all pressurized water reactor i

environments, including all currently operating C-E reactors. |

4.2.1.1.3 Control Element Assembly Guide Tubes
.

'

All CEA guide tubes are manufactured in accordance with ASTM
B353, Wrought Zirconium and Zirconium Alloy Seamless and Welded
Tubes for Nuclear Service, with the following exceptions and/or
additions:

)0
' 4.2-6
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A. Chemical Properties r

j
Additional limits are placed on oxygen, carbon and silicon. B j ,y

J

B. Mechanical Properties

Minimum values are specified for the tensile > strength, yield
Bstrength and total eJongation at room temperature and high 3

temperatura.
.

I
gs4

i i
'

C. Dimensional Requirements

Paraissible Tolerance
Dimensista f ith)_.- '

_ -

OD 10.003'

,

ID 10.005
a'

4.2.1.1.4 Sircaloy-4 Bar stock '

#Zircaloy-4 bar stock is fabricated in adcordance with Grade g g:R60804, ASTM B351, Hot-Rolled end Cold-Finished Zirconium and. '
s

m Zirconium Alloy Bars, Rod and Wire for Hoclear Application, with1

V the following exceptions and/or additienst
,

A. Chemical Properties

Additional limits are placed on oxygen, carbon and silicon |B
: content.

B. Metallurgical Properties j
'-+ .

'
The maximum average grain size is restrict.ed.

4.2.1.1.5 zirealoy-4 strip stock
,

j
'

All Zircaloy-4 strip stock is fabricated in accordance with Grade
R60804, ASTM B352, Zirconium and Zirconium Alloy Sheet, Strip and B

Plate for Nuclear Application, with the follwing exceptions-

i and/or additions:
A. Chemical Properties

}
p

| Additional limits are placed on oxygen, carboa and silicon il
c ,

content. ' '

'

B. Metallurgical Properties
t

The maximum average grain size is restricted.

Amendment B'
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C. ' Mechanical Properties

Each sample shall be tested for hardness in accordance with
.

the procedure described in ASTM E18 (Standard Test Method B
'

for Rockwell Su cficial Hardness of Metallic Materials).
The Rockwell hardness is limited to a value to ensure
adequate material ductility.

D. Coefficient of Thermal 4xpansion

Axial direction - see Reference 2

E. Irradiation Properties y

The yield and tensile strengths are enhanced by irradiation.
The stress relaxation with irradiation at operating
temperatures proceeds at a rapid rate until pearly complete.
The irradiation induced growth is documented in References 3

>
.

and 4.\
!

4.2.1.1.6 Stainless Steel Castings
l'

E11 stainless steel castings are fabriceted in accordance withO Grsde CF-8, ASTM A744, with the following addition:
B

Heat treatment is specified to meet designated cooling rate
and the acceptable level delta ferrite.

4.2.1.1.7 Stainless Steel Tubing
4

All stainless steel tubing is fabricated in accordance with ASTM
A269, w,ith the following addition:

Carbon content is limited on tubing to be welded.

4 . 2 .1.1. 8 Inconel X-9fio compression springs

All Inconel springs are fabricated in accordance with AMS 5699C.
B

4. 2 .1.1. 5 Inconel 625 Bottom spacer Grid strip Material

Inconel spacer grid strip material is procured in accoi-drace with
the specification for nickel-chromium-molybdenum-colundAum alloy t
plate, sheet, and strip, Specification ASTM B433, with the
follevihg addition: B

a. Check analysis is required, and
b. Material is required to pass a specified bend test and |

hardness requirement. '

O
Amendment B

4.2-8 March 31, 1988
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4.2.1.2 Fuel Rod

4.2.1.2.1 Fuel Cladding Design Limits

The fuel cladding is designed to sustain the effects of
steady-state and expected transient operating conditions without
exceeding acceptable levels of stress and strain. Except where
specifically noted, the design bases presented in this section
are consistent with those used for previous core designs. The
fuel rod design accounts for cladding irradiation growth,
external pressure, differential expansion of fuel and clad, fuel
swelling, densification, clad creep, fission and other gas
releases, initial internal helium pressure, thermal stress,
pressure and temperature cycling, and flowinduced vibrations.
The structural criteria discussed below are based on the
following for the normal, upset, and emergency loading
combinations identified in Section 4.2.1.1. For a discussion of
the thermal / hydraulic criteria, see Section 4.4.1.

A. During normal operating and upset conditions, the maximum
primary tensile stress in the Zircaloy clad shall not exceed
two-thirds of the minimum unirradiated yield strength of the

p material at the applicable temperature. The corresponding
V limit under emergency conditions is the material yield

strength. The use of the unirradiated material yield
strength as the basis for allowable stress is conservative
because the yield strength of Zircaloy increases with
irradiation. The use of the two-thirds factor ensures 50%
margin to component yielding ir. response to prin ry
stresses. This 50% margin, together with its application to
th 3 minimum unirradiated properties and the general
u nservatism applied in the establishment of design
ronditions, is sufficient to ensure an adequate design.

B. Net unrecoverable circumferential strain shall not exceed 1%
as predicted by computations considering clad creep and
fuel-clad interaction effects.

Data from O'Donnell(,5,) and Weber (6) were used to determine
the present 1% strain limit. O'Donnell developed an
analytical failure curve for Z! caloy cladding based upon
the maximum strain of the material at its point of plastic
instability. O'Donnell compared his analytical curve to
circumferential strain data obtained on irradiated
coextruded Zr-U metal fuel rods tested by Weber. The
correlation was good, thus sulatantiating O'Donnell's
instability theory. Since O'Donnell performed his analysis,
additional data have been derived at Bettis(7) (8) (9) and
AECL. (,1_0) (JJ)

4.2-9
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These new data are shown in Figure 4.2-1, along with
O'Donnell's curve and Weber's data. This curve was then
adjusted because of differences in anisotropy, stress states
and strain rates; and the design limit was set at 1%.

The conservatism of the clad strain calculations is provided
by the selection of adverse initial conditions and material
behavior assumptions, and by the assumed operating history.
The acceptability of the 1% unrecoverable circumferential
strain limit is demonstrated by data from irradiated
Zircaloy-clad fuel rods which show no cladding failures (dtn
to strain) at or below this level, as illustrated in Figure
4.2-1.

C. The clad will be initially pressurized with helium to an
amount sufficient to prevent gross clad deformation under
the combined effects of external pressure and long-term
creep. The clad design will not rely on the support of fuel
pellets or the holddown spring to prevent gross deformation.

|
D. Cumulative strain cycling usage, defined as the sum of the

ratios of the number of cycles in a given effective strain
p range ( Ac -) to tne permitted number (N) at that range, as i

U taken from Figure 4.2-2, will not exceed 0.8.

The cyclic strain limit design curve shown on Figure 4.2-2
is based upon the Method of Univers31 Slopes developed
by S. S. Manson(M) and has been adjusted to provide a
strain cycle margin for the effects of uncertainty and
irradiation. The resulting curve has been compared with
known data on the cyclic loading of Zircaloy ard has been
shown to be conservative. Specifically, it encompasses all
the data of O'Donnell and Langer.(M)

As discussed in Section 4. 2.1. 2. 5, the fatigue calculaticn
method includes the effect of clad creep to reduce the
pellet-to-clad diametral gap during that portion of
operation when the pellet and clad are not in contact. The
same model is used for predicting clad fatigue as is used
for predicting clad strain. Therefore, the effects of creep .

and fatigue loadings are considered together in determining I
end-of-life clad strain. Moreover, the current fatigue 1

damage calculation method includes a factor of 2 which is
applied to the calculated strain before determining the
allowable number of cycles associated with that strain.
This, in combination with the allowable fatigue usage factor
0.8, ensuces a considerable degree of conservatism (see
Figure 4.1 -2) .

O :

4.2-10
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E. There is no specific limit on lateral fuel rod deflection

for structural integrity considerations except that which is
brought about through application of cladding stress
criteria. The absence cf a specific limit on rod deflection
is justified because it is the fuel assembly structure, not
the individual fuel rod, that is the limiting factor for
fuel assembly lateral deflection.

F. Fuel rod internal pressure increases with increasing burnup;
toward end-of-life, the total internal pressure, due to the
combined effects of the initial helium fill gas and the
released fission gas, can approach values comparable to the
external coolant pressure. The maximum predicted fuel rod
internal pressure will be consistent with the following
criteria.

1. The primary stress in the cladding resulting from
differential pressure will not exceed the stress limits
specified earlier in this section.

2. The internal pressure .ill not cause the clad to creep
outward from the fuel pellet surface while operating at
the desian peak linear heat rate for normal operation.

J In deterwining compliance with this criterion, internal
pressure is calculated for the peak power rod in the
reactor, including accounting for the maximum computed
fission gas release. In addition, the pellet swelling
rate (to which the calculated clad creep rate is
compared) is based on the observed swelling rate of
drestrained" pelleta (i.e,, pellets in contact with
clad), rather than on the greater observed swelling
behavior of pellets which are free to expand.

The criteria discussed above do not limit fuel rod
internal pressure to values less than the primary
coolant pressure, and the occurrence of positive
differential pressures would not adversely affect
normal operation if appropriate criteria for cladding
stress, stI in, and strain rate were satisfied.

G. The design limits of the fuel rod cladding, with respect to
vibration considerations, are incorporated within the fuel
assembly design. It is a requirement that the spacer grid
intervals, in conjunction with the fuel rod stiffness, be
such that fuel rod vibration, as a result of mechanical or
flow induced excitation, dona not result in excessive wear
of the fuel rod cladding at the spacer grid contact areas.

O

4.2-11
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4.2.1.2.2 Fuel Rod Cladding Properties '

4.2.1.2.2.1 Mechanical Properties

A. Modulus of Elasticity

Young's Modulus is as specified in Reference 14.

B. Poisson's Ratio

Poisson's Ratio is as specified in Reference 14.

C. Thermal Coefficient of Expansion

Diametral direction Thermal Coefficient of Expansion is
specified in Reference 14.

D. Yield Strength

Yield strength is as specified in Reference 14.

The cladding stress limits identified in Section 4.2.1.2.1
are based on values taken from the minimum yield strength

s,)s curve at the appropriate temperatures. The limits are
applied over the entire fuel lifetime, during conditions of
reactor heatup and cooldown, steady state operation, and
normal power cycling. Under these conditions, cladding
temperatures and fagg f3vences can range from 70 to 750'F
and from 0 to 1 x 10 nyt, respectively.

E. Ultimate Strength

Ultimate tensile strength is as specified in Reference 14.

F. Uniform Tensile Strain

Uniform tensile strain is as specified in Reference 14.
,

Uniform tensile strain10(p the irradiated condition |2approaches 1% at 6 x nyt and remains relatively ;

constant (Section 4. 2.1. 2.1) . j
i

G. Hydrostatic Burst Test ;

The c?, adding specification requires thtt two samples from
each 1.ot of cladding be subjected to room temperature
hydrostatic burst tests. To be acceptable, the burst
pressure must exceed a minimum value, based on the cladding
geometry and specified tensile properties, and the

(]) circumferential elongation must exceed a prescribed minimum
value.

4.2-12
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4.2.1.2.2.2 Dimensional Requirements

A. Tube straightness is limited to 0.010 in./ft, and inside
diameter and wall thickness are tightly controlled.

B. Ovality is measured as the difference betveen maximum and
minimum inside diameters and is acceptable if within the
diameter tolerances.

C. Outside diameter is specified as 0.382 1 0.002 inches.

D. Inside diameter is specified as 0.332 1 0.0015 inches.

E. Eccentricity is defined as the difference between maximun
and minimum wall thickness at a cross-section, and is
specified as 0.004 inches maximum.

F. Wall thickness is specified as 0.023 inches minimum (the
nominal value reported elsewhere is based on the nominal OD
and ID).

4.2.1.2.2.3 Metallurgical Properties

A. Hydride Orientation

A restriction is placed on the hydride orientation factor
for any third wall thickness of the tube cross-section |B
(inside, middle, or outside). The hydride orientation
factor, defined as the ratio of the number of radially
oriented hydride platelets to the total number of hydride
platelets, shall not exceed 0.3. The independent evaluation
of three portions of the cross-section is included to allow
for the possibility that hydride orientation may not be
uniform across the entire cross-section.

4.2.1.2.2.4 Chemical Properties

All fuel rod cladding is manufactured in accordance with ASTM |
B353, Wrought Zirconium and Zirconium Alloy Seamless and Welded |
Tubes for Nuclear Service, except additicnal limits are placed on i

oxygen, silicon, and carbon content. B

4.2.1.2.3 Fuel Rod Component Properties

4.2.1.2.3.1 Zircaloy-4 Bar Stock

All Zircalcy-4 bar stock is fabricated in accordance with ASTM
B351, Hot-Rolled and Cold-Finished Zirconium and Zirconium Alloy
Bars, Rod and Wire for Nuclear Application, with the following

Q exceptions and/or additions:

Amendment B
4.2-13 March 31, 1988
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A. Chemical Properties

Additional limits are placed on oxygen, carbon and silicon B

content.

B. Metallurgical Properties

The maximum average grain size is restricted.

C. Non-Destructive Testing

Ultrasonic inspection is required.

4.2.1.2.3.2 Stainless Steel Compression Springs

All stainless steel springs are fabricated in accordance with AMS
5688, Revision G. The dimensions of these springs are:

|B
Free length 10.773 in.
Outside diameter 0.312 in.
Wire size 0.067 in.
Active number of coils 85
Spring constant 22.2 lb/in.O, ;

4.2.1.2.4 00 Fu*1 P*llet Pr Parties2

4.2.1.2.4.1 Chemical Composition

Salient points regarding the structure, composition, and ,

properties of the Uo, fuel pellets are discussed in the following l

subsections. Where the effect of irradiation on a specific item
is considered to be of sufficient importance to warrant
reflection in the design or analyses, that effect is also
discussed.

A. Chemical analyses are performed for the following
constituents:

1. Total Uranium
2. Carbon
3. Nitrogen
4. Fluorine
5. Chlorine and Fluorine
6. Iron
7. Thorium
8. Nickel B
9. Calcium and Magnesium

10. Chromium
11. Aluminum

(]) 12. Silicon

Amendment B
4.2-14 March 31, 1988
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B. The oxygen-to-uranium ratio is maintained between 1.99 and
2.02. B

C. The sum of the cross-sections of the following impurities
shall not exceed a specified equivalent thermal-neutron
capture cross-section of natural boron:

1. Boron
2. Silver
3. Cadmium
4. Gadolinium
5. Europium
6. Samarium
7. Dysprosium

D. The total hydrogen content of finished ground pellets is
restricted.

E. The nominal enrichment of the fuel pellets will be specified
and shall be held within 0.05 wt% U-235.

4.2.1.2.4.2 Microstructuro

A. The pellet fabrication process will maximize the pore
content of pellets in a specified range. Acceptable
porosity distribution will be determined by comparison of
approved visual standards with photo-micrographs from each
pellet lot.

B. The average grain size shall exceed a specified minimum
size.

4.2.1.2.4.3 Density

A. The density of the sintered pellet after grinding shall be
between 93.5 and 96.0% of theoretical dgnsity (TD), based on
a UO theoretical density of 10.96 g/cm

2

B. The in-pile stability of the fuel is ensured by the use of
an NRC-approved out-of-pile test during production. The
details of this test, and the associated rationale, are i

presented in Reference 14.

C. The effects of irradiation on the density of sintered UO I

pellets are treated in compliance with Regulatory Guidk
1.126, Revision 1 through use of the NRC-approved model for B

fuel evaluation presented in References 15-17.

O
Amendment B

4.2-15 March 31, 1988



;

CESSARnahmOn i

O
4.2.1.2.4.4 Thermal Properties

A. Thermal Expansion

The thermal expansion of UO is described by the following
temperature dependent equatibns: (18) (19) |

~4% Linear Expansion = (-1.723 x 10-2) + (6.797 x 10 T)
2~

+ (2.896 x 10 T)

from 25'C to 2200*C; and,

2 |~4 ~

% Linear Expansion = 0.204 + (3 x 10 T) + (2 x 10 T)
-O+ (10 T)

above 2200*C,

where T is the temperature in degrees Celsius.

B. Thermal Emissivity

O l^ ve1ue of 0.85 1e used for the therme1 emissivity of UO
pellets over the temperature range 800 to 2 600 ' K. ( 2_0 ) (Hf
(M)

:

C. Melting Point and Thermal Conductivity |
The variation of melting point and thermal conductivity with
burnup is discussed in References 15-17. |

l
D. Specific Heat of UO.2 '

The specific heat of UO is described by the following
temperature dependent equakions:(H)

|

For T < 2240*F:

0
C = 49.67 + 2.2784 x 10 T

3.2432 x 10~3
; and,

P (T + 460)2
For T h 2240*F.

~4 2 + 3.1786 x 10 T
~

C = -126.07 + 0.2621T - 1.399 x 10 Tp
-1 4

- 2.483 x 10 T,

where:

4.2-16
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C = specific heat, BTU /ft 'F; and,

p

T = temperature, 'F. 1

4.2.1.2.4.5 Mechanical Properties

A. Young's Modulus of Elasticity

The static modulus of elasticity of unirradiated _fgel of 97%
TD and deformed under a strain rate of 0.097 hr is given
by Reference (_2_4_) :

6E = 14.22 (1.6715 x 10 - 924.4T),

where:

E = modulus of elasticity in psi; and,
T = temperature in *C in the range of 1000 to 1700'C.

B. Poisson's Ratio

The Poisson's Ratio of polycrystalline U O ., has a value of
0.32 at 25'C based on Reference 66. Thh same referenceg
notes a 10% decrease in value over the range of 25 to
1800*C. Assuming the decrease is linear, the temperature
dependence of the Poisson's Ratio is given by:

-5v = 0.32 - 1.8 x 10 (T-25),

where:

v = Poisson's Ratio
T = temperature in 'C in the range of 25 to 1800'C.

At temperatures above 1800*C, a constant value of 0.29 is
used for Poisson's Ratio.

4.2.1.2.5 Fuel Rod Pressurization

Fuel rods are initially pressurized with helium for two reasons:

A. To preclude clad collapse during the design life of the
fuel. The internal pressurization, by reducing stresses
from differential pressure, extends the time required to
produce creep collapse beyond the required service life of
the fuel; and,

B. To improve the thermal conductivity of the pellet-to-clad
gap within the fuel rod. Helium has a higher coefficient of

Q thermal conductivity than the gaseous fission products.

4.2-17
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In unpressurized fuel, the initially good helium conductivity is
eventually degraded through the addition of the fission product
gases released from the pellets. The initial helium
pressurization results in a high helium to fission products ratio |
over the design life of the fuel with a corresponding increase in
the gap conductivity and heat transfer. The effect of fuel rod
power level and pin burnup on fuel rod internal pressure has been i

studied parametrically. ]
The initial helium fill pressure will be 380psig. This initial
fill pressure will be sufficient to prevent clad collapse
discussed in Section 4.2.3.2.7 and will produce a maximum EOL
internal pressure consistent with the criteria of Section
4.2.1.2.1. The calculational method. employed to generate
internal pressure histories are discussec in References 15-17.

4.2.1.2.5.1 Capacity for Fission Gas Inventory

The greater portion of the gaseous fission products remain either
*

within the lattice or the microporosity of the UO, fuel pellets
and do not contribute to the fuel rod intehal pressure.
However, a fraction of the fission gas is released from the

q pellets by diffusion and pore migration and thereafter
V contributes to the internal pressure.

The determination of the effect of fission gas generated in and
released from the pellet column is discussed in Section
4.2.3.2.2. The rod pressure increase which results from the
release of a given quantity of gas from the fuel pellets depends
upon the amount of open void volume available within the fuel rod I
and the temperatures associated with the various void volumes. j
In the fuel rod design, the void volumes considered in computing 1

'
internal pressure are:

Fuel rod upper end plenum;.

Fuel-clad annulus; l.

Fuel pellet-end dishes and chamfers; and, ).

Fuel pellet open porosity.
'

.

I
IThese volumes are not constant during the life of the fuel. The

model used for computing .he available volume as a function of
burnup and power level accounts for the effects of fuel and clad
thermal expansion, fuel pellet densification, clad creep, clad
growth, and irradiation induced swelling of the fuel pellets.

O

4.2-18
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4.2.1.2.5.2 Fuel Rod Plenum Design

The fuel rod upper end plenum is required to serve the following |

functions: |

A. Provide space for axial thermal expansion and burnup
swelling of the pellet column;

B. Contain the pel]9t column holddown spring; and,

C. Act as a plenum region to ensure an acceptable range of fuel
rod internal pressure.

Of these functions, item C is expected to be the most limiting
constraint on plenum length selection, since the range of
temperatures in the fuel rod, togather with the effects of
swelling, thermal expansion, and fission gas release, produce a
wide range of internal pressure during the life of the fuel. The
fuel rod plenum pressure will be consistent with the pressuri-
zation and clad collapse criteria specified in Section 4.2.1.2.1.

4.2.1.2.5.3 Outline of Procedure Used to Size the Fuel Rod
Plenum

A. A parametric study of the effects of plenum length on
maximum and minimum rod internal pressure is performed.
Because the criteria pertaining to maximum and minimum rod
internal pressure differ, the study is divided into two
sections:

1. Maximum Internal Pressure Calculation

Maximum rod pressure is limited by the criteria as specified
in Section 4.2.1.2.1.F. Maximum end-of-life pressure is )
determined for each plenum length by including the fission 1

gas released, selecting conservative values for component i
dimensions and properties, and accounting for burnup effects
on component dimensions. The primary cladding stress )
produced by each maximum pressure is then compared to the
stress limits to find the margin available with each plenum
length. Stress limits are listed in Section 4.2.1.2.1.

2. Minimum Internal Pressure / Collapse Calculation

Minir.um rod pressure is limited by the criterion that no rod |
will be subject to collapse during the design lifetime. The
minimum pressure history for each plenum length is
determined by neglecting fission gas release, selecting a
conservative combination of component dimensions and

t] properties, and accounting for dimensional changes during

4.2-19
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irradiation, including the effects of cladding creep, l
cladding growth, pellet densification, pellet swelling, and

'

thermal expansion. Each minimum pressure history is input
to the cladding collapse model(25) to establish the
acceptability of the associated plenum length.

B. For each plenum length, there is a resultant range of
acceptable initial fill pressures. The optimum plenum
length is generally considered to be the shortest which
satisfies all criteria related to maximum and minimum rod
internal pressure including a range sufficient to
accommodate a reasonable manufacturing tolerance on initial 1

fill pressure. !

C. Additional information on those factors which have a bearing
on determination of the plenum length are discussed below:

1. Creep and dimensional stability of the fuel rod
assembly influence the fission gas release model and
internal pressure calculations, and are accounted for
in the procedure of sizing the fuel rod plenum length.
Creep in the cladding is accounted for in a change in
clad inaide diameter, which in turn influences the !
fuel / clad gap. The gap change varies the gap )s

conductance in the FATES computer code (15-17) with '

resulting change in annulus temperature, internal
pressure, and fission gas release. In addition, the
change in clad inside diameter causes a change in the .

)internal volume, with its resulting effect on
temperature and pressure. Dimensional stability 1

considerations affect the internal volume of the fuel
rod, causing changes in internal pressure and
temperature. Fuel pellet densification reduces the
stack height and pellet diameter. Irradiation-induced
radial and axial swelling of the fuel pellets decreases
the internal volume within the fuel rod. In pile
growth of the fuel rod cladding contributes to the

,

i internal volume. Axial and radial elastic deformation I

calculations for the cladding are based on the
differential pressure the cladding is exposed to,
resulting in internal volume changes. Thermal
relocation, as well as differential thermal expansion
of the fuel rod materials also affect the internal
volume of the fuel rods.

2. The maximum expected fission gas release in the peak
power rod is calculated using the FATES computer code.
Rod power history input to the code is consistent with
the design limit peak linear heat rate set by LOCA

4.2-20
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considerations, and therefore the gas release used to
size the plenum represents an upper limit. Because of
time-varying gap conductance, fuel temperature and
depletion, and expected fuel management, the release
rate varies as a function of burnup.

4.2.1.2.6 Fuel Rod Performance

Steady state fuel temperatures are determined by the FATES
computer program. The calculational procedure considers the
effect of linear heat rate, fuel relocation, fuel swelling,
densification, thermal expansion, fission gas release, and clad
deformation. The model for predicting fuel thermal performance,
including the specific effects of fuel densification on increased
LHGR and stored energy, is discussed in References 15-17.

Significant parameters such as cold pellet and clad diameters,
cas pressure and composition, burnup and void volumes are
calculated and used as initial conditions for subsequent
calculations of stdred energy during the SIS analysis. The
coupling mechanism between FATES calculations and the SIS
analysis is described in detail in Reference 26.

O oiscuseiens of uncerteinties essocieeed with the mode 1, end of
comparative analytical and experimental results, are included in
Reference 14.

4.2.1.3 Burnable Poison Rod

Two alternative burnable poison rod designs, one using Al 0 -B C
3 ahe B )poison pellets and the other using Gd,0 -UO, poison pelle$s,

provided for the System 80 fuel desi@.3 B6th types of burnable
,

'

poison rods have been used pre'riously in C-E-designed reactors
and have been approved by the NRC. From the standpoint of fuel
assembly design, the two alternative burnable poison rod designs 1

are identical in the cladding material specifications and
dimensional properties, and in the mechanical positioning within
the fuel assembly. The two burnable poison rod designs are
described in Section 4.2.2.3. The cladding and burnable poison
pellet design properties are described below.

4.2.1.3.1 Burnable Poison Rod Cladding Design Limits

The burnable poison rod design, similar to the fuel rod design,
accounts for external pressure, differential expansion of pellets
and clad, pellet swelling, clad creep, helium gas release,
initial internal helium pressure, thermal stress, and
flow-induced vibrations. Except where upecifically noted, the
design bases presented in this section are consistent with there
used for the fuel rod design. The structural critcria for the
normal, upset and emergency loading combinations identified in
Section 4.2.1.1 and 4.2.1.2 are highlighted as follows:

Amendment B
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A. During normal operating and upset conditions, the maximum

primary tensile stress in the Zircaloy clad shall not exceed
two-thirds of the minimum unirradiated yield strength of the
material at the applicable temperature. The corresponding
limit under emergency conditions is the material yield
strength.

B. Net unrecoverable circumferential clad strain shall not
exceed 1% as predicted by computations considering clad
creep and poison pellet swelling effects.

C. The clad will be initially pressurized with helium to an
amount sufficient to prevent gross clad deformation under
the combined effects of external pressure and long-term
creep. The clad design will not rely on the support of
pellets or the holddown spring to prevent gross deformation.

4.2.1.3.2 Burnable Poison Rod Cladding Properties>

Cladding tubes for burnable poison rods are purchased under the
specification for fuel rod cladding tubas. Therefore, the
mechanical, metallurgical, chemical, and dimensional properties
of the cladding are as discussed in Section 4.2.1.2.2.

4.2.1.3.3 Al 0 ~ C Burnable Poison Pellet Properties2 3 4

The Al 0 -B C burnable poison pellets used in C-E-designed
reactor $ 3conkist of a relatively small volume fraction of fine
B C particles dispersed in a continuous Al 0, matrix. The boron
18ading is varied by adjusting the B C concentration in the range2

3
from 0.7 to 4.0 wt% (1.0 to 6.0 vol%). The bulk density of the
Al,0 -B C pellets is specified to be greater than 93% of the3 g
caIcalated theoretical * density. Typical pellets have a bulk
density of about 95% of theoretical. Many properties of the
two-phase Al O -B C mixture, such as thermal expansion, thermal

3and specific heat are very similar to theconductivity,2
properties of the

swe131Sg, maj or
Al O constituent. In contrast,

properties such as helium release, melting point, and I

corrosion are dependent on the presence of B C. The operating
'

centerline temperature of burnable poison peflets than 1150'F,
with maximum surface temperatures close to 1090*F.

4.2.1.3.3.1 Thermal-Physical Properties

A. Thermal Expansion |
,

thermal expansion coefficients of A1 OThe mean
B C(H) from 0 to 1850* F are 4.9 and 2.5 in./in.2 O (n)

agd
- T x 10

r8spectively. The thermal expansion of the Al 0 -B C
,

O two-oneee =1xture cea de coaetaerea to de eeeeatief11 tAe
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same as the*value for the continuous Al O, matrix since the
dispersed BC phase has a lower expandi6n coefficient and
occupies oAly 5% of the available volume. The low
temperature (80 to 250 * F) thermal expansion coefficient of
Al 0 irradiated at 480, 900, and 1300'F does not change as

3a besult of irradiation. (19,) The expansion of a similar9
material, beryllium oxide, up to 1900*F, has also been
reported to be relatively unchanged by irradiation. (30) It
is therefore appropriate to use the values of thermal
expansion measured for Al 02 3(2_7) for the burnable poison
pellets:

Temperature Range Linear Expansion
(*F from 70 to) (%)

400 0.12
600 0.23
800 0.30

1000 0.40

B. Melting Point

O The melting points of Al 0, (3710' F) (H) and BC
2O (44 00 * F) (H) are higher than the melting point of the '

Zircaloy-4 cladding. No reactions have been reported
between the components which would lower the melting point
of the pellets to any significant extent. As the B C burns
up, the ' "hium atoms formed occupy interstitiai sites
randomly _isrupted within the BC lattice, rather than Iforming a lithium-rich phase. (M)4 The solid solution of I

lithium in B C should not appreciably influence the melting
4

point of the Al}s0"4C pellets, as only a small quantity oflithium compounc 3(0.5 vt%) forms during irradiation. It is !

,

concluded that the melting point of Al,0 -B C will remain3 4considerably above the maximum 1150*F opGrating temperature.

C. Thermal Conductivity

The thermal conductivity of Al .30 -B C was calculated from3 f
the measured values for AI os 'and conkinuousmatrix

BC using the
Maxwell-Eucken relationship (M) 2 for a
phase (Al O ) with spherical dispersed phase (B C)particles. 2 Secause of the high Al O content of thdse

3

mixtures and the similarity in therbal conductivity, the
resultant values for A1 0 -B C were essentially the same as7 3 3
the values for Al O unirradiated values of

conductiv3th.
The measured,

thernal at 750*F are 0.06 cal /s-cm 'K for B C4and 0.05 cal /s-cm *K for Al 02 3'
O'

4.2-23
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The thermal conductivity of Al O after irradiation
decreases rapidly as a function of bdrdup to values of about
one-third the unirradiated values . (2_9,) The irradiated
values of Al 0 -B C calculated from the above relationships
are given befod ad a functio) of temperature.(M) (M)

Temperature Thermal conductivity
(F') (cal /s-cm 'K)

400 0.015
600 0.013
800 0.010

1000 0.008

D. Specific Heat

The specific heat of the Al 0,,-B C lixture can be taken to
2 "as 4be essentially the same pure Al O since the

concentration of B C is low (6.0 v/o maximumh .3 In addition,
the effect of irradiation on specific heat"is expected to be
small based on experimental evidence from similar materials
which do not sustain transmutations as a function of neutron
exposure.

The values for Al O measured on unirradiated samples (M)
(M) are given bel

Temperature
(*F) cal /cm *F

250 0.12
450 0.13
800 0.14

1000 and above 0.15

4.2.1.3.3.2 Irradiation Properties

A. Swelling

A1 0,-B C consists of BC particles dispersed in a i2 3 4continuous A1 0 ma M x, which occupies more than 95% of the23poison pellet. The swelling of A10 -B C depends primarily

upon the neutron fluengg on the conkihuobs A1[ sed B C0 matrix and,
3secondarily, on the B burnup of the dispe phase. j

Recentmeasurementsperformedonmaterialconpgininhabout2 1

wt% BC irradiated g a C-E PWR to 100% B burnup at a i

4
fluence of 2.4 x 10' nyt (E>0.8 MeV) revealed a diametral j
swelling of about 1%. Pellets similar to the burnable |

poison used in C-E rgetors with up to 3 wt% BC also
Q sustained about 100% B burnup. Experimentaldata(b) on

4.2-24
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A1 0 #*Y**bla diametral swelling of about 0.7% at a fluence2 3of 2.4 x 10 nyt (E>0.8 MeV). Diametral swelling of Al O
increag s linearly with fluence to 1.8% after an exposure gg2

6 x 10 nyt (E>0. 8 MeV) .

more thanC swells somewgtThese data show that A1 -

3
A1 0 UP to a burnup of 9 % B (about 2 x 10 nyt, E>0.8

swkilingMeh)3 The C-E A1 0 -B C rate design value for.fluence values les2 that this is, thereeore, greater. than
,

the swelling rate of A1 0 , while beyond this threshold the |
2swelling rate for A10 ~ 4C is considered equal to that of2 3

A1 0
2 3*

These data and considerations result in best-egtimate
diametral swelling values at end-of-life (7 x 10 nyt,
E>0.8 MeV) of about 2% for A1 0 and from 2 to 3% for23
A1 0 -B C.23 4

B. Helium Release

Experimental measurements reveal that less than 5% of the
helium formed during irradiation will be released. ( 3_8 )

O These measurements were performed on A1 0 -B,C pellets
2 3

irradiated at temperatures to 500'F and, subsequently,
annealed at. 1000*F for 5 days. The helium release in a
burnable poison rod which operated for one cycle in a C-E
PWR was calculated from internal pressure measurements to be
less than 5%.

4.2.1.3.3.3 Chemical Properties

Al 0 ~ 4 larit ReactionA. 23

Should irradiated BC particles be exposed to reactor
coolant, the primary 8orrosion products that would be formed
are boric acid (which is soluble in water) , hydrogen, free
carbon and a small amount of lithium compounds. The
presence of these products in the reactor coolant would not
be detrimental to the operation of the plant.

Observations of Al 0,/B C poison shims have revealed tha'2 3
long term exposure of tnis material to reactor coolant can
result in gradual leaking out of boron and eventual eroding
away of the A1,0, matrix. However, the rate of reaction is
such that any~ fesultant changes in reactivity are very
gradual.

O
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B. Chemical Compatibility B )

Chemical compatibility between the A1 0,-B C pellets and the
burnable poison rod cladding dul. nD ong-term normal
operation has been demonstrated by examination of a burnable |
poison rod from the Maine Yankee reactor. The rod had beg
exposed to an axially averaged fluence in excess of 2 x 10
nyt (E>0. 821 MeV) . No evidence of a chemical reaction was
observed on the cladding ID.

Short-term chemical compatibility during upset and emergency
conditions is demonstrated by the fact that conditions i
favorable to a chemical reaction between Zircaloy-4 and
A1 0 are not present at temperatures below 13 0 0 * F ( 3_9,) .

9 3ThIs temperature is higher than that which will occur at
,

burnable poison pellet surfaces during Condition II and III i

occurrences (Paragraph 4.2.1.1). The reaction between
Zircaloy-4 and A1 0 described by Idaho Nuclear (,4_0,) was
observed to occur rap, idly only at temperatures in excess of2

2500*F, well above the peak Zircaloy-4 temperatures in the
higher-energy fuel rods described in Chapter 15.

4.2.1.3.4 Gd 0 " Burnable Poison Pellet Properties2 3 2 B

This section references evaluations of gadolinia-urania
properties and of thermal conductivity and melting temperature 1

correlacions appropriate for gadolinia-urania compositions of
interest in PWR applications of Gd 0 -UO rnaMe abcoders.23 2 |

The material properties that influence the thermal performance of
gadolinia-urania fuel have been reviewed to ascertain how UO
properties are influenced by the addition of gadolinia. Thes$
include the thermal conductivity, solidus temperature, specific

j

heat, and the coefficient of thermal expansion. The effects of 1

gadolinia addition on these properties are discussed in detail in
Reference 41.

i

4.2.1.4 Control Element Assemblies (CEAs) |
1

Except where specifically noted, the design bases presented in
this section are consistent with those used for previous designs.

The mechanical design of the control element assemblies is based
on compliance with the following functional requirements and
criteria:

A. CEAs will provide for or initiate short-term reactivity
control under all normal and adverse conditions experienced
dt.cing reactor startup, operation, shutdown, and accidents.

Amendment B
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B. Mechanical clearances of the CEA within the fuel and reactor

internals are such that the requirements for CEA positioning
and reactor trip are attained under the most adverse
accumulation of tolerances.

C. Structural material characteristics are such that
radiation-induced changes to the CEA materials will not
impair the functions of the reactivity control system.

4.2.1.4.1 Thermal-Physical Properties of Absorber Material

The absorber materials used for full-strength control rods are
pellets (B C and hafnium metal bars. Inconel Bboron carbideis used as the abs)orber material for the part-strengthAlloy 625

control rods. Refer to Figure 4.2-3, 4.2-4, and 4.2-5 for the
specific application and orientation of the absorber materials.
The significant thermal and physical properties used in
mechanical analysis of the absorber materials are listed below:

A. Boron Carbide (B C)4

Configuration Right cylinder

Outside Diameter, (a) 0.737 0.001 B

inches (b) 0.664 0.001 (reduced diam.)

Pellet Length, (a) 2.00 i

inches (nominal) (b) 1.79 (reduced diam.) |
|

End Chamfer 0.007 to 0.020
Radius, inches

Density, gm/cc 1.84

Weight % Boron, 77.5
minimum |

% Open Porosity in 27
Pellet

Ultimate Tensile N/AStrength, Ib/in.2

Yield Strength,
lb/in.~ N/A

Elongation, % N/A

Young's Modulus, psi N/A

Amendment B
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Thermal Conductivity Irradiated Unirradiated 1

(cal /s-cm 'C):

8.3 x 10[3 28 x 10[3800*F
3

1000*F 7.9 x 10 24 x 10 !

Melting Point, 'F 4,440

% Linear Thermal
Expansion 0.23% @ 1000*F

B. Type 347 Stainless Steel
(Felt Metal)
Configuration Cylindrical sleeves

formed from sheets

Thickness, inches 0.032 i 0.002

Length of Sheet, 12.34 B

inches (nominal)

(~g Density, lbs/in.3 0.059
V

Ultimate Tensile N/AStrength, lb/in.2

Elongation, % N/A ,

Young'g Modulus,
lb/in. N/A

Thermal Conductivity
(cal /s-cm * C)

-3500*F 1.26 x 10
-3

1000*F 1.41 x 10

C. Inconel 625 (Ni-Cr-Fe Alloy)

Configuration Cylindrical bar
(as absorber)

Outside Diameter, inches 0.816 t 0.002

Inside Diameter, inches Solid

Density, lb/in.3 0.305

() Ultimate Tensile 120-150
3Strength, lb/in

Amendment B
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Specified Minimum Yield 65
Strength 9 650*F, ksi

Elongation in 2 inches, 30
%

Young's Modulus, lb/in.2
6

70'F 29.7 x 10
6

650'F 27.0 x 10

Thermal Conductivity (Btu /h-ft * F) :

70'F 5.7
600*F 8.2

-6 !Linear Thermal Expansion 7.4 x 10
(in./in. 'F) (70 to 600*F)

|

D. Hafnium |

Configuration cylindrical Bar

O Diameter, inches 0.737 0.001

Length of Cylinder,
inches 12.0 |

Density, lb/in.3 0.467 |
'

Ultimate Tensile Strength, lb/in.2
(minimum)

RT 75
600'F 45 I

l

Yield Strength, lb/in.2 1

(minimum)

RT 35
600'F 20 |

Elongation in 2 inchen, '; (minimum)

RT 20
600'F 30

Thermal conductivity, w/cm *C

O so c o 222
300*C 0.210

Amendment B
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Linear Thermal 6.0 x 10 B

Expansion, in./in. *C
(20*C-500*C)

l

Melting Point, *C 2230 1

1

The minimum values for tensile strength, yield strength, and
elongation are from ASTM B737-84, "Standard Specification for
Hot-rolled and/or Cold-finished Hafnium Rod and Wire" (For
Nuclear Applications).

4.2.1.4.2 Compstibility of Absorber and Cladding Materials

The cladding material used for the control elements is Inconel
Alloy 625. The selection of this material for use as cladding is
based on consideration of strength, creep resistance, corrosion
resistance, and dimensional stability under irradiation, and upon
the ac eptable performance of this material for this application
in other C-E reactors currently in operation.

A. B C/Inconel 625 Compatibility
4

' **"d*** "*"* "**" "*" *** "Y "" '(") " '"* ""***"* **YC/ of Type 316 stainless steel with B C under irradiation form 3
thousands of hours at temperatures between 1300 and 1600*F.
Carbide formation to a depth of about 0.004 inches in the
steel was measured after 4400 hours at 1300*F. Similar
compound formation depths were observed after ex-reactor
bench testing. After testing at 1000*F, only 0.001 in./yr
of penetration was measured. Since Inconel 625 is more
resistant to carbide formation than Type 316 stainless i

steel, and the expected pellet / clad interfacial temperature ;

in the standard design is below 800*F, it is concluded that
B C is compatible with Inconel 625. |4

B. Hafnium /Inconel 625 Compatibility B

The chemical compatibility of hafnium with Type 304
stainless steel cladding has been demonstrated in simulated
PWR coolant (autoclave testing) at 332*C (630*F) for up to
720 days and in an elevated temperature test of a control |
rod design at 760*C (1400 * F) for 14 days. (M) No measurable
chemical interaction was observed in any of these tests. i

Because of the similarity in chemical constituents between
'

Inconel 625 and Type 304 SS, it is concluded that hafnium is
also compatible with Inconel 625 cladding.

4.2.1.4.3 Cladding Strass-Strain Limits

O The etre== ti=it- ror the racoaet Attov 525 ctadatas are -

follows:

Amendment B
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Design for Non-Operation, Normal Operation, and Upset Conditions:

P, 5 S,

P, + Pb $ F S,g

The net unrecoverable circumferential strain shall not exceed 1%
on the cladding diameter, considering the effects of pellet
swelling and cladding creep.

Design for Emergency Conditions:

P,s 1.5 S,

P, + Pb sm5 1.5 F 8

Design for Faulted Conditions:

P,5 S',
P, + Pb $ F S',g

where S' is the smaller of 2.4 S, or 0.7 S .

For definition of P P S S' S a F, see Section

For the Il, conk, 623, CEA"cladh, ng,ndthe'value of S,e.s
,

i i4.2.1.1.1
twr hirc.) of the minimum specified yield strength t
ter.; atun .

For Ingonel 625, the specified minimum yield strength is 65,000
lb/in. at 650*F.

F = Mp/My where Mp is the bending moment required to produce a
f811y plastic section and My is the bending moment which first

'produces yielding at the extreme fibers of the cross-section.
The capability of cross-sections loaded in bending to sustain
moments considerably in excess of that required to yield the
outermost filer is discussed in Reference 1. For the CEA
cladding dimensions, F = 1.33.s

The values o.! uniform and total elongation of Inconel Alloy 625
cladding are ostimated to be as follows:

Fluence _lE >1 MeV), nyt

1 x 10" 3 x 10''
'

O uattor= 1oasettoa * 3 1
Total elongation, % 6 3

4.2-31
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4.2.1.4.4 Irradiation Behavior of Absorber Materials

A. Boron Carbide

1. Swelling

The linear swelling of B C increases with burnup according
4

to the relationship:

10
%AL= (0.1) B Burnup, at %

This relationship was obtained from experimental
irradiations on high density ( >_9 0 % TD) wafers ( M) and
pellets with densities ranging between 71 and 98% TD. (M)
(M) Dimensional changes were measured as a function of
burnup, after irradiating e.t temperatures expected in the
design.

2. Thermal Conductivity

The thermal conductivity of unirradiated 73% dense BC
decreases linearly with temperatures from 300 to 1600*gF,
according to the relationship:

O
1 cal /s-cm *K) ,

2.17 (6.87 + 0.017 T)
This relationship was obtained from measurements performed
on pellets ranging from 70 to 98% TD. (M)

Tha relationship between the thermal conductivity of
irradiated 73% TD BC pellets and temperature given below

4 higgr densitywas derived from measured values (M) on
pellets irradiated to fluences out to 3 x 10 nyt (E>l
MeV):

1 cal /s-cm 'K
y ,2.17 (38 + 0.025 T)

where T = temperature, 'K.

|

Thermal conductivity measurements of 17 BC specimens with I

4
densities ranging from 83 to 98% TD , irradiated at |
temperatures from 930 to 1600*F showed that thermal
conductivity decreased significantly after irradiation. The
rate of decrease is high at the lower irradiation
temperatures, but saturates rapidly with exposure.

O
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3. Helium Release
10Helium is formed in BC as B burnup progresses. The ifraction of helium releksed from the pellets is important

for determining rod internal gas pressure. The relationship
between helium release and irradiation temperature given .

below was developed at ORNL(E) to fit experimental data j

obtained from thermal reactor irradiations: ;

-Q
%He release = e(C-1.85D) eRT |

Where: ;

C = Constant, 6.69 for pellets
D = Fractional density, 0.73 for C-E pellets
Q = Activation energy content, 3600 cal / mole
R = Gas constant, 1.98 cal / mole *K
T = Pellet temperature, 'K

This expression becomes

G -1820
' % He release = 208 e T +5

when the above parameters are substituted. In this form,
design values for helium release as a function of
temperature are generated. The 5% helium release allowance
(the last term in the expression) was added to ensure that
design values lie above all reported helium release data. 1

Calculated values of helium release obtained from the
recommended design expression lie above all experimental |

data points (g) (M) (19) obtained on B C pellet specimens9
4irradiated in thermal reactors.

4. Pellet Porosity
i

Experimental evidence is available(50) which shows that for
pellet densities below 90%, essentially all porosity is open
at beginning-of-life. Irradiation-induced swelling does not
change the characteristics of the porosity, but only changes
the bulk volume of the specimens. Therefore, the amount of
porosity available at end-of-life is the same as that
present at beginning-of-life.

O
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B. Hafnium B

1. Dimensional Stability

The dimensional changes of hafnium metal in the reactor are
influenced by three phenomena: (1) density increases with
increasing fluence due to the generation of a tantalum
second phase (a transmutation product) ; (2) stress-free
irradiation growth (similar to Zircaloy), depending upon
fabrication method and texture; and, (3) hydriding from the
absorption of hydrogen permeating the cladding from the
coolant.

It has been found that the density of hafnium increases with
irradiation exposure fi.e. , ghe volume decreases) up to a
fluence of 4 x 10 n/cm (E>0.1 MeV) equivalent to22 2approximately 2 x 10 n/cm (E>l MeV). The ca
volume contraction rate is approximately 1.5% per 10}gulategn/cm
(E>l MeV) based on the measured densities.(5J) The measured
length changes for the same material who.ae density was
measured indiggte a lpngth contraction rate of approximately
0.17% per 10 n/cm (E>l MeV) . (M) This contragtfon ig

n significantly less than a linear rate of 0.5% per 10 n/cm
V (E>l MeV) based on the volume contraction rate and assuming

isotropic behavior. Hafnium, however, is an anisotropic
(HCP) material so that the difference represents the effect
of texture and the tendency to undergo stress-free
irradiation growth similar to Zircaloy. The length
contraction measured, therefore, is the net result of a
shrinkage due to the density increase and an elongation due
to irradiation growth. For this particular fabricated
hafnium, densification more than compensated for irradiation
growth. Similar irradiation behavior is expected for
hafnium rod fabricated for the CEA.

The remaining cause of dimensional change of hafnium
hermetically sealed within Inconel 625 cladding is the
absorption of hydrogen permeating through the cladding from
the coolant. The rate of hydrogen pickup by the hafnium has
been determined in a simulated PWR coolant environment for a
Type 304 stainless steel clad rod of smaller diameter (0.381
in. OD) than used in the CEAs. It was found that the
hydrogen pickup rate is on the order of 30 ppm per year.(43)
Further, the hydriding resulted in a uniform uptake and a
nearly isotropic volume exypnsion. The rate of linear
expansion found was 4.4 x 10 % per ppm hydrogen uptake.

O
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For the larger diameter control rods used in CEAs, i.e. .h
0.816 in. OD, the hydrogen pickup rate can be estimatadi 6

using the above smaller diameter rod data based on f ba -| ,

assumptions that diffusion is (1) directly proportional toy e

the outside surfaca area of the cladding and (2) invers'ely|
proportional to the volume vf the hafnitra in the rod. The , 3
resulting calculated hydrogen pickup rate is 14 ppm par
year. For a 20-year lifetime, then, the linear expansion of r -

4
the hafnium will be 20 x 14 x 4.4 x 10 = 0.123%. For the
CEA hafnium rod of 0.740 in. diameter, the correspending
linear expansion will be approximately 0.001 in. This
change is small in comparison with diametral and axial'

,

clearances provided. More important, it is insignificant
given the volume contraction undergone by the hafnium under
irradiation.

2. Thermal conductivity

The thermal conductivity of unirradiated hafnium decreases
slightly with temperature up to 550'C, the maximum
temperature for which data are reported. (.3_) The following
are the values as a function of temperature:

O Th.rm.1 Conductivity
'C w/ca *C

50 0.223
100 0.222 l

150 0.218
200 0.215
250 0.212
300 0.210
350 0.208
400 0.207
450 0.206
500 0.205
550 0.205

The thermal conductivity of irradiated hafnium is not I

expected to be significantly different. |

3. Gas Release
|

No gaseous transmutation products are generated by the
irradiation exposure of hafnium. This accounts for the
observed lack of swelling under irradiation. Also, no gas
is released to the control rod void to contribute to
internal gas pressure.

O
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! C. Inconel 625 '.

1.' Swelling '/ >

Available information indicates that Inconel 625 is highly
resistant to radiatigg swelldng. Exposure of Inconel 625 to/ j

a fl.ne.;ce of 3 x 10 nyt . (E>0.1 MeV) at a temperature of
400$c (725'F) showed no visible cavities in metallographic
exanAnations(5_3) so that swelling, if any, would be very'

minor. Direct measurements y"de after exposure of Inconel
625 to a fluence 5 x 10 nyt (E>0.1 MeV) at LMFBR
conditions showed n evidence of swelling.(54) Further22exposure to 6 x 10 nyt (E>0.1 MeV) ' at 500 * C (932'F) showed
essentially no swelling as measured by immersion density,
but did show small cavities. Thus, Incggel 625 is not
expected %c swell beyond fluences of 3 x 10 nyt (E>l MeV).

; 2. Ductility

The ductility of Inconel 628 decreases after irradiation.
Extrapolation of lower fluence data on Diconel 625 and 500
indicates that the values of2 uniform and total elongation of
Inconel 625 after 1 x 10 nyt (E>l MeV) are 3 and 6%,pg

U respectively.

3, Strength

The value of yield strength for Inconel 625 increases after
irradiation in the manner typical of metals. However, no
credit is taken for increases in yield strength in the
design analyses above the value initially specified.

4.2.1.5 Surveillance Procram

4.2.1.5.1 Requirements for Surveillance and Testing of
Irradiated Fuel Rods

High burnup performance experience, as described in Section
4.2.3, has provided evidence that the fuel will perform
satisfactorily under the design conditions. C-E is conducting a
detailed fuel assembly performance evaluation program on the
Arkansas Nuclear One Unit 2 (ANO-2) reactor as described below.
Due to the similarity in the ANO-2 and System 80 designs, the
evaluation is applicable to System 80 fuel.,

A fuel rod irradiation program has been developed to evaluate the
performance of fuel rods designed for use in the 16 x 16 fuel
assembly. The program includes the irradiation of six standard
16 x 16 assemblies, two each for 1, 2 and 3 cycles, respectively,

4.2-36
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in the ANO-2 reactor. Each assembly will contain a minimum of 50 I

pre-characterized, removable rods distributed within the assembly
to obtain a spectrum of exposure levels for evaluation purposes
in interim and terminal examinations. Interim examination of all i

six assemblies is planned during refueling shutdowns after each
1 cycle.

i,

The ANO-2 fuel rods snd specific components of the fuel rods have
received a detailed pre-characterization. The program calls for
substantial cladding characterization to include mechanical
properties, texture, hydride orientation and out-of-reactor low |
stain rate behavior. In addition to the ID and OD dimensional.

'
data normally obtained on the clad tubing material, a minimum of
300 fuel rods will be measured to obtain as-loaded dimensions.
Sufficient tuel rods will be profiled to obtain diameter and
ovality measurements such that changes in these parameters can be
tracked by similar measurements during interim inspections.
Also, a randum selection of approximately 100 UO pellets from !

each lot per batch used will be characterized didnsionally and
,

the densitv distribution will be determined. About one-half of
'

these pal.ets :111 be placed in known axial locations in selected'

fuel rods while the remainder will be set aside as archives.

O A g-1s.de non-dest-ceive examination was made during each of .

the first five refueling 2 at ANO-2 (see Table 4.2-N . Numerical *
,

results are unciaded in Reference 4.

A surveillanca program is also being perrormed to evaluate the ;

performance of Svstem 80 fuel in Palo Verde Unit 1. The program B :

includes a poolside examination campaign after each of the first4

three operational cycles. The examinations include visual ;

inspections for overall performance, dimensional measurer.ents to !

t citaracterize growth behavior, and claddirg oxide measurements to |'
track cerrosion behavior of the Zircaloy-4 material. Results i

aft.or the first reactor cycle indicate tha fuel is behaving as
cxpected with no indication that would alter the planned fue) -

management scheme for the System 80 fuel. -

| 4.2.2 des,CRITTION AND DESIGN DRAWINGS !

|

| .his subsection summarj We the mechanica] design characteristics-

;

j of the fuel system and . cussed 'he design parameters which are |
i of significance to tu d,rform e of the reactor. A summary of !
, mechanical design pc 4 tors ia w i.tnted in Tabla 4 2-7.. These
? data are intended .

, 'ta of the duaign; 11uiting'
,

j values of these av 'a pt ms will be discussed in the-

; cppropriate sectioc ..

i O
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4.2.2.1 Fuel Assembly

The fuel assembly (Figure 4.2-6) consists of 236 fuel and poison
rods, 5 guide tubes, 11 fuel rod spacer grids, upper and lower
end fittings, and a holddown device. The outer guide tubes,
spacer grids, and end fittings form the structural frame of the
assembly.

The fuel spacer grids (Figure 4.2-7) maintain the fuel rod array
by providing positive lateral restraint to the fuel rod but only
frictional restraint to axial fuel rod motion. The grids are

'

fabricated from preformed Zircaloy or Inconel strips (the bottom
spacer grid material ** Inconel) interlocked in an egg crate
fashion and welded together. Each cell of the spacer grid
contains two leaf springs and four arches. Th6 leaf springr
press the rod against the arches to restrict relative motiori
between the grids and the fuel rods. The perimeter strips
contain features designed to prevent hangup of grids dttring a
refueling operation.

The ten Zircalcy-4 spacer grids are fastened to the Zircaloy-4
guido tubes by welding, and each grid is welded to each guide

O tube at eight locations, four on the upper face of the grid and
four on the lower face of the grid, whers the spacer strips
contact the guide tube surface. The lowest spacer grid (Inconel)
is not welded to the guide tubes due to material differences. It-
is supported by an Inconel 625 skirt which is welded to the
spacer grid and to the perimeter of the lower and fitting.

The upper end fitting is an assembly consisting of two cast Type
304 stainless steel plates, five machined posts and four helical
Inconel X-750 springs. The upper end fitting attaches to the
guide tubes to serve as an alignment and locating device for each
fuel assembly and has features to permit lifting of the fuel
assembly. The lower cast plate locates the top ends of the guide
tubes and is designed to prevent excessive axial motion of the
fuel rods.

The Inconel X-750 springs are of conventional coil design having
a mean diameter a ' l.859 in., a wire diameter of 0.319 in., and |B
approximacely 16 active coils. Inconel X-750 was selected for
this application because of its previcus use for coil springs and
good resistance to relaxation during operation.

The upper cast plate of the assembly called the holddown plate,
together with the helical compression springs, comprise the
holddown device. The holddown plate is movable, acts on the g
underside of the extended tubes of the upper guide structure and
is loaded by the compression springs. S nce the springs are.
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located at the upper erd of the assembly, the spring load
corbines with the fuel assembly weight to counteract upward
hydraulic forces. The determination of upward hydraulic forces
includes factors accounting for flow maldistribution, fuel
assembly component tolerances, crud buildup, drag coefficient,
and bypass flow. The springs are sized and the spring preload is
selected such that a net downward force will be maintained for
all normal and anticipated transient flow and temperature
cond1 Lions. The design criteria limit the maximum stress under
the most adverse tolerance conditions to below the yield strength
of the spring material. The maximum stress occurs during cold
conditions and decreases as the reactor heats up. The reduction
in stress is due to a decrease in spring deflection resulting
from differential thermal expansion between the Zircaloy fuel
assembl!es and the stainless steel internals.

During normal operation, a spring will never be compressed to its
solid height. However, if the fuel ar,sembly were loaded in an
abnormal manner such i: hat a spring we7e compreused to its solid
height, the spring would continue to serve its function when the
loading condition returned to normal.

q The lower end fitting assembly is a simple stainless steel
C/ casting consisting of a plate with flow holes and a support leg

at each corner (total of four legs) that aligns the lower end of
the fuel assembly with the core support structures alignment
pins. Each alignment pin is required to position the corners of
four lower end fittings. A center post is threaded into the
central portion of the flow plate and welded into position.

The four cuter guide tubes have a widened regior at the upper end
which contains an internal thread. Connection with the upper end
fitting is made by passing tna externally threaded end of the
guide posts through holes in the lower cast flow plate and into
the guide tubes. When assembled, the flow plate is secured
between flanges on the guide tubes and on the guide posts. The
connection with the upper end fitting is locked with a mechanical
crimp. Each outer guide tube has, at its lower end, a welded
Zircaloy-4 fitting. This fitting has a threaded portion which
passes through a hole in the fuel assembly lower end fitting and
is secured by a Zircaloy-4 nut. This joint is secured with a
stainless steel locking disc tack welded to the lower end fitting B

in four places.

The center instrument.ation guide tube inserts into a sockeu and a
sleeve in the upper and lower end fittings, respectively, and is
thus retained laterally by the relatively small clearance at
these locations. The .pper end fitting socket is created by the
center guide tube post which is threaded into the lower cast flow

V
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plate and tack welded in four places. The lower and fitting B

sleeve is an extension from the center post of the lower end
fitting assembly. There is no positive axial connection between
the center guide tube and the and fittings.

The five guide tubes have the effect of ensuring that bowing or
excessive swelling of the adjacent fuel rods cannot result in
obstruction of the control element pathway. This 14 so because:

A. There is sufficient clearance between the fuel rods and the
guide tube surface to allow an adjacent fuel rod to reach

Brupture strain due to excessive swelling without contacting
the guide tube surface.

B. The guide tube, having considerably greater diameter and
wall thickness (and being at a lower temperature) than the
fuel rods, is considerably stiffer than the fuel rods and
would, therefore, remain straight, rather than be deflected B
by contact with the surface of an adjacent bowed fuel rod.

Therefore, the bowing or swelling of fuel rods would not result
in obstruction of the control element channels such as could

G hinder CEA movement.
V

The fuel assembly design enables reconstitution, i.e., removal
and replacement of fuel and poison rods, of an irradiated fuel
assembly. The fuel and poison rod lower end caps are conically
shaped to ensure proper insertion within the fuel assembly grid
cago structure; the upper end caps are designed to enable
grappling of the fuel and poison rod for purposes of removal and
handling. Threaded joints which mechanically attach the upper
end fitting to the control element gude tubes will be properly
torqued and locked during service, but may be removed to provide
access to the fuel and poison rods.

Loading and movement of the fuel assemblies is conducted in
accordance with strictly monitored administrative procedures and,
at the completion of funi loading, an independant check as to the
location and orientation of each fuel assembly in the core is
required.

The seriel number provided on the fuel assembly upper end fitting
enables verification of fuel enrichment and orientation of the
fuel assembly. The serial number is also provided on the lower
end fitting to ensure preservation of fuel assembly identity in
the event of upper end fitting removal. Additional earkings are
provided on the *uel rod upper end caps ao a secondary check to
distinguish between fuel enrichments and burnable poison rods, if
present.

O
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During the manufacturing process., the lower end cap of each rod
is marked to provide a means of identifying the pellet
enrichment, pellet lot and fuel stack weight. In addition, a
quality control program specification requires that measures be
established for the identification and cor. trol of materials,
components, and partially fabricated subassemblius. These means
provide assurance that only acceptable items are used and also
provide a method of relating an item or assembly from initial
receipt through fabrication, installation, repair, er
modification to an applicable drawing, specification or other
pertinent technical document.

4.2.2.2 Fuel Rod

The fuel rods consist of slightly-enriched UO cylindrical
ceramic pellets, a round wire Type 302 st2inless steel
compression spring, and an alumina spacer disc located at each
end of the fuel column, all encapsulated within a Zircaloy-4 tube
seal welded with Zircaloy-4 end caps. The fuel rods are
internally pressurizea with helium during assembly. Figure 4.2-8
depicts the fuel rod design.

O' Each fuel rod ass,embly includes both a serial number and a visual
identification mark. The serial number ensures traceability of
the fabrication history of each fuel rod component. The
identification mark provides a visual check on pellet enrichment
batch during fuel assembly fabrication.

The fuel cladding is cold worked and stress relief annealed
Zircaloy-4 tubing 0.025 inches thick. The actual tube forming
process consists of a series of cold working and annealing
operations, the details of which are selected to provide the
combination of properties discussed in section 4.2.1.2.2.

The UO., pellets are dished at both ends in order to better
accommo'tiate thermal expansion and fuel syelling. The density of
the UO., in the pellets ig 10.38 g/cm , which corresponds to
94.75% 'of the 10.96 g/cm theoretical density (TD) of UO ., .
However, because the pellet disres and chamfers constitute aboQt
3% of the volume of the pellet stack,3the average density of the
pellet stack is reduced to 10.06 g/cm . This number is referred
to as the "stack density".

The compression spring located at the top of the fuel pellet
column maintains the column in its proper position during
handling and shipping. The alumina spacer disc at the lower end
of the fuel rod reduces the lower end cap temperature, while the
upper spacer disc prevents Uo, chips, if present, from entering
the plenum region. The fuel rbd plenum, which is located above

O
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the pellet column, provides space for axial thermal differential -

expansion of the fuel column and accommodates the initial helium :
iloading and evolved fission gases. (See Sections 4.2.1.2.5.1 and

i 4.2.1.2.5.2.) The specific manner in which these factors are
taken into account, including the calculation of temperatures for
the gas contained within the various types of rod internal void
volume, is discussed in References 15-17.

4.2.2.3 Burnable Poison Rod

Fixed burnable neutron absorber (poison) rods will be included in
selected fuel assemblies to reduce the beginning-of-life
mcderator coefficient. They will replace fuel rods at selected
locations. The two alternative burnable poison rod designs are

Bdescribed below.

A. A1 0 - B C BurnaMe Poison Rod23 4

The poison rods shown in Figure 4.2-9 will be
mechanically similar to fuel rods, but will contain a
column of burnable poison pellets instead of fuel
pellets. The poison material will be alumina with

,
uniformly-dispersed boron carbide particles. TheO balance of the column will consist of Zircaloy-4
spacers, with the total column length the same as the
column length in fuel rods. The burnable poison rod
plenum spring is designed to produce a smaller preload
on the pellet column than that in t fuel rod because of'

the lighter material in the poison pellets.
'

B. Gd 0 - UO Burnable Poison Rod B
23 2

The poison rods shown in Figure 4.2-10 will be
mechanically similar to fuel rods, but will consist of
Gd O admixed in natural UO, in the central rod portion
(aki$11y) and natural UO dt the top and bottom. The
total column length is th$ same as the column length in '

'

fuel rods.

Each burnable poison rod assembly includes a serial number and ,

visual identification mark. The sorial number is used to record |
fabrication information for each component ir the rod assembly.

'

'

The identification mark is unique to poison rods and provides a
Bvisual check on the pellet poison content during fuel bundle

fabrication.

! O
1

Amendment B
4.2-42 March 31, 1988 )

! I



- .- - _ _

CESSAR Ennnemo,.

O
4.2.2.4 Control Elainent Assembly Descrintion and Desian

The control element assemblies consist of four and twelve neutron
absorber elements arranged to engage the peripheral guide tubes
of fuel assemblies. The neutron absorber elements are connected
by a spider structure which couples to the control element drive
mechanism (CEDM) drive shaft extension. The neutron absorber
elements of a four-element CEA engage the four corner guide tubes
in a single fuel assembly. The four-element CEAs are used for
control of power distribution and core reactivity in the power |B
operating range. The twelve-element CEAs engage the four corner
guide tubes in one fuel assembly and the two nearest corner guido'

tubes in adjacent fuel assemblies. The twelve-element CEAs make
up the balance of the control groups and provide a bank of strong
shutdown rods. The control element assemblies are shown in
Figures 4.2-3 and 4.2-5. The pattern of CEAs (total of 93) is |B
shown in Figure 4.2-11. Note that up to eight additional CEAs
may be installed if desired for additional flexibility or future
use.

.

Part-strength CEA, are differentiated from full-strength CEAs by |B
using alphanumeric serialization instead of the numerical system
used on the full-strength CEAs.

The control elements of a twelve-element full-strength CEA
consist cf an Inconel 625 tube loaded with a stack of cylindrical'

absorber pellets. The absorber material consists of 73% TD boron

the elemenks), pellets, with the exception of the lower portion ofcaroide (B C
which contain reduced diameter B C pellets wrapped

in a sleeve of Type 347 stainless steel (falt mAtal).

The design objective realized by the use of felt metal and !

reduced B C pellets in the element tip zones is that as the B C
pallets $well due to irradiation, the felt metal sleehe
compresses as a result of the applied loading. This compression
limits the amount of induced strain in the cladding. Therefore,
buffering of the CEA following scram, which occurs when the
element tips enter a reduced diameter portion of the fuel
assembly guide tubes, is not affected with long term exposure of
the CEJ. to reactor operating conditions, j

During normal powered operation, all of the twelve-element CEAs |B
are expected to be in the fully withdrawn position. Thus, the

i local B-10 burnup progresses at a lower rate, and CEA life is
i prolonged. Above the poison column is a plonum which provides

expansion volume for helium released from the BC The plenum
volume contains a Type 302 stainless steel holdoodn. spring, which

j

j restrains the absorber material against longitudinal shifting -

with respect to the clad while allowing for differential

O!

:
a
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expansion between the absorber and the clad. The spring develops
a load sufficient to maintain the position of the absorber
material during shipping and handling.

The other type of full-strength control element uses hafnium as
the absorber and is deployed only in the four-element CEAs, which B

are used in regulating banks. Because hafnium does not swell or
release gas, the rod design is simplified by not requiring
stainless steel spacers, or a large plenum. Sufficient diametral
and axial clearances are provided to assemble the element without
interferences.

All control elements are sealed by welds which join the tube to
an Inconel 625 nose cap at the bottom, and an Inconel 625
connector at the top which makes up part of the end fitting. The
end fittings, in turn, are threaded and crimped in place by a
locking nut to the spider structure which provides rigid lateral
and axial support for the control elements. The spider hub bore
is specially machined to provide a point of attachment for the :

'
CEA extension shaft.

Twenty-five of the 93 CEAs are part-strength CEAs, which are
BP provided for reactivity and axial power shape control during

' power operations. The control elements of a part-strength CEA
consist of solid Inconel 625 over the entire active length. The
CEA/PSCEA pattern is shown in Figure 4.2-11.

Each full-strength or part-strength CEA is positioned by a
magnetJe jack control element drive mechanism (CEDM) mountad on
the re%ctor vessel closure head. The extension shaft joins with ;

the CEA spider and connects the CEA to the CEDM. Full- and I
0part-strength CEAs may be connected to any extension shaft '

depending on control requirements. Mechanical reactivity control
is achieved by positioning groups of CEAs by the CEDMs.

In the outlet plenum region, all CEAs/PSCEAs are enclosed in CEA g
shrouds which provide guidance .ud protect the CEA/PSCEA and
extension shaft from coolant cross flow. Within the core, each

,

element travels in a Zircaloy guide tube. The guide tubes are I

part of the fuel assembly structure and ensure proper orientation
of the control elements with respect to the fuel rods.

When the extension shaft is released by the CEDM, the combined
weight of the shaft and CEA causes the CEA to insert into the
fuel assembly.

The lower ends of the four outer fuel assembly guide tubes are
tapered gradually to form a region of reduced diameter which, in
conjunction with the control cicmcst on the CEA, constitutes an

O,
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effective hydraulic buffer for reducing the deceleration loads at
the end of a trip stroke. This purely hydraulic damping action
is augmented by a spring and plunger arrangement on the CEA

,

: spider. When fully inserted, the CEAs and PSCEAs rest on the
upper guide structure support plate. B

'

The capability of the non-hafnium CEAs to scram within the
allowable time has been demonstrated as part of the flow testing
discussed in Section 4.2.4.4. The increased weight of the
hafnium four-element CEA design also ensures that scram time
limits will be met.

4.2.3 DESIGN EVALUATION

4.2.3.1 Fuel Assembly

4.2.3.1.1 Vibration Analyses

Four sources of external excitation are recognized in evaluating |0
the fuel assembly susceptibility to vibration damage. These
sources are as follows:

'

O ^- "**"' " ""' """9 * *** ""**i"5 ""**"*""Y

Precritical vibration monitoring on previous C-E reactors
indicates that peak pressure pulses are expected at the pump
blade passing frequency (120 Hz), and a lesser but still
pronounced peak at twice this frequency. '

'

B. Lower Support Structure Motion

Random lateral motion cetween the fuel assembly and the
lower support structure is expected to occur with an
amplitude similar to that of other C-E reactors in the
frequency range between 2 and 10 Hz.

C. Flow-induced fuel rod vibration results from coolant flow
through the fuel assembly. The expected amplitude of such
vibration is 0.004 inches or less.

D. Flow Induced Centrol Element Vibration

|BSystem 80 incorporates design. features that minimize CEA
vibration and produce no significant wear in the guide
tubes. l

1

These sourcos of external excitation are not expected to have an |B |
adverse effect on the performance of the Standard System 80 fuel i

assembly. The capability of the Standard System 80 fuel assembly
O
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to sustain the effects of flow-induced vibration without adverse
effects has been demonstrated in the dynamic flow tests reported
in Appendix 4B.

4.2.3.1.2 CIA Guide Tube

The CEA guide tubes were evaluated for structural adequacy using B

the criteria given in Section 4.2.1.1 in the following areas:

A. Steady axjal load due to the combined effects of axial ,

hydraulic forces and upper end fitting holddown forces.

For normal operating conditions, the resultant guide tube
stress levels are significantly less than the design limits.

B. Short term axial load due to the impact of the spring loaded
CEA spider against the upper guide structure support plates
at th2 end of a CEA trip.

For trips occurring during ' normal power operation, solid
impact is not predicted to occur d te to the kinetic energy
of the CEA being dissipated in the hydraulic buffer and by

O th cr^ =vrias-
C. Short-term differential pressure load occurring in the

hydraulic buffer regions of the outer guide tubes at the and
of each trip stroke.

The buffer region slows the CEA during the last few inches
of the trip stroke. The resultant differential pressure
across the guide tube in this region gives rise to
circumferential stresses which are significantly less than

'

the design limits. The trip is assumed to be repeated
daily. However the resultant stress is too small to have a
significant effect on fatigue usage.

; For conditions other than normal operation, the additional
mechanical loads imposed on the fuel assembly by en OBE,
SSE, and large break LOCA and their resultant effect on the B

control element guide tubes are discussed in the following
paragraphs:

4.2.3.1.2.1 Operating Basis Earthquake (OBE)

During the postulated OBE, the fuel assembly is subjected to
lateral and axial accelerations which, in turn, cause the fuel
assembly to deflect from its normal shape. The method of
calculating these deflections is described in Section 3.7.3.14.
The magnitude of the lateral deflections and resultant stresses
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are evaluated for acceptability. The method for calculating
stresses from deflected shapes is described in Reference 55. The
fuel assembly is designed to be capable of withstanding the axial
loads without buckling and without sustaining excessive stresses.

4.2.3.1.2.2 Safe Shutdown Earthquake (SSE)

The axial and lateral loads and deformation sustained by the fuel
assembly during a postulated SSE have the same origin as those
discussed above for the OBE, but thuy arise from initial ground
accelerations twice those assumed for the OBE. The analytical
methods used for the SSE are identical to those used for the OBE.

4.2.3.1.2.3 Loss-of-Coolant Accident (LOCA)

In the event of a large break LOCA, there will occur rapid
changes in pressure and flow within the reactor vessel.
Associated with the transient are relatively large axial and
lateral loads on the fuel assemblies. The responoe of a fuel
assembly to the mechanical loads produced by a LOCA ic. considered
acceptable if the fuel rods are maintained in a coolable array,
i.e., acceptably low grid crushing.

f_T
b 4.2.3.1.2.4 Combined SSE and LOCA

It is not considered appropriate to combine the stresses
resulting from the SSE and LOCA events Nevertheless, for
purposes of demonstrating margin in the design, the maximum
stress intensities for each individual event will be combined by
a square root of the sum of the squares (SRSS) method. This will i
be performed as a function of fuel assembly elevation and '

position, e.g., tne maximum stress intensities for the center
guide tube at the upper grid elevation (as determined in the
analysis discussed in the above paragraphs for SSE and LOCA) will
be combined by the SRSS method. Additional details regarding the

B |analysis of combined seismic and LOCA loads are described in i
'

Reference 55. It is expected that the results will demonstrate
that the allowable stresses described in paragraph 4.2.1.1 are
not exceeded for any position along the fuel assemnly even under ,

the added conservatism provided by this load combinatien.

To qualify the complete fuel assembly, full-scale hot loop
testing has been conducted. These tests evaluated fretting and
wear of components, refueling procedures, fuel assembly uplift
forces, holddown performance and compatibility of the fuel
assembly with interfacing reactor internals, CEAs and CEDMs under
conditions of re. actor water chemistry, flow velocity, tempera-
ture, and pressure. The details of System 80 hot loop testing

g are reported in Appendix 4B. 3
V
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4.2.3.1.3 Spacer Grid Evaluation

The function of the spacer grias is to provide lateral support to
fuel and burnable poison rods in such a manner that the axial
forces are not suffi11ent to buckle or bow the rods and that the
wear resulting at the grid-to-clad contact points will be limited
to acceptably small amounts. It is also a criterion that the
grid be capable of withstanding the lateral loads imposed during
the postulated seismic and LOCA events.

Fuel assemblies are designed such that the combination of fuel
rod rigidity, grid spacing, and grid preload will not result in
significant fuel rod deformation under axial loads, and the
long-term effects of clad creep (reduction in clad OD), the
reduction of grid stiffness with temperature and the partial
relaxation of the grid material during operation ensure that this
criterion is also satisfied during all operating conditions.
Moreover, inspection of irradiated fuel assemblies from the Maine
Yaokee (14 x 14), Calvert Cliffs (14 x 14), Palisades (15 x 15),
Omaha (14 x 14) and ANO-2 (16 x 16) reactora has not shown |Bsignificant bowing of the fuel rods. In view of these factors
and the similarity of these designs to the Standard System 80

O designs, it is concluded that the axial forces applied by the
grids on the cladding will not result in a significant degree of
fuel rod bow. The influence of fuel rod lateral deflection is
discussed further in Section 4.2.3.2.6. Additional discussion of
the causes for and effects of fuel rod bowing are contained in
Section 4.2.3.2.5 and in Reference 56.

The capability of the grids to support the clad without excessive
clad wear is demonstrated by out-of-pile flow testing on the
Standard System 80 assembly design and by the results of
post-irradiation examination of grid-to-clad ccatact points in
Maine Yankee fuel assemblies which showed only negligible clad
wear. ( 5_7.)

The capability of the grid to withstand the lateral loads !
produced during the postulated seismic and LOCA events in |

demonstrated by impact testing the reference grid design, and '

comraring the test results with the analytical predictions of the
seismic and LOCA loads.

The Zircaloy-4 spacer grid material is of the same composition as
the fuel rods and guide tubes with which it is in contact,
thereby eliminating any problem of chemical incompatibility with |B !
those components. For the same reason, adequate resistance to l
corrosion from the coolant is assured (see Section 4.2.3.2.3., |

item A, for additional information relative to the corrosion |

resistance of 71rcaloy--4 in the primary coolant environment).

1
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The Inconel 625 material used for the lowest spacer grid is in
contact with the coolant, the Type 304 stainless steel lower end
fitting (to which it is welded) , the Zircaloy-4 fuel rods, the
poison rods, and the Zircaloy-4 guide tubes. The mutual chemical
compatibility of these materials in a reactor environment has
been demonstrated by C-E's use of these materials in fuel
assemblies that have been operated in other C-E reactors and for
which post irradiation examination has yielded no evidence of
chemical reaction between these components. In addition,
experiments have been performed at C-E on Inconel-type alloys and
Zircaloy-4 which showed that eutectic reactions did not occur
below 2200*F, a temperature far in excess of that anticipated at
^he lower grid location in the event of a LOCA.

4.2.3.1.4 Dimensional Stability of Zircaloy

Zircaloy components are designed to allow for dimensional changes
resulting from irradiation-induced growth. Extensive analyses of
in-pile growth data have been performed to formulate, a
comprehensive model of in-pile growth.(3,4) The in-pile growth
equations are used to determine the minimum axial differential
growth allowance which must be included in the axial gap between

O the fuel rods and the upper end fitting. For datermining the gap
between the fuel rods and the upper end fitting, the growtn
correlationv for fuel rod and guide tube growth are combined
statistically such that the minit ;m initial gap is adequate to
accommodate the upper 95% procability lovel of differentir.1
growth between fuel rods and guide tubes in the peak burnup fuel
assembly. For the purpose of predicting axial and lateral growth
of the fuel assembly structure (thereby establishing the minimum
initial clearance with interfacing components), the equations are
used in a conservative manner to ensure adequate margins to
interference are maintained. The manner in which the in-pile
growth equations are used in design is described in References 4
and 58.

;

4.2.3.1.5 Fuel Handling and Shipping Design Loads

Three specific design bases have been established for shipping
and handling loads. These are as follows:

A. The fuel assembly, when supported in the new fuel shipping
container, shall be capable of sustaining the effect of Sg
axial, lateral or vertical acceleration without sustaining
stress levels in excess of those allowed for normal
operation. The Sg criterion was originally established
experimentally, and its adequacy is continually confirmed by
the presence of inpact recorders, as discussed in the
following paragraph.
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Impact recorders are included with each shipment which ;

indicate if loadings in excess of 5g are sustained. A
record of shipping loads in excess of 5g indicates- an ,

unusual shipping occurrence in which case the fuel assembly' '

is inspected for damage prior to releasing it for use.
t

The axial shipping load path is threugh either end fitting )
to the guide tubes. A 5g axial load produces a compressivo '

stress level in the guide tubes less than the two-thirds j
yield stress limit that is allowed for normal condition i

events. The fuel assembly is prevented from - buckling by i

being clamped at grid locations. For lateral or vertical :

shipping loads, the grid spring tabs have an initial preload ,

which exceeds five times the fuel rod weight. Therefore, i
the spring tabs see no additional deflection as a result of i

5g lateral or vertical acceleration of the shipping
container. In addition, the side load on the grid faces !
produced by a 5g lateral or vertical acceleration is less
than the measured impact strength of the grids. i

<

'

B. The fuel assembly shall be capable of sustaining a
5000-pound axial load applied at the upper end fitting by

(3 the refueling grapple (and resisted by an equal load at the ;
v lower end fitting) without sustaining stress levels in '

excess of those allowed for normal operation. The -

5000-pound load was chosen in order to provide adequate lift ;

capability should an assembly become lodged. This load ,

criterion is greater than any lift load that has been :

encountered in service. !

C. The fuel assembly shall be capable of withstanding a .

0.125-inch deflection in any direction whenever the fuel
assembly is raised or lowered from or to a horizontal i

position without sustaining a permanent deformation beyond !
the fuel assembly inspection envelope. |

Fuel handling procedures required the use of a strongback to ;

limit the fuel assembly deflection to a maximum of i

0.125-inch in any direction whenever the fuel assembly is j
raised or lowered to a horizontal position. This limits the |
stress and strain imposed upon the fuel assembly to values i

well below the 3 4.mits set for normal operating conditions.
The adequacy of the 0.125-inch criterion is based on the
inclusion of this limitation in specifications and
procedures for fuel handling equipment, which is thereby
constrained to provide support such that lateral deflection
is limited to 0.125 inches.

O
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4.2.3.1.6 Fuel Assembly Analysis Results

The results of the fuel assembly analyses confirm that the design i

criteria of Section 4.2.1.1, regarding stress, utrain and
fatigue, are satisfied, with the exception of seismic and LOCA
conditions. Seismic and LOCA analyses will be addressed in the
site-specific SAR.

4.2.3.1.7 Fuel Assembly Liftoff Analysis

The results of the analysis confirm that the fuel assembly will
not experience liftoff during reactor operation. This analysis
considers the appropriate combination of forces as described in
Section 4.2.2.1.

4.2.3.2 Fuel. Rod Desian Evaluation

The evaluations discussed in this section are based on assumed
fuel rod operation within certain linear heat rate limits related
to avoiding excessive fuel and clad temperatures. Information
concerning the bases for these limits is contained in Section

i 4.4.

4.2.3.2.1 Results of Vibration Analyses

Three sources of external excitation are recognized in evaluating B :

the fuel rod susceptibility to vibration damage. These sources
are as described in Section 4.2.3.1.1.

These sources of periodic motion are not expected to have an
adverse effact on the performance of the fuel rod. Section
4.2.3.2.4 includes additional information on fuel rod retponse to
the sources.

4.2.3.2.2 Fuel Rod Internal Pressure and Stress Analysis

A fuel rod cladding stress analysis is conducted to determine the
' circumferential stress and strain resulting from normal, upset, j

and emergency conditions. The analysis includes the calculation '

of cladding temperatures and rod internal pressures during each
of the occurrences listed in Section 4.2.1.1. The design
criteria to be used to evaluate the analytical results are
specified in Section 4.2.1.2.1. Fuel rod stresses resulting from
seismic events are calculated, using the methodology described in

|

Reference 55.

The 1isults of the fuel rod analyses confirm that the design
criteria of Section 4.2.1.2.1, regarding stress, strain and

; O
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strain fatigue, are satisfied, with the exception of seismic and
LOCA conditions. Seismic and LOCA analyses will be addressed in
the site-specific SAR. B

4.2.3.2.3 Potential for Chemical Reaction

A. Corrosion

Zircaloy-4 fuel rod tubing has been visually examined in the
spent fuel pool after four reactor cycles at Ft. Calhoun,
four reactor cycles at Calvert Cliffs, and others at
Millstone 2, St. Lucie-1, and Maine Yankee. In addition,
oxide thicknesses were measured in the hot cell after one
cycle at Maine Yankee. The oxide appearance and thickness
measured were similar to that from autoclave behavior for
that time and temperature.

Coolant chemistry parameters have been specified that
minimize corrosion product release rates and their mobility
in the primary system. Specifically, the pre-core hot
functional environment is pH and oxygen controlled to
provide a thin, tenacious, adhorent, protective oxide film.

O This approach minimizes corrosion product release and
'd associated inventory on initial startup and subsequent

operation. During operation, the recommended lithium
concentration range (1.0-2.0 ppm) effects a chemical
potential gradient or driving force between hotter and
cooler surfaces (fuel cladding and steam generator tubing,
respectively) such that soluble iron and nickel species will
preferentially deposit on the steam generator surfaces. The
associated pH also minimizes general corrosion product
release rates from primary system surfaces. Moreover, the
specified hydrogen concentration range ensures reducing
cogitions in the core, thereby avoiding low solubility
Fe Additionally, dissolved hydrogen promotes rapid.

recombination of oxiGizing species. (Recall, oxidizing
species and a fast neutron flux are synergistic
prerequisites to accelerated Zircaloy-4 corrosion).

During operation, lithium, dicsolved oxygen, and dissolved !

hydrogen will be monitored at a frequency consistent with
maintaining these parameters within their specifications. ;

Post-operational examinations of fuel cladding that has
operated within these specifications have shown no,

significant chemical or corrosiva attack of the Zircaloy
cladding.

O
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B. External Hydriding

During operation of the reactor, with exposure to high
temperature, high pressure water, Zircaloy-4 cladding will
react to form a protective oxide film in accordance with the
following equation:

Zr + 2H O + ZrO2 + 2H22

Approximately 20% of the hydrogen is absorbed by the
Zircaloy. Based on data described in WAPD-MRP-107, the
cladding would be expected to contain up to 250 ppm of
hydrogen following 3 years of exposure.

A series of burst tests were performed on Zircaloy-2 tubes
containing 340 ppm and 460 ppm of hydrogen precipitated as
hydride platelets in a circumferential manner. ( 5_9) Burst
tests at 660*F showed that the burst test specimens with 340
ppm had normal burst ductility of 12%. Therefore, hydrogen
normally absorbed in Zircaloy-4 tubing will not compromise
cladding integrity.

C. Internal Hydriding

A number of reported fuel rod failures have resulted from
excessive moisture available in the fuel. Under operation,
this moisture oxidizes the Zircaloy. A fraction of the g
hydrogen, which is generated during normal oxidation, would
be absorbed into the Zircaloy. This localized hydrogen,

! absorption by the cladding would shortly result in localized
fuel rod failure.

Work performed at the OECD Reactor Project, Halden, Norway,
of which C-E is a member, demonstrated that a threshold

'
value of water moisture is required for hydride sunbursts to
occur.(60) Through a series of in-pile experiments, the
level of this threshold value was established. The
allowable hydrogen limit in the fuel complies with this
requirement, ensuring that hydride sunbursts will not occur.

D. Crud

Crud layers on zirconium oxide films are usually porous and i

non-insulating. As an example, heavy, but non-insulating
crud layers have been found in Yankee Rowe (WCAP-3317-6094,'

Yankee Core Evaluation Program, Final Report, 1971). With
|

porous crud, water is free to flow through the crud and
'|| provide heat transfer by convection. Under these

conditions, crud enhanced corrosion should not occur.
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Because of rigorous water chemistry monitoring, heavy
buildup of crud has not occurred in C-E reactors. Water
chemistry monitoring is a continuous process and should
ensure no dense crud buildup.

E. Fuel-Cladding Chemical Reaction .

An in-depth post-irradiation examination has been conducted
wherein fuel-cladding chemical reactions were among thoce
items studied. (16,) This study concluded that early6
unpressurized elements containing unstable fuel were more
susceptible to stress corrosion attack than are the current
design that utilizes stable fuel and pressurized cladding.
By carefully monitoring the primary coolant activity of
operating reactors, it has been concluded that the current
fuel designs are not susceptible to stress corrosion
cracking during normal plant operation. Since stress B

corrosion attack is the result of a combination of stress
imposed by the fuel on the cladding and the corrosive
chemical species available to the cladding, irradiation
programs have been pursued to define the cond*11on. under |B,

which pollet-clad interaction will damage the cladding.
p These programs have been conducted at Halden, at Petten in i

V the Netherlands, and at Studsvik in Sweden, and have B i'

confirmed that current fuel designs are not susceptible to
failure by stress corrosion cracking during normal plant
operation.,

4.2.3.2.4 Fretting Corrosion

The phenomenon of fretting corrosion, particularly in Zircaloy
clad fuel roda supperted by Zircaloy spacer grids, has been
extensively investigated. Since irradiation-induced stress
relaxation causes a reduction in grid spring load, spacer grids i

must be designed for end-of-life conditions as well as
beginning-of-life conditions to prevent fretting caused by flow '

induced tube vibrations. !

Examination of Zircaloy clad feel rods after six cycles of 3 .

exposure at Ft. Calhodn, five cycles at Calvert Cliffs-1, and [
] four cycles at ANO-2 indicate fue), rod fretting between the fuel

rod and spacer grid is rare. The usual result of the contact ,

between grid components and fuel rods is a small cledding surface
mark with no appreciable depth.

I 4.2.3.2.5 Fuel Rod Bowing
,

,

i Experience has proven that any specific criterion on allowable
deflections (bowing), with respect to the effects which such !>

O a etectioa= =ient nav oa ther= t-nv rautic 9 rror ac - ta aota
|
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necessary beyond the initial fuel rod positioning requirements
required of the grids. This variation in spacing is accounted

,

for in thermal-hydraulic analysis through the introduction of hot.

channel factors in calculating the maximum enthalpy rise in
calculating DNBR. This adjustment is called the pitch, Bowing,
and clad Diameter Enthalpy Rise Factor, which is conservatively
applied to simulate a reduced flow area along the entire channel
length. The value of this factor is given in Table 4.4-1 and its
applicatien is discussed in Section 4.4.

The subject of fuel rod bowing is discussed in Reference 56.
,

j 4.2.3.2.6 Irradiation Stability of Fuel Rod Cladding

The combined effects of fast flux and cladding temperature are
considered in three ways as discussed below:

A. Cladding Creep Rate

The in-pile creep performance of Zircaloy-4 is dependent
upon both the local material temperature and the local fast
neutron flux. The functional form of the dependencies is
presented in References 15-17 for gap conductance

O calculations, and in Reference 25 for cladding collapse time
predictions.

B. Cladding Mechanical properties

The yield strength, ultimate strength, and ductility of
,

Zircaloy-4 are dependent upcn temperature and accumulated
fast neutron fluence. The temperature and fluence,

dependence are discussed in Section 4.2.1.2.2.1. '

Unirradiated properties were used depending upon which is
more restrictive for the phenomenon evaluated.

; C. Irradiation Induced Dimensional Changes
i

! Zircaloy-4 has been shown to sustain dimensional changes (in
: the unstressed condition) as a function of the accumulated
| fast fluence. These changes are considered in the

appropriate clearances between the various core components.
The irradiation induced growth correlation method is |
discussed in Reference 3.

I

Zircaloy-4 fuel cladding has been utilized in pressurized water
reactors at temperatures and burnups anticipated in current
designs with no failures attributable to radiation damage.

,

i Mechanical property tests on 2 pircaloy-4 cladding exposed to

] neutron irradiation of 4.7 x 10 nyt (E>l MeV) (estimated) have

i O
i
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revealed that the cladding retains a significant amount of
ductility (in excess of 4% elongation). Typical results are
shgyn in Table 4.2-2. It is believed that the fluence of 4.7 x
10 nyt (E>l MeV) is at saturation so that continued exposure to
irradiation will not change these properties.(61)

4.2.3.2.7 Cladding Collapse Analysis

A cladding collapse analysis is performed to ensure that no fuel
rod in the core will collapse during its design lifetime. The
clad collapse calculation method (_2_4 ) itself does not include
arbitrary safety factors. However, the calculation inputs will
be deliberately selected to produce a conservative result. For
example, the clad dimensional data are chosen to be worst case
combinations based either upon drawing tolerances or 95%
confidence limits on as-built dimensions; the internal pressure
history is based on minimum fill pressure with no assistance from
released fission gas; and the flux and temperature histories are
based on conservative assumptions.

4.2.3.2.8 Fuel Dimensional Stability

Fuel swelling due to irradiation (accumulation of solid andO gaseous fission products) and thermal expansion results in an
increase in the fuel pellet diameter. The design makes provision
for accommodating both forms of pellet growth. The fuel-clad
diametral gap is more than sufficient to accommodate the thermal
expansion of the fuel. To accommodate irradiation-induced
swelling, it is conservatively assumed that the fuel-clad gap ir
used up by the thermal expansion and that only the fuel porosity ,

and the dishes on each end of the pellets are available. Thermal
and irradiation induced creep of the restrained fuel results in
redistribution of fuel so that the swelling due to irradiation is
accommodated by the free volume (8.2% of the fuel volume), j

For such restrained pellet s , and at a gotal figsion-product-
induced swelling rate of 0.4% SV/V per 10 fiss/cm , 0.24% would |B
be accommodated by tha fuel porosity and dishes through fuel
creep, and 0.16% would increase the fuel diameter. Assuming peak
burnup, this would correspond to using up a void volume equal to
3.3% of the fuel volume and increasing the fuel rod diameter by a |Bmaximum of <0.0025 inch (<0.7% clad strain) . When these numbers
were compared to the minimum available volume and the maximum
allowable strain, it was concluded that sufficient accommodation
volume has been provided even under the most adverse burnup and
tolerance conditions.

|

O i

|
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Early work on the swelling ratio for UO is described in
References 8 and 62 through 65. These experidents were conducted B

using fuel materials made prior to the discovery of densification
and would be appropriate for some of C-E's early production. The
incorporation of pore formers that provide more representative
fuel microstructures makes a more recent set of data from a C-E
conducted program more appropriate for swelling values.

Fuel pellets were fabricated by C-E and irradiated in Calvert
Cliffs for four cycles to burnup levels up to 50,000 mwd /MTU.
(66) Immersion density measurements taken from pellets of
various burnups were plotted to determine the rate of volume
increase with burnup. The rate derived from these measurements
is 1.0% AV/V per 10,000 mwd /MTU. Since the levels of burnup were
after cladding contact, the swelling value obtained is a
restrained swelling rate. The 0.4% value pg 4,000 mwd /gTU is
approximately equal to the 0.4% AV/V per 10 fissions /cm used
for the calculations described above.

4.2.3.2.9 Potential for Waterlogging Rupture and Chemical
Interaction

The potential for waterlogging rupture is considered remote.O Basically, the necessary factors, or combination of factors,
include the presence of a small opening in the cladding, time to
permit filling of the fuel rod with water, and finally, a rapid
power transient. The size of the opening necessary to cause a
problem falls 41 thin a fairly narrow band. Above a certain
defect size, the rod can fill rapidly, but during a power
increase it also expels water or steam readily without a large
pressure buildup. Defects which could result in an opening in
cladding are scrupulously checked for during the fuel rod
manufacturing process by both ultrasonic and helium lenk testing.
Clad defects which could develop during reactor operation due to
hydriding are also controlled by limiting those factors; e.g.,
hydrogen content of fuel pellets, which contributes to hydriding.

The most likely time for a waterlogging rupture incident would be
after an abnormally long shutdown period. After this time,
however, the startup rate is controlled so that even if a fuel
rod were filled with coolant, it would "bake out", thus
minimizing the possibility of additj onal cladding rupture. The
combination of control cnd inspection during the manufacturing
process and the limits on the rate of power change restrict the
potential for waterlogging rupture to a very small number of fuel
rods.

I
,
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fuel pellets are highly resistant to attack by reactorThe Uo, incoolanC the event cladding defects should occur. Extensive

experimental work and operating experience have shown that the
design parameters chosen conservatively account for changea in

,

thermal performance during operation and that coolant activity i

buildup resulting from cladding rupture is limited by the ability
of uranium dioxide to retain solid and gaseous fission products.

4.2.3.2.10 Fuel Burnup Experience

The C-E fuel rod design is based on an extensive experimental
data base and by an extension of experimental knowledge through

'

design application of C-E fuel rod evaluation codes. The
experimental data base includes data from C-E or C-E/Kraftwerk
Union (KWU) joint irradiation experiments, from C-E and KWU
operating commercial plant performance and from many basic
experiments conducted in various research reactors which are
available in the open literature. Some of these sources will be
discussed below. Evidence currently available indicates that
Zircaloy and Uo, fuel performance is satisfactory to exposures in
excess of 55,000 mwd /MTU.

A. Public Information

General fuel performance information available in the open
literature has provided part of the C-E fuel rod design data
base. Particular experiments that have been cited in the
past as key references are: '

(a) Determination of the effect of fuel-cladding gap on the
linear heat rating to melting for Uo fuel rods,
conducted in the Westinghouse test reacto[.

|

(b) Shippingport Irradiation Experience.

(c) Saxton Irradiation Experience.

(d) Combined Vallecitos Boiling Water Reactor
(VBWR)/Dresden irradiation..

(e) Large Seed Blanket Reactor (LSBR) Rod Experience.

(f) Joint U.S.-Euratom Research and Development Program to
evaluate central fuel melting in the Consumers Power
Co. Big Rock Point Reactur.

1

| Since the information from thesu programo _ is avallanle in
the open literature, they will not be described here.<

However, details as to the significance of the results to
O C-E fuel burnup experience are presented in Reference 67.i
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B. C-E/KWU Technical Exchange

C-E entered into a technical agreement with KWU beginning in
1972 for the complete exchange of information and technology
relating to pressurized water reactor systems, including

'

fuel. This agreement made available to C-E the total
experience of 10 years successful operation of commercial -

PWR fuel in systems designed and fabricat 4d by KWU and was
the most advanced of its type in the world. An essential
part of this broad-based exchange involved joint sponsorship
of numerous fuel testing programs.

C. Operating Fuel Experience

C-E has fabricated more than 1,300,000 Zircaloy-clad fuel |B
'

rods both internally pressurized and unpressurized. Of this
total, 530,000 rods remain in operation, some with average g
burnups in excess of 40,000 mwd /MTU. Overall performance of
this fuel has been excellent. The fuel rod reliability
level, estimated from coolant activities, is >99.93%.
Reliability levels are continually validated by extensive g,

poolside fuel inspection programs conducted by C-E ati

reactor sites during refueling shutdowns.

D. Fuel Irradiation Programs

C-E is involved in diversified fuel irradiation test ,

programs to confirm the adequacy of the C-E fuel rod design
i bases and models by experimental means. Some of these

programs involve safety-related resear a while other
i programs provide confirmatory data on performance capability
i or evaluate design and fabrication variables or methods

which may improve and extend our current knowledge of fuel
,

rod performance. B
'

Some of the key fuel performance evaluation programs that ,

are summarized below include: B |

1

Fuel densification experiments at the Battelle Research !
Reactor (BRR);

Joint C-E/KWU fuel densification experiments including tests
in the MZFR at Karlsruhe, West Germany, and the EEI
experiments in the General Electric Test Reactor (GETR);;

Direct participation in the Halden Project in Norway with;

access to all Halden base program fuel test data;
)

O
i i

J
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Irradiation of special instrumented fuel rods to obtain
dynamic in-reactor measurements in Halden experimental rigs;

Ramp test programs on fuel rods to evaluate fuel load-follow
capabilities and the pellet-clad interaction / stress
corrosion phenomenon in both the Studsvik and Petten test
reactors, and other in-reactor experiments conducted in the
obrigheim pressurized water reactor; and,

Irradiation of special test and surveillance assemblies in
operating C-E reactors.

E. C-E Fuel Densification Experiments

C-E has conducted several experiments which provided data on
the in-reactor densification behavior of various Uo fuel
types. These include the BRR, EEI, and MZFR densifikation
experiments.

F. BRR Fuel Densification Experiment

The object of this program was to examine the in-pile
densification behavior of various fuel types and

J microstructures fabricated with and without pore formers.
'

The non-pore former fuel types had initial densities of 93%,

to 94% theoretical with a grain size of less than 6 microns,
with a large fraction of pores less than 4 micrcus in
diamecer. The pore former fuel types had initia) d9nsities
of 93% to 95% and were characterized by a combination of
large grain size and/or large pore size. Fual pellets of
each experimental type were irradiatert in six BRR capsules
at linear heat ratings between 2.8 and 4.6 kw/ft for periods
of up to 1500 hours. Post-irradiation examination of the
BRR results showed significant differences in the,

; densification behavior between pore former and non-pore
former fuel. The pore former fuel showed little change in
density (high stability) while the non-pore former fuel,

densified rapidly. A trend towards increased densification
with lower initial density was apparent in the non-pore
former fuel. It was concluded that the Uo microstructure2played a dominant role in the kinetics and extent of
hi-reactor densification. Consequently, fuel exhibiting the
desirable microstructural features to reduce in-reactor
densification (i.e., large fraction of the pore volume in

: the large pore size range) became part of the standard C-E
fuel design.

G. C-E/KWU Fuel Densification Experiment (MZFR)

O ^= = rottov-oa to en c-t exvert= at ta th- saa sotat
C-E/KWU program has been conducted in the German MZFR to
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evaluate the performance of several non-densifying fuel
types at higher power levels for longer times and to higher
burnups.

Sixteen full-length fuel rods each containing a different
fuel type were irradiated at powers up to 11 kW/ft for
burnups up to 4000 mwd /MTU. Included in these rods are UO

fuels most of which were fabricated usinhand
techniq$lesUO -Puo}ntended '

to minimize densification. Six rods
employed C-E fabricated UO fuels, five of which included

2pore former additives and one fabricated without a pore
former to serve as a referenceable control sample. Eight
rods were fabricated using KWU experimental fuel
representing a wide range of sintering times and
temperatures, initial densities and enrichments. The
remaining two rods were fabricated using UO -Puo fuels of

p3re former2two different densities, with and without a
additive. Each of the fuel pellet types and fuel rods was
extensively characterized prior to testing to permit
comparison with similar post-irradiation measurements.

The results of the post-irradiation examination showed that

O fuel types fabricated with pore formers (similar to current
production fuel) experienced significantly less in-pile
densification compared to those fabricated without pore
formers. The data also support use of a standardized
out-of-pile resintering test developed by C-E to
characterize expected in-pile densification at the time of
fabrication. This simulation test has been submitted to the
NRC and approved for use by C-E in LOCA calculations.

H. EEI Fuel Densification Experiment

The prime objective of the EEI Fu21 Irradiation Test program
conducted in the General Electric Test Reactor (GETR) was to
isolate and characterize the in-reactor densification i

behavior of pore former (or stable) fuel tyces. C-E and KWU |
were among eleven participants in the program. '

This program entitled C-E to obtain densification data on
nine base program fuel pellet types with varying
microstructures. An additional four fuel types were
fabricated by C-E and KWU. These included C-E fuel types,
two with and one without a pore former additive and a KWU
standard production fuel. The pellets in the program were |

'well characterized prior to irradiation. Four of the fuel
types we a irradiated in one pressurized (53 atmospheres)
capsule. Two of the fuel types were also irradiated in a
separate non-pressurized capsule (one atmosphere). Each of

O the capsules contained thermocouples to continuously monitor
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capsule power generation during irradiation to assure that
the desired operating conditions were - maintained. Post-
irradiation examination of these tast . capsules confirmed
that UO fuel with specific microstructural characteristics,

2such as produced by pore . former additises, are stable with
respect to densificatien. The largest in reactor density

,

changes occurred for those types having a combination of the |

smallest pore size, the largest volume percent of porosity '

( u less than 4 microns) in the smallest initia? grain size 1

and the lowest initial density.(68) |

I. Halden Program Participation

The experimental facilities and programs of the OECD Reactor ,

Project in Halden, Ne may represent one of the most advanced |
efforts in quantifying the effects and interaction of the i
various design parameters of Zircaloy-clad fuel rods through
measurements made in reactor. C-E has been a member of the
Project since 1973. C-E reviews the data generated by the
project in considerable detail and utilizes-the results in
various fuel development programs.

O The Halden test reactor has unique capability for measuring
fuel rod operation during irradiation. This capability has
been utilized by C-E _ with specific experiments to provide
information in the following areas:

Fuel densification phenomena including measurements of the
rate of fuel column shortening as a function of the initial
fuel density, power level and fuel fabrication process.

Fuel clad mechanical interaction involving studies of the
effects of pellet design (snape and density) and operating
parameters on cladding deformation.

Modeling of fuel rod behavior with emphasis on heat transfer
characteristics.

The first three test assemblies sponsored jointly by C-E and
KWU contained 24 well-characterized fuel rods. These
assemblies included the following range of design and
operating parameters:

Helium fill pressures from 22 to 35 atmospheres;

Initial fuel densities from 91-96% TD;

Linear heat ratings to 15 kW/ft; and, j

O i
|
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U enrichments from 6 to 12wt% (9 rods fabricated with
mSN d-oxide fuel).
The objectives of these tests were to determine the dynamic
changes in fuel rod internal pressure, fuel centerline
temperature and fuel stack length during operation as a
function of burnup. Two of these assemblies (6 test rods
each) were discharged from the reactor after receiving a

. peak burnup of 24,000 mwd /MTU. The third rig (12 rods) was
irradiated to a peak burnup of 40,000 mwd /MTU so that fuel B

swelling and gas release behavior could be evaluated to high
burnups. The objectives of a fourth six-rod test assembly
were to evaluate the effects of such design variables as
pellet-clad gap, fill-gas composition, and linear heat
rating (to 15 kw/ft) on heat transfe. characteristics. This
experiment also provided gap conduco snce data on UO and
mixed-oxide fuel. This test was discharged from the rdctor
after reaching a peak burnup of 4,000 mwd /MTU.

Instrumentation used to measure fuel behavior during
irradiation includes centerline thermocouples, internal
pressure transducers, linear variable differential

/]
transformers (LVDTs) for fuel column length changes and flux

\ monitors for axial and radial power profiles.

Fuel column length change data obtained support data B

generated by the EEI, BRR, and MZFR experiments and confirm
the in-reactor stability of C-E pore former fuel types. 7n
addition, the internal pressure monitors and centerline
thermocouple data have confirmed the adequacy of the C-E
thermal performance design models.

In addition to thene C-E/KWU test assemblies, C-E has
designed and irradiated three rods in the Halden high
temperature, high pressure loop to simulate PWR coolant
temperature and pressure conditions. The purpose of these B

experiments was to distinguish the effects of pellet
configuration on the formation of circumferential ridging
and on the elongation of the rods. Each rod contained three
pellet types with one type as a standard. This program in

. combination with the results of other experiments gives C-E
' a firm basis upon which to optimize fuel rod design with

respect to dimensional changes and to improve fuel
performance models developed to predict rod dimensional
stability.

O
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J. Power Ramp Programs

C-E and KWU participated in the Studsvik and |B
Pathfinder /Petten programs to evaluate fuel rod performance
under ramp conditions to power levels not recently attained.
These can occur either after refueling or after extended
periods of low power operation or during control rod
maneuvers. The effects of various fuel rod design variables
on power ramp limits are also investigated as a means to
further optimize design. The Petten/ Pathfinder program
which began in 1973 is being conducted jointly by C-E and
KWU in the Obrigheim PWR reactor and Petten test reactor
facilities.(69) One special test assembly has been g
irradiated each year from 1973 to 1980 in the obrigheim
reactor. Included in this assembly, which is designed to
facilitate fuel rod removal and replacement, are
well-characterized segmented rods or "rodlets" which are
axially connected to form a complete fuel rod. These

|Brodlets were "pre-irradiated" in the obrigheim reactor for
one to four operating cycles, and then separated and
irradiated in a test reactor to evaluate performance under
ramp conditions. Ninety-nine of these rodlets irradiated in g

(] Obrigheim have been discharged and ramped in Petten. An
v additional 40 of these rodlets have been tested at the R-2

reactor at Studsvik. Post-irradiation, hot-cell examination
programs form an integral part of both the Petten/ Pathfinder
and Studsvik experiments to characterize fuel rod behavior,
particularly with respect to dimensional stability and
fission product release. These test programs are designed
to distinguish between fuel rod power ramps which occur on
start-up and those which might occur during reactor power
maneuvering operations.

Plant operating flexibility requires that the fuel rods
maintain integrity during periodic changes in power. Power
cyc1?ng tests of this type have been jointly conducted by
C-E/lG.U in Obrigheim and Petten. In the Petten test, a
single unpressurized fuel rod was power cycled between 9
kW/ft and 17 kW/ft at a power change rate of about 3
kW/ft/ain. The fuel rod successfully completed 400 cycles
and achieved a burnup of 8000 mwd /MTU. Power cycling tests
were then conducted in obrigheim on eight short pressurized
and unpressurized fuel rods. The test fuel rods were
attached to a control rod drive mechanism and driven from
the low power to a high power position on a nominal cycle.
Power changes from 50% to 100% at rates of 20% per minute l
for 880 cycles were included. After successfully completing
the experiment, the test rods achieved a peak burnup of
30,000 mwd /MTU without substantial cladding deformation or

O fuel rod perforatien.
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K. Fuel Surveillance Programs

C-E has conducted a number of fuel surveillance programs on
fuel in operating plants. Thus far, a total of thirty-eight |Bpoolside fuel inspection programs of varying detail have
been performed by C-E (see Table 4.2-3). A large number of |Bassemblies have been visually examined, and dimensional
measurements have been obtained on a large number of these
assemblies. Fuel bundle disassembly operations have been
conducted either to obtain information on particular
performance aspects or as part of test assembly surveillance
programs. A listing of these programs and a summary of the g
results are provided in Reference 70. The results of the
C-E poolside inspection program have been used to verify
fuel assembly operation and provide data in support of
design. A poolside fuel surveillance program has been
initiated at Palo Verde Unit 1 for C-E's System 80 fuel B

(see Section 4.2.1. 5.1) .
.

4.2.3.2.11 Temperature Transient Effects Analysis

4.2.3.2.11.1 Waterlogged Fuel

The potential for a fuel rod to become waterlogged during normal
operation is discussed in
Section 4.2.3.2.9. In the event that a fuel rod does become
waterlogged at low or zero power, it is possible that a
subsequent power increase could cause a buildup of hydrostatic
pressure. It is unlikely that the pressure would build up to a
level that could cause cladding rupture because a fuel pin with
the potential for rupture requires the combination of a very
small defect together with a long period of operation at low or |
zero power.

|

Tests which have been conducted using intentionally waterlogged
fuel pins (capsule drive core at SPERT) (H) (H) showed that the
resulting failures did eject some fuel material from the rod and
greatly deformed the test specimens. However, these test rods
were completely sealed, and the transient rates used were several
orders of magnitude greater than those allowed in normal
operation.

In those instances where waterlogged fuel rods have been observed
in commercial reactors, it has not been clear that waterlogging
was the cause, and not just the result, cf associated cladding
failures; and C-E has not observed and is not aware of any case
in which material was expelled from waterlogged fuel rods or in
which the fuel cladding was significantly deformed in a normal
power reactor.
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It is therefore concluded that the effect of normal power
transients on waterlogged fuel rods is not likely to result in
cladding rupture and even if rupture does occur it will not
produce the sort of postulated burst failures which would expel
fuel material or damage adjacent fuel rods or fuel assembly
structural components.

4.2.3.2.11.2 Intact Fuel

The thermal effects of anticipated operational occurrences on
fuel rod integrity are discussed in the following paragraphs.

A. Fuel rod thermal transient effects are basically manifested
as the change in internal pressure, the changes in clad
thermal gradient and thermal stresses, and the differential
thermal expansion between pellets and clad. These effects
are discussed in Sections 4.2.3.2.2 and 4.2.3.2.11.

B. Another possible effect of transients would be to cause an
axial expansion of the pellet column against a flattened
(collapsed) section of the clad. However, the fuel rod
design includes specific provisions to prevent clad

O flattening, and, therefore, such interactions will not
occur.

4.2.3.2.12 Energy Release During Fuel Element Burnout

The reactor protective system provides fuel clad protection so
that the probability of fuel element burnout during normal
operation and anticipated operational occurrences is extremely
low. Thus, the potential for fuel element burnout is restricted
to faulted conditions. The LOCA is the limiting event since it
results in the larger number of fuel rods experiencing burnout;
thus, the LOCA analysis, which is very conservative in predicting
fuel element burnout, provides an upper limit for evaluating the

i

consequences of burnout. The LOCA analysis explicity accounts !

for the additional heat release due to the chemical reaction
between the Zircaloy clad and the coolant following fuel element
burnout in evaluating the consequences of this accident. LOCA
analysis results are discussed in Subsection 15.6.5.

4.2.3.2.13 Energy Release on Rupture of Waterlogged Fuel
Elements

A discussion of the potential for waterlogging of fuel rods and
|for subsequent energy release is presented in Section 4.2.3.2.10.

O
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4.2.3.2.14 Fuel Rod Behavior Effects from Coolant Flow
Blockage

An experimental and analytical program was conducted to determine
the effects of fuel assembly coolant flow maldistribution during
normal reactor operation. In the experimental phase, velocity
and static pressure measurements were made in cold, flowing water
in an oversize model of a C-E 14 x 14 fuel assembly in order to
determine the three-dimensional flow distributions in the
vicinity of several types of flow obstruction. The effects of
the distributions on thermal behavior were evaluated, where
necessary, with the use of a preliminary version of the TORC
thermal and hydraulic code. (H)

Subjects investigated included:

i A. The assembly inlet flow maldistribution caused by blockage
of a core support plate flow hole. Evaluation of the flow
recovery data indicated that even the complete blockage of a
core support plate flow hole would not produce a W-3 DNBR of
less than 1.0 even though the reactor might be operating at
a power sufficient to produce a DNBR of 1.3 without the
blockage.

B. The flow maldistribution within the assembly caused by
complete blockage of one to nine channels. Flow i

distributions were measured at positions upstream and
downstream of a blockage of one to nine channels. The
influence of the blockage diminished very rapidly in the
upstream direction. Analysis of the data for a single
channel blockage indicated that such a blockage would not
produce a W-3 DNBR of less than 1.0 downstream of the
blockage even though the reactor might be operating at a
power aufficient to produce a DNBR of 1.3 without the
blockage.

The results presented above were obtained through flow testing an
oversized model of a standard 14 x 14 fuel assembly. Because of
the great similarity in design between the Standard System 80 16
x 16 assembly, and th'. earlier 14 x 14 array, these test results
also constitute an adequate demonstration of the effects that
flow blockage would have on the 16 x 16 assembly. This
conclusion is also supported by the fact that the 16 x 16
assembly has been demonstrated to have a greater resistance to
axial flow than would occur with the 14 x 14 array. The effect
of the higher flow resistance, to produce more rapid flow
recovery, i.e., more nearly uniform flow, is analogous to the
common use of flow resistance devices (screens or perforated
plates) to smooth non-uniform velocity profiles in ducts or0 prxess equipment. )

'
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4.2.3.2.15 Fuel Temperaturcs

Steady state fuel temperatures are determined by the FATES
computer program. The calculational procedure considers the
effects of linear heat rate, fuel relocation, fuel swelling,
densification, thermal expansion, fission gas release, and clad
deformation. The model for predicting fuel thermal performance
is discussed in detail in References 15-17.

Two sets of burnup and axially dependent linear heat rate
distributions are considered in the calculation. One is the hot
rod, time averaged, distribution expected to persist during
long-term operation, and the other is the envelope of the maximum
linear heat rate at each axial location. The long-term
distributions are integrated over selected time periods to
determine burnup, which are in turn used for the various burnup
dependent behavioral models in the FATES computer program. The
envelope accounts for possible variations in the peak linear heat
rate at any elevation which may occur for short periods of time
and is used exclusively for fission gas release calculations.

The power history used assumes continuous 100% reactor power from

O beginning- of-life. Using this history, the highest fuel
temperatures occur at that time. It has been shown that fuel
temperatures for a given power level at any burnup are
insensitive to the previous history used to arrive at the given
power level.

Fuel thermal performance parameters are calculated for the hot
rod. These parameters for any other rod in the core can be.

obtained by using the axial location in the hot rod, whose local
power and burnup corresponds to the local power and burnup in the
rod being examined. This procedure will yield conservatively
high stored energy in the fuel rod under consideration.

The maximum power density, including the local peaking as
affected by anticipated operational occurrences, is discussed in
Sections 4.3, 4.4, and Chapter 15.

4.2.3.3 Burnable Poison Rod

4.2.3.3.1 Burnable Poison Rod Internal Pressure and
Cladding Stress

The poison rod cladding will be analyzed to determine the stress
and strain resulting from the various normal, upset, and
emergency conditions discussed in section 4.2.1.1. Specific
accounting will be made for differential pressure, differential,

thermal expansion, cladding creep, and irradiation induced
| O wettias or the duraeete voieoa =eteriet-
.

<
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In the case of Al 0 -B C burnable poison rods, the linear heat
generation rates a$e ve$y low in comparison to fuel rods (maximum B

3

local rate is less than 1.5 kW/ft). Therefore, the stress
analysis can be accomplished using conventional strength of
materials formulae.

In the case of Gd o -Uo burnable poison rods, the peak poison
rods will be operadidg al power levels lower than the peak power

rods, such that all analyses for fuel rods will
Uo$servatively bound that of the poison rods. (H)co

The results of the burnable poison rod analyses confirm that the
design criteria of Section 4.2.1.3.1, regarding stress, strain
and strain fatigue, are satisfied, with the exception of seismic
and LOCA conditions. Seismic and LoCA analyses will be addressed
in the site-specific SAR. B

4.2.3.3.2 Potential for Chemical Reaction

|BA discussion of possible chemical reaction between
Al o$ti8n

-B C
depoison material and the coolant was presented in

4.2.1.3.3.3, along with information on chemical compatibility
,

(3 between poison material and cladding. Since the cladding
'

\d material is identical to that of the fuel rod (Section
4.2.1.3.2), the description of potential chemical reactions
between cladding and coolant in Section 4.2.3.2.3 is applicable

| to both fuel and poison rods.

The potential for waterlogging rupture in Al 0 -B C poison rods |Bis much lower than that in fuel rods becat3sd ok the smaller
thermal and dimensional changes that occur in a poison rod during
reactor power increases. Refer to Section 4.2.3.2.10 for a
discussion of the potential for waterlogging rupture in fuel
rods.

1

4.2.3.4 Control Element Assembly |

The CEAs are designed for a 20 erre tive full power year lifetime B |
based on estimates for each CEA type of neutron absorber burnup,
allowable plastic strain of the Inconel 625 cladding and the
resultant dimensional clearances of the elements within the fuel
assembly guide tubes.

A. Internal Pressure

For the hafnium full-strength CEAs, no gas is released to,

Bthe control rod void to contribute to internal gas pressure.
1
1

O
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For the twelve-element full strength CEAs, containing BC B

pellets, the value of internal pressure in the contr81
elements is dependent on the following parameters:

1. Initial fill gas pressure
4 2. Gas temperature :

3. Helium generated and released"

4. Available volume including B C porosity
|4

Of the absorbet materials utilized in the CEA design, only
the B C contributes to the total quantity of gas which must

be acbommodated within the control plemen10 +The pelium {s
produced by the nuclear reaction n + B Li +- He ,
and the fraction of tha quantity gSneratdd which is actdally3

released to the plenum is temperature dependent and is'

predicted by the empirical equation discussed in Section
4.2.1.4.4.A.3. Temperatures used for release fraction
calculations are the maximum predicted to occur during
normal operation.

,

i
The results of the CEA analyses confirm that the design ;

criteria of Section 4.2.1.4, regarding stress, strain and
'

d

O strain fatigue, are satisfied, with the exception of seismic ;

and LOCA conditions. Seismic and LOCA analyses will be '

addressed in the site-specific SAR. B

'

B. Thermal Stability of Absorber Materials

, None of the materials selected for the control elements are
j susceptible to thermally induced phase changes at reactor

operating conditions. Linear thermal expansion, thermal
conductivity, and melting points are given in Section,

4.2.1.4.

C. Irradiation Stability of Absorber Materiala
|

Irradiated properties of the absorber materials are
j discussed in Section 4.2.1.4.

For the hafnium metal rod material used in four-element
full-strength CEAs, the dimensional changes resulting from )
irradiation and from the absorption of hydrogen permeating

i through the cladding from the coolant over the design
lifetime are small in comparison with diametral and axial'

clearances provided.

For the B absorber pellets used in twelve-element
full-strength. C CEAs, the absorber material is subject to
irradiation induced chemical transmutations, where neutron

O demearement of B-10 atoms resu1=s in the producelon of
.

i |

0
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lithium and helium. The percent of helium released is given |

by the expression in section 4.2.1.4. The irradiation B i

enhanced swelling characteristics of the BC absorber ,

pellets are also given in Section 4.2.1.4.- Acbommodations
for- the swelling of the absorber material have been

3 '

incorporated in the design of the twelve-element CEAs, and
include the following measures:'

.

1. All BC pellets have rounded edges to promote sliding
2 of thk pellets in the cladding due to differential' I

thermal expansion and irradiation enhanced swelling.
.

2. Dimensionally stable Type 304 stainless steel' spacers
are located at the bottom of .all absorber stacks ,

adjacent to the nose cap to minimize strain at the weld
joint.

3. A felt metal sleeve containing reduced diameter BC ;
pellets is located in the bottom length of the absorb 8r !

stacks in full length control elements. The felt metal
sleeve laterally positions -the reduced diameter BC' i

4 3
pellets uniformly with respect to the clad and absorbse

O the differential thermal expansion and irradiation
induced swelling of the B C pellets, thereby limiting
the amount of induced stra$n in the clad.

j D. Potential for and Consequences of CEA Functional Failure

The probability for a functional failure of the CEA is
considered to be very small. This conclusion is based on
the conservatism used in the design, the quality control
procedures used during manufacturing and on testing of ,

similar full-size CEA/CEDM combinations under simulated |
reactor conditions for lengths of travel and numbers of ;

trips greater than those expected to occur during the design
'

,

: life. The consequences of CEA/CEDM functional failure are

| discussed in Chapter 15. |
.

A postulated CEA failure mode is cladding failure. In the (
event that an element is assumed to partially fill with

i water under low or zero power conditions, the possibility
{ exists that upon returning to power, the path of the water

to the outside could be blocked. The expansiod of the
entrapped wat6r could cause the element to swell. In tests,
specimens of CEA cladding were filled with a spacer
representing the poison material. All but 9% of the

:! remaining volume was filled with water. The sealed assembly
4 was then subjected to a temperature of 650*F and an external

) O
:
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pressure of 2250 lb/in.2 followed by a rapid removal of the
external pressure. The resulting diametral increases of the
cladding were on the order of 15 to 25 mils and were not
sufficient to impair axial motion of the CEA, which has a
0.084 diametral clearance with the fuel assembly guide
tubes. This test result, coupled with the low probability
of a cladding failure leading to a waterlogged rod,

demonstrates that the probability for a CEA functional
failure from this cause is low.

Another possible consequence of failed cladding is the
release of small quantities of CEA filler materials, and
helium and lithium (from the neutron-boron reactions).
However, the amounts which would be released are too small
to have significant effects on coolant chemistry.

E. CEA Axial Growth Analysis

Analysis has shown that adequate axial clearance exists
between the bottom of the CEA finger and the fuel assembly
guide tube. This clearance, representative of the limiting
design condition, has been calculated on the basis of
worst-case dimensional tolerances and considers the relativeO thermal growth between the fual assembly and the fully
inserted CEA.

4.2.4 TESTING AND INSPECTION PLAN

Fuel bundle assembly and control element assembly quality
assurance is attained by adherence to the procedures described in
Chapter 17.

Vendor product certifications, process surveillance, inspections,
tests, and material check analyses are performed to ensure
conformity of all fuel assembly and control element assembly
components to the design requirements from material procurement
through receiving inspection at the plant site. The following
are basic quality assurance measures which are performed:

4.2.4.1 Fuel Assembly

A comprehensive quality control plan is established to ensure
that dimensional requirements of the drawings are met. In those
cases where a large number of measurements are required and 100%
inspection is impractical, the plan provides a high statistical

j confidence that dimensions are within tolerance. Sensitivity and |

| accuracy of all measuring devices are within 10% of the f
j dimensioned tolerance. The basic quality assurance measures

which are performed in addition to dimensional inspections and
| O meteriet verifications ere described in the fo11owine sections.
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4.2.4.1.1 Wald Quality Assurance Measures

The welded joints used in the fuel assembly design are listed
below in a series of paragraphs which describe the type and |

function of each weld and include a brief description of the j

testing (both destructive and non-destructive) performed to<

ensure the structural integrity of the joints. The welds are
listed from top to bottom in the fuel assembly.

The CEA guide tube joints (batween the tube and threaded upper
and lower ends) are butt welds between the two Zircaloy
subcomponents. The welds are required to be full penetration
welds and must not cause violation of dimensional or corrosion
resistance standards.

The upper end fitting center guide post to lower cast flow plate
joint has a threaded connection which is prevented from
unthreading by tack welding the center guide post to the bottom
of the lower cast plate using the gas tungsten arc (GTA) process.
Each weld is inspected for compliance with a visual standard.

The spacer grid welds at the intersection of perpendicular

O Zircaloy-4 grid strips are made by the GTA process. Each
intersection is welded top and bottom, and each weld is inspected
by comparison with a visual standard.

For the spacer grid to CEA guide tube weld (both components
Zircaloy-4), each grid is welded to each guide tube with eight
small welds, evenly divided between the upper and lower faces of
the grid. Each weld is required to be free of cracks and ,

burnthrough and each weld is inspected by comparison to a visual
'

standard. Also, sufficient testing of sample welds is required
to establish acceptable corrosion resistance of the weld region.
Each guide tube is inspected after welding to show that welding
has not affected clearance for CEA motion.

The lower spacer grid welds at spacer strip intersections and
between spacer and perimeter strips (all components Inconel 625)
have the same configuration as for the Zircaloy and are all
inspected for compliance with appropriate visual standards.

The lower spacer grid (Inconel) to Inconel skirt weld is made
using the GTA process. Each weld is inspected to ensure
compliance with a visual standard.

1

The Inconel skirt to lower end fitting (Type 304 stainless steel)
; weld is made using the GTA process and each weld is inspected to

ensure compliancc with a visual standard. |
!O

<
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The lower end fitting is fastened to the Zircaloy guide tubes
using threaded connections. The connections are prevented from
unthreading by stainless steel locking discs which are welded t

B
the lower end fitting. Each disc is tack welded to the end
fitting in four places using the GTA process, and each weld is
inspected for compliance with a visual standard.

The inspection requirements and acceptance standards for each of
the welds are established on the basis of providing adequate
assurance that the connections will perform their required
functions.

4.2.4.1.2 Other Quality Assurance Measures

All guide t;ubes are internally gaged, ensuring free passage
within the tubes, including the reduced diameter buffer region.

Each upper end fitting post to guide tube joint is inspected for
compliance with a visual standard. .

The spacer grid to fuel rod relationship is carefully examined at
each grid location.

O An e1phe smeer test is performed on the exterior surfece of the
fuel rods.

Each completed fuel assembly is inspected for cleanliness,
wrapped to preserve its cleanliness and loaded in shipping
containers which are later purged and filled with dry air.

Visual inspection of the conveyance vehicle, shipping container,
and fuel assembly are performed at the reactor site. Approved
procedures are provided for unloading the fuel assemblies. I
Following unloading, exterior portions of the fuel assembly '

components are inspected for shipping damage and cleanliness. If
damage is detected, the assembly may be repaired onsite or (
returned to the manufacturing facility for repair. In the event

I'the repair process is other than one normally used by the
manufacturing facility, or that the repaired assembly does not
meet the standard requirements for new fuel, the specific process
or assembly is reviewed before it is accepted. Each spacer grid
is checked to verify compliance with outside dimension, grid cell I
pitch, and spring tab preset requirements. |

4.2.4.2 Fuel Rod

4.2.4.2.1 Fuel Pellets

During the conversion of UF to ceramic grade uranium dioxide

O vowaer- the co2 vowaer i= alviaea into 'ot eteaeea to tor =
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uniform isotopic, chemical, and physical characteristics. Two
containers are selected from the total number of containers in
each lot for certification sampling. Samples are removed from
each of the two selected containers and subdivided to verify
specification limits (Section 4.2.1.2.4).

Pellets are divided into lots during fabrication with all pellets
within the lot being processed under the same conditions.
Representative samples are obtained from each lot for product
acceptance tests. Total hydrogen content of finished ground
pellets is restricted (Section 4 . 2.1. 2. 4 .1) .

The pellet diameters are 100% inspected; all other pellet
dimensions meet a 90/90 confidence level. Density requirements
of the sintered pellet (Section 4.2.1.2.4.3) must meet a 95/95
confidence level. Longitudinal sections of two sample pellets
from each pellet lot are prepared for metallographic examination
to ensure conformance to microstructure requirements (Section
4.2.1.2.4.2). Pellet surfaces are inspected for chips, cracks,
and fissures in accordance with approved standards.

4.2.4.2.2 Cladding

Lots are formed from tubing produced from the same ingot,
annealed in the same final vacuum annealing charge and fabricated
using the same procedures. Samples randomly selected from each
lot of finished tubing are chemically analyzed to ensure
conformance to specified chemical requirements, and to verify
tensile properties and hydride orientation. Samples from each
lot are also used for metallographic and burst tests. Each
finished tube is ultrasonically tested over its entire length for
internal soundness; visually inspect ed for cleanliness and the
absence of acid stains, surface defects, and deformation; and,
inspected for inside dimension and wall thickness. The following
summarizes the test requirements:

A. Test (refer to Section 4.2.1.2.2)
1. Chemical Analysis

i
Ingot analysis is required for top, middle, and bottom of l

each ingot. Finished produce is tested for hydrogen, )nitrogen, carbon, and oxygen per ASTM E146-68.

2. Tensile Test at Room Temperature (ASTM E9-69)

| 3. Corrosion Resistance Test (ASTM G2-67)
!

4. Grain Size (ASTM E112-63)

I
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5. Hydrostatic Burst Test (Section 4.2.1.2.2.1)

6. Surface Roughness
,

7. Visual Examination

8. Ultrasonic Test

9. Wall Thickness

10. Straightness

11. Inside Diameter

4.2.4.2.3 Fuel Rod Assembly

Immediately prior to loading, pellets must be capable of passing
approved visual standards. Each fuel pellet stack is weighed to
within 0.1% accuracy. The loading process is such that
cleanliness and dryness of all internal fuel rod components are
maintained until after the final end cap weld is completed.
Loading and handling of pellets is carefully controlled to
minimize chipping of pellets.

The following procedures are used during fabrication to assure
that there are no axial gaps in fuel rods:

4.2.4.2.3.1 Stack Length Gage
1

! The operator stacks pellets onto V troughs that are gage marked
to the proper fuel column height. When pellet stacking is
completed, all column heights are checked by Quality control.
The pellets are subsequently loaded into tubes. After loading,
the distance from the end of the tube to the end of the pellet
column is checked with a gage.

4.2.4.2.3.2 Fluoroscopy

Finished fuel rods, prior to being loaded into assemblies, are,

fluoroscoped to ensure that no significant gaps exist in the fuel
column.

!

Loaded fuel rods are evacuated and backfilled with helium to a
prescribed level as determined for the fuel batch. Impurity
content of the fill gas shall not exceed 0.5%.

The fuel rod end cap-te-fuel rod cladding tube welds will be butt
welds between the Zircaloy-4 cladding tube and the Zircaloy-4 end
cap machined from bar stock. The weld process will be magnetic

O. force welding (MFW). Quality assurance on the end cap weld will'

include:
,
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A. Destructive examination of a sufficient number of weld

samples to establish that the maximum allowable percent of
unbonded wall thickness (15%) and the maximum allowable
continuous unbonded region (10%) are not exceeded.

B. Visual examination of all end cap welds to establish freedom
from cracks, seams, inclusions and foreign particles after
final machining of the weld region.

C. Helium leak checking of all _eyd cfp welds to establish that
no leak rate greater than 10 cm /s is present.

D. Corrosion testing of a sufficient number of samples to
establish that weld zones do not exhibit excessive corrosion
compared to a visual standard. Welds must be capable of

prefereptialpassing a corrosion test (ASTM G2) with no
oxidation at the weld in water at 650*F, 2200 lb/in, for
3-1/2 days.

All finished fuel rods are visually inspected to ensure a proper
surface finish (scratches greater than 0.001 inch in depth,
cracks, slivers, and other similar defects are not acceptable).

Each fuel rod is marked to provide a means of identification.

4.2.4.3 Burnable Poison Rod

4.2.4.3.1 Burnable Poison Pellets

For the fabrication of Al 0 -B C pellets, B C powder is sampled 1

to verify particle size add vti boron requihements prior to its !
3

use in pellet production. Finished pellets are 100% inspected |
for diameter and must satisfy a 90/90 confidence level on other
dimensionn. Samples are taken from each of the pellet lots and
examined for uniform dispersion of the B C in Al O Conformance
with density range requirements is dkmonstrakek. at a 95/95
confidence level and with BC requ hements at a 90/90 level.

4Samples are drawn from each lot to verify acceptable impurity
levels. Finally, all pellets are inspected for conformance with

i

surface chip and crack standards. ''

The fabrication of Gd 0 -UO pellets is essentially the same as

U$ uel pellets ekeept kor tighter restrictions on the Gd Odhd
3f or UO f B

particle size. Restrictions are introduced onand
particl$ size to promote homogeneity of the Gd mixture.

wil[0 -UOdsedbeFor this poison application, natural UO as a
,

carrier for the gadolinium. The fabricatic h of Gd 0 -UO pellets
necessary handities of2employs dry blending and mixing of the'

UO and Gd 0 powders. As with UO pellets, these powders are
2 23 2
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then pelletized by blending and sintering processes similar to
those employed in the manufacture of UO pellets. The sintering B

process promotes formation of a solid s31ution of UO and Gd 0 *

teshed for,2 dd
specifibakion$ pelletson density, grain size, andi As with UO pellets, the Gd 0 -UO are a

meet,2 stringentmust
homogeneity. In particular, the density and densification
specifications (% T.D.), grain siza requirements and blending
requirements are essentially the same as for a UO mixture.

2
r

4.2.4.3.2 Cladding |
.

The testing and inspection plan for burnabin poison rod cladding
is identical to that for fuel rod cladding (Section 4.2.4.2.2). i

The moisture content of poison pellets prior to loading is
limited to values below that which would be required to produce
primary hydride penetration of the cladding. Total moisture
inventory is comparable to that which has been shown to be
acceptable in fuel rods.(50) The fabrication process is such
that all steps from component drying through final welding are
carefully controlled so as to minimize the possibilities for
excessive moisture pickup. For Al 0 -B C poison rods, final

m verification of pellet dryness is mad $ Sy bestructive examination,

U of one poison rod for each group of rods from the same drying
lot. For Gd 0 -UO poison rods, final verification of pellet
dryness is id$ndical to that for fuel rods. B

i

The following procedure is used during fabrication to assure that
there are no axial gaps in poison rods.

The operator stacks pellets onto V troughs that are gage marked
to the proper column height. When pellet stacking is completed,
all column heights are checked by Quality Control. The pellets
are subsequently loaded into tubes. After loading, the distance
from the end of the tube to the end of the pellet column is
checked with a gage.

Loaded poison rods are evacuated and backfilled with helium to a
prescribed level. Impurity content of the fill gas must not
exceed 0.5%. I

!

End cap weld integrity and corrosion resistance is ensured by a j
Quality Control plan identical to that used in fuel rod
fabrication (Section 4.2.4.2.3).

'

Each poison rod is marked to provide a means of identification.~

! !

!O
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] 4.2.4.4 Control Element Assemblies

The CEAs are subjected to numerous inspections and tests during
manufacturing and after installation in the reactor. A general
product specification controls the fabrication, inspection,
assembly, cleaning, packaging, and shipping of CEAs. All
materials are procured to AMS, ASTM or C-E specifications. In
addition, various CEA hardware tests have been conducted or are
in progress.

During manufacturing, the following inspections and tests are
performed:

A. The loading of each control element is carefully controlled
to obtain the proper amounts and types of filler materials
for each type of CEA application (e.g., full-strength B C or

4hafnium). g

B. All end cap welds are liquid penetrant examined and helium
leak tested. A sampling plan is used to section and examine
end cap welds.

C. Each type of control element has unique external features
O which distinguish it from other types.

D. Each CEA is serialized to distinguish it from the others, i

See Figures 4.2-3 through 4.2-5.

E. Fully assembled CEAs are checked for proper alignment of the )neutron absorber elements using a special fixture. The,

alignment check ensures that the frictional force that could
result from adverse tolerances is below the force which

Bcould significantly increase scram time.
,

J

In addition to the basic measures discussed above, the
manufacturing process includes numerous other quality control
steps for ensuring that the individual CEA components satisfy
design requirements for material quality, detail dimensions, and I

process control. |

| After installation in the reactor, but prior to criticality, each |
'

CEA is traversed through its full stroke and tripped. A similar
procedure will also be conducted at refueling intervals. !

The required 90% insertion scram time for CEAs is 4.0 seconds
under worst case conditions. Verification of adequacy has been
determined by testing in the C-E TF-2 flow test facility as
reported in Appendix 4B. This test facility contained
prototypical (System 80) reactor components consisting of fuel
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i O i
:

assemblies, CEA shroud, control element drive mechanism, and a ;

simulation of surrounding core internal support components. The
'

i test conditions simulated the range of temperaturas and flow i

rates predicted for System 80 normal plant operation. !

! 4.2.5 REACTOR INTERFACE REQUIREMENTS t

. (The interface requirements are retained from CESSAR-F for !

0
: continuity. In the completed CESSAR-DC they will be superseded t

'by the BOP Standardized Functional Descriptions.)

Below are detailed the interface requirements that the . reactor |
places on certain aspects of the BOP, listed by categories. In4

addition, applicable GDC and Regulatory Guides which C-E utilizes '

in its design of the reactor are presented. The GDC and ,

Regulatory Guides are listed only to show what C-E considers to !

!be relevant, and are not imposed as interface requirements unless
specifically called out as such in a particular interface,

requirement. |

Relevant GDC - 1, 2, 3, 4, 10, 11, 12, 14, 15, 26, 27, 28, 29,
3

30, 31, 32, 61, 62, 63

i O Retevant 1.2, 1.13, 1.20, 1.25, 1.28, 1.29, 1.31, 1.34,
Reg. Guides - 1.36, 1.37, 1.38, 1.43, 1.44, 1.50, 1.54, 1.60, |B

q 1.61, 1.64, 1.65, 1.68, 1.71, 1.74, 1.84, 1.85
|

A. Protection from Natural Phenomena

1. High winds, tornado, tornado missile and flooding
requirements relating to the reactor are in accordance
with criterion 2 of 10CFR50 Appendix A.

|

1 2. The spent fuel pool shall be a seismic Category I
3 structure.
!
! 3. The load bearing members of the spent fuel storage

racks shall withstand the forces induced by the SSE
.

vertical and horizontal seismic loadings. These forces I

; shall be assumed as acting simultaneously in
! conjunction with the combined deadweight and Jive loads

without exceeding minimum material yield stresses as
,

,

specified by ASME Section III Subsection NF. L

g
1

i 4. The spent fuel storage racks shall be seismic
| Category I.
>

1
a

O
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B. Protection from Pipe Failure

1. The fuel shall be protected from the effects of pipe
wnip while in storage.

2. Refer to Section 5.1.4 for protective measure
requirements for the reactor.

3. Spent fuel shall be protected from the effects of pipe
rupture.

C. Missiles

1. A removable structure shall be located above the
reactor vessel to block any missile that could be
generated by a control element drive mechanism.

2. The fuel shall be protected from the effects of
missiles while in storage.

D. Separation

1. New Fuel Storage Racks

j a. The new fuel storage racks shall be designed such
'

that fuel assemblies will not be inserted in other
than prescribed locations.

b. Adequate margin to criticality shall be provided
for full rack loadings of fuel assemblies having a
mechanical design similar to that described in'

this Chapter and enrichments up to 4.3 w/o U-235. |B
c. The degree of suberiticality provided shall be

consistent with the requirements of ANSI Standard
N18.2 (Section 5.7.4.1).

E. Thermal Limitations

1. Cooling air shall be provided to the CEDMs at a minimum
flow rate of 700 SCFM per CEDM at a temperature in the
range of 80-120'F.

2. Drains, permanently connected systems, and other
features of the spent fuel pool shall be designed so
that neither maloperation nor failure can result in
loss of coolant that would uncover the stored fuel.

'

O
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3. Spent fuel pool ecoling shall be capable of removing
the decay heat generated from 1 complete core of spent
fuel placed in the pool 7 days after shutdown in
addition to 1/3 of a completed core that has been in
the pool 90 days after shutdown.

F. Monitoring
i

1. Low water level alarms shall be provided for the
refueling pool and the spent fuel pool.

2. A system shall be provided to monitor the Reactor
Coolant System for internal loose parts. The system
shall have the ability to detect a loose part striking
the internal surface of Reactor Coolant System
components with an energy level of one-half foot pound
or more. The system shall have alarm and recording
capability. The system design shall be suitable for *

the temperature and humidity environment experienced in
the area where the equipment normally operates.

G. Inspection and Testing

O 1. zn-Service znspection (1Sz) shatt be verformed in
accordance with Section XI of the ASME Code.

H. Materials

1. See Section 5.1.4.L.3.

I. Related Services

1. For refueling operations, the containment building
crane shall have a minimum capacity of 225 tons.

a. A hoisting speed of 6 inches per minute or less |
shall be utilized during refueling operations.

b. A load measuring device shall be provided for use ,

during heavy lifts.

c. A low inching speed is required during those
portions of the lift when close tolerance surfaces
are engaging each other. i

2. An overhead crane shall be provided in the new fuel
storage area to facilitate handling of new fuel,

a. The crane capacity shall be at least 1 ton to
accommodate the weight of a fuel assembly.

4.2-82
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b. A vertical hoisting speed of 6 feet /miaute or less

shall be provided.

c. The crane load shall be capable of being limited
to prevent the hoist load from exceeding 5000
pounds when handling fuel assemblies.

3. See Section 5.1.4.P.3.

O

O
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TABLE 4.2-1

MECHANICAL DESIGN PARAMETERS

(Sheet 1 of 5)

Core Arrangement

Number of fuel assemblies in core, total 241
Number of CEAs 93 |B
Number of fuel rod locations 56,876
Spacing between fuel assemblies, fue rod surface to

surface, inches 0.208
Spacing, outer fuel rod surface to core shroud, inches 0.214
Hydraulic diameter, nominal channel, feet 0.0393

2
Total flow area (exgluding guide tubes), ft 60.9
Total core area, ft 112.3
Core equivalent diameter, incles 143.6
Core circumscribed diameter, inches 152.46
Total fuel loading, kg V (assuming all rod locations are fuel

3
rods) 102.7 x 10

Total fuel weight, lb U02 (assuming all rod locations are fuel 3
rods) 257.1 x 10

Total weight of Zircaloy, Ib 71,758
Fuel volume (including dishes), it'3 409.6

Fuel Assemblies

No. of Enrichment No. of Poison Rods
Batch Assembliqs (wtO U-235 Der Assembly

A0 69 1.92 0
B1 44 12 rods with 1.92 16

208 rods with 2.78
B2 64 12 rods with 1.92 16

208 rods with 2.78
C0 40 12 rods with 2.78 0

224 rods with 3.30
C1 24 12 rods with 2.78 16

208 rods with 3.30
74I

Fuel Rod Array square, 16 x 16

Fuel Rod Pitch, inches 0.506

Spacer Grid

Type Leaf spring
Material Zircal oy-4
Number per assembly 10

0 Weight each, ib 1.8

Amendment B
March 31, 1988
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TABLE 4.2-1
MECHANICAL DESIGN PARAMETERS

(Sheet 2 of 5)

Fuel Assemblies (cont'd)

iBottom Spacer Grid

Type Leaf spring
Material Inconel 625
Number per assembly 1

Weight each, lb (with skirt) 3.2

Weight of fuel assembly, lb 1436

Outside dimensions

Fuel rod to fuel rod, inches 7.972 x 7.972

Fuel Rod

O Fuel rod material (sintered pellet) U0
Pellet diameter, inches 0.325
Pelletlength,inche3 0.390 i
Pellet density, g/cm 10.38 :

3Pellet theoretical density, g/cm 10.96
Pellet density (% theoretigal) 94.75
Stack height density, g/cm 10.061
Clad material Zircaloy-4
Clad ID, inches 0.332
Clad 00, (nominal), inches 0.382
Clad thickness, (nominal), inches 0.025
Diametral gap, (cold, nominal), inches 0.007
Active length, inches 150
Plenum length, inches 9.677 |

1
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TABLE 4.2-1
MECHANICAL DESIGN PARAMETERS

(Sheet 3 of 5)

Control Element Assemblies (CEAs)

Twelve-Element Four-Element B

Full Strenath CEA

Number 48 20

Absorber elements, No per assy. 12 4

Type Cylindrical Cylindrical
rods rods

Clad material Inconel 625 Inconel 625

Clad thickness, inches 0.035 0.035

(] Clad 00, inches 0.816 0.816

Diametral gap, inches 0.009 0.009

Elements

Poison material B C/ Felt metal Hafnium metal
4 Band reduced

dia. B C
4

Poison length, inches 135.5/12.5 148

B C Pellet
4

Diameter, inches 0.737/0.674 N/A

Density, % of jheoretical density 73 N/A
of 2.52 g/cm

Weight % boron, minimum 77.5 N/A

Hafnium Cylindrical Bar

Diameter, inches N/A 0.737

Length of bar, inches N/A 12

O
Amendment B
March 31, 1988
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TABLE 4.2-1
MECHANICAL DESIGN PARAMETERS

(Sheet 4 of 5)

Control Element Assemblies (CEAs) (Cont'd)

Part Strenath CEA

Number 25

Absorber elements, No. per assy. 4

Type Solid rods

Elements

Poison material Inconel 625.

Dicmeter, inches 0.816
Poison length, inches >148

(] Burnable Poison Rod

Alumina - Boron Carbide Poison Rod Desian

Absorber material A1 0 -B C23 4
Pellet diameter, inches 0.307 |

Pellet length, inches, min 0.500

Pellet density (f theoretical), min 93

3Theoretical density, Al 0 , g/cm 3.9423
3Theoretical density, 8 C, g/cm 2.52

4

Clad material Zircaloy-4

Clad ID, inches 0.332

Clad 00, inches 0.382

Clad thickness, (nominal), inches 0.025

Diametral gap, (cold, nominal), inches 0.025

O Active length, inches 136.0

Plenum length, inches 11.090

Amendment B
March 31, 1988
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TABLE 4.2-1
MECHANICAL DESIGN PARAMETERS

(Sheet 5 of 5)

Burnable Poison Rod (Cont'd)

Gadolinia - Urania Poison Rod Desian B

Absorber material UO -Gd 0
2 23

Pellet diameter, incher 0.325

Pellet length, inches, min 0.390

Pellet density (% theoretical), min 94.75

3Theoretical density, U0 , g/cm 10.96
2

3Theoretical density, Gd 0 , g/cm 7.4123

Clad material Zirtaloy-4

Clad ID, inches 0.332 1

Clad 00, inches 0.382

Clad thickness, (nominal), inches 0.025

Diametral gap, (cold, nominal), inches 0.007 |
l

Active length, inches 135 l

Plenum length, inches 9.527
,

|

O
Amendment B
March 31, 1988
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TABLE 4.2-2

TENSILE TEST RESULTS ON IRRADIATED
SAXTON CORE III CLADDING (61)

Fluence (>1 MeV) 4.7 x 10 n/cm2 (estimated)
21

Uni form
Strain Total

Location Ultimate In 2-in. Strain
From Testing 0.2% Yield Tensile Gage In 2-in.

Stre Length Gage
Ilbj_in.ggth

StrRod Bottom Temp
Libf_in.,gss 33 x 10 ) (%) Lenathx 10 )ID_ (in.) (*F)

80 11-17 650 61.4 65.6 2.2 6.8
B0 26-32 650 58.1 68.9 2.4 11.3
RD 3-9 650 62.2 70.0 2.0 4.2
RD 12-18 650 60.5 65.4 1.7 5.8
MQ 12-18 675 70.4 77.4 1.9 6.1
HQ 28-34 675 66.0 75.1 1.6 6.2
FS 28-34 675 57.2 71.4 3.9 12.9

O GL 12-18 675 60.5 71.5 2.4 9.3

|

O

;

!

l

!
, _ - _ _ - _ -- - _ _ _ - _ . _ - . . -



CESSAR naincamu

O
TABLE 4.2-3

C-E POOLSIDE FUEL INSPECTION PROGRAM SUMMARY (70) B
(Sheet 1 of 2)

Shutdown l

Reactor Date/ Cycle Inspection Procram Scope (a) i

Palisades Aug 1973/lA VE, GS, CS

Maine Yankee Jun 1974/1 VE, S, SRE, CS
May 1975/lA VE, S
Apr 1977/2 VE, SRE
Feb 1980/4 VE, S, SRE
Apr 1987/9 VE, UT, SRE

Ft. Calhoun Feb 1975/1 VE

Oct 1975/2 VE, CS
Sep 1977/3 VE

Oct 1978/4 VE, DM on DOE Test Bundles
Jan 1980/5 VE, DM on DOE Test Bundles
Sep 1981/6 VE, DM and SRE on DOE Test Bundles

O, Dec 1982/7 VE, DM and SRE on DOE Test Bundles

St. Lucie-1 Jul 1976/1 VE, SRE
Mar 1978/lA VE

Calvert Cliffs-1 Dec 1976/1 VE, SRE on C-E/EPRI Test Bundles
Jan 1978/2 VE, SRE on C-E/EPRI Test Bundles
Apr 1979/3 VE, DM, SRE on C-E/EPRI Test Bundles
Oct 1980/4 VE, DM, SRE on C-E/EPRI Test Bundles
Apr 1982/5 VE, SRE on C-E/EPRI and C-E/BG&E Test Bundles
Oct 1983/6 VE, DM
Apr 1985/7 VE, DM, SRE on C-E/BG&E Test Bundles
Nov 1986/8 VE, DM, VT, SRE on C-E/BG&E Test Bundles.

Calvert Cliffs-2 Apr 1984/5 VE, DM, S
'

Apr 1987/7 VE, UT

I

O
Amendment B
March 31, 1988

_



CESSAR !annema

O
IJBLE 4.2-3 (Cont'd)

C-E POOLSIDE FUEL INSPECTION PROGRAM SUMMARY (70) B
(Sheet 2 of 2)

Shutdown
Reactor Date/ Cycle Inspection Procram Scope (8)

Millstone-2 Nov 1977/1 VE

Feb 1982/4 VE

St. Lucie-2 Oct 1987/3 VE, UT

ANO-2 Apr 1981/1 VE, OM, SRE on C-E/EPRI Test Bundles
Sep 1982/2 VE, DM
Sep 1983/3 VE, OM, SRE on C-E/EPRI Test Bundles
Mar 1985/4 VE, OM, SRE on C-E/EPRI Test Bundles
Jun 1986/5 VE, DM, UT

San Onofre-2 Nov 1984/1 VE, DM
Apr 1985/2 VE, DM
Sep 1987/3 VE, UT, GS

San Onofre-3 Sep 1985/1 VE, UT

Palo Verde-1 Oct 1987/1 VE, OM

(a) VE Visual Examination
GS Gamma-Scanning
CS Crud Sampling
S Sipping
UT Ultrasonic Testing
SRE Disassembly and Single Rod Examinations
CM Dimensional Measurements

O
Amendment B
March 31, 1988
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4.3 NUCLEAR DESIGN

4.3.1 DESIGN BASES

The bases for the nuclear design of the fuel and reactiv3ty
control systems are discussed in the following paragraphs.

4.3.1.1 Excess Reactivity and Fuel BurnuD

The excess reactivity provided for eacn cycle is based on the
depletion characteristics of the fuel and burnable poison and on
the desired burnup for each cycle. The desired burnup is based
on an economic analysis of the fuel cost and the projected
operating load cycle for System 80. The average burnup is chosen
to ensure that the peak burnup is within the limits discussed in
Paragraph 4.2.3.2.12. This design basis, along with the design
basis in Paragraph 4.3.1.8, satisfies General Design Criterion
10.

4.3.1.2 Core Desian Lifetime and Fuel Replacement Procram

The core design lifetime and fuel replacement program presented
are based on approximately annual refueling with approximatelyp

v one-third of the fuel assemblies replaced at each refueling in
later cycles. The first cycle design lifetime is longer than
later cycles to permit a more orderly transition to equilibrium
cycle conditions.

4.3.1.3 Necative Reactivity Feedback

In the power operating range, the net effect of the prompt
inherent nuclear feedback characteristics (fuel temperature
coefficient, moderator temperature coefficient, and moderator
pressure coefficient) tends to compensate for a rapid increase in
reactivity. The negative reactivity feedback provided by the
design satisfies General Design Criterion 11.

4.3.1.4 Reactivity Coefficients

The values of each coefficient of reactivity are consistent with
the design basis for net reactivity feedback (Paragraph 4.3.1.3),
and analyses that predict acceptable consequences of postulated
accidents and anticipated operational occurrences (A00s), where
such analyses include the response of the reactor protective
system (RPs) .

O

4.3-1
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4.3.1.5 Burnable Poison Recuirements

The burnable poison reactivity worth provided in the design is
sufficient to ensure that the moderator coefficients of
reactivity are consistent with the design bases in Paragraph
4.3.1.4.

4.3.1.6 Stability Criteria

The reactor and the instrumentation and control systems are
designed to detect and suppress xenon-induced power distribution
oscillations that could, if not suppressed, result in conditions
that exceed the specified acceptable fuel design limits (SAFDLs).
The design of the reactor and associated systems precludes the
possibility of power level oscillations. This basis satisfies
General Design Criterion 12.

4.3.1.7 Maximum Controlled Reactivity Insertion Ra_tig

The core, control element assemblies (CEAs), reactor regulating i
system, and boron charging portion of the chemical and volume 1

control system (CVCS) are designed so that the potential amount
p and rate of reactivity insertion due to normal operation and ,

V postulated reactivity accidents do not result in: !

A. Violation of the specified acceptable fuel design limits
(SAFDLs)

B. Damage to the reactor coolant pressure boundary (RCPB)

C. Disruption of the core or other reactor internals sufficient
to impair the effectiveness of safety injection.

This design basis, along with Paragraph 4.3.1.11, satisfies
General Design Criteria 25 and 28.

4.3.1.8 Power Distribution Control

The core power distribution is controlled such that, in
conjunction with other core operating parameters, the power
distribution does not result in violation of the limiting
conditions for operation (LCOs). Limiting conditions for
operation and limiting safety system settings (LSSSs) are based
on the accident analyses described in Chapters 6 and 15 such that
specified acceptable fuel design limits and other criteria are
not exceeded for accidents. This basis, along with Paragraph
4.3.1.2, satisfies General Design Criterion 10.

4.3-2
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4.3.1.9 Excess CEA Worth with Stuck Rod Criteria

The amount of reactivity available from insertion of withdrawn
CEAs under all power operating conditions, even when the highest

.

|worth CEA fails to insert, will provide for at least 2% excess
C~A worth after cooldown to hot zero power, plus any additional
shutdown reactivity requirements assumed in the safety analyses.
This basis, along with Paragraph 4.3.1.10, satisfies General
Design Criteria 26 and 27.

4.3.1.10 Chemical Shim Control

The chemical and volume control system (CVCS) (Subsection 9.3.4)
is used to adjust the dissolved boron concentration in the
moderator. After a reactor shutdown, this system is able to
compensate for the reactivity changes associated with xenon decay
and reactor coolant temperature decreases to ambient temperature,
and it provides adequate shutdown margin during the refueling.
This system also has the capability of controlling, independently
of the CEAs, long-term reactivity changes due to fuel burnup and 1

reactivity changes during xenon transients resulting from changes ;

in reactor load. This design basis, along with Paragraph
4.3.1.9, satisfies General Design Criteria 26 and 27.

4.3.1.11 Maximum CEA BDeeds

Maximum CEA speeds are consistent with the maximum controlled
reactivity insertion rate design basis discussed in Paragraph
4.3.1.7. Maximum CEA speeds are also discussed in Section 4.2.

4.3.2 DESCRIPTION

4.3.2.1 Nuclear Desion Description
;

This section summarizes the nuclear characteristics of the core
and discusses the important design parameters that affect the
performance of the core in steady-state and normal transient

,

operation. Summaries of nuclear design parameters are presented j
in Table 4.3-1, Table 4.3-2, and Figure 4.3-1. These data are
intended to be descriptive of the first cycle design. Design
limit values for these and other parameters are discussed in the
appropriate sections.

The first cycle design presented features a three-batch loading i
scheme in which the type B and C fuel assemblies contain rods of I

two dif ferent enrichments. In this approach, the three pins in i

each of the corners of every B assembly and every C assembly were
replaced by pins containing a lower fuel enrichment. This unique
system of enrichment zoning offers improved long-term control

O over the tooet ===e=dtv vower at tributtoa-

4.3-3
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The fuel loading pattern, fuel enrichment and burnable poison

|

distributions are shown in Figures 4.3-1 and 4.3-2. The other <

three quadrants of the core are symmetric to the displayed i

quadrant. Physical features of the lattice, fuel assemblies, and |

CEAs are described in Section 4.2. |

Assembly enrichments, core burnup, critical soluble boron
concentrations and worths, plutonium buildup, and delayed neutron
fractions and neutron lifetime are shown in Table 4.3-1. The
soluble boron insertion rates available, as discussed in Section
9.3.4, are sufficient to compensate for the maximum reactivity
addition due to xenon burnout and normal plant cooldown. This
maximum reactivity addition rate for which the CVCS will be
required to compensate is given in Table 4.3-1. The maximum
value occurs for an end-of-cycle cooldown, where the moderator
temperature coefficient is most negative.

K and reactivity defect data associated with thec8$$ reactivity,zero power, hot standby, hot full power without xenon or
samarium, and hot full power with equilibrium xenon and samarium
conditions are shown in Table 4.3-2.

4.3.2.2 Power Distribution

4.3.2.2.1 General

At all times during operation, it is intended that the power
distribution and coolant conditions be controlled so that the
peak linear heat rate and the minimum departure from nucleate
boiling ratio (DNBR) are maintained within operating limits
supported by the safety analyses (Chapters 6 and 15) with due
regard for the correlations between measured quantities, the
power distribution and uncertainties in the determination of
power distribution.

Methods of controlling 39 power distribution include: the use
Bof full- or part-strength CEAs to alter the axial power

distribution; decreasing CEA insertion by boration, thereby
improving the radial power distribution; and, correcting .

off-optimum conditions which cause margin degradations (e.g., CEA
misoperation).

The Core operating Limit Supervisory System (COLSS) will indicate
continuously to the operator how far the core is from the
operating limits and give an audible alarm should an operating
limit be exceeded. Such a condition signifies a reduction in the
capability of the plant to withstand an anticipated transient, i
but does not necessarily imply a violation of fuel design limits. j
If the margin to fuel design limits continues to decrease, the

O aeector Protective svete= cars) eeeuree taet the s^ rote ere aot
exceeded by initiating a trip.
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The COLSS, described in Section 7.7 and Reference 1, continually |B
generates an assessment of the margin to linear heat rate and
DNBR operating limits. The data required for these assessments
include measured in-core neutron flux data, CEA positions, and
coolant inlet temperature, pressure, and flow. In the event of
an alarm indicating that an operating limit has been exceeded,
power must be reduced unless the alarm can be cleared by
improving either the power distribution or another process
parameter. The accuracy of the COLSS calculations are verified
periodically as discussed in Chapter 16.

In addition to the monitoring performed by COLSS, the RPS Core
Protection Calculators (CPC, see Section 7.2) continually infer B

the core power distribution and DNBR by processing reactor
coolant data, signals from ex-core ne'1 tron flux detectors, each
containing three axially stacked elements, and input from
redundant reed switch assemblies to indicate CEA position. In
the event the power distributions or other parameters are
perturbed as the result of an anticipated operational occurrence
that would violate fuel design limits, the high local power
density or low DNBR trips in the RPS will initiate a reactor
trip.

O
V 4.3.2.2.2 Nuclear Design Limits on the Power Distribution

The design limits on the power distribution stated here were I
employed during the design process both as design input and as '

initial conditions for accident analyses described in Chapters 6 j
and 15. However, for the monitoring system, it is the final
operating limit determination that is used to assure that the
consequences of an anticipated operational occurrence or
postulated accident will not be any more severe than the
consequences shown in Chapters 6 and 15. The initial conditions
used in this operating limit determination are actually stated in
terms of peak linear heat generation rate and required power
margin for minimum DNBR.

The design limits on power distribution are as follows:

A. Tge limiting three-dimensional heat flux peaking factor,
F q, was established for full power conditions at 2.28 and
2.35 for first and equilibrium cycles, respectively. The
lower value for the first cycle reflects the presence of
burnable poison rods in the fuel lattice ang a corresponding
reduction in the number of fuel rods. Fq is defined in
Section 4.4.2.2.2.1.C and is termed the nuclear power factor
or the total nuclear peaking factor.

O
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An F"q of 2.28 in combination with uncertainties and
allowaitees on heat flux which give the initial peak linear
heat rate assumed in the safety analyses constitute one i

limiting combination of parameters for full power operation |

in the first cycle. Other combinations of parameters which
will result in acceptable consequpces for the safety
analysis do exist, e.g., a higner F q is acceptable at a
reduced power level. Implementation in the technical
specification is via an operating limit on the monitored
peak linear heat generation rate. ;

B. The thermal margin to a minimum DNBR of 1.23 (using the B

C-E-1 CHF correlation as discussed in Sections 4.4.2.2. and j

4.4.4.1), which is available to accommodate anticipated ;

operational occurrences, is a function of several j
parameters, including

i) the coolant conditions 1

11) the axial power distribution

U
lii) the axiglly integrated radial peaking factor, F r; i

Q where F r is the rod radial nuclear factor or the
rod radial peaking factor and is defined in |

Saction 4.4.2.2.2.1.A (referred to as F in that i
#section).

nThe coolant conditions assumed in the safety analyses, an F r of
1.55, and the set of axial shapes displayed in Figure 4.4-3
constitute a set of limiting combinations of parameters for full
power operation. Other combinations giving acceptable accident
analysis consequences are equally appropriate. Implementation of
these limits in the technical specifications is via a power
operating limit based on DNBR which maintains an appropriate
amount of thermal margin to the DNBR limit. It will be shown in B

the following paragraphs that operation within these design ,

limits is achievable.

4.3.2.2.3 Expected 1 Power Distributions

Figures 4.3-3 through 4.3-17 and 4.3-18 through 4.3-23 show
typical first cycle planar radial and unrodded core average axial
power distributions, respectively. They illustrate conditions i

Iexpected at full power for various times in the fuel cycle as
specified on the figures. It is expected that for normal, base
load operation of the plant, the operation of the reactor will be B

with limited CEA insertion so that the unrodded power
distributions in Figures 4.3-3 through 4.3-23 represent the

,q expectad power distribution during most of the cycle. If the
U plant is required to perform load follow operations, such as
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planned power level changes, the normal operation of the reactor
may include full insertion of the lead part-strength CEA group. 8
Therefore, Figures 4.3-3 through 4.3-17 show radial power
distributions for both unrodded operation and for steady-state
operation with the lead part-strength CEA group fully inserted.
It can be seen by these figures that the part-strength CEA group
insertion has only a small effect on tge radial power
distributions and the radial peaking factors (F r) for different
times in cycle. Also, the effect of full insertion of the
part-strength CEA group on the axial peaking factor is negligible
for steagy state operation. The three-dimensional peaking
factor, F q, expected during steady-state operation (s then just
the product of the planar radial peaking factor (F and the
axial peaking factor. The maximum expected value of F q is 1.88
during the first cycle and, as can be seen from the above
figures, occurs near the beginning-of-cycle for steady-state,
base loaded operation with no full-strength or part-strength CEA |Binsertion. Additionally, Figures 4.3-24 through 4.3-35 show
typical planar radial power distributions for later cycles of
System 80. Based on the similarity of these radial power
distributions to those in the first cycle, it is clear that no
significant differences in expected power distributions between

s cycles should exist. The uncertainty associated with these
calculated power distributions is discussed in Sectionw

4.3.3.1.2.2.6.

The capability of the corc to follow load transients without
exceeding power distribution limitations depends on the margin to
operating limits compared to the margin required for base loadad,
unrodded operation. In order to illustrate the maneuvering
capability available in System 80, the results of calculations of
the power distributions and power peaking factors during load
following transients are discussed below. The axial power
distributions are calculated by VISIONS (Reference 2), a B
three-dimensional neutron diffusion code that considers the
effects of the temporal and spatial variations of Xenon and
iodine concentration, CEA positions, fuel temperature and
moderator temperature distributions, soluble borgn concentgation,and bu rn".p . The nuclear peaking factors Fq and Fr are
synthesized in VISIONS using the calculated three-dimensional
coarse-mesh power distribution and input pin-to-box factors from
MC (see Section 4.3.3.1.1.3). Figures 4.3-36 through 4.3-39 show
the calculated axial power distributions and associated nuclear
peaking factors during a typical day of a maneuvering transient
to 50 percent of the full power conditions. Figures 4.3-36 and
4.3-37, which represent maneuvering transients near
beginning-of-cycle and end-of-cycle, respectively, also show the
locations of full-strength and part-strength CEA groups during
the transients. The transients begin with the lead part-strengthO CEx stour fu11v inserted. Throushout the ce1cutation of the
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power distribution during these transients it is assumed that the ;

part-strength CEA groups are available for control of the axial B
|

power distribution. The two part-strength CEA groups are moved !

Ito positions that minimize the difference between the current
shape index and the reference value of shape index that existed
prior to the initiation of the maneuver. In addition, the
positions of the part-strength CEA groups supplement reactivity
centrol provided by full-strength regulating rods, so that the
calculated maneuvering transients can be accomplished without
changing soluble boron concentration to compensate for reactivity
changes due to power level and xenon.

The detailed radial power distribution within any assembly is a
function of the location of that assembly within the core as well
as the time in life, CEA insertion, and other considerations.
The normalized assembly power distribution used for the sample
DNB calculation discussed in Section 4.4.2.2. is shown on Figure
4.3-40. In Section 4.3.3.1.2, the accuracy of calculations of
the power distribution within a fuel assembly is discussed.

.

I

4.3.2.2.4 Allowances and Uncertainties on Power
Distributions

In comparing the expected power dir.tributions and implied peak
linear heat generation rate (PLHGR) produced by analysis with the
design limits stated in Section 4.3.2.2.2, consideration must be
given to the uncertainty and allowances associated with on-line
monitoring by COLSS.

The COLSS uncertainty analysis, as applied to System 80, is
described in Section 7.7 and in Reference 1. For monitoring B

linear heat rate, COLSS applies an overall uncertainty factor for
linear heat rate measurement, in addition to a power level
uncertainty factor of 1.02. These factors areh appiged to the
COLSS monitoring of F q, such that a COLSS-measured F q of 2.28,nthe chosen design limit for F q given in Section 4.3.2.2.2, will
not result in exceeding the design limit for PLHGR. The
allowances and uncertainties applied for the COLSS monitoring of
thermal margin to the DNBR limit are also described in Section
7.7 and Reference 1.

4.3.2.2.5 Comparisons Between Limiting and Expected Power
Distributions

Ag discussed in Section 4.3.2.2.3, the maxima expected unrodded
Fq that occurs during the first cycle at full power is 1.88.

Augmenting this value by the required calcufational uncertainty
(Reference 3) provides an upper limit on Fq of 1.98 which is B

well below the design target of 2.28. Additionally- the
O calculations described in Section 4.3.2.2.3 show that, with
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proper use of the part-strength CEAs, acceptable margin is |B
maintained for the peak linear heat rate during these maneuvering
transients. In the event that the part-strength CEAs are not |B
moved properly, the power distribution could become unacceptable.
In this case, the monitoring system would indicate insufficient
margin and direct the operator to improve the core powor
distribution, improve the coolant conditions, or reduce core
power.

n
Similarly, the maximum expected unrodded F r '. hat occurs at full
power is well below the chosen nuclear design limit of 1.55, as
stated in Section 4.3.2.2.2. Again, as demonstrated by power
distribution calculations, acceptable thermal margin to the DNBR
limit is maintained during maneuvering transients.

4.3.2.3 Reactivity Coefficients

Reactivity coefficients relate changes in core reactivity to
variations in fuel or moderator conditions. The data presented
in this section and associated tables and figures illustrate the
range of reactivity coefficient values calculated for a variety
of operating and accident conditions. Section 4.3.3 presents

(q comparisons of calculated and measured moderator temperature
> coefficients and power coefficients for operating reactors. The

good agreement shown in that subsection provides confidence that
the data presented in this section adequately characterize the
System 80 reactors. Table 4.3-3 presents a comparison of the
reactivity coefficients calculated for System 80 reactors with
those used in the safety analyses described in Chaptern 6 and 15.
For each accident analysis, suitably conservative reactivity
coefficient values are used. Since uncertainties in the
coefficient values, as discussed in Section 4. 3. 3.1. 2, and other
conservatisms are taken into account in the safety analyses,
values used in the safoty analyses may fall outside the ranges in
a conservative direction of the data presented in this section.
A more extensive list of reactivity coefficients is given in
Table 4.3-4.

The calculational methods used to compute reactivity coefficients
are discussed in Section 4.3.3.1.1. All data discussed in
subsequent paragraphs were calculated with two-dimensional and

B
three-dimensional quarter-core nuclear models. Spatial
distributions of materials and flux weighting are explicitly
performed for the particular conditions at which the reactivity
coefficients are calculated. The adequacy of this method is
discussed in Section 4.3.3.1.2.

O
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4.3.2.3.1 Fuel Temperature coefficient

The fuel temperature coefficient is the change in reactivity per
unit change in fuel temperature. A change in fuel temperature
affects the reaction rates in both the thermal and epithermal
neutron energy regimes. Epithormally, the principal contributor
to the change in reaction rate with fuel temperature is the
Doppler effect arising from the increase in absorption widths of
the resonances with an increase in fuel temperature. The ensuing
increase in absorption rate with fuel temperature causes a
negative fuel temperature coefficient. In the thermal energy
regime, a chango in reaction rate with fuel temperature arises
from the effect of temperature dependent scattering properties of
the fuel matrix on the thermal neutron spectrum. In typical PWR
fuels containir.g strong resonance absorbers such as U-238 and
Pu-240, the magnitude of the component of the fuel temperature
coefficient arising from the Doppler effect is more than a factor
of 10 larger than the magnitude of the thermal energy component.

Figure 4.3-41 shows the dependence of the calculated fuel
temperature coefficient on the fuel temperature, both at the
beginning and the end of the first cycle.

V 4.3.2.3.2 Moderator Temperature Coefficient

The moderator temperature coefficient relates changes in
reactivity to uniform changes in moderator temperature, including
the effects of moderauer density changes with changes in
moderator temperature. Typically, an increase in the moderator
temperature causes a decrease in the core moderator density and,
therefore, less thermalization, which reduces the core
reactivity. However, when soluble boron is present in the
moderator, a reduction in moderator density causes a reduction in
the content of soluble boron in the core, thus producing a
positive contribution to the moderator temperature coefficient.
In order to limit the dissolved boron concentration, rods with
burnable poison are provided in the form of 7ylindrical pellets
of alumnia with uniformly dispersed boron carbide particles. The
number of posion rods is given in Table 4.3-1 and their
distribution in one quadrant of the core is shown in Figure
4.3-1. The distribution is identical for the other three
quadrants. The reactivity control provided by the posion rods is
given in Table 4.3-1. This control makes possible a reduction in
the dissolved boron concentration to the " lues given in Table.

4.3-1.

The calculated moderator temperature coefficients for various
core conditions at beginning and end of the first cycle are given i

in Table 4.3-4. The moderator temperature coefficients are more |g

Q negative at end-of-cycle because the soluble boron in the coolant |

|
|
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is reduced. The buildup of equilibrium xenon produces a net

4
negative change of -0.4 x 10 Ao/'F in the moderator temperature
coefficient; this change is due mainly to the accompanying
reduction in critical soluble boron. The changing fuel isotopic
concentrations and the changing neutron spectrum during fuel
depletion also contribute a small negative component to the
moderator temperature coefficient.

The dependence of the moderator temperature coefficient on
moderator temperature at BOC and EOC (at constant soluble boron)
is shown in Figures 4.3-42 and 4.3-43, respectively. These
figures also show the expected moderator temperature coefficient
at reduced power levels (corresponding to reduced moderator
temperature) based on power reductions accomplished with soluble
boron only and with CEAs only. These two modes of power
reduction result in the most positive and most negative moderator
temperature coefficients expected to occur at reduced power
levels. These figures show the expected moderator temperature
coefficient for the full range of expected operating conditions
and accident conditions addressed in Chapter 15.

4.3.2.3.3 Moderator Density Coefficient

The moderator density coefficient is the change in reactivity per
unit change in the average core moderator density at constant
moderator temperature. A positive moderator density coefficient
translates into a negative contribution to the total moderator
temperature coefficient, which is defined in Section 4. 3. 2. 3.2.
The density coefficient is always positive in the operating
range, although the magnitude decreases as the soluble boron
level in the core is increased. The calculated density
coefficient is shown in Table 4.3-4, and curves of density
coefficient as a function of density for several soluble boron
concentrations are presented in Figure 4.3-44. These curves are

Bbased upon 2-D ROCS calculations and have been generated over a
wide range of core conditions. The density coefficients
explicitly used in the accident analyses are based upon core
conditionn with the most limiting temperature coefficients
allowed by the technical specifications. Table 4.3-3 shows a I

comparison of the expected values of the moderator temperature i

coefficients with those actually used in the accident analyses.

4.3.2.3.4 Moderator Nuclear Temperature Coefficient

The moderator nuclear temperature coefficient is the change in
reactivity per unit change in core average moderator temperature,
at constant moderator density. The source of this reactivity
dependence is the spectral effects associated with the change in
thermal scattering properties of water molecules as the internal

O enerev, which is represented by the bu1x weeer te=rereture, is
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changed. The magnitude of the moderator nuclear temperature
coefficient is equal to the difference between the moderator
temperature coefficient, defined in Section 4.3.2.3.2, and the
moderator density coefficient, defined in Section 4.3.2.3.3.

4.3.2.3.5 Moderator Pressure Coefficient

The moderator pressure coefficient is the change in reactivity
per unit change in reactor coolant system pressure. Since an
increase in pressure, at constant moderator temperature,
increases the water density, the pressure coefficient is merely
the density coefficient expressed in a different form. The
calculated pressure coefficient at full power is shown in Table
4.3-4.

4.3.2.3.6 Moderator Void Coefficient

The anticipated occurrence of extremely small amounts of local
subcooled boiling in the reactor during full power operation
results in a predicted core average steam (void) volume fraction

Bof less than 0.1%. Changes in the moderator void fract mn
produce reactivity changes that are quantified by the void
coefficient of reactivity. An increase in voids decreases core

O)( reactivity, but the presence of soluble boron tends to add a
positive contribution to the coefficient.

The calculated values of moderator void coefficient are shown in
Table 4.3-4. Curves showing void coefficient vs. void content can
be inferred directly from the density coefficient curves provided
in Figure 4.3-44.

4.3.2.3.7 Power Coefficient

The power coefficient is the change in reactivity per unit change
in core power level. All previously described coefficients
contribute to the power coefficient, but only the moderator
temperature coerficient and the fuel temperature coefficient
contributions are significant. The contributions of the pressure
and void coefficients are negligible, because the magnitudes of
these coefficients and the changes in pressure and void fraction
per unit change in power level are small. The contribution of
moderator density change is included in the moderator temperature
coufficient contribution.

In order to determine the change in reactivity with power, it is
necessary to know the changes in the average moderator and
effective fuel temperature with power. The average moderator
(coolant) temperature is controlled to be a linear function of

,3 power.,

V
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The core average linear heat rate is also linear with power. The
average effective fuel temperature dependence on the core average
linear heat rate is calculated from the following semi-empirical
relation:

I I 2

Tg=TMoD + i=o( B *M ) *P + (I C *M )*P (1)y 3j=0

T is the average moderator temperature ('F), M is the exposure
15gbd/MTU, P is the linear heat generation rate in the fuel in
kW/ft, and T is the average effective fuel temperature (*F).The coefficidnts B and C are determined from least squares
fitting of the fuck tempedture generated by FATES (References
4,5). For a System 80 fuel pin, the following values apply:

B = 146.526 C, = -2.0355o
-3

B = 0.8841 * 10 C = -0.5121 * 10- y 1
-6 ~7B = -0.2052 * 10 C = 0.5043 * 10

2 2

O
-

c - -o tovt * to
3

The basis for this relation is discussed in Reference 13.
The total power coefficient at a given core power can be
determined by evaluation, for the conditions associated with the
given power level, of the following expression:

sL2. . Se ] +60 6T (2)n
dp 6T 6p S T, 6pg

The first term of the equation (2) provides the fuel temperature
contribution to the power coefficient, which is shown as a
function of power in Figure 4.3-45.

The first factor of the first term is the fuel temperature
,

coefficient of reactivity discussed in Section 4.3.2.3.1 and '

shown in Figure 4.3-41. The second factor of the first term is
obtained by calculating the derivative of Equation (1).

'

2 3

j=0 ) *M ) *P .
g , i=o(EB*

) +2 (EC (3)i
,

6p

O
l
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Thee second term in Equation (2) provides the moderator
contribution to the power coefficient. The first factor, the
moderator temperature coefficient, is discussed in Section
4.3.2.3.2 and shown in Figures 4.3-42 and 4.3-43. The second
factor is a constant since the moderator temperature is

,

controlled to be a linear function of power.

60/6T, and So / 6T[h, re functions of one or moreSince the factors a
(b.g., burnt temperature, soluble boronindependent variables

content, xenon Worth and CEA insertion), the tota) power
coefficient, do/dp, also depends on these variables.

The power coefficient tends to become more negative with burnup
because the fuel and moderator temperature coefficients become
more negative (see Figure 4.3-41 through 4.3-43). The insertion
of the CEAs, while maintaining constant power, results in a more
negative power coefficient, because the soluble boron level is
reduced and because of the spectral effects of the CEAs
themselves.

The full power values of the overall power coefficient for the
unrodded core at BOC and EOC are shown in Table 4.3-4.

4.3.2.4 Control Recuirements

There are three basic types of control requirements that
influence the design of this reactor:

A. Reactivity control so that the reactor can be operated in
the unrodded critical, full power mode for the design cycle
length.

B. Power level and power distribution control so that the
reactor power may be safely varied from full-rated power to
cold shutdown, and so that the power distribution at any
given power level is controlled within acceptable limits.

C. Shutdown reactivity control sufficient to mitigate the
effects of postulated accidents.

Reactivity control is provided by several different means. The
amount and enrichment of the fuel and burnable poison rods are
design variables that determine the initial and end-of-cycle
reactivity for an unrodded, unborated condition. Soluble boron
and CEA poisons are flexible means of controlling long-term and
short-term reactivity changes, respectively.

O
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The following paragraphs discuss the reactivity balances

; associated with each type of control requirement.

4.3.2.4.1 Reactivity Control at BOC and EOC |

! The reactivities of the unrodded core with no soluble boron are
shown in Table 4.3-2. This table includes the -reactivity worth

.
of equilibrium xenon and samarium, and shows the reactivity

2 available to compensate for burnup and fission product poisoning.
Soluble boron concentrations required for criticality at various ,

core conditions are shown in Table 4.3-1. Soluble boron is used $

to compensate for slow reactivity changes such as those due to
i, burnup, changes in xenon content, etc. The reactivity controlled

by burnable poison rods is also given in Table 4.3-1. At EOC,
the reactivity worth of the residual poison is less than 1%, and
the soluble boron concentration is near zero. The reactor is to
be operated in essentially an unrodded condition at power. The
CEA insertion at power is limited by the power dependent ,

insertion limit (pDIL) for short-term reactivity changes.

4.3.2.4.2 Power Level and Power Distribution Control;

O The part-strength and full-strength regulating CEA groups may be B

used to compensate for changes in reactivity associated with
routine power level changes. In addition, they may be used to
compensate for minor variations in moderator temperature and

, boron concentration during operation at power, and to dampen
j axial xenon oscillations. The reactivity worth of CEA control
; groups is shown in Table 4.3-5. Soluble boron is used to maintain

shutdown reactivity at cold zero power conditions. Soluble boron'

can also be used to compensate for changes in reactivity due to
power level changes and minor changes in reactivity which might
occur during normal reactor operation. Twenty-five part-strength
CEAs are provided in the design. A major function of the B

q part-strength CEAs is to assist in the control of core power
distribution, including the suppression of xenon induced axial<

power oscillations during power operations, and the control of
axial power shape during load following transients. The
part-strength CEAs can also provide reactivity control to'

compensate for minor variations in moderator temperature and
boron concentration during power operations, and to assist in
compensating for changes in reactivity due to power level and i

i xenon during load following transients. The combined worth of
] the part-strength CEA groups is sufficient to enable control ,

strategies for load following which can remove the need for'

changes in boron concentration during load following transients.
i

'
a

!O
i
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4.3.2.4.3 Shutdown Reactivity Control

The reactivity worth requirements of the full complement of CEAs
is primarily determined by the power defect, the excess CEA worth
with the stuck rod criteria discussed in Section 4.3.1.9. Table
4.3.6 shows the reactivity component allowances that define the
total reactivity allowance. These data are based on the
end-of-cycle conditions when the fuel and moderator temperature
coefficients are the most negative and thus when the shutdown
reactivity requirement is a maximum. Each allowance component is
further discussed below. No CEA allowance is provided for xenon
reactivity effects, e.g., undershoot, since these effects are
controlled with soluble boron rather than with CEAs.

The worth of all CEAP except the most reactive, which is assumed
stuck in the fully withdrawn position, provides more shutdown
capability than required by the total reactivity allowance shown
in Table 4.3-6. This margin is shown in Table 4.3-7 for end of B

cycle one. The margin is more,than sufficient to compensate for
calculated uncertainties in the nominal design allowances and in
the CEA reactivity worth. Thus, the shutdown reactivity control
provided in this design is sufficient at all times in the cycle.

4.3.2.4.3.1 Fuel Temperature Variation

The increase in reactivity that occurs when the fuel temperature
decreases from the full power value to the zero power value is
due primarily to the Doppler effect in U-238. The CEA reactivity
allowance for fuel temperature variation shown in Table 4.3-6 is
a conservative allowance for the end-of-cycle conditions.
Measurements of first cycle power coefficients at Calvert Cliffs
and St. Lucie-1 lead to a power defect of 1 . 2 % 10 (Paragraph
4.3.3.1.2.2.1). These BOC power defect data are consistent with B
EOC fuel temperature data shown in Table 4.3-6.

4.3.2.4.3.2 Moderator Temperature Variation

The moderator temperature variation allowance is large enough to
compensate for any reactivity increase that may occur when the
moderator temperature decreases from the full power value to the
zero power (hot standby) value. This reactivity increase, which
is primarily due to the negative moderator temperature
coefficient, is largest at the end-of-cycle when the soluble
boron concentration is near zero and the moderator coefficient is
strongly negative. At beginning-of-cycle, when the moderator
temperature coefficient is less negative, the reactivity change
is smaller.

O
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The CEA reactivity allowance for moderator temperature variation
given in Table 4.3-6 is actually the sum of three allowances.
The first, and most important, is the allowance for the moderator
temperature coefficient effect. The second is an allowance for
the reduction in CEA worth resulting from the shorter neutron
diffusion length at the zero power moderator density relative to
the full power moderator density. This allowance is necessary
because the CEA worths shown in Table 4.3-5 were calculated at
full power. The third allowance is intended to cover the
reactivity effects associated with the greatest expected axial
flux redistribution resulting from the difference in moderator
temperature profile between full and zero power, and the
asymmetric axial isotopic distribution at EOC.

4.3.2.4.3.3 Moderator Voids

Reducing the power level from full power to zero power causes an
increase in reactivity resulting from the collapsing of steam
bubbles caused by local boiling at full power. The amount of
void in the core is small and is estimated to be substantially
less than 1% at full power. As with the r7derator temperature
effect, the maximum increase in reactivity from full to zero
power occurs at end-of-cycle, when the least amount of dissolved
boron is present. The reactivity effect is small, and allowances

for this effect is shown in Table 4.3-6.
4.3.2.4.3.4 Control Element Assembly Bite i

The CEA bite is the amount of reactivity worth in CEAs that can
|be inserted in the core at full power to initiate ramp changes in |reactivity associated with load changes, and to compensate for i

minor variations in moderator temperature, boron concentration I

xenon concentration, and power level. The insertion of
Bpart-strength CEAs (PSCEAs) at full power, for load change

operations, is included in the CEA bite allowance. The
reactivity allowance for this effect is shown in Table 4.3-6.

4.3.2.4.3.5 Accident Analysis Allowance

The allowance shown in Table 4.3-6 for accident analysis is
consistent with that assumed under various postulated accident
conditions addressed in Chapter 15, which result in predicted
acceptable consequences.

4.3.2.4.3.6 Available Reactivity Worth

Table 4.3-7 shows the reactivity worths of the full complement of
CEAs, and the highest reactivity worth of a single CEA in the
fully withdrawn position, at end-of-cycle one. This table also |BO co=vare the avaitante net autaowa vorta (tactuaias the errect-
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of the stuck CEA) to the reactivity worth requirements from Table
4.3-6. All required biases and uncertainties have been included

Oin the CEA worths of Table 4.3-7. Section 4.3.3 presents
detailed information on biases and uncertainties.

4.3.2.5 Control Element Assembly Patterns and Reactivity
Worths

The locations of all CEAs are shown in Figure 4.3-46. The CEAs
designated as regulating control rods are divided into three
groups, the shutdown CEAs are divided into three groups, and the O

part-strength CEAs (PSCEAs) are divided into two groups. These
groups are identified, for first cycle operation, in Figure
4.3-47. All CEAs in a group are withdrawn or inserted
quasi-simultaneously. Shutdown groups are inserted after the
regulating groups are inserted and are withdrawn before the
regulating groups are withdrawn. The reactivity worths of
sequentially inserted CEA groups are shown in Table 4.3-5 near
the beginning and end of the first cycle where the maximum rodn

(F for these configurations occur. Theradial peakfng factorsf r these tide)s are shown in Table 4.3-8.values of F
r

It is expected that the core will operate essentially unroddedO during full power, base-load operation, except for limited B

insertion of the lead PSCEA group or the lead regulcting group in
order to compensate for minor variations in moderator temperature
and boron concentration. If the plant is required to perform
load follow operations, such as planned load cycles, the full
power operation of the core may involve full insertion of the
lead PSCEA group to enable control strategies for power changes
which can remove the need for soluble boron level changes.
Movement of the PSCEAs will be restricted only by their effect on
axial power distribution. For operation with substantial
insertion of regulating CEAs, the relationship between power
level and maximum permitted CEA insertion is typified in Figure
4.3-48. This figure also illustrates the regulating group
insertion order (3-2-1) and the 40% fixed overlap between
successive regulating groups. Compliance with the power

i dependent insertion limits throughout the cycle insures that
adequate shutdown margin is maintained and that the core
conditions are no more severe than the initial conditions assumed
in the accident analyses described in Chapter 15.

Reactivity insertion rates for the safety analysis of the core
are presented in Chapter 15. The full power CEA ejection
accident considers the ejection of one CEA from a fully inserted
lead full-strength regulating bank. The ejected CEA worth is
calculated by taking the difference between the pre-ejection and
post-ejection reactivity of the core computed by static methods.

O The meximum esection Cr^ worth at hot fuit power used in the 18,
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l safety analysis is conservative since tha lead regulating bank is

0j not expected to be fully inserted at full power. Similar CEA
ejection event analyses are performed for zero power and several
intermediate poters. The initial rod configuration assumed is
the maximum transient insertion limit allowed by the Power
Dependent Insertion Limit of the CEA groups (Technical;

Specification 3/4.1.3.6) at that power.

The CEA withdrawal incident from low power is analyzed with the
maximum calculated differential reactivity insertion rate
resulting from a sequential CEA bank withdrawal with 40% overlap.
The CEA withdrawal incident from full power is analyzed from the
insertion of the lead bank which maximizes the reactivity
insertion and the power shape change during the CEA withdrawal.
Reactivity insertion rates are calculated by a static axial model
of the System 80 core. The calculated reactivity insertion rate
resulting from a sequential withdrawal of full-strength and
part-strength regulating CEA groups is shown Figure 4.3-49. The B |,

calculated reactivity insertion rate for withdrawal of the lead'

* '

full-strength regulating group is shown in Figure 4.3-50.

The full-strength CEA drop incident is analyzed by selecting the>

O dropped CEA that maximizes the increase in the radial peaking
factor. The radial peaking factors include an allowance for 15
minutes of xenon redistribution. A conservatively small negative

; reactivity insertion is used in the accident analysis.

The typical reactivity insertion during a reactor scram is
presented in Section 15.1. This reactivity insertion is computed
using axial models at various scram configurations, and it is
used for all accidents which are terminated by a scram, unless
otherwise indicated. The reactivity insertion is conservative
since only the minimum shutdown worth of 10. 0% do is assumed to
be available at hot full power. The scram reactivity insertion
for the loss of flow event is implicit in the kinetic axial

'
analysis. !

4.3.2.6 Criticality of Reactor Durina Refuelina

The soluble boron concentrations during refueling are shown in
Table 4.3-1. These concentrations ensure that the k,ff of the,

core during refueling does not exceed 0.95.'

4.3.2.7 Stability

I4 3.2.7.1 General

Pressurized water reactors (PWRs) with negative overall power
coefficients are inherently stable with respect to power !;

O osoittatioa - rnerefore, tai dieou ion witt ne ti=ited to

I
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xenon induced power distribution oscillations. Xenon induced
oscillations occur as a result of rapid porturbations to the
power distribution which cause the Xenon and iodine distributions
to be out of phase with the perturbed power distribution. This
results in a shift in the iodine and xenon distribution that
causes the power distribution to change in an opposite direction
from the initial perturbation and thus an oscillatory condition
is established. The magnitude of the power distribution
oscillation can either increase or decrease with time. Thus, the
core can be considered to be either unstable or stable with
respect to these oscillations. Discussed below are the methods
of analyzing the stability of the core with respect to xenon
oscillations. The tendency of certain types of oscillations to
increase or to decrease is calculated, and the method of
controlling unstable oscillations is presented.

4.3.2.7.2 Methods of Analysis

Xenon oscillations may be analyzed by two methods. The first
method consists of an explicit analysis of the spatial flux
distribution accounting for the space-time solution of the xenon
concentration. Such a method is useful for testing various

/~s control strategies and evaluating transitional effects (such as
O power maneuvers). The second method consists of modal

perturbation theory analysis, which is useful for the evaluation
of the sensitivity of the stability to changes in the reactor
design characteristics, and for the determination of the degree
of stability for a particular oscillatory mode.

The stability of a reactor can be characterized by a stability )
index or a damping factor which is defined as the natural
exponent which describes the growing or decaying amplitude of the
oscillation. A xenon oscillation may be described by the
following equation:

btat (E)e sin (ut + 6 )o(E,t) = c (E) +
o a

where

)(E,t) is the space-time solution of the neutron
flux,

3, (E) is the initial fundamental flux,

a: o (E) is the perturbed flux mode,

b is the stability index,

is the frequency of the oscillation, ando

5 is a phase shift.
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Hodal analysis consists of an explicit solution of the stability
index b using known fundamental and perturbed flux distributions.
A positive stability index b indicates an unstable core, and a
negative value indicates stability for the oscillatory mode being
investigated. The stability index is generally expressed in
units of inverse hours, so that a value of -0.01/h would mean
that the amplitude of each subsequent oscillation cycle decreases
by about 25% (for a period of about 30 hours for each cycle).

Xenon oscillation modes in PWRs can be classified into three
general types: radial; azimuthal; and, axial. To analyze the
stability for each oscillation mode, only the first overtone
needs to be constdered since higher harmonic modes decay more
rapidly than the first overtone.

4.3.2.7.3 Expected Stability Indices

4.3.2.7.3.1 Radial Stability

A radial xenon oscillation consists of a power shift inward and
outward from the center of the core to the periphery. This
oscillatory mode is generally more stable than an azimuthal mode.

O This effect is illustrated in Figure 4.3-51, which shows that for
a bare cylinder the radial mode is more stable than the azimuthal
mode. Discussion of the stability for radial oscillatory modes
is therefore deferred to that for the azimuthal mode.

4.3.2.7.3.2 Azimuthal Stability

An azimuthal oscillation consists of an X-Y power shift from one
side of the reactor to the other. Modal analysis for this type
of oscillation is performed for a range of expected reactor
operating conditions.

The expected variation of the stability index during the first |
cycle is shown in Figure 4.3-52. These results are obtained from |
analyses which consider the spatial flux shape changes during the l

cycle, the changes in the moderator and Doppler coefficient i

during the cycle, and the change in xenon and iodine fission
yield due to plutonium buildup during the cycle. As is shown on
the figure, the expected stability index is no greater than
-0.04/h at any time during the cycle for the expected mode of
reactor operation, comparison of predicted stability index with
those actually measured on operating cores, ac discussed in |
Section 4.3.3.2.3, provide a high confidence level in the i

prediction of azimuthal stability. Measurements of xenon spatial
stability in large cores have been made (Reference 6) which
provide confidence in the methods that are used to predict the
azimuthal stability of this core..

O;
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4.3.2.7.3.3 Axial stability

'

An axial xenon oscillation consists of a power shift toward the
top and bottom of the reactor core. This type of oscillation may
be unstable during the first cycle. Table 4.3-9 shows the
calculated variation of the axial stability index during the
first cycle. It is anticipated that control action with
part-strength rods and/or full-strength rods may be required to |B
limit the magnitude of the oscillation. As discussed in Section
4.3.2.2, the axial power distribution is monitored by COLSS and
the RPS. Based on the COLSS measurement of the axial power '

distribution, the operator may move either the full-strength or
the part-strength CEAs so as to control any axial oscillations. |B

4.3.2.7.4 Control of Axial Instabilities

The control of axial oscillations during a power maneuver is
illustrated in Figures 4.3-36 through 4.3-39. Part-strength CEAs B
(PSCEAs) are used throughout these maneuvers to limit the change
in the power distribution. The difference between an
uncontrolled and a controlled xenon oscillation is illustrated in
Figure 4.3-53. It was assumed in the calculation of the
" "'" ** ** *** " '""' " " " " " " ^ " " * " " " " * * * " " " " " * " " ' I"C) as to preserve the initial shape in the core prior to the
initiating perturbation. The calculations are performed at the
end of the first cycle, which corresponds to the expected least
stable condition for axial xenon oscillations.

4.3.2.7.5 Summary of Special Features Required by Xenon
Instability

The RPS described in Section 7.2.2 is designed to prevent
exceeding acceptable fuel design limits and to limit the
consequences of postulated accidents. In addition, a means is
provided to assure that under all allowed operating modes, the
state of the reactor is confined to conditions not more severe
than the initial conditions assumed in the design and analysis of
the protective system.

Since the reactor is predicted to be stable with respect to
radial and azimuthal xenon oscillations, no special protective i4

system features are needed to accommodate radial or azimuthal |
mode oscillations. Nevertheless, a maximum quadrant tilt is '

prescribed in the technical specifications along with prescribed
operating restrictions in the event that the tilt is exceeded.
The azimuthal power tilt is determined by COLSS and included in
the COLSS determination of core margin. The azimuthal power tilt
limit is accounted for in the RpS.

D
4 v
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4.3.2.7.5.1 Features Provided for Azimuthal Xenon Effects

A. Administrative limits on azimuthal power tilt.

B. Monitoring and indicating the azimuthal power tilt in COLSS
as well as accounting for this tilt in the -COLSS
determination of core margin.

C. Accounting for the azimuthal power tilt limit in the RPS.

4.3.2.7.5.2 Features Provided for Axial Xenon Effects and
Power Distribution Effect and Control

A. PSCEAs or full-strength regulating CEAs for control of the B

axial power distribution, if required.

B. Monitoring and accounting for changes in the axial power
distribution in COLSS.

C. Monitoring and accounting for the axial power distribution
in the RPS.

4.3.2.8 vessel Irradiation

The design of the reactor internals and of the water annulus
between the active core and vessel wall is such that for reactor
operation at the full power rating and an 80% capacity factor,
the vessel fluence greater gan 1 peV at the vessel wall is not
expected to exceed 6.0 x 10 n/cm over the 60-year design life B

of the vessel. The calculated exposure includes a 30%
uncertainty factor.

The maximum fast neutron flux greater than 1 MeV incident on the
vessel ID is based on a time-averaged equilibrium cycle radial

.,

power distribution and an axial power distribution with a
peak-to-average planar power ratio of 1.20. The models used in
these calculations are discussed in Section 4.3.3.3.

4.3.3 ANALYTICAL METHODS

4.3.3.1 Reactivity and Power Distribution

4.3.3.1.1 Methods of Analysis
B

1

The nuclear design analysis of low enrichment PWR cores is based i
on the two-dimensional transport code DIT (Reference 7), which

'

provides cross sections appropriately averaged over a few broad
,

energy groups for the whole assembly or individual cells, and few i

group one , two , and three-dimensional diffusion theory

O catcutatioae or iate9 ret eaa attrereatiet reactivity errecte eaa
;

Amendment B
4.3-23 March 31, 1988



. . .

CESSAR!$inem

O
power distributions. Comparisons between calculated and measured

Bdata that validate the design procedures are presented in Section
4.3.3.1.2. As improvements in analytical procedures are
developed, and improved data become available, they are
incorporated into the design procedures after validation by
comparison with related experimental data.

4.3.3.1.1.1 Cross Section Generation '

;

Few group cross sections for coarse-mesh and fine-mesh diffusion
theory codes are prepared by the DIT lattice code. These cross
sections are used in ROCS (coarse-mesh, Section 4.3.3.1.1.2) and
in MC (fine-mesh, Section 4.3.3.1.1.3). The ROCS (MC)/DIT code
system is documented in an NRC-approved Topical Report
(Reference 3).

The essential components of the DIT lattice code are:

1. Spectral calculations using discrete integral transport
(DIT) theory in up to 85 energy groups for typical
portions of the assembly geometry (e.g., fuel cell,,

fuel cell and burnable absorber, fuel cell and
water-hole).

2. Few-group spatial calculations in exact assembly
,

geometry followed by a leakage calculation to maintain
a critical spectrum.

|

3. Isotopic depletion calculations for every cell in the
assembly.

Thus the use of the two-dimensional DIT code ensures that the
effects of lattice heterogeneities are explicitly treated.
Few-group cross sections for coarse-mesh spatial calculations are
obtained and include accurate weighting of the various types of

I fuel, absorber and water-hole cells,
t

'

i The assembly calculation, which is performed in several broad
j energy groups (ranging from 2 to 12), is preceded by a sequence

|
. of spectrum calculations performed in the basic cross section '

library energy group structure of up to 85 groups.

j The geometries used in the spectrum calculations are replicas of |
portions of the true assembly geometry. Boundary conditions |

recycled from the assembly calculation are used for each spectrum |
geometry. ;

!

Group condensation based on the spectra calculated for all the
,

different types of cells and subregions within them is performed
'

O to obtain rew-erour ==cro oovic cro== eection ta t are ve==ea on!
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directly to the assembly calculations. Since the accuracy of the

B
spectrum calculations is high, the group condensation can
normally be performed with a standard four-group stmeture. In
some cases, more groups can be (and are) used in the assembly
calculation. For example, a seven-group condensation is
typically used for gadolinium-bearing assemblies.

The assembly and spectrum calculations are performed by integral
transport theory with multigroup interface currents used to
couple adjacent cells,

this entire sequence of calculations is normally performed
assuming that there is no net leakage from the assembly geometry.
Following the assembly calculation, fine-group spectra are
constructed for all subregions in the assembly based on the
spatial distribution of the few-group assembly flux and on the
energy and spatial distribution of the fine-group flux from the
spectrum calculations. A correction for the influence of global
leakage is then made on the basis of a B1 calculation with the
fine energy group structure for the homogeni::ed assembly to
maintain criticality of the assembly.

O Few-group microscopic cross sections for use in the depletion
stage of DIT are formed using the basic cross section library and
the spectra calculated as described.

'

Spatial averages of microscopic and macroscopic cross sections
,

are performed for editing purposes and are passed on to ROCS and
MC.

The above calculations are performed in a single job step without
manual intervention. Few-group coarse-mesh cross sections are
prepared in the HARMONY format (Reference 8) for ROCS by the
editing code CESAW, and fine-mesh cross sections are input to MC
via the editing code MCXSEC.

1

IThe DIT code utilizes a data library containing multigroup cross
sections, fission spectra, fission product yields and other
supplemental data. The principal source of data for the library |

is ENDF/ B-IV. Three adjustments to the library data have been
made to reflect changes to ENDF/B-IV recommended by the Cross
Section Evaluation Working Group (CSEWG) for incorporation into
ENDF/ B-V .

These adjustments include:

1. A reduction of about 3% in the shielded resonance integral
of U-238.4

O
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2. The adaption of the harder Watt fission spectra for U-235

and Pu-239, later incorporated into ENDF/B-V.

3. A moderate upward adjustment of U-235 and Pu-239 thermalU
values of about 0.1%, improving the U,n discrepancy but not
going as far as ENDF/B-V.

In the epithermal region, the ENDF/B-IV files are processed with
ETOG (9) to provide cross section resonance parameters and
scattering matrices for the isotopes contained in the library.
ETOG prepares these data in 99 energy groups spanning the range
from 14.9 MeV to 0.414 eV. The GAM portion of GGC3 (10) is used
to condense the 99 group data into 50 energy groups spanning the
energy range 14.8 MeV to 1.855 eV weighted with a spectrum
representative of that in a PWR assembly.

In the resolved energy region (9.1 kev to 1.855 eV), the capture
and fission cross sectic.ts of resonant absorbers are replaced
with resonance tables.

In the thermal region, the ENDF/B-IV files are processed with
FLANGE-II (11) to provide cross sections and full scattering

,q matrices in the thermal region (1.855 eV to 0.00025 eV). The
V cross sections of isotopes containing resonances in the thermal

region are Doppler broadened. For hydrogen, scattering matrices
are prepared with FLANGE II using ENDF/B-IV thermal scattering

,

parameters for H 0.
2

The cross sections and scattering matrices are tabulated in the
library for a sufficient number of temperature values to span the
range expected during power reactor oper.Mion and to permit
linear interpolation.

Cross sections for the resolved resonance region (9.1 kev to
1.855 eV) are prepared with C-E RABBLE, an extension of the
RABBLE (12) code using resolved resonance parameters from
ENDF/ B-IV. The cosine current approximation in RABBLE is
replaced with an integral transport routine. Group averaged
resonance cross sections are generated with the modified RABBLE
code which performs a space dependent calculation of the slowing
down sources. The cross sections from the C-E RABBLE
calculations are corrected to include the proper group dependent
calculations derived from ETOG and GGC3. RABBLE is also used to
validate interference effects among resonance absorbers as
calculated by the DIT algorithm.

!

Following the assembly spectrum calculation, a depletion time J

step takes place for each individual pin in the assembly and, !4

when required, for sub-divisions of a pin. At the end of the

O3

i

j
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depletion step, new isotopic compositions are defined for use in
the spectrum calculation of the next time step. This process is
extended over the expected life of the fuel assembly.

4.3.3.1.1.2 Coarse-Mesh Methods g

Static and depletion-dependent reactivities and nuclide
concentrations, flux and power distributions in two- and
three-dimensional representAions of the core are determined by a
diffusion-depletion program, ROCS-MC. The reactor operation and
control simulator (ROCS) is designed to perform two- or
three-dimensional coarse-mesh reactor core calculations based on
a two-group higher order difference (HOD) method, with full ,
half , or quarter-core symmetric geometries. The mesh consists
of rectangular parallelepiped "nodes" arranged contiguously in
the X-Y plane, with one or more axial meshes (or planes) in the Z !

direction. In most applications, only the active core region is
represented, with albedo-like boundary conditions assigned to
exterior nodes. A typical ROCS core geometry uses four nodes per
assembly in the X-Y plane and 20-30 axial planes depending upon
core height and in-core instrument locations.

p The nodal macroscopic group constants used in the neutronics
V calculation are constructed from detailed isotopic concentrations

and microscopic cross sections processed by the code. The
isotopes specified include fixed depletable isotopes and a lumped
residual representing non-depletable isotopes. The depletable
isotopes include fission chain isotopes, fission products and
burnable absorbers. Control roda are represented by macroscopic
cross sections specific to different rod banks.

The ROCS system performs coarse-mesh depletion calculations for
each node in a two- or three-dimensional core configuration. The
allowed depletion chains are internally modeled with fixed
depletion equations so that beyond the input cross section data
the user need supply only such data as initial concentrations,
decay constants and fission yields for each depletion nuclide.
These include the principal uranium and plutonium isotoper, a
fuel exposure chain, xenon and samarium fission product chains,
and boron and gadolinium burnable absorber chains.

)
,

'

The fixed depletion equations used in the ROCS code are derived
through the standard procedure of analytically integrating the
coupled linear rate equations which represent each chain. The !

depletion equations are solved using the flux and microscopic ,

cross section values based on the neutronics and j
thermal-hydraulic feedback calculations preceding the depletion 1

time step. The initial flux and cross sections are assumed !
constant over the depletion time step.

O
'
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Cross section information used in the ROCS system is derived from
microscopic cross sections supplied by DIT for each nuclide in B

two energy groups. This informatien is utilized in two basic
forms. First, two-group macroscopic cross sections are used in
the basic flux and eigenvalue calculation. The microscopic
contributions due to thermal-hydraulic feedbacks, xenon, soluble
boron and control rods are added prior to the flux calculation.
Second, two-group microscopic cross sections are used explicitly
in the depletion and xenon short-term time-stepping calculations.

The two-group microscopic cross sections for each nuclide are
supplied in tabular form. Represented for each nuclide and
energy group are:

0 tr = transport cross section (b)
a = absorption cross section (b)

0 R = removal cross section (b)
0 f = fission cross section (b)

= average number of neutrons released per fissionv
< = average energy release per fission (watt-sec)

The tables represent the above values as nonlinear functions of
n important independent variables (e.g., exposure, initial
V enrichment, soluble boron concentration) evaluated for nominal

thermal-hydraulic conditions. In addition, multipliers (called
G-factors) may be included in the table for any of the cross
sections. The G-factors may also be represented as functions of
pertinent independent variables. Thus a typical cross-section
table interpolation can be represented symbolically by:

3(O T TFo) (N1'"2'"3)O("4'"5'"6),"g, gg,
o,Tgg,TFo

where

nominal moderator density, moderatoro,TMo,TFo =

temperature and fuel temperature;
independent variables for tableN ,...,N =

1 6
interpolation.

The cross sections are assumed to vary with moderator
temperature, moderator density, and the square root of the fuel
temperature for small changes about the nominal. The dependence
of the cross sections on the thermal-hydraulic parameters is
usually approximated by the inclusion of the first derivative of
the cross section, for example:

C)v
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o ( p, T , T ) = c (o o,Tgo,TFo) + A 0D+ A aT 1/2 B !M p M+ AT60 6T 6(TF)l/2 FM

where

Ao = o - p o = change in density from
nominal

AT =T -T = change in moderator
M M gg ,

temperature from nominal |

4 (T ) / = (T )1/2 - (TFo) / = change in square root of
F p ;

fuel temperature from
nominal

;
'

The ROCS neutronics calculation is linked to optional independent
feedback calculations for thermal-hydraulic paramsters (moderator
density, mogga[255 temperature, fuel temperature) and for
equilbrium I Xe distributions. (References 4,8) The
thermal-hydraulic calculation is performed iteratively with the
flux calculation when any combination of thermal-hydraulic

j' feedbacks is specified. For each feedback variable specified,

Q the macroscopic cross sections used in the flux calculation are
updated through the appropriate feedback term. In the case of'

j xenon, the macroscopic g3gss secQg,ns are updated each iteration
{ cycle using calculated I and Xe equilibrium concentrations

based on the two-group flux distribution from the previous
iteration. The number of feedback iterations is governed by
independent convergence criteria for each feedback parameter, so |

that the final flux solution is obtained after all specified
,

feedbacks have converged. !

1

In addition to the above feedback models, the ROCS code contains I,

optional eigenvalue search models for the following control !
variables: control rod bank insertions; soluble boron '

concentration; reactor power level; and, inlet moderator
temperature. The search calculations employ numerical iteration

,

techniques which update the specified control variable to obtain i
convergence on the search eigenvalue, and are generally used

; along with feedback calculations. The power level and inlet
temperature searches require use of thermal-hydraulic feedbacks.,

: These latter search calculations are performed after alternate
"

feedback iterations while tne boron and rod search calculations
are performed after each feedback iteration.

.

i

; O ,

I
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TABLE 4.3-18

SUMMARY OF ROCS /DIT CALCULATIVE UNCERTAINTIES

i

ROCS Calculational Uncertainty: F F Fq q 7 ;

Absolute Standard Deviation, S .0357 .0432 .0224
C

Degrees of Freedom, f 22 116 14
e

Confidence Multiplier, k 2.20 1.85 2.41
95/95

Percent Deviation, S (%) 2.90 3.52 1.82
C

95/95 Confidence Interval, kSC (f.) 6.39 6.50 4.39

O
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4.3.3.1.1.3 Fine-Mash Fathods g

The MC code performs mesh-centered pin peaking calculations for
each node in two- or three- dimensional core geometries. MC uses
an embedded fine-mosh diffusion theory method for obtaining pin
power distributions from coarse-mesh calculations.

A method has been developed for determining diffusion
coefficients which, when combined with the finite difference
formulation of MC, permits the inclusion of transport effects in
a rigorous fashion. The diffusion coefficients have the property
of conserving cell averaged fluxes, reaction rates, and net
leakage across cell boundaries. Thus, MC has the capability to
effectively reproduce DIT local power distributions.

Having determined dif fusion coef ficients that exactly reproduce
average fluxes, reaction rates, and not currents from transport
tneory for a particular geometrf, it is then asserted that they
are universally applicable independent of the size of the flux
gradients seen in the core.

The nodal diffusion equations are solved as a boundary source

(]
problem for the embedded calculation. The partial in-currents on

U each nodal face and the global eigenvalue are supplied by the
ROCS coarse-mesh calculation.

After completion of the fine-mesh embedded calculation, the
fine-mesh power distribution is renormalized to the coarse-mesh
power level to assure that coarse-mesh and fine-mesh node average
powers and burnups will remain the same during depletion.

'

The MC embedded calculation uses a macroscopic cross section
model based upon interpolation of multi-dimensional macroscopic
tables. These tables are created by the MCXSEC code, which i

processes DIT results for all assembly types, and are typically |
burnup, enrichment, moderator and fuel temperature dependent for I

each fine-mesh pin cell type. Lagrange linear interpolations are
perfor=ed to obtain the macroscopic cross sections. The
interpolated absorption cross section is then corrected for
soluble boron and xenon changes by using boren and xenon
microscopic cross sections along with number densities obtained
from the core soluble boron and local xenon equilibrium
concentratigns. In addition, axial leakage is represented by
adding a DB' term to the absorption cross section.

4.3.3.1.1.4 Other Analysis Methods

As the size of large power reactors increases, space-time effects
during reactor transients become more important. In order not tog() penali:e reactor performance unduly with overly conservative
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design methods, it is desirable to have the capability to perform B i

detailed space-time neutronics calculations for both design and '

off-design transients.
|

The HERMITE (Reference 13) computer code has been developed to !

meet this objective. It solves the few-group, space and
time-dependent neutron diffusion equation including feedback
effects of fuel temperature, coolant temperature, coolant density
and control rod motion. The neutronics equations in one, two,,

and three dimensions are solved by the fourth-order nodal

i expansion method. The fuel temperature model explicitly
,

represents the pellet, gap and clad regions of the fuel pin, and
,

: the governing heat conduction equations are solved by a finite
difference method. Continuity and energy conservation equations '

are solved in order to determine the coolant temperature and
density. In the one-dimensional mode, HERMITE also has the
option of finding the axially dependent poison distribution
required to produce a particular user-specified axial power
shape. This option is often used to produce conservative axial .

power shapes corresponding to the LCo limits on axial power shape
from which simulations of core transients are subsequently ;

initiated.

For one-dimensional analysis of the axial behavior of the core
the QUIX (Reference 14) code is used. Three-dimensional ROCS ;j

depletion calculations are used to supply the necessary input to-

| the QUIX code, which generates some of the data required by the
1 monitoring and control systems. In addition to the eigenvalue
j problem, QUIX will perform three types of search calculations to

| attain a specific eigenvalue: a poison search; a CEA region
boundary search; and, a moderator density dependent poison '

3

search. The ef fects of moderator- and fuel-temperature feedback'

on the power distribution can be treated. The program can also
perform power shaping searches to simulate the use of PSCEAs.

The QUIX code has the capability of simulating two-level ex-core
detector responses expected during operation. The calculated
normalized core average power distribution is first corrected by

| the application of CEA shadowing factors to simulate the
| peripheral fuel assembly power distribution. Shape annealing

factors (defined below) are then applied to the peripheral axial
power distribution to simulate the integrated response of the
ex-core detector subchannels. For reactors with three-element
ex-core detectors, either auxiliary calculational procedures or

! another code must be used. Calculational evaluation of the
responses of three-element ex-core detectors to power shapei

) variation can be made directly using the VISIONS code, which is a
! PWR core-focused power plant simulator. The code uses a
I fast-running neutronics model for three-dimensional

O repre atattoa or the oore with 1 x 1 x 2o aoa 9 r ru t
4

,
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assembly. VISIONS accepts as input the shape annealing factors
for two- or three-element ex-core detector systems, and factors B

representing the relative contribution of each of the peripheral
assemblies to the ex-core detector signals. The code combines
the peripheral assembly power distributions and weighting factors
and the shape annealing factors to calculate the ex-core detector
responses for the calculated three-dimensional power shap=<

CEA shadowing is the change in ex-core detector response
resulting from changing the core configuration from an unrodded
condition to a condition with CEAs inserted, while maintaining
constant power operation. Although CEA shadowing is a function
of the relative azimuthal locations of the higher power
peripheral assemblies and the ex-core detectors, its effect is B

minimized by placing the ex-core detectors at azimuthal locations
where minimum CEA shadowing occurs. CET shadowing factors can be
determined using detailed two-dimensional power distributions
(ROCS-MC) reprasenting the cumulativo presence of the various CEA |B
banks and the SHADRAC code.(15) SHADRAC calculates fast neutron
and gamma ray spectra, heating, and dose rates in a
three-dimensional system utilizing a moments method solution of
the transport equation. The core, vessel internals, vessel, and

n ex-core detector location are treated explicitly in the
U calculation.

Normalized CEA shadowing factors are relatively constant with
burnup and power level changes made without moving CEAs. CEA
shadowing factors at beginning and and of first cycle life are as
shown in Table 4.3-10.

Figure 4.3-54 shows the typical behavior of the CEA shadowing
factor during a CEA insertion and withdrawal sequence.
QUIX-simulated factors and experimentally measured CEA shadowing
factors during this transient situation are shown to have quite
good agreement over a significant range of CEA insertions. l

l
Shadowing factors account for the radial power distribution i
effects and shape annealing accounts for the axial power i

distribution effects on the ex-core detector responses. Due to I

neutron scattering in the various regions separating the core and
the ex-core detectors, each detector subchannel responds to
neutrons from the entire length of the core and not just from the
section immediately opposite the subchannel. This effect is
independent of the axial power shape and the azimuthal CEA
shadowing factors. Typical axial annealing functions, given as
fractional response per percent of core height for a three
subchannel system, are shown in Figure 4.3-55.

O
1
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Axial shape annealing is determined utilizing a fixed source DOT
7

calculation. DOT (16) is a two-dimensional discrete ordinates
transport code. The R-Z geometry option is used for the
annealing calculation with representation of the core, vessel,
vessel internals, air gap, and biological shield. The actual

1 detector walls are not represented in the dot calculation.
However, the self-shielding effect of the walls on the detector'

response is small and uniform along the length of the detector
'and as a result will not change the normalized annealing. The

fixed source is distributed over 20 uniform axial segments of the
active core height. Figure 4.3-56 illustrates the radial regions
represented in the DOT calculation as well as one of the axial
fixed source segments.

By integrating the total pointwise response along the length of
the subchannel, one can determine the subchannel response for !

j aach axial fixed source segment. Utilizing this same technique
; for all 20 axial segments of the core and normalizing to the
; total ex-core detector response, annealing curves similar to

Figure 4.3-59 are determined.'

j

As the annealing is determined using a flat axial shape, the
'

"

m resulting annealing factors (S(z)) must be multiplied by the4

| V appropriate peripheral axial power shape, P(z), to obtain the -

total detector response.

I H

[ PIZISI l lower : = lower detector response |] D d"uwer o |
|

H

DMiddle = / P(z)S(z)middledt = middle detector response
o,

i g
i D =

Upper fP(z)S(z) upperdz = upper detector response
o

i

The shape annealing factors are essentially geometric correction
factors applied to the peripheral axial power distribution. As

j such, the effects of time in fuel cycle, transient xenon ,

redistribution and CEA insertion, although affecting the |

.

peripheral bundle power shape, do not effect the geometric shape |
1 annealing correction factors. Figure 4.3-57 compares the |

peripheral axial shape index (ASI) with the external shape index, !

inferred from detector signals at the core boundary, during a CEA

O
,

,

motion test for ene Pe11sade- reactor. shown are the result- of '

:
1 QUIX simulations of the test as well as experimental data taken

during the test.
.I

,

1
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From this curve, we can conclude that even though the axial power
distribution in the core and on the core periphery was changing
during this transient the relationship between the ex-core
response and the peripheral response was not. These results
justify not only the separability of CEA shadowing and shape
annealing assumed in QUIX but also demonstrates that shape
anncaling is essentially a geometric effect, independent of the
peripheral axial power distribution.

The ex-core detector temperature decalibration effect is the
relative change in detector response as a function of reactor
water inlet temperature at constant power. The temperature
decalibration effect is calculated utilizing SHADRAC with
explicit representation of core, vessel internals, vessel and
detector location for various reactor inlet temperatures and
their associated power distributions. Typical detector
temperature decalibration effect as a function of inlet

Btemperature normalized to an inlet temperature of 557'F is as
shown in Figure 4.3-58.

Final normalization of the CEA shadowing, shape annealing, and
temperature decalibration constants is accomplished during
startup testing.

4.3.3.1.2 Comparisons with Experiments

The nuclear analytical design methods in use for System 80 have
been checked against a variety of critical experiments and
operating power reactors. In the first type of analysis,
reactivity and power distribution calculations are performed,
which lead to information concerning the validity of the basic
fuel cell calculation. The second type of analysis consists of a
core follow program in which power distributions, reactivity
coefficients, reactivity depletion rate, and CEA worths are
analyzed to provide a global verification of the nuclear design
package.

4.3.3.1.2.1 Critical Experiments

Selected critical experiments have been analyzed with the DIT
code. Selection of criticals is based on the following criteria:

1. Applicability to C-E pWR fuel and assembly designs,
2. Self-consistency of measured parameters, and
3. Availability of adequate data to model the experiments.

Two groups of critical experiments using rod arrays
representative of the 14 x 14 assembly have been employed in this
evaluacion. The first is a series of clean experiments with UO

O fuet carried out in 19 62 <.12) , and the second is a set of 2
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experiments carried out in 1969(10.). Tables 4.3-11 and 4.3-12
'

give the principal parameters for each of the experimental
configurations. The moderator-to-fuel volume ratios were varied
by changing the cell pitch of the fuel rod arrangement. The
moderator and reflector material for all core was H 0'2

Measurements included the criticality parameters and the fission
rate distributions in selected fuel rods. This section addresses
the comparisons between measured and calculated criticality, as
well as between measured and calculated fission rate
distributions done to establish calculative biases and
uncertainties in predicting intra-assembly power peaking for both i

14 x 14 and 16 x 16 arrays.

Descrintion of the Erneriments

a. Combustion Engineering Sponsore6 UO Critical
2Experiments ,

A series of critical experiments were performed for
Combustion Engineering by Westinghouse Electric Corporation
at the Westinghouse Reactor Evaluation Center (WREC)

O employing the CRX reactor. The experimental program
consisted of approximately 70 critical configurations of
fuel rods. The basic core configuration was a 30 x 30
square, fuel rod array of Zircaloy-4 clad Uo fuel having an
enrichment of 2.72 w/o U-2 3 5. Fuel rods here removed to '

create internal water holes or channels to accommodate .

control rods or to simulate control rod channels and water '

gaps representative of the C-E 14 x 14 fuel assembly design.

The majority of the experiments employed a lattice pitch of
0.600 inches with several experiments repeated for a lattice
pitch of 0.575 inches. These pitch values, together with
the fuel pellet dimensions, enrichment and rod diameter,
resulted in hydrogen to fuel ratios representative of the 14
x 14 design at both room and operating temperatures,

3

b. KRIT2 Erperiments
)

A program of critical experiments, sponsored jointly by
j Combustion Engineering and KWU, was performed at the KRITZ

] Critical Facility of AB Atomenergi, Studsvik, Sweden. The
j program consisted of analyzing a number of core
; configurations of interest to C-E and KWU. The C-E
; configurations were representative of the 14 x 14 fuel

assembly, including the 5 large control rod channels. A
q

; basic cell pitch of 0.5650 inches was used for all lattices.
The cores were relatively large both in cross-sectional area

O
i
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and height. Each core contained about 1450 rods 265 cm .n
length. The core was reflected with water on tro fc-ur rides
and the bottom. Soluble boron was employed fW gross
reactivity control.

' Results of Analyses

. The results of the analyses of the six critical experiments are
'

su=marized in Table 4.3-13. The average k,gg was 1.0016.
As part of the CRX and KRITZ critical experiments, pin-by-pin
power distributions were measured to provide a data base with
which to define biases and uncertainties in predicted water hole
peaking factors. This analysis is described in detail in
Reference 19. The bias and 95/95 tolerance limit for
assembly-wise peaking factors are 0.0 and +2.4%, respectively.

4.3.3.1.2.2 Power Reactors

Tha accuracy of the calculational system in its entirety can only
be assessed through the analysis of experimental data collected

,

; on operating power reactors. The data under investigation ,

p consist of critical conditions, reactivity coefficients, and rod
v worths measured during the startup period, and of critical !

conditions, power distributions, and reactivity coefficients
measured throughout the various operating cycles.

4.3.3.1.2.2.1 Startup Data

Measured data obtained during reactor startup are the most
reliable, because they consist of well controlled conditions.
Eleven cores have been analyzed, covering up to 4 cycles of fuel
management.

Table 4.3-14 chows the measured and predicted hot, zero power,
xenon free, all rods out critical boron concentrations for each
cycle. Over the eleven points of the data base, the critical
soluble boron concentration is underestimated by an average of 14 g
ppm, with tolerance limits of 25 ppm at a 95/95
probability / confidence level. In terms of reactivity, this
corresponds to an underprediction by 0.18% 6 with two sided
tolerance limits of i 0.31% e .

!
Isothermal Teng.orature Coefficient !

The Isothermal Temperature coefficient (ITC) is the change in j
core reactivity resulting from a l'F cbnnge in mcderator and fuel '

temperatures. !

O !
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li 'nhmber of reacio'rs 'and );Coey ic'J/dt.9( 7stthermiJ. Temperature have been measured for a
cycles, ;.icth at pcuer and at zero power, B

._
'

3 and for 'a wideirange of soluble baron f concentrations (83 to 1342'

Three dimensionati ROCS cal.tulations were performed at theappm).
same conditions as the's measureu hts ilsing concentration files

I taken from core follod depletions.T 'Miis lata base contains 37
' comparisons which = are shown in Ta'tle 4 .,3 - 15 . Included in thep

tables are the calculated and neasdre1 ITCs, their differences
and the respective power level .|nL soluble boron concentration.

Measured and ::aIculated ITCs were founc'.sto be linear functions of
( the measured ekluble boron oncentration (in parts per million,

or ppm). The ITC calculated - measur1td diff arences were also a
linear funcding ,of . ppm and so a least rhuares linear fit was used-

;

> to determine a ppm-dependent bias.,- ( Ohc - de M.ations of the ITC
calculated -' measured differences acout thir' least squares fit'

wera ,found _ ' to to''normally di,stribued. The plant-by-plant
nriancos fpve the overall linear fit u. ppa passed the Bartlett

' oolability. The calculated < f measured differences':est for p
ahowed no scatistically sfgnificant depenience on power level,
| fuel expos'.;re , or assembly desig . Thus the final results of

/ thic anaiy' sis consisted of a
'

yx, dependentQias curve and the
' associat(1 tolerance band t$ '$ .18 x yti /' F with a 95/95Mp .

probability / conf McNo lev'al arcut that cm% , Figure 4.3-59) .4 ,' -] )
' '

s
,'OontJol Rod BanP. Worths 1 /

( {/ \

S(quential inse::cio, s o l' regulating :n,41 s..utdown control rod
,

n
balls ' fron startiup tests yers simalated gith three-dimensional
FE ?.calculatione. '

sr, ,

Honvfenized macroscopic c'rm nections for rodded nodes in the
coar.se-mesh calculaticir , mp ' M obtained using pairs (rodded and
unrodded) of assemb4;\talculations, parf o'Jmed . with DIT. The
paired DIT calculatioM for individua.1 assembl'j\ (ypes are over av

erhture and solublerange of conditions ot.\
burnup, moderator rerp'aredp and operatingto r$ctej > 3tboron concentrati't,n. applicabN

i conditions. The 6ffects of rod inset"l,W.q in the ROCS models are
represented usinr; two-grcup mr.croscopir4 c rcss sections in rodded
nodes which are f;he direct ! differenced in flJx and volume
averaged macroscopii .::ross sections o% tai;n|d from r.he paired DITe

assembly calculations. The ROCS CEA ', cross se,-tions arej
funct!.ona?.ized with burnup, solub'.,e pogon, moderator ':dmperature

,

'and er.richnent. ,
,

cor.parison of ROCS calc 21ht.ed control rod ba'S Worths to the'1N
measur2d values arp shown in Table 4.3-36.

t - Thaiestimate.1 calculative to'.arance inte'.vals , ikS for the
| dif fererice b6 tween ROCS /DIT aAd truth, areit G% for 13.,rsi cycles

hs nno at most *.-9% for reload rycles. r
,

,
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)
'
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Droceed. Eiected and Net Rod Worths

B

Reactivity worths for some non-sequential asymmetric rod
configurations are calculated and compared to measured values.
The results for these anomalous rod configurations are then
related to those for normal control rod operation.

All the data analyzed were obtained during the startup test
programs of first cycles.

The dropped, ejected and net rod worth comparisons all showed
similarly good results which are consistent with the previous
analysis of control rod bank worths.

Power Coefficient

The power coefficient is the change in core reactivity due to a
1% change in power level. In addition to proper fuctionalization
of the temperature dependence of the microscopic cross sections,
accurate calculation of power coefficients depends on the model
used for the effective fuel temperature. All current ROCS models
employ fuel temperature correlations that are both local (nodal)

t'l power density and fuel exposure dependent. Direct fits to FATES
'V fuel temperature data are used for each fuel type. Table 4.3-17

shows 17 calculated and measured power coefficients and the
differences cetween them. The average bias was small and
slightly pos Ai.ive and therefore conservative. That is, the
calculated power coefficients were about 10% less negative than
the measured values.

The uncertainty in ROCS /DIT power coef_ffcients is characterized
by tolerance limits of 0.18 x 10 60 /% power on a 95/95
probability / confidence level.

4.3.3.1.2.2.2 Depletion Data

The two quantities which are monitored on a continuing basis
during nominal full power operation are the reactivity depletion
rate and the power distribution. The constant monitoring of
these quantities establishes the validity of the nuclear design.

The reactivity depletion rate is monitored by comparing measured
critical steady state conditions with corresponding calculated
conditions. These conditions are characterized by exposure,
power level, boron concentration, inlet temperature and control
rod insertion.

Since the measured and the calculated critical conditions most
likely differ in some respects, an interpolation scheme was

O devised to inter e oe.'.outeced reeotivity et eeob meeeured
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condition. The results are displayed in Figure 4.3-60 for five
later cycles of the 14 x 14 fuel assembly type core. It shows a
small and consistent, burn-up independent reactivity bias of
-0.25%Ao with a 95/95 probability level of i 0. 39 %Ao This IB.,

bias is in good agreement with the hot zero power bias given
earlier, demonstrating that Doppler and thermal hydraulic
reactivity effects, as well as fission product worth are
correctly treated throughout life by the ROCS /DIT system. B

For cores of the 16X16 assembly type such as System 80, the
experimental data base is not as large. Figure 4.3-61 shows a
composite picture of the reactivity bias for both reactor types.
This demonstrates that the reactivity predictive capabilities for
System 80 are comparable to those for current reload cycles of
the earlier design.

4.3.3.1.2.2.3 Assembly Power Distributions

The uncertainty to be attributed to calculated fuel assembly
power distributions can be obtained by comparing detailed 3-D
calculations of the assembly powers with those inferred from
in-core measurements with the CECOR (Reference 20) system using
fixed in-core rhodium detectors. The resulting differences are a

(v] reflection of both measurement and calculative errors. In order
to determine the uncertainty to be attributed to the calculation,
the measurement uncertainty has been subtracted out from these
difference distributions as described below. The measurement
uncertainty was taken from an evaluation of the uncertainty
associated with the CECOR system (Reference 19).

c(F
c

Estimates have been made of a a F and a (F for the
dif fe)r,ence(s 9)e, tween calb) lated

,

andstandard deviations of the
true assembly power. The data base included Arkansas Nuclear One
Unit 2 (ANO-2) Cycle 1, Calvert Cliffs Unit 1 Cycles 1-2, Calvert
Cliffs Unit 2 Cycles 1-2, and St. Lucie Unit 1 Cycles 1-3. ANO-2
is a 177-assembly core with a 16 x 16 fuel pin lattice, while the
other cores have 217 assemblies with a 14 x 14 lattice. Overall,
comparisons were made for these 8 cycles over 112 time points
witn about 40 instrument strings each, resulting in about 20,000
data points.

Table 4.3-18 summarizes the calculational uncertainties.

4.3.3.2 Spatial Stability

4.3.3.2.1 Methods of Analysis

An analysis of xenon-induced spatial power oscillations may be
done by two classes of methods: time-dependent spatialp

Q calculations and linear modal analysis. The first method is
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based on computer simulation of the space, energy, and the time
dependence of neutron flux and power density distributions. The
second method calculates the damping factor based on steady-state
calculations of flux, importance (adjoint flux), xenon and iodine
concentrations, and other relevant variables.

The time-dependent calculations are indispensable for studies of
the effects of CEA, core margin, ex-core and in-core detector
responses, and other factors, and are performed in one, two, and
three dimensions with few-group diffusion theory, using tested
computer codes and realistic modeling of the reactor core.

The linear modal analysis methods are used to calculate the
effect on the damping factors of changes in fuel zoning,
enrichment, CEA patterns, operating temperature, and power
levels. These methods, using information at a single point in
time, are particularly suited to survey-type calculations.
Methods are based on the work of Randall and St. John (Reference
21) as extended by Stacey (Reference 22). These methods are
verified by comparison with time-dependent calculations.

4.3.3.2.2 hadial Xenon Oscillations

{J\

To confirm that the radial oscillation mode is extremely stable,
a space-time calculation was run for a reflected, zoned core
representative of System 80 without including the damping effects
of the negative power coefficient. The initial perturbation was
a poison worth of 0.4% in reactivity placed in the central 20% of
the core for 1 hour. Following removal of the perturbation, the
resulting oscillation was followed in 4-hour tice steps for a
period of 80 hours. The resulting oscillation died out very
rapidly with a damping factor of about -0.06 per hour. When this
damping factor is corrected for a finite time step size by the
formula in Reference 23, a more negative damping factor is
obtained, indicating an even more strongly convergent
oscillation. On this basis, it is concluded that a radial
oscillation instability will not occur.

4.3.3.2.3 Azimuthal Xenon Oscillations

Two-dimensional modal analysis techniques were used to calculate
the damping factor for azimuthal oscillations, and included both
the fuel temperature and moderator temperature components of the
total power coefficient. These calculational techniques were
used to predict the results of azimuthal oscillation tests at
Maine Yankee at 75% power. The predicted damping factor of
-0.045 per hour for azimuthal oscillations was found to agree
well with the measured value of -0.047 10.005 per hour.

|
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4.3.3.2.4 Axial Xenon Oscillations

To check and confirm the predictions of the linear modal analysis 1

approach, numerical space-time calculations were performed for
both beginning and end-of-cycle. The fuel and poison burnup
distributions were obtained by depletion with soluble boron
control, so that the power distribution was strongly flattened.
Spatial Doppler feedback was included in these calculations. In
Figure 4.3-62, the time variation of the power distribution along
the core axis is shown near end-of-cycle with reduced Doppler
feedback.

The initial perturbation used to excite the oscillations was a
50% insertion into the top of the core of a 1.5% reactivity CEA
bank for 1 hour. The damping factor for this case was calculated
to be about 0.02 per hour; however, when corrected for
finite-time step intervals by the methods of Reference 23, the
damping factor is increased to approximately +0.04. When this
damping factor is plotted on Figure 4.3-63 at the appropriate
eigenvalue separation for this mode at end-of-cycle, it is
apparent that good agreement is obtained with the modified
Randall-St. John distribution of the moderator coefficient about

p the core midplane, and its consequent flux and adjoint weighted
'v integrals of approximately zero.

Axial Xenon oscillation experiments performed at Omaha at a core
exposure of 7000 mwd /MTU and at Stade at beginning of cycle and
at 12000 mwd /MTU (Reference 24) were analyzed with a space-time
one-dimensional axial model. The results are given in Table
4.3-19 and show no systematic error between the experimental and
analytical results.

4.3.3.3 Reactor vessel Fluence Calculation Model

The method for calculation of the maximum expected neutron
B

fluence (E>l MeV) to the reactor vessel over its design lifetime
uses results obtained from two-dimensional transport theory
calculations with the DOT code (Reference 16). The DOT model
uses the R-9 coordinate system to represent the geometry of the
core, surrounding water, internals, and vessel. The transport
theory calculation of maximum local fluence to the vessel is
based upon expected power history over the plant life. The
calculated vessel fluence includes an adjustment for observed
differences between calculation and measurement based on analysis
of surveillance capsule data for operating C-E plants (References
25-27), and additionally includes a +30% uncertainty factor. ;

O l
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NUCLEAR DESIGN CHARACTERISTICS

(Sheet 1 of 2)

Item Value

General Characteristics

Fuel management 3-batch, mixed
central zone

Core Average Burnup (MWD /MTU), 10 ppm soluble boron 16576

Core Average U-235 Enrichment (wt?.) 2.64

Core Average H 0/UO volume ratio, first cycle, 2.117 2hot (core ceil)

Number of control element assemblies

Full strength 68 B
Part strength 25

Burnable Poison Rods

Number 2112
Material 8 C-A1 0

4 23
Worth ?.10, at BOC

Hot, 587'F 7.8 |B i
'

Cold, 68'F 6.3

Dissolved Boron

Dissolved boron content for criticality,
ppm, (CEAs withdrawn, 80C)

Cold, 68'F 1084
Hot, zero power, clean, 565'F 1018
Hot, full power, clean, 587'F 911 |B
Hot, full power, equilibrium Xe 657

O
Amendment B
March 31, 1988
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TABLE 4.3-1 <

NUCLEAR DESIGN CHARACTERISTICS

(Sheet 2 of 2)

Item Value

Dissolved boron content (ppm) for:

Refueling 2150
SY,subcritical, cold, first cycle 1419
(all CEAs out) O mwd /MTU
5Y. suberitical, hot, first cycle 1453

(all CEAs out) 0 mwd /MTV

Boron worth, ppm /Y.ao (B0C/EOC)

8Hot, 587'F 91/83
Cold, 68'F 67/54

Neutron Parameters

O Neutron lifetime (cycle average), microseconds 28.2

Delayed neutron fraction (cycle average) 0.0064

Plutonium Buildup (first cycle)

a Fissile Pu (final)
4.90 ikg V (original)

a Total Pu (final)
0'27kg U (original)

|
1

|
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IABLE 4.3-2 j

H FECTIVE MULTIPLICATION FACTORS AND REACTIVITY DATA (a) ,

|
K

Condition eff o

Cold, 68'F (0 PPM), 80C1 1.193 0.162

Cold (68'F) at minimum refueling boron 0.913 -0.095
concentration (1720 ppm), 80C1

Hot, 557'F, zero power, clean (0 ppm), BOC1 1.133 0.117 8

Hot, full power, no Xe or Sm, 587'F 1.112 0.101
(0 ppm), 80C1

Hot, full power, equilibrium Xe (0 ppm) 1.078 0.073

Hot, full power, equilibrium Xe'and Sm 1.073 0.068
(0 ppm)

Q Reactivity decrease, hot

Zero to full power, BOC (911 ppm) 0.012

Fuel temperature 0.011
Moderator temperature 0.001 |

Reactivity decrease, hot !

Zero to full power, E0C (0 ppm) 0.014

Fuel temperature 0.0008
Moderator temperature 0.0006

a. No control element assemblies or dissolved boron except as
noted, initial core.

I

O
|
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TABLE 4.3-3

COMPARISON OF CORE REACTIVITY COEFFICIENTS WITH
THOSE USED IN VARIOUS SAFETY ANALYSES

Moderator
DensityTemperature

Coefficieng Doppler (a) Coefficiegt
Coefficients from Table 4.3-4 (Ao/*F x 10 i Coefficient (ao/am/cm i

Full power
B0C -0.52 Figure 4.3-41

N/Ag)
0.0

E0C1 -2.51 Figure 4.3-41

Zero power, CEA groups 3,2
B

and 1 inserted
80C -0.92 Figure 4.3-41 N/A
E0C 1 -2.11 Figure 4.3-41 N/A

Coefficients used in
Accident Analyses

CEA withdrawal
Full /zero power 0/0(d) 0.85/0.85 N/Aq

V CEA misoperation (full-strength)
Oropped CEA -3.5(d) 1.15 N/A B

CEA misoperation (part-strength)
Dropped CEA 0(d) 0.85 N/A

Loss of Flow 0(d) N/A N/A

CEA ejection
BOC, full /zero power 0/0(d) 0.85 N/A

Loss-of-coolant accident (c) Figure 4.3-41 (c)
Small Break 0 Figure 4.3-41 (c)
Large Break +.5 Figure 4.3-41 (c)

a. Nominal values of the Doppler coefficient (ao/*F) as a function of the
fuel temperature are shown in Figure 4.3-41. The numbers entered in the
Doppler column of this table are the multipliers applied to the nominal
value for analysis of designated accidents.

b. Not applicable.
c. A curve of reactivity vs. moderator density is used for the LOCA

evaluation. The value of density coefficignt used corresponds to a O MTC
for the small break events and +.5x10' Ao /'F for the large breaks
resulting in rapid depressurizaticn.

d. These values are the ones used at the nominal average temperature of
587'F. For other temperatures the set of curves shown on Figures 4.3-42

pJ and 4.3-43 corresponding to the extreme (i.e., most positive at BOC, most
negative at E0C) will be used.

Amendment B
March 31, 1988
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TABLE 4.3-4

REACTIVITY COEFFICIENTS
l,

Moderator Temperature Coefficient, 60/'F I
|

Beginning of-cycle (0-50 mwd /MTU) !

Cold, 68'F, Clean, 1084 ppm 0.05 x 10

-0.52x10]4
Hot zero power, 557'F, no CEAs, Clean, 1018 ppm -0.17 x 10
Hot full power, 587'F, no CEAs, Clean, 911 ppm B

Hot full power, 587'F, no CEAs, Equilibrium Xe, 657 ppm -0.98x10]Hot zero power, 557'F, regulating CEA banks 3, 2 and 1 -0.92 x 10
inserted, 50 mwd /MTU, 657 ppm, Hot full power
equilibrium Xe

End of-Cycle (10 ppm soluble boron, 16576 mwd /MTU)

Cold, 68'F (acoroximate) +0.25 x 10",0 |

4Hot zero powe., 557'F, no CEAs, Hot full power -1.88 x 10
Bequilibri ye

-2.51 x 10,4
,

Hot full powor, equi 11brium Xe, no CEAs, 587'F
4Hot zero power, 557'F, rodded, regulating CEA banks -2.11 x 10

ss 3, 2 and 1 inserted, Hot full power equilibrium Xe

Moderator Density Coefficient, 60/gm/cm
Hot, operating, 587'F |B
Beginning of-cycle, 911 ppm soluble boron, O mwd /MTU +0.066

Fuel temperature contribution to power coefficient,
do/(kW/ft), 657 ppm, 50 mwd /MTU

|

Hot zero power 2.40 x 10'
Fu11 power 1.68 x 10'

Moderator void coefficient 60/% void
Hot, operating, 587'F B

Beginning-of cycle, 911 ppm so1uble boron, O mwd /MTU 0.46 x 10'

Moderator pressure coefficient, A0/ psi
Hot, operating, 587'F B

-6Beginning-of-cycle, 911 ppm soluble boron, O mwd /MTU +1.10 x 10

Overall power coefficient, 60/(kW/ft)
Hot, operating, 587'F B

O 8 st==t=8 et-c7ct 657 >>= et"b1e bor n. 50 MWe,MTU 2.21x103End of cycle, 10 ppm soluble boron, 16576 mwd /MTU 2.65 x 10
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March 31, 1988



. -.

| CESSAR nainemu
| |
'

O !

|

TA9LE 4.3-5

WORTHS OF CEA GROUPS ( % )

| 2K mwd /MTV 14K mwd /MTU |
'

(635 ppm) (214 ppm)

Shutdown CEAs -12.70 -14.10
B

Full-Strength Regulating CEAs

Group 1 - 1,32 - 1.31

Group 2 - 0.48 - 0.46

Group 3 (Lead) - 0.22 - 0.33

Part-Strength Regulating CEAs
'

Group P1 - 0.37 - 0.39

Grouc P2 (lead) - 0.27 - 0.20

0 Total (All CEAs) -15.36 -16.79

i

i
l

|
|

|

O
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TABLE 4.3-6

CEA REACTIVITY ALLOWANCES (%Aci

Fuel temperature variation 1.0 B

Moderator temperature variation 2.3

Moderator voids 0.1

CEA bite and part-strength CEA insertion 0.8

Cooldown to Minimum Temoerature L.1

Total reactivity allowance 7.7

O

|
l

l

|
:

O
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TABLE 4.3-7

CONPARISON OF AVAILABLE CEA WORTHS AND ALLOWANCES

Reactivity
Condition (20)

All CEAs inserted, hot, 587'F 16.8 B

Total reactivity allowance, full power 7.7
(from Table 4.3-6)

Stuck rod worth 6.6

Excess, assuming most adverse combination of uncertainties 2.5

O

1

I

l
1

i

O
'
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TABLE 4.3-8

COMPARISON OF R000ED AND UNRODDED PEAKING FACTORS FOR
VARIOUS R000ED CONFIGURATIONS

MaximumRodRadigl
Peakina Factor F r

Confiaurations (2K mwd /MTU) (14K mwd /MTU)

Unrodded 1.38 1.39 B

Group P2 1.37 1.41

Groups P2 + P1 1.35 1.43

Groups P2 + P1 + 3 1.45 1.55

Group 3 1.45 1.55

Groups P2 + 3 1.47 1.58

O Groups 3 + 2 1.57 1.59

Groups P2 + 3 + 2 1.57 1.60

Groups 3 + 2 + 1 1.60 1.57

Groups P2 + 3 + 2 + 1 1.60 1.58

O
Amendment B
March 31, 1988
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TABLE 4.3-9

CALCULATED VARIATION OF THE AXIAL STABILITY INDEX

DURING THE FIRST CYCLE (a)(h'11

Power Level
(% of Full Power) SOC _19q_

100 .006 +.115

.

a. Equilibrium xenon conditions

O !

|

,

I
!

O
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TABLE 4.3-10

CONTROL ELEMENT ASSEMBLY SHADOWING FACTORS

_BE E00

Group 3 1.035 1.034 B

Group P2 1.023 0.996.

Groups P2 + P1 0.974 0.990
;

Groups 3 + P2 + P1 1.033 1.059

i

.

i

O

i

!

!

O
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TABLE 4.3-11 |

C-E CRITICALS ,

|

l

Core Confiauration |
Soluble No. of
Boron Control i

|Fuel Rod Fuel Cell No. of Temp. of Conc. Rod
Lattice Array Pitch (in) Fuel Rods Core (oom) Channels j

#12 30 x 30 0.600 880 68'F 0 5

#32 30 x 30 0.600 832 68'F 0 17 j

'#43 30 x 30 0.600 880 68'F 323 5

#53 30 x 30 0.575 832 68'F 0 17

#56 30 x 30 0.575 832 68'F 302 17

|

Fuel Rod Desian

Clad 00 0.4683 in ;

Clad Thickness 0.03145 in

Clad Material Zircaloy-4 I

Fuel Pellet 00 0.400 in

Fuel Density 10.40 g/cc

Fuel Enrichment 2.72 w/o

0
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TABLE 4.3-12 )

FUEL SPECIFICATION (KRITZ EXPERIMENTS)
,

!

Parameter QDj_t1 Value

Fuel material (pellets) V0
2

3Fuel Density (dishing included) g/cm 10.15

V-235 in V wt% 3.10

Fuel length mm 2650

Pellet length mm 11

O oxide otameter mm g.08

Cladding material Zircaloy-4
3Density g/cm 6.55

Outer diameter mm 10.74

Inner diameter mm 9.30

l

O
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TABLE 4.3-13

COMPARISON OF REACTIVITY LEVELS FOR NON-UNIFORM CORE

Heasured Soluble
Vol Mod No. of Large Axial Byckling Boron Conc. g

Core Vol Fuel Water Holes H (opm) eff

CRZ (C-E Criticals)
2.77. V-235
88'F

#12 1.49 5 3.53 0 1.0017
'

#32 1.49 17 3.70 0 1.0006

#43 1.49 5 1.64 323 1.0032

#53 1.25 17 2.82 0 1.0021

O #5e 1.2e 17 1.07 302 1.000e

KRITZ

V02 (445'F) 1.79 21 2.20 959 1.0014

0

.
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TABLE 4.3-14

BEGINNING-OF-CYCLE. HOT ZERO POWER.
XENON FREE. UNR00DED

CRITICAL BORON CONCENTRATION

l

Pla_n_t Cycle Critical Boron Concentration (oom) jn

Measured Calculated (ROCS /DIT)
|

Calvert Cliffs-1 1 1096 1078
'

2 1013 984 4

'

3 1220 1216
4 1342 1340

Calvert Cliffs-2 1 1097 1087
2 1185 1175
3 1191 1181

St. Lucio-1 1 962 944
2 1024 995

n 3 1137 1127
U

AN0-2 1 1012 999

Average Difference (Meas-calc) = 14 ppm

95/95 Confidence Level = !25 ppm

i

l

)
1

O i
|
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TABLE 4.3-15

ITC SUMMARY FOR ROCS /DIT

MEASURED , CALCULATED

CORE CYCLE % POWER ppm (x 10"' Ao / * F) DIFFERENCE

Calvert 1 HZP 1090 +.24 +.48 +.24
Cliffs-2 50 827 .10 +.03 +.13

96 745 .27 .17 +.10
2 HZP 1121 +.43 +.52 +.09

EO 940 +.01 +.16 +.15
100 690 .50 .54 .04

3 HZP 1191 +.25 +.47 +.22
50 923 .11 .01 +.10

St. Luice-1 1 HZP 962 +.10 +.36 +.26
50 696 .25 .10 +.15

1A 51 681 .21 .12 +.09
83 619 .35 .29 +.06
98 585 .42 .35 +.07

O 95 296 -1.01 .89 +.12
V 2 HZP 1024 +.27 +.48 +.21

100 670 .23 .28 .05
91 288 .89 -1.13 .24

3 HZP 1137 +.32 +.54 +.22
100 757 .25 .24 +.01

Calvert 1 HZP 1087 +.26 +.49 +.23
Cliffs-1 20 923 +.05 +.22 +.17

50 820 .11 +.06 +.17
80 764 .18 .08 +.10

100 740 .21 .14 +.07
100 365 .85 .81 +.04-

95 83 -1.38 -1.48 .10
2 HZP 1013 +.07 +.35 +.28

50 765 .24 .13 +.11
100 593 .72 67 +.05

3 HZP 1220 +.39 +.67 +.28
50 989 .04 +.24 +.28 ,

100 660 .78 .60 +.18 l

4 HZP 1342 +.36 +.63 +.27
50 1066 +.19 +.24 +.0S

ANO-2 1 HIP 1012 +.03 +.34 +.31
20 825 .20 +.03 +.23 |B
LO 720 .33 .15 +.18

O
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TABLE 4.3-16

CONPARISON OF CONTROL R00 BANK WORTHS
3D ROCS (DIT) vs. NEASURENENT

UNITS OF % DIFFERENCE FROM NEASURED WORTH

Calvert Calvert Calvert Calvert Calvert Calvert Calvert
PLANT / CYCLE ANO-2 Cli ffs-1 Cli f fs-2 St. Lucie-1 Cliffs-1 Cli f fs-2 St. Lucie-1 Cliffs-1 Cliffs-2 St. Luice-1 Clif's-1

| SEQUENTIAL

| ROD BANK CY l CY l CY 1 CY 1 CY 2 CY 2 CY 2 CY 3 CY 3 CY 3 CY 4

7 -3.00 +8.83 +8.79
6 -2.82 -0.96 +3.02 +6.67
5 -0.95 -5.98 -8.06 +0.87 +6.69 +3.55 +3.05 +18.36 -3.30 +5.97 +5.09
4 -2.15 +1.42 -4.61 +0.54 +12.46 +9.68 +12.14 +14.38 +3.59 +10.86 +12.50
3 -1.39 -4.29 -2.53 -7.53 +14.67 +2.40 +4.38 +6.92 +5.14 +4.34 +2.70
2 -2.07 +9.64 -6.08 +1.84 -1.70 +3.08 +3.38 -0.31 +10.50 +6.30
1 -1.88 -5.46 0.00 +1.88 +10.29 +5.67 -4.53 +11.82 +3.82 +0.39 +7.87
C -4.30 -0.08 -0.60
B -1.60 -3.96 +3.08

CYCLE NEAN -1.88 -3.62 -1.51 -0.41 +8.48 +4.87 +4.32 +10.18 +1.79 +6.79 +6.89
t STD. DEV. +0.65 +2.99 +5.54 +3.44 +6.41 +2.95 +5.23 +7.31 +3.50 +3.70 +3.66

OVERALL
p io -1.80 1 3.66 +6.12 1 5.14

|

.___ - -__ - _ - _ _ _ _ . _. _ _ _.



-
_ __ - .

; O O O

TABLE 4.3-17

I COMPARISON OF POWER COEFFICIENTS
3D ROCS (DIT) vs. MEASUREMENT

-4UNITS OF |0 Ap /%P
i

PLANT / CYCLE POWERf%) CALCULATED MEASURED DIFFERENCE

1 Calvert 1 50 -1.28 -1.06 -0.22
j Cliffs 100 -1.04 -1.03 -0.01
i Unit 1 2 50 -1.06 -1.18 +0.12

100 -0.94 -1.02 +0.08
3 50 -1.03 -1.06 +0.03

100 -0.86 -1.10 +0.24
4 50 -0.89 -1.08 +0.19

i

Calvert 1 50 -1.07 -1.07 0.00
Cliffs 96 -0.86 -0.94 +0.08
Unit 2 2 50 -0.95 -1.12 +0.17

100 -0.77 -0.94 +0.17
3 50 -0.92 -1.01 +0.09

St. 1 50 -1.15 -1.16 +0.01
Lucie 83 -0.96 -1.06 +0.10
Unit 1 98 -0.85 -0.90 +0.05

2 100 -0.83 -0.72 -0.11
3 100 -0.77 -0.82 -0.05

Average Bias - 0.06 x 10-4 @/%P

95/95 Confidence Level 10.28 x 13-4 @/%P

i

j
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TABLE 4.3-19

J

AXIAL XENON OSCILLATIONS
|

Period Damg{ng |
(h) (h i

Exposure
Reactor (mwd /MTu) Measured Calculated Measured Calculated

Omaha 7075 29 32 -0.027 -0.030

Stade BOC 36 36 -0.096 -0.090

Stade 12200 27 30 -0.021 -0.019

.

O

|

O
i

)
1
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p C DO C-DO C OO ' C DO
'(,

( |
N = BOX No. 5 6 7 8 9 j 10 i

'tF = ASSEMBLY TYPE C OO C Lo C Lo B Hi B Lo B Hi
|

'
11 12 13 14 15 16 17

C OO C Lo A B Lo A B Lo ~ B Lo

18 19 20 21 22 23 24 25

COO C Lo B Lo B Lo A B Hi :A B-Hi

,. _ _ .
'

26 27 28 29 30 31 32 ! 33
1

C Lo A B Lo A B Hi A B Hi A
.

i
34 35 36 37 38 39 40 41 42 |

|

C OO C Lo B Lo A B Hi A . I B Hi A D-Hi

--.- _= -

43 44 45 46 47 48 49 50 51 |

C OO B Hi A B Hi A B Hi B Lo B Hi I A

. ,

52 53 54 55 56 57 58 59 63 ,'
f

C OO B Lo B Lo A B Hi A B Hi A Ts Hi
,

;
_.-.

61 62 63 64 65 66 67 68 69

C OO B Hi B Lo B Hi A B Hi A B Hi A
.

' /' Amendment B
March 31, 1988

i

O e..e,.

mu[h@.. ''"S' ovc'" FUEL LOADING PATTERN 4.3 1

_

1
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t

O
FUEL No.OF FUEL No. OF SHIM' d ASSEMBLY NUMBER OF 10ENRICHMENT RODS PER RODS / gm B /IN.TYPE ASSEMBLIES

W/T % U235 ASSEMB LY ASSEMBLY ;

A 69 1.92 236 0 --

./.

BLO 44
8 2 16 0.01842

BHI 64 1.92 12 16 0.02532 '
2.78 208 ''r

2.78 ' 12
C0 40 0

.

-

3,30 224

CLO 24 2.78 12 16 0.01151 /
'

j 3.30 208 1

XX i i XX XXl X)g
XN ! SS 8 -]X X A,

! !

O ---O 0--- - C 0
m ss i s se

! !

i ! i rT r3
i i LJ , (J

E w '
< <

q|3 i a r3 r3
.J i LJ tJ t;

Omi m m Ex x g ,

'EX ! : i Du xx xx |

B o,BHI , AND CLO COt

WATERHOLE

@ LOWER ENRICHED FUEL PIN |

C HIGHER ENRICHED FUEL PIN

O SHIM PIN

Ic.endr.ent B
March 31, 1989

O '
-

Figurew
FIRST CYCLE ASSEMBLY FUF.L LOADINGS

gg /
,

7 WATERHOLE AND SHIM PLACEMENT 4.3 2

i_ _

__ . _ _ . _-
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^
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, ,

IFORMAT IS BOX NO. TYPE, f, M Ap. O,Al.UE ,(d80j , ,3
BOX RPD 11,7 ( 2Y

p' / * -
/4

MAX FIN $|.36 19(
) ) ), .

9 / / s t3
'

', ,

j/ }
I! i t

. . .

'' '
p 1 C-00 2 C lio,I 3 C-OO 4 C-OO'

#

! '0.69
' '

[ ,0.93
. . 1.00 1.01' 'i s 1.16 1.32 1.38 1.37

' .-, ! _ lj C L ,; '
' .

C-Oc j s C LG ' 7 sC-LO s'' B HI - 9 B LO 10 B H1i 5

0.d5 0.84 / * 1.05 3 1.07 1.03 1.017[ i I1.t4 y
! . _ h ' 't M | |

1.21 j 1.21 1.201.22
,

. . .S I I),. 1
'

4 '
,

11 C 00 12, C LO 10 ' .jA 14/, .B LG \S | A f l0 B LO 17 B LO
'

O 74 1 '1.06 0.97 ' * 10 1.00 j 1.05 1.00
#

,

1.21 1 1.35 .1. t V, 1.30 \ .15 ~ , 1.25 1.17i
|

> , , r . '

18 C-OO 19 C I.O '20 B-LO 21 B LO 22 / A .j 23 B-Hi.! 24 A 25 B HI,
''

'f)(' 1.28
0.65 1.GS 1,05 1.12 '.04 1.11 1.00 1.06
1.10 1.36 1.24 1.32 C1 1.16 1.24,

i , 'f '

Q
,

IS * C LO 27 A 28 B O ' 2f , A 30 8' Hf 31 A 32 B HI 33 A
'

-

O.C( l 0.97 1.12 1.04 1.12 1 ' 0 02 1.10 1.01
',.

) . L23 1.14 1.3 2 , , 1.19 1.29 p17 1.25 1.18;

34 C-OO 15 C LO J6 B LO 37 A JS B HI 39 , A 40 P HI 11 A 42 B HI,

0.69 1.05 ; 'l.10 1,04 1.V; ? DA ; ; ) OG 1.00 1.09i f
1.15 1.* ' 1 (',1.32 1.20

'

1.28 . 1.1 C , [ ' 1.24 1.17 1.24<

43 C-O O 44 B HI 45 A 46 B H1 47 A 48 BH'( 49 B LO 50 R HI 51 Aq -

,

1 0.93 1.02 1.00 1.11
} ( 1.02 <

,1.06 %1 1.35 1.00
S 1.34 1.20 1.15 1.28 1.19 1.24 f 1.16 1.22 1.15

I '

- .-.
.

52 C-OO 53 B LO 54- B LO ' 55 A' $6 , FHI , 57 A 63 8-M 59 A 60 B HI
'

'1.00 1.03 1.05 1.00
'

1.10 ,1.00 1.r8 / 0A9 1.09
4 ' 33 f, 1.21 1.26 1.15 1.25 1.15 ?.23 1.14 1.24i, >

c, , .

Iy61 C-CO 62 B HI 63 B LO 64 B HI 65 A 66 B M < )7
A 68 r; HI 69 A

1.01 1.01 1.00 1 03,/ 1.01 ,1 1.00 ' f / 1.00 1.09 1.01
e 1.38 1.19 1.17 1.13 ' 1.16 -}.23 , 1,16 1.25 1.16

-
. .

f f

n
, leenhent B

g j !'. arch 31, 1988,

,

\,
'

,

i m . .. a / Figure

I ,| / PLW.AR AVERAGES"OWER Dl9TR&(fTION UNRODDEDjg / [ BOC, NO X"N,J f, FULL POWER 4.3 3,

k 'l 'II,i , ,
_,

f 2

'1 , !' a_



. - . - - - ..- .. . . .- . - . _- --

FORMAT IS BOX NO. TYPE. M AX. VALU E IN BOX
SOX RPD 1.16 60
MAX PIN 1.33 60 |

|

1 C OO 2 C OO 3 C-OO 4 C OO

0.65 0.87 0.92 0.93
1.11 1.25 1.28 1.28

5 C OO 6 C LO 7 C LO 8 . B HI 9 8 LO 10 B HI

! 0.63 0.82 1.01 0.98 0.98 0.95
1.09 1.21 1.27 1.18 1.14 1.12 1

11 COO 12 C LO 13 A 14 B LO 15 A 16 8 LO 17 B LO
,

0.72 1.03 0.97 1.09 1.00 1.04 0.98
1.17 1.33 1.15 1.30 1.17 1.27 1.16

'
,

18 C-OO 19 C LO 20 B LO 21 B LO 22 A 23 8 HI 24 A 25 8 HI
I 0.63 1.03 1.03 1.12 1.05 1.13 1.02 1.08
I 1.09 1.33 1.23 1.32 1.23 1.31 1.20 1.29

: O 2' c 'o 27 ^ == 'o 2' * =a si =' * == -ai >> ^
0.82 0.97 1.12 1.06 1.15 1.06 1.14 1.05 ;
1.21 1.15 1,32 1.22 1.32 1.21 1.31 1.22

34 C-OO 35 C LO 36 8 LO 37 A 38 B HI 39 A 40 6-HI 41 A 42 B H1

0.65 1.01 1.09 1.05 1.15 1.05 1.11 1.05 1.15
1.11 1.27 1.30 1.20 1.32 1.22 1.31 1.23 1.32

43 COO 44 B HI 45 A 46 8 HI 47 A 48 B H1 49 B LO 50 B HI 51 A

i 0.87 0.98 1.00 1.13 1.06 1.11 1.06 1.11 1.06
i

1.26 1.18 1.16 1,32 1.23 1.32 1.23 1.31 1.23

52 C-OO 53 8 LO 54 8 LO 55 A 56 5 HI 57 A 58 8 HI 59 A 60 5 HI :;

0.92 0.98 1.04 1.02 1.14 1.05 1.11 1.06 1.16 (1.29 1.16 1.26 1.18 1.31 1.22 1.31 1.23 1.33

f 61 C-OO 62 B HI 63 8 LO 64 B HI 65 A 66 8 H1 67 A 64 B HI 69 A
! 0.93 0.95 0.98 1.08 1.05 1.15 1.06 1,16 1.08
) 1.28 1 12 1.17 1.27 1.21 1.32 1.23 1.35 1.23
.

Amendment B
4

March 31, 19GB

O.

; Figure.
1 / PLANAR AVF. RAGE POWER DISTRIBUTION UNRODDED

Jgg / FULL POWER, EQUILIBRIUM XENON,50 MWD /T 4.34
|

l
,

s .
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FORMAT IS BOX NO. TYPE. MAX. VALUE IN BOX
BOX RPD 1.17 60
MAX PIN 1,38 28

1 COO 2 C.OO 3 C-OO 4 C-OO

0.62 0.83 0.87 0.88
1.03 1.18 1.20 1.21

5 C-OO 6 C LO 7 C.LO 8 B-H f 9 B LO 10 B HI

0.62 0.81 1.00 0.96 0.96 0.93
1.04 1.20 1.28 1.18 1.14 1.08

11 COO 12 C LO 13 A 14 B LO 15 A 16 B LO 17 B LO

0.71 1.0's 0.97 1.09 1.00 1.04 0.99
1.14 1.35 1.13 1.32 1.16 1.29 1.18

18 COO 19 C LO 20 B LO 21 B LO 22 A 23 B-HI 24 A 25 B HI

0.62 1.03 1.05 1.14 1.07 1.14 1.03 1.08
1.04 1.35 1.26 1.37 1.23 1.35 1.20 1.30

26 C LO 27 A 28 B LO 29 A 30 B HI 31 A 32 B HI 33 A -

0.81 0.97 1.14 1.08 1.16 1.07 1.15 1.06
1.20 1.17 1,38 1.24 1.36 1.23 1.35 1.26

34 COO 35 C LO 36 B LO 37 A 38 B HI 39 A 40 B HI 41 A 42 B-HI
0.62 1.00 1.09 1.07 1.16 1.07 1.12 1.06 1.16
1.03 1.28 1,32 1.28 1.36 1.23 1.32 1.22 1.35

,

43 COO 44 B HI 45 A 46 B HI 47 A 48 B HI 49 B LO 50 B HI 51 A

0.83 0.96 1.00 1.14 1.07 1.12 1.08 1.13 1.08
1.18 1.18 1.21 1.35 1.28 1.33 1.25 1.36 3.27

52 COO 53 B LO 54 B LO 55 A 56 B HI 57 A 5* B HI 59 A 60 B H1

0.87 0.96 1.04 1.03 1.15 1.06 1.13 1.07 1.17
1.21 1.14 1.29 1.25 1.35 1.27 1.36 1.23 1.36

61 COO 62 B HI 63 B LO 64 B-HI 65 A 66 B HI 67 A 68 B HI 69 A
0.88 0.93 0.99 1.08 1.06 1.16 1.08 1.17 1.09
1.21 1.08 1.18 1.29 1.26 1.35 1.29 1.36 1.22

;

Amendment B
!! arch 31,1988

O
e.. ...

Jg / PLANAR AVERAGE POWER DISTRIBUTION UNRODDED
FULL POWER. EQUILIBRIUM XENON,1000 MWD /T 4.3 5

- - - - - -



:

:

i
FORMAT IS BOX NO. TYPE, MAX. VALUE IN BOX |

BOX RPD 1.14 23 '

MAX PIN 1.38 12 f
:

|

I
1 CCO 2 C OO 3 C OO 4 C-OO

0.66 0.88 0.93 0.93 |
1.10 1.25 1.28 1.27

'

,

5 C-OO 6 C LO 7 C-LO 8 B HI 9 B LO 10 B HI !

0.64 0.85 1.04 1.01 1.01 0.98
1.08 1.26 1.33 1.24 .1.20 1.14 j

!
11 C OO 12 C LO 13 A 14 B.LO 15 A 16 B LO 17 B LO !

0.73 1.05 0.99 1.12 1.03 1.07 1.01 |
1.17 1.38 1.16 1.36 1.20 1.33 1.20 i

18 C-OO 19 C.LO 20 B LO 21 B LO 22 A 23 B H1 24 A 25 B Hi

0.64 1.06 1.05 1.11 1.06 1.14 1.03 1.05 |
1.08 1,38 1.26 1.33 1.22 1.35- 1.20 1.26 !

!

26 C.LO 27 A 28 B Lo 29 A 30 B HI 31 A 32 ' B HI 33 A -

0.85 0.99 1.11 0.93 1.12 1.05 1.10 0.91 !
1.26 1.20 1.34 1.07 1.31 1.21 1.29 1.08 |

34 COO 35 C LO 36 8 LO 37 A 38 B HI 39 A 40 B HI 41 A 42 B H1

0.66 1.04 1.12 1.06 1.12 1.04 1.10 1.03 1.10 !

1.10 1.33 1.36 1.27 1.31 1.20 1.31 1.19 1.28 !
i

43 C-OO 44 B HI 45 A 46 B HI 47 A 48 B H1 49 B LO 50 5 HI 51 A |
'

0.88 1.01 1.03 1.14 1.05 1.10 1.06 1.10 1.04 |
1.25 1.24 1.25 1.35 1.26 1.31 1.23 1.32 1.24

,

52 COO 53 5 LO 54 B LO 55 A 56 B HI 57 A 58 B HI 59 A 60 B Hi ;

0.93 1.01 1.07 1.03 1.10 1.03 1.10 1.03 1.10 i
1.29 1.20 1.33 1.25 1.29 1.24 1.32 1.19 1.28

61 C-OO 62 B HI 63 B LO 64 B HI 65 A 46 B HI 67 A SS B HI 69 A

0.93 0.98 1.01 1.05 0.91 1.10 1.04 1.10 0.92 |1.27 1.14 1.20 1.25 1.08 1.28 1.24 1.28 1.03

Amendment B
March 31, 1988

O
*

PLANAR AVERAGE POWER DISTRl8UTION,
ggg BANK P2 INSERTED, FULL POWER, EQUlLISRIUM XENON, 4.3 Se
*N 1000 MWD /T



FORMAT IS BOX NO TYPE, M AX. VALU E IN BOX
BOX RPD 1.20 21

MAX PIN 1.40 12

1 COO 2 C OO 3 C-OO 4 COO

0.62 0.79 0.83 0.84
1.02 1.11 1.15 1.15

5 COO 6 C LO 7 C LO 8 B Hf 9 B LO 10 B HI

0.64 0.8 / 1.07 1.01 1.04 1.01
1.06 1.23 1.33 1.20 1.22 1.18

11 COO 12 C LO 13 A 14 B LO 15 A 16 B LO 17 B LO

; 0.73 1.11 1.01 1.15 1.01 1.12 1.10
1.15 1.40 1.14 1.31 1.12 1.28 1.24

"

18 COO 19 C LO 20 B LO 21 B LO 22 A 23 B H1 24 A 25 B HI

0.64 1.)1 1.16 1.20 1.04 1.12 1.01 1.10
1.06 1.40 1.33 1.36 1.15 1.27 1.12 1.24

- 26 C LO 27 A 28 B LO 29 A 30 B HI 31 A 32 B HI 33 A
0.87 1.01 1.20 1.05 1.13 1.01 1.10 0.99
1.23 1.16 1.36 1.17 1,29 1.11 1.24 1.12

34 COO 35 C LO 36 B LO 37 A 38 B HI 39 A 40 B H1 41 A 42 B HI

0.62 1.07 1.15 1.04 1.13 1.01 1.09 0.99 1.09
1.02 1.33 1.31 1.18 1.28 1.11 1.23 1.09 1.22

43 COO 44 B-HI 45 A 46 B H1 47 A 48 B HI 49 B LO 50 B HI 51 A

0.79 1.01 1.01 1.12 1.01 1.09 1.09 1.07 0.98
'

1.11 1.20 1.15 1.27 1.14 1.23 1.22 1.21 1.11

52 COO 53 B-LO 5* B LO 55 A 56 B HI 57 A 58 B H1 59 A 60 B HI
0.83 1.04 1.12 1.01 1.10 0.99 1.07 0.97 1.07
1.11 1.22 1.28 1.14 1.24 1.12 1.21 1.07 1.20

61 C-OO 62 B HI 63 B LO 64 B HI 65 A 66 8 H1 67 A 68 B HI 69 A
0.84 1.01 1.10 1.10 0.99 1.09 0.98 1.07 0.97
1.15 1.18 1.24 1.24 1.12 1.22 1.11 1.20 1.07

A:.endment B
!! arch 31,1988

O.

) Figure,,

: / PLANAR AVERAGE POWER DISTRIBUTION UNRODDEDgj / FULL POWER, EQUILIBRIUM XENON,6000 MWD /T 4.3 6

!
I

___ _ . . _ _



, .

A FORMAT IS BOX NO. TYPE. M AX, VALUE IN BOXU BOX RPD 1.17 14

MAX PIN 'i 41 12

1 COO 2 C-OO 3 C OO 4 COO

0.64 0.81 0.86 0.86
1.05 1.14 1.20 1.18

5 COO 6 C LO 7 C LO 8 B HI 9 B LO 10 B HI

0.65 0.89 1.09 1.04 1.07 1.04
1.07 1.25 1.35 1.24 1.25 1.22

11 C-OO 12 C LO 13 A 14 BLO 15 A 16 B LO 17 B LO

0.74 1.12 1.01 1.17 1.03 1.14 1.12
1.17 1.41 1.14 1.33 1.14 1.30 1.27

18 C-OO 19 C LO 20 B LO 21 B LO 22 A 23 B HI 24 A 25 B-HI

0.65 1.12 1.16 1.17 1.04 1.13 1.01 1.08
1.07 1.41 1.33 1.32 1.15 1.28 1.12 1.22

26 C LO 27 A 28 B LO 29 A 30 B HI 31 A 32 B HI 33 A -

0.89 1.01 1.17 0.95 1.10 1.00 1.07 0.89
1.26 1.16 1.32 1.06 1.25 1.10 1.21 1.01

34 C-OO 35 C LO 36 B LO 37 A 38 B HI 39 A 40 B H1 41 A 42 B HI

0.63 1.09 1.16 1.04 1.10 0.99 1.09 0.97 1.06
1.03 1.35 1.32 1.18 1.24 1.09 1.23 1.07 1.19

43 C-OO 44 B-H1 45 A 46 B H1 47 A 48 B HI 49 B LO 50 B-H1 51 A
;

0.81 1.04 1.03 1.13 1.00 1.09 1.09 1.07 0.97
; 1.14 1.24 1.17 1.28 1.13 1.23 1.22 1.21 1.10

52 COO 53 B LO 54 B LO 55 A 56 B HI 57 A 58 B HI $9 A 60 B HI

0.85 1.07 1.14 1.01 1.07 0.97 1.07 0.96 1.04
1.18 1.25 1.30 1.14 1.21 1.10 1.21 1.06 1,17

61 C-OO 62 B HI 63 B LO 64 B HI 65 A 66 B HI 67 A 68 B-HI 69 A

0.86 1.04 1.12 1,08 0.89 1.06 0.97 1.04 0.87
1.18 1.22 1.27 1.22 1.01 1.19 1.10 1.17 0.96

,

I

I

Amendment B
March 31, 1988

i

PL ANAR AVERAGE POWER DISTRIBUTION

JFJ / - BANK P2 INSERTED, FULL POWER,
4.3 SaEOuiuBRiuu XENON,600o uwDrr

-. - .



FORMAT IS BOX NO. TYPE. M AX, VALU E IN BOX
BOX RPD 1.19 21

MAX PIN 1.34 12

1 C-OO 2 C OO 3 C OO 4 COO

0.60 0.77 0.81 0.82
0.98 0.84 1.13 1.12

5 COO 6 C.LO 7 C LG B H! 9 B LO 10 B HI

0.61 0.86 1.07 1.03 1.09 1.07
0.99 1.19 1.31 1.21 1.26 1.24

11 COO 12 C LO 13 A 14 B LO 15 A 16 B LO 17 B LO

0.70 1.08 0.97 1.15 1.00 1.18 1.18
1.10 1.34 1.10 1.29 1.09 1,32 1,32

18 COO 19 C LO 20 B LO 21 B LO 22 A 23 B HI 24 A 25 B HI

0.61 1.08 1.17 1.19 1.01 1.13 1.01 1.14
0.99 1.33 1.33 1.32 1.09 1.25 1.11 1.27

26 C LO 27 A 28 B LO 29 A 30 B HI 31 A 32 B HI 33 A
0.86 0.97 1.19 1.02 1.12 0.99 1.11 0.99
1.19 1.10 1.32 1.11 1.23 1.07 1.22 1.09

34 C OO 35 C LO 36 B LO 37 A 38 B HI 39 A 40 B-Hi 41 A 42 B-HI

0.60 1.07 1.15 1.01 1.12 0.99 1.11 0.98 1.10
0.98 1.31 1.28 1.11 1.23 1.08 1.23 1.07 1.21

43 COO 44 B HI 45 A 46 B HI 47 A 48 B HI 49 B LO 50 B HI 51 A
0.77 1.03 1.00 1.13 0.99 1.11 1.14 1.10 0.97
1.09 1.21 1.10 1.25 1.09 1.23 1.28 1.22 1.07

52 C.OO 53 B LO 54 B LO 55 A 56 8 HI 57 A 58 B HI 59 A 60 B-HI

0.81 1.09 1.18 1.01 1.11 0.98 1.10 0.97 1.09
1.13 1.26 1.32 1.11 1.22 1,10 1.22 1.05 1.20

61 C-OO 62 B HI 63 B LO 64 B HI 65 A 66 B HI 67 A 68 B Hi 69 A

0.82 1.07 1.18 1.14 0.99 1.10 0.97 1.09 0.96
1.12 1.24 1,32 1.27 1.09 1.20 1.07 1.20 1.04

,

Amendment B
March 31, 1988

O
PLANAR AVERAGE POWER DISTRIBUTION UNRODDED

Jg f
4

FULL POWER, EQUILIBRIUM XENON,9000 MWDIT 4.3 7
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FORMAT IS BOX NO. TYPE. MAX VALUE IN BOX,

BOX RPD 1.20 17

MAX PIN 1.35 12

1 COO 2 C OO 3 C OO 4 C-OO

0.61 0.78 0.83 0.83
0.99 1.10 1.15 1.14

5 COO 6 C LO 7 C LO 8 B-HI 9 B-LO 10 B HI

0.62 0.87 1.09 1.05 1.11 1.09
1.01 1.20 1.33 1.23 1.29 1.26

11 COO 12 C LO 13 A 14 B LO 15 A 16 B LO 17 B LO

0.71 1.09 0.97 1.16 1.02 1.19 1.20
1.11 1.35 1.06 1.30 1.11 1.33 1.34

18 C-OO 19 C LO 20 B LO 21 B LO 22 A 23 B-H1 24 A 25 B HI

0.62 1.09 1.16 1.17 1.01 1.13 1.01 1.12
1.01 1.34 1.32 1.30 1.09 1.25 1.11 1.24

O 2$ c 'o 22 ^ '' 'o 2' ^ 'o "' '' ^ >> "' => ^ -

0.87 0.97 1.17 0.93 1.10 0.98 1.09 0.90
1.20 1.10 1.30 1.01 1.21 1.06 1.20 0.99

34 COO 35 C LO 36 B LO 37 A 38 B H1 39 A 40 B H1 41 A 42 B-HI
{

0.61 1.09 1.16 1.01 1.10 0.98 1.11 0.97 1.08 !

0.99 1.33 1.29 1.11 1.21 1.07 1.23 1.06 1.19

43 C-00 44 B HI 45 A 46 B Hf 47 A 48 B HI 49 B LO 50 B HI 51 A
0.78 1.05 1.02 1.13 0.98 1.11 1.14 1.10 0.97
1.10 1.23 1.12 1.25 1.08 1.23 1.28 1.22 1.07

52 C-OO 53 B LO 54 B LO 55 A 56 B HI 57 A 58 B HI 59 A 60 B HI
0.83 1.11 1.19 1.01 1.09 0.97 1.10 0.97 1.06
1.15 1,29 1.33 1.11 1.20 1.07 1.22 1.06 1.17

61 C-OO 62 B HI 63 5 LO 64 B-HI 65 A 66 B HI 67 A 68 B-HI 69 A
0.83 1.09 1.20 1.12 0.90 1.08 0.97 1.06 0.88
1.14 1.26 1.34 1.24 0.99 1.19 1.07 1.17 0.95

i

Amendment B
March 31, 1998

O
*

PLAN AR AVERAGE POWER DISTFiiBUTION

f - BANK P2 INSERTED, FULL POWER,
4.3 7aEQUILIBRIUM XENON,9000 MWD /T

- _ _
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FORMAT IS BOX NO TYPE, M AX. VALU E IN BOX
BOX RPD 1.26 17

MAX PIN 1.39 17

1 C OO 2 COO 3 C OO 4 CCO

0.58 0.75 0.80 0.81
0.92 1.04 1.09 1.09

5 COO 6 C.LO 7 C LO 8 B HI 9 B LO 10 B HI

0.55 0.81 1.03 1.08 1.15 1.17
0.86 1.05 1.21 1.22 1.30 1.32

11 COO 12 C LO 13 A 14 B LO 15 A 16 B LO 17 B LO

0.62 0.96 0.87 1.09 0.98 1.21 1.26
0.94 1.13 0.96 1.21 1.06 1.34 1.39

18 COO 19 C.LO 20 B LO 21 B.LO 22 A 23 B HI 24 A 25 B HI

0.55 0.96 1.06 1.09 0.95 1.14 1.01 1.21
0.86 1.13 1.18 1.20 1.02 1.25 1.09 1.33

26 C LO 27 A 28 B LO 29 A 30 B HI 31 A 32 B HI 33 A
0.81 0.87 1.09 0.95 1.12 0.99 1.17 1.01
1.05 0.96 1.20 1.02 1.23 1.06 1.28 1.08

34 C-OO 35 C LO 36 B LO 37 A 38 B H1 39 A 40 B H1 41 A 42 B HI

0.58 1.03 1.09 0.95 1.12 1.00 1.20 1.02 1.18,
'

O 92 1.22 1.21 1.02 1.23 1.08 1.33 1.10 1.29

43 C-OO 44 B HI 45 A 46 B HI 47 A 48 B H1 49 B LO 50 5 HI 51 A

0.75 1.08 0.98 1.14 0.99 1.20 1.25 1.22 1.02
1.04 1.22 1.06 1.24 1.06 1,32 1.36 1.34 1.08 i

! !
, 52 C-OO 53 B LO 54 B LO 55 A 56 B-HI 57 A 58 B HI 59 A 60 B HI

0.80 1.15 1.21 1.01 1.17 1.02 1.22 1.03 1.19
1.09 1.30 1.34 1.09 1.28 1.10 1.34 1.11 1.30q

61 C-OO 62 B HI 63 B LO 64 B H1 65 A 66 B HI 67 A 68 B HI 69 A4

0.81 1.17 1.26 1.21 1.01 1.18 1.02 1.19 1.02
1.09 1,32 1,39 1.33 1.08 1.29 1.08 1.30 1.09 i

A:.entnent B I
!! arch 31,1988

O 1
:

Figurew
PLANAR AVERAGE POWER DISTRIBUTION UNRODDED

Jg / FULL POWER, EQUILIBRIUM XENON,16500 MWD /T 4.3 8
-

._.
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O FORMAT IS BOX NO. TYPE. M AX. VALUE IN BOX
BOX RPD 1.25 60

MAX PIN 1.44 60

1 C40 2 C OO 3 C-OO 4 C-OO

0.61 0.77 0.77 0.76
1.04 1.10 1.07 1.05

5 COO 6 C LO 7 C LO 8 B HI 9 B LO 10 B H1

0.66 0.86 1.01 0.92 0.85 0.77
1.12 1.26 1.26 1.11 0.99 0.90

11 COO 12 C LO 13 A 14 B LO 15 A 16 B LO 17 B LO

0.76 1.11 1.03 1.13 0.97 0.91 0.66
1.25 1.42 1.22 1.34 1.13 1.10 0.77

18 C-OO 19 C LO 20 B-LO 21 B LO 22 A 23 B HI 24 A 25 B H1

0,66 1.11 1.14 1.22 1.10 1.13 0.96 0.96
1.12 1.43 1.33 1.42 1.28 1.33 1.13 1.16

26 C LO 27 A 28 B LO 29 A 30 B HI 31 A 32 B Hi 33 A
0.86 1.03 1.22 1.14 1.21 1.09 1.14 1.04
1.26 1.22 1.40 1.31 1.43 1.28 1,41 1.25

! 34 C.OO 35 C LO 36 B LO 37 A 38 B HI 39 A 40 B H1 41 A 42 B HI '

O.61 1.01 1.13 1.10 1.21 1.12 1.18 1.10 1.20
1.04 1.26 1.34 1.27 1.42 1.32 1.42 1.28 1.45;

43 C-LQ 44 B HI 45 A 46 B HI 47 A 48 B HI 49 B LO 50 B HI 51 A
"

0.77 0.92 0.97 1.13 1.09 1.18 1.16 1.20 1.14
1.?2 1.11 1.13 1.33 1.28 1.42 1.36 1.40 1.32

5 C-O O 53 B LO 54 B LO $5 A 56 B-HI 57 A 58 B HI 59 A 60 B HI
0.77 0.85 0.91 0.96 1.14 1.10 1.20 1.14 1.25
1.08 0.99 1.09 1.13 1.40 1.28 1.40 1.31 1,44

61 C00 62 B HI 63 B LO 64 B HI 65 A 66 B HI 67 A 68 B-HI 69 A
0.76 0.77 0.66 0.96 1.04 1.20 1.14 1.25 1.17
1.06 0.89 0.76 1.15 1.26 1.45 1.32 1.43 1.33

Amendment B
11 arch 31,1988

: O
PLANAR AVERAGE POWER DISTRIBUTION, LEAD

jM / h REGULATING BANK FULLY INSERTED.

4.3 9M FULL POWER. EQUILlBRIUM XENON,2000 MWD /T
J
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i

O roa=^' is 'ox "o Tvae- "^x v^tue is eOx
BOX RPD 1.20 60

MAX PIN 1.47 19

1 COO 2 C OO 3 C-OO 4 C OO

0.64 0.81 0.81 0.80
1.09 1.16 1.13 1.10

5 COO 6 C LO 7 C LO 8 B HI 9 B LO 10 B HI

0.68 0.89 1.05 0.96 0.89 0.81
1.16 1.30 1.31 1.16 1.04 0.95

11 C-OO 12 C LO 13 A 14 B LO 15 A 16 B-LO 17 B LO

0.78 1.14 1.05 1.15 0.99 0.93 0.68
1.28 1.46 1.24 1.37 1.16 1.13 0.79

18 C-DO 19 C LO 20 B LO 21 B LO 22 A 23 B H1 24 A 25 B-HI

0.68 1.14 1.14 1.19 1.10 1.13 0.95 0.93
1.16 1,47 1 33 1.38 1.28 1.33 1.12 1.13

0 26 C LO 27 A 28 BM 29 A 30 B HI 31 A 32 B HI 33 A
0.89 1.0E 1.19 1.00 1.17 1.08 1.10 0.91
1.31 1.24 1.37 1.15 1.38 1.26 1.36 1.09

34 C-OO 35 C LO 36 B LO 37 A 38 B H1 39 A 40 B-HI 41 A 42 B HI

0.64 1.05 1.15 1.10 1.17 1.09 1.17 1.08 1.15
1.09 1.31 1.37 1.27 1.37 1,29 1.40 1.25 1.39

43 COO 44 B HI 45 A 46 B HI 47 A 48 B HI 49 B LO 50 B HI 51 A

0.81 0.96 0.33 1.13 1.08 1.17 1.15 1.18 1.12
1.17 1.16 1.16 1.33 1.26 1.40 1.35 1.38 1.30

i

52 C-OO 53 B LO 54 B LO 55 A 56 B HI 57 A 58 B HI 50 A 60 B HI
0.81 0.89 0.93 0.95 1.10 1.08 1.18 1.11 1.20
1.13 1.04 1.12 1.12 1.35 1.25 1,38 1.28 1.38

61 COO 62 B-HI 63 B LO 64 B HI 65 A 66 B HI 67 A 68 B HI 69 A

0.80 0.81 0.68 0.93 0.91 1.15 1.12 1.20 1.01
'

1.11 0.94 0.78 1.12 1.10 1,39 1.30 1.37 1.15

l

A..endr.ent B
March 31, 1988

: O
' " PL ANAR AVERAGE POWER DISTRIBUTION, BANK 3

g f P2 FULLY INSERTED, FULL POWER, 4.3 9a
EQUILIBRIUM XENON,2000 MWDIT

|
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!

Q FORMAT IS BOX NO. TYPE, MAX, VALUE IN BOX
BOX RPD 1.27 21

MAX PIN 1.47 19

1 C-OO 2 C OO 3 C OO 4 C OO

0.59 0.72 0.71 0.70
0.99 1.03 1.00 0.97

5 COO 6 C LO 7 C LO 8 B H1 9 B LO 10 B HI

0.66 0.91 1.07 0.97 0.92 0.83
1.10 1.30 1.33 1.15 1.09 0.97

11 COO 12 C LO 13 A 14 B LO 15 A 16 B LO 17 B LO

0.77 1.17 1.03 1.17 0.95 0.97 0.73
1.23 1,46 1.18 1.32 1.05 1.10 0.82

18 COO 19 C LO 20 B LO 21 B LO 22 A 23 8-HI 24 A 25 B-HI

0.66 1.17 1.26 1.27 1.05 1.12 0.92 0.97
1.11 1.47 1.45 1,42 1.16 1.16 1.02 1.09

26 C LO 27 A 28 B LO 29 A 30 B HI 31 A 32 B HI 33 A

0.91 1.03 1.27 1.09 1.19 1.02 1.12 0.98
1,29 1.18 1.42 1.22 1.33 1.12 1.24 1.09

34 COO 35 C LO 36 8 LO 37 A 38 B H1 39 A 40 B H1 41 A 42 B H1

0.59 1.07 1.17 1.05 1.19 1.06 1.20 1.05 1.17
0.97 1.34 1.32 1.17 1.32 1.17 1.32 1.17 1.30

43 C-OO 44 B HI 45 A 46 B HI 47 A 48 B HI 49 B LO 50 B HI 51 A

0.72 0.97 0.95 1.12 1.02 1.20 1.25 1.22 1.07
1.04 1.15 1.05 1.24 1.12 1.33 1.40 1.35 1.18

52 COO 53 B LO 54 B LO 55 A 56 B HI 57 A 58 B HI 59 A 60 B-HI

0.71 0.92 0.97 0.92 1.12 1.05 1.22 1.09 1.23
1.00 1.08 1.10 1.02 1.24 1.16 1.35 1.21 1.37

61 COO 62 B-HI 63 3-LO 64 B-HI 65 A 66 B HI 67 A 68 B HI 69 A

0.70 0.83 0.73 0.97 0.98 1.17 1.07 1.23 1.09
0.97 0.97 0.82 1.09 1.08 1.30 1.18 1.38 1.19

Amendment B
!! arch 31,1988

| O
Figurew

PLANAR AVERAGE POWER DISTRIBUTION,9000 MWD /T

Jg / BANK 3 FULL IN, FULL POWER, EQUILlBRIUM XENON 4.3 10
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O 'oaaa' 'S aox "o 'vas- "^x v^Lue in eOx
BOX RPD 1.26 20

MAX PIN 1.49 19

1 COO 2 COO 3 COO 4 C-OO

0.60 0.73 0.73 0.71
1.00 1.04 1.03 0.99

1 5 C-OO 6 C LO 7 C LO 8 B HI 9 B LO 10 B HI

0.67 0.92 1.09 0.98 0.94 0.85
1.11 1.32 1.35 1.17 1.11 0.99

11 C-OO 12 C LO 13 A 14 B LO 15 A 16 B LO 17 B LO

0.77 1.18 1.03 1.18 0.97 0.99 0.74
1.23 1,48 1.18 1.33 1.08 1.12 0.83

18 C-OO 19 C LO 20 B LO 21 B-LO 22 A 23 B HI 24 A 25 B HI

0.67 1.18 1.26 1.25 1.05 1.12 0.92 0.95
1.13 1.49 1.45 1.40 1.16 1.23 1.02 1.06

i

26 C LO 27 A 28 B LO 29 A 30 B HI 31 A 32 B-HI 33 A
0.92 1.03 1.25 1.00 1.17 1.02 1.10 0.89
1.31 1.18 1.40 1.12 1.31 1.12 1.22 0.99

34 COO 35 C LO 36 S LO 37 A 38 B HI 39 A 40 B-HI 41 A 42 B HI

0.60 1.09 1.18 1.05 1.17 1.06 1.20 1.05 1.15
1.20 1.36 1.33 1.17 1.30 1.17 1,32 1.17 1.28

1
43 C-OO 44 B H1 45 A 46 B H1 47 A 48 8-HI 49 B LO 50 B HI 51 A i

0.73 0.98 0.97 1.12 1.02 1.20 1.26 1.23 1.08
1.06 1.17 1.08 1.24 1.12 1.33 1,41 1.37 1.19

52 C-OO 53 B LO 54 B LO 55 A 56 B HI 57 A 58 B H1 59 A 60 B HI
0.73 0.94 0,99 0.92 1.10 1,05 1.23 1.09 1.21 ,

1.03 1.10 1.12 1.02 1.22 1.16 1.37 1.21 1.34 I
I

61 C-O O 62 B HI 63 B-LO 64 B HI 65 A 66 B HI 67 A 68 B HI 69 A
0.71 0.85 0.74 0.95 0.89 1.15 1.08 1.21 0.99 l
0.99 0.99 0 84 1.06 0.98 1.28 1.19 1.36 1.08 i

1

A:nend.'nent B
!! arch 31,1988

Figurem
PLANAR AVERAGE POWER DISTRIBUTION,9000 MWDIT

gj / BANK 3, P2 FULL IN, FULL POWER, EQUILIBRIUM XENON 4.310a
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O roa=^T 's aox ao 'va=- Max v^tue in Ox
BOX RPD 1.39 49
MAX PIN 1.55 58

'

1 C-OO 2 C'' C OO 4 COO
"

0.56 0.6L 0.68 0.67
0.92 0.96 0.95 0.92

5 COO 6 C LO 7 C LO 8 B HI 9 B LO 10 B HI

0.60 0.85 1.02 0.97 0.94 0.87
0.97 1.16 1.22 1.12 1.07 0.99

11 COO 12 C LO 13 A 14 B LO 15 A 16 B LO 17 B LO

0.68 1.06 0.93 1.11 0.92 0.98 0.75
1.07 1.30 1.05 1.23 1.01 1.10 0.84

18 C-OO 19 C LO 20 B LO 21 B LO 22 A 23 B HI 24 A 25 B HI

0.60 1.06 1.18 1.19 1.00 1.13 0.92 1.02
0.98 1.30 1.33 1.32 1.09 1.27 1.04 1.21

0 2e C.LO 27 A 2. B LO 29 A 30 B.H . 3, A 32 B-Hi 33 A
0.85 0.93 1.19 1.04 1.21 1.04 1.18 1,01
1.18 1.05 1.32 1.14 1.34 1.15 1.36 1.30

<

34 C-OO 35 C LO 36 B LO 37 A 38 B HI 39 A 40 B-HI 41 A 42 B HI

0.56 1.02 1.11 1.00 1.21 1.09 1.30 1.11 1.28
0.91 1.23 1.23 1.09 1.33 1.18 1,46 1.25 1.34

43 COO 44 B HI 45 A 46 B HI 47 A 48 B H1 49 B LO 50 B HI 51 A
0.68 0.97 0.92 1.13 1.04 1.30 1.39 1.37 1.16
0.97 1.12 1.01 1.25 1.15 1.47 1.53 1.53 1.29

52 C40 53 B LO 54 B LO 55 A 56 B HI 57 A 58 B HI 59 A 60 B HI

0.68 0.94 0.98 0.92 1.18 1.1 ; 1.37 1.19 1.37
0.95 1.08 1.10 0.99 1.37 1.28 1.55 1,32 1,51

61 C40 62 B HI 63 B LO 64 3 HI 65 A 66 B Hi 67 A 68 B HI 69 A
0.67 0.87 0.75 1.01 1.01 1.28 1.16 1.37 1.18

i 0.92 0.99 0.84 1.19 1.32 1.34 1.28 1,51 1,29
l

Amen &.ent B
:tarch 31, 1988

*
PLANAR AVERAGE POWER DISTRIBUTION,

Jg f BANK 3 FULL IN, FULL POWER,
4.3 11EQUILIBRIUM XENON,14000 MWDIT
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FORM AT ,i BOX NO. TYPE, MAX VALUE IN BOX
#

BOX RPD 1.43 49

MAX PIN 1,58 58

1 C OO 2 C OO 3 COO 4 C-OO

0.56 0.68 0.68 0.66
0.92 0.96 0.95 0.90

5 COO 6 C LO 7 C LO 8 B-HI 9 B LO 10 B HI

0.60 0.85 1.02 0.97 0.94 0.87
0.97 1.16 1.22 1.12 1.07 0.99

11 C-DO 12 C LO 13 A 14 B LO 15 A 16 B LO 17 B LO

0.68 1.06 0.93 1.11 0.92 0.98 0.75
1.07 1.30 1.05 1.23 1.01 1.10 0.84

18 C-OO 19 C LO 20 B LO 21 B LO 22 A 23 B HI 24 A 25 B HI
0.60 1.06 1.17 1.18 1.00 1.13 0.92 1.00
0.98 1.30 1.32 1.31 1.09 1.27 1.04 1.19;

26 C LO 27 A 28 B LO 29 A 30 B H1 31 A 32 B HI 33 A
0.85 0.93 1.18 0.97 1.20 1.05 1.18 0.95
1.18 1.05 1.31 1.07 1.33 1.17 1.36 1.23

34 COO 35 C LO 36 B LO 37 A 38 B HI 39 A 40 B HI 41 A 42 B H1

0.56 1.02 1.11 1.00 1.20 1.10 1.33 1.13 1.28
0.91 1.23 1.23 1.09 1.32 1.19 1,49 1.28 1.34

43 C-OO 44 B HI 45 A 46 B HI 47 A 48 B HI 49 B LO 50 B HI 51 A
0.68 0.97 0.92 1.13 1.05 1.33 1.43 1.40 1.18
0.97 1.12 1.01 1.25 1.17 1.50 1.57 1.57 1.31

l

52 C-OO 53 B LO 54 B LO 55 A $6 B-HI 57 A 58 B HI 59 A 60 B HI
0.68 0.94 0.98 0.92 1.18 1.13 1.40 1.21 1.38
0.95 1.08 1.10 0.99 1.37 1.30 1,58 1.34 1.52

61 C-OO 62 B HI 63 B LO 64 B-HI 65 A 66 B-HI 67 A 68 B HI 69 A
0.66 0.87 0.75 1.00 0.95 1.28 1.18 1,38 1.13
0.91 0.99 0.84 1.18 1.24 1.34 1.30 1.52 1.23,

l

| ;c.endment B

lurch 31,1988

*
PLANAR AVERAGE POWER DISTRIBUTION, BANK 3,

gg f P2 FULL IN. FULL POWER, EQUILlBRIUM4

4.311aXENON,14000 MWD /T

_



/] FORMAT IS BOX NO. TYPE. MAX VALUE IN BOX
BOX RPD 1.15 30

MAX PIN 1.35 30

1 C-OO 2 COO 3 C-OO 4 C-OO

0.65 0.86 0.91 0.92
1.11 1.24 1.28 1,29

5 COO 6 C LO 7 C LO 8 B HI 9 S LO 10 B HI

0.63 0.86 1.04 0.98 1.01 1.00
1.10 1.26 1.30 1.17 1.18 1.17

11 COO 12 C LO 13 A 14 6 LO 15 A 16 B LO 17 B LO

0.62 1.05 1.00 1.10 0.90 1.06 1.04
1.01 1.33 1.18 1.32 1.03 1.27 1.22

18 C-OO 19 C-LO 20 B LO 21 B LO 22 A 23 B HI 24 A 25 B HI

0.63 1.05 1.07 1.14 1.06 1.12 1.03 1.08
1.06 1.35 1.24 1.33 1.23 1.32 1.19 1.27

26 C LO 27 A 28 B LO 29 A 30 B HI 31 A 32 B H1 33 A
0.86 1.00 1.14 0.97 1.15 1.07 1.13 0.95
1.25 1.18 1.32 1.07 1.35 1.23 1.31 1.10

34 COO 35 C LO 36 B LO 37 A 38 B-HI 39 A 40 B HI 41 A 42 B H1

0.65 1.04 1.10 1.06 1.15 1.06 1.11 1 05 1.14
1.11 1,29 1.33 1.22 1.35 1.22 1.29 1.21 1.31

43 C-OO 44 B H1 45 A 46 B HI 47 A 48 B H1 49 B LO 50 B HI 51 A
; 0.86 0.98 0.90 1.12 1.07 1.11 0.99 1.12 1.08

1.24 1.16 1.04 1.32 1.24 1.30 1.14 1.30 1.23
'

52 COO 53 B-LO 54 B LO 55 A 56 B HI 57 A 58 B HI 59 A 60 B HI

0.91 1.01 1.06 1.03 1.13 1.05 1.12 1.06 1.15
1.27 1.19 1.26 1.21 1.31 1.20 1.30 1.22 1.32

61 C-O O 62 B HI 63 B LO 64 B HI 65 A 66 B HI 67 A 68 B H1 69 A
0.92 1.00 1.04 1.08 0.95 1.14 1.08 1.15 0.97
1.28 1.16 1.24 1.27 1.10 1,29 1.25 1.33 1.12

i

Amendment B
!brch 31,1988

O
,

'

PL ANAR AVERAGE POWER DISTRIBUTION, PSCE A

Jg f'
BANKS FULL IN, FULL POWER, EQUILIBRIUM 4.3 12

XENON,2000 MWD /T

|
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I

!

!

,

O 'oa=^r is aox ao. Tvan-
'=^x va'us i~ aox-

| BOX RPD 1.22 17

MAX PIN 1.38 17
,

!

.

1 C OO 2 C OO 3 C OO 4 C40,

0.62 0.79 0.85 0.86 !
1.03 1.13 1.19 1.19 j

=

|
5 COO 6 C LO 7 C LO 8 B HI 9 B LO 10 B HI.

! 0.62 0.88 1.08 1.03 1.12 1.12
'

1.04 1.23 1.32 1.19 1.32 1.30

11 C-OO 12 C LO 13 A 14 B-LO 15 A 16 B LO 17 B LO

0.61 1.08 0.98 1.14 0.90 1.18 1.22
0.98 1.35 1.12 1.30 1.02 1.37 1,38

,

!
18 COO 19 C LO 20 B LO 21 B LO 22 A 23 B HI 24 A 25 B HI '

,

'

O.62 1.08 1.17 1.19 1.01 1.12 1.02 1.15

j1.04 1.35 1.32 1,32 1.11 1.27 1.13 1.28;

l

26 C LO 27 A 28 B LO 29 A 30 B HI 31 A 32 B HI 33 A
'

-

'

O.88 0.98 1.19 0.96 1.12 1,00 1.11 0.92
1.25 1.12 1.33 1.08 1.27 1.12 1.24 1.01

i

.

!
34 C-OO 35 C LO 36 B LO 37 A 38 B HI 39 A 40 B HI 41 A 42 B H1,

i 0.62 1.08 1.14 1.01 1.12 0.99 1.10 0.99 1.10
1.03 1.32 1.30 1.11 1.27 1.12 1.23 1.10 1.22.,

i
43 COO 44 B HI 45 A 46 B HI 47 A 44 B HI 49 B LO 50 B HI 51 A,

0.79 1.03 0.90 1.12 1.00 1.10 1.02 1.10 0.99
i 1.13 1.20 1.02 1.28 1.11 1.24 1.14 1.22 1.09

52 C-OO 53 B LO 54- B LO 55 A 56 B HI 57 A 54 B HI 59 A 60 B HI j
i 0.85 .112 1.18 1.02 1.11 0.99 1.10 0.98 1.09
1 1.21 1,42 1.36 1.13 1.24 1.09 1.22 1.09 1.23 i1 i
'

t
61 C-OO 62 B HI 63 8 LO 64 B H1 66 A 66 8 H1 47 A 64 B HI 69 A r

0.86 1.12 1.22 1.15 0.92 1.10 0.99 1.09 0.904
.

*

1.19 1.31 1.38 1.28 1.02 1.22 1.09 1.23 0.99

- I

h

Amendment B !
!! arch 31,1988 t

i O !

Fi ure jt

j h" PLANAR AVERAGE POWER DISTRIBUTION, PSCEA
BANKS FULL IN, FULL POWER, EQUltl8RlUM |

! JM u XENON. 9000 MWD /T 4.3 13 :
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O FORMAT IS BOX NO. TYPE. M AX. V ALU E IN BOX
BOX RPD 1.29 17

MAX PIN 1,43 17

1 COO 2 C.OO 3 C-OO 4 C-OO

0.58 0.76 0.82 0.84
0.95 1.07 1.16 1.16

5 COO 6 C LO 7 C LO 8 B HI 9 B LO 10 B HI

0.56 0.82 1.03 1.05 1.16 1.19
0.91 1.13 1.24 1.22 1.36 1,38

11 C-OO 12 C LO 13 A 14 B LO 15 A 16 8 LO 17 B LO

0.54 0.97 0.89 1.08 0.87 1.21 1,29
0.85 1.18 1.01 1.20 1.01 1,38 1.43

18 COO 19 C LO 20 B LO 21 B LO 22 A 23 8 HI 24 A 25 B HI

0.56 0.97 1.10 1.12 0.96 1.13 1.03 1.22
0.91 1.19 1.24 1.23 1.07 1.28 1.14 1.34

O 26 C LO 27 A 28 B LO 29 A 30 B H1 31 A 32 B HI 33 A
0.82 0.89 1.12 0.92 1.14 1.01 1.18 0.97
1.13 1.01 1.22 1.06 1.30 1.13 1.31 1.05

34 COO 35 C LO 36 B LO 37 A 38 B HI 39 A 40 B HI 41 A 42 B HI
0.58 1.03 1.08 0.96 1.14 1.01 1.18 1.03 1.19
0.95 1.24 1.20 1.07 1.29 1.15 1,32 1.13 1.31

5 COO 44 B HI 45 A 46 B HI 47 A 48 B HI 49 B LO 50 B HI 51 A
0.76 1.05 0.87 1.13 1.01 1.18 1.11 1.21 1.05
1.09 1.22 1.01 1.28 1.12 1.33 1.22 1.34 1.13

52 COO 53 B LO 54 B LO 55 A 56 B HI 57 A 58 B H1 59 A 60 B H1

0.82 1.16 1.21 1.03 1.18 1.03 1.21 1.05 1.20
1.1 G 1.36 1.37 1.14 1.31 1.13 1.34 1.17 1.33

:

61 C-CO 62 B-HI 63 8 LO 64 B HI 65 A 66 B HI 67 A 68 B HI 69 A

0.84 1.19 1,29 1.22 0.97 1.19 1.05 1.20 0.98
1.16 1.38 1.43 1.34 1.05 1.31 1.13 1.34 1.09

Amendment B
tiarch 31, 1988

O
*

PLANAR AVERAGE POWER DISTRIBUTION. PSCEA

f BANKS FULL IN. FULL POWER. EQUILIBRIUMggg 4.3 14*N XENON,14000 MWDIT
.
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|

O FORMAT IS BOX NO. TYPE, M AX. VALU E IN BOX
BOX RPD 1.26 60

MAX PIN 1.45 68 !

|
|

1 C-OO 2 C-OO 3 C-00 4 C-OO
'

O.64 0.81 0.82 0.81
1.08 1.16 1.15 1.12

5 COO 6 C LO 7 C LO 8 B HI 9 B LO 10 B HI

0.68 0.89 1.04 0.93 0.88 0.81
1.17 1,29 1.27 1.11 1.03 0.96

11 C OO 12 C LO 13 A 14 B LO 15 A 16 B LO 17 B LO

0.67 1.12 1.05 1.13 0.86 0.90 0.68
1.09 1,42 1.23 1.37 0.99 1.05 0.80

18 C-OO 19 C LO 20 B LO 21 B LO 22 A 23 B-HI 24 A 25 B HI

0.68 1.12 1.15 1.21 1.10 1.12 0.96 0.95
1.17 1.42 1.33 1.40 1.29 1.32 1.12 1.13

26 C LO 27 A 28 B LO 29 A 30 B HI 31 A 32 B HI 33 A -

0.89 1.05 1.21 1.02 1.20 1.11 1.14 0.94
1,29 1.24 1.39 1.17 1,38 1.30 1.40 1.12

34 COO 35 C LO 36 B LO 37 A 38 B HI 39 A 40 B-H1 41 A 42 B H1
4

0.64 1.04 1.13 1.10 1.20 1.12 1.17. 1.11 1.20
1.08 1,29 1.36 1.28 1,38 1.30 1,38 1.30 1.45

43 COO 44 B HI 45 A 46 B HI 47 A 48 B HI 49 B LO 50 B HI 51 A

0.81 0.93 0.86 1.12 1.11 1.18 1.06 1.21 1.17
1.16 1.10 0.99 1,32 1.30 1,39 1.23 1.42 1.35

1

52 COO 53 8 LO S4 B LO 55 A 56 B HI 57 A 58 B HI 59 A 60 B HI

0.82 0.88 0.90 0.96 1.14 1.11 1.21 1.16 1.26
1.15 1.04 1.05 1.12 1.39 1,29 1,43 1.32 1.44

61 C40 62 B HI 63 B LO 64 B HI 65 A 66 B-Hi 67 A 68 B HI 69 A
i

0.81 0.81 0.68 0.95 0.94 1.20 1.17 1.26 1.07 )1.13 0.94 0.79 1.13 1.14 1.45 1.36 1.45 1.22
' ,

|.

|

A.endment B-

!! arch 31, 1988

* PLANAR AVERAGE POWER DISTRIBUTION, PSCEA
ggg BANKS AND BANK 3 FULL IN, FULL POWER, 4.3 15man EQUILIBRIUM XENON,2000 MWDIT
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i :
;

1 |
! !

2 !
,

! FORMAT IS BOX NO. TYPE. M AX. VALU E IN BOX !

'
BOX RPD 1.28 21

j MAX PIN 1,46 21

.

J i

! I
'

i
1 C OO 2 C OO 3 C-OO 4 COO !

i- >
0.61 0.74 0.74 0.73 ;

j 1.01 1.06 1.04 1.01

i
j 5 C-DO 6 C LO 7 C LO B HI 9 B LO 10 B H1

0.67 0.94 1.09 0.96 0.94 0.86 ;

. 1.11 1.32 1.32 1.10 1.09 0.98 !
'

,

! 11 C OO 12 C LO 13 A 14 B LO 15 A 16 B LO 17 B LO l

0.67 1.18 1.05 1.17 0.85 0.96 0.75 :

1.07 1,46 1.20 1.33 0.94 1.09 0.85

; 18 COO is c LO 20 B LO 21 5 LO 22 A 23 5 HI 24 A 25 B H1 ,

0.67 1.18 1.28 1.28 1.06 1.11 0.92 0.97

| 1.11 1.46 1.45 1.46 1.20 1.25 1.04 1.16 ;

f

O 2. c 'O r> A 2= B. '0 2. A >a B Hi =i A >> B-Hi >> A -

,

0.94 1.05 1.28 1.03 1.20 1.04 1.12 0.914

!

| 1.32 1.20 1.45 1.17 1.32 1.15 1 31 1.12 [

,

;

i

34 C OO 35 C LO 36 B LO 37 A 38 B HI 39 A 40 B HI 41 A 42 B HI L

0.61 1.09 1.17 1.06 1.20 1.07 1.19 1.06 1.18
0.09 1.33 1.33 1.21 1.34 1.18 1.34 1.21 1,39 !

l L
j 43 C-OO 44 B HI 45 A 46 B HI 47 A 48 B HI 49 B LO 50 B HI 51 A

! 0.74 0.96 0.85 1.11 1.04 1.19 1.12 1.22 1.10
J 1.06 1.10 0.94 1.25 1.15 1.36 1.25 1.37 1.22
i

52 C-OO 53 8 LO 54 rsLO 55 A 56 B HI 57 A 58 B HI 50 A 60 B H1

| 0.74 0.94 0.96 0.92 1.12 1.06 1.22 1.10 1.24

|
1.04 1.08 1.08 1.05 1.31 1.21 1.38 1.22 1.39

4

| 61 C.CO 62 B-H1 63 B LO 64 B HI 65 A 66 B HI 87 A 68 B HI 69 A
I 0.73 0.86 0.75 0.97 0.91 1.18 1.10 1.24 1.03
j 1.01 0.99 0.85 1.15 1.16 1,39 1.22 1.40 1.13
:

!

A:nentnent B
; !! arch 31,1988

O
Figure=

PLANAR AVERAGE POWER DISTRIBUTION PSCEA
| Jg BANKS AND BANK 3 FULL IN. FULL POWER, 4.3 16
! EQUILISRIUM XENON 9000 MWD /T
1
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j
4

|
l

,

FORMAT IS BOX NO. TYPE. M AX. VALU E IN BOX
'

BOX RPD 1.37 50 '

MAX PIN 1,55 50

1

1 COO 2 C-OO 3 C-OO 4 COO

0.59 0.69 0.68 0.68
0.96 0.97 0.95 0.92

5 COO 6 C LO 7 C LO 8 B HI 9 B LO 10 B HI

0.61 0.87 1.03 0.96 0.95 0.89
0.98 1.18 1.23 1.10 1.09 1.01

11 COO 12 C LO 13 A 14 B LO 15 A 16 B LO 17 B LO

0.60 1.07 0.96 1.11 0.82 0.97 0.76
0.94 1.31 1.08 1.24 0.93 1.11 0.85

18 C-OO 19 C LO 20 B LO 21 B-LO 22 A 23 5 H1 24 A 25 B H1

0.61 1.07 1.20 1.22 1.01 1.12 0.93 1.02,

0.98 1.31 1.33 1.35 1.10 1.24 1.05 1.20

26 C LO 27 A 28 B LO 29 A 30 B HI 31 A 32 B HI 33 A
0.87 0.96 1.22 1.00 1.23 1.06 1.20 0.97
1.20 1.08 1.37 1.15 1.37 1.17 1.39 1.23

34 COO 35 C LO 36 B LO 37 A 38 B HI 39 A 40 B-H1 41 A 42 B HI

0.59 1.03 1.11 1.01 1.23 1.10 1.30 1.13 1.30
0.94 1.23 1.24 1.10 1,38 1.22 1.47 1.30 1,51

; 43 C-OO 44 B HI 45 A 46 8 HI 47 A 48 B H1 49 B LO 50 B HI 51 A

0.69 0.96 0.82 1.12 1.06 1.30 1.25 1.37 1.19 :
0.97 1.10 0.93 1.24 1.16 1,46 1.38 1.55 1.31

52 C-CO 53 B LO 54 B LO 55 A 56 B H1 57 A 58 B HI 59 A 60 B HI
0.69 0.95 0.97 0.93 1.20 1.13 1.37 1.21 1.40
0.97 1.08 1.11 1.05 1.39 1.30 1,53 1.33 1.55

61 COO 62 B HI 63 B-LO 64 5-HI 65 A 66 B HI 67 A 68 B HI 69 A j|

0.68 0.89 0.76 1.02 0.97 1.30 1.19 1.40 1.15
0.94 1.01 0.86 1.20 1.23 1.50 1.31 1.55 1.28

|,

i

Amend:nent B
1 March 31, 1988 1

: O
PLANAR AVERAGE POWER DISTRIBUTION, PSCEA I#'m

i

jM / BANKS AND BANK 3 FULL IN, FULL POWER, 4.3 17
EQUILlBRIUM XENON,14000 MWD /T
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X.XX DOX AVERAGE (BOX POWERICORE AVERAGE POWER)
I

X.XX MAX, PIN FACTOR (MAX. PIN POWERICORE AVERAGE POWEA)
'

,

i

No. O F
No.0F SHIMS PER

FUEL TYPE ASSEMBLIES ENRICHMENT ASSEMBLY

D 56 3.60 0

D' 24 3.05 0
0 D D D

0.72 0.85 0.89 0.97

1,19 1.19 1.29 1.32

D'BH0 D D BH
O.74 1.02 1.18 0.79 0.80 1.13

1.27 1.33 1.37 0.90 0.94 1.30

BHBtBtBHD D* Bt
0.83 1.09 0.87 0.83 0.81 0.79 0.83

1.34 1.26 0.96 0.94 0.97 0.92 0.94

D* B D'8 C+ BL k.94 1.23.85 0.92 0.90 1.21

0 0.97 i .0. , .07 i.40 , .07 1.42

C BHC BHBt
0.02 1.17 1.02 1.21 1.05

1.14 1.38 1.13 1.41 1.16
_

C C+ C CH
1.24 1.17 1.24 1.24

1,41 1.29 1.39 1.38

C C* C*
t t

1.24 1.24 1.26

1.39 1.39 1.38

C+ C
t
1.24 1.21

1.39 1.37

A
0.95

1.02

Amendment a
t'. arch 31, 1988

Figure

/ PLANAR AVERAGE POWER DISTRIBUTION AT THE*

ggg j f BEGINNING OF THE SECOND CYCLE,UNRODDED 4.3 24
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-

'
?. ) . , j) ' Q r .)! <

a

e jr i> */ ,

* '

/ '-
,- ; - t,

7,

t ' ' ' .s
X.X X BOX avl,7.';4GE |BCV POWERICOF;E AVERAGE POWER)

A 't ?

{J
i '| y8

I(~~'\ sb .8~

b X.XX MAX. PIN FACTOR (MAX. PIN POWEP ORE AVERAGE a0%'kR)'
f ' '-

/

( ''

( '
i -,

\

/

\i

'
/ 1

1,

)\. _ .-

D D/ D D
' '

,

0.71 t.C 0.88 0.95,
'

,' ~( ' 1.17 1.17 1.28 1.30
< .,t

[0' 'y D D BH
''

6H D'
! ,.

i; 0.73 'f 1.00' 1.16 / }3 79: . , 0.80 1.13'0
b

- g ! 1.2F j ' . -
g - i $

1.31 1.35 '.L190 0.94 1.30d
,

, .6-
'

B BHBH B

L < f '2
D D* BL

"

L
6.8 0.31 0.850.81 1.98 0.87 0.84

: ) |'.,

1.32 1.2d j '' O.96 0.94 9.98 g;0.94 0.95

BH C' + BL
ID* ,3 B D*

O.86 0.94 0.92 1.22 k.95 1.24
m

* 'V,y() 0.97 1.09 1.08 t 1.08 1,42

B C BH C BHt ,

0.94 ' 1.17 1.03 . ' 1.22 1.06,

q
,,

. . ' 1.14 , f .38 . 15 1.41 1.16
'

,

7
,.

d+' C C
&*q) / s

,.4 d
1.23 1.241.'A ( 1.17 1 1

,

~

1.42 1.29 ' t.38 1.38
,

C [ Cf C+'
i t

[, 1.23 f,24 1.25,

e,

I .i1.38 1.39 1.38
'

r
4. C' C

'

L'
l* 124 1.20

1.38 1.36,

-/ A,

.I 0.95|

i)
'

#

, p 1.02

! ' Amendment B

O j tiarch 31, 1988

d i Figure^% %i
,' f PLANAR AVERAGE POWER nlSTRIBUTION,.AT

, ..
50 MWD /T OF THE SECOND CYCLE, UNRODDED 4.3 25Jg

p.- -

o1
I

1 4, ,_ _ . . _ _.



-

k.XX BOX AVERAGE (BOX POWER / CORE AVERAGE POWER) i

|
|

X.X X MAX. PIN FACTOR (MAX, PIN POWER / CORE AVERAGE POWER)

i
!

|

D D D D
0.72 0.86 0.90 0.95

1.17 1.19 1.28 1.28

O D D BH BH D*
O.73 0.99 1.16 0.85 0.86 1.15

1.23 1.32 1.33 0.94 0.97 1.29

D D* BL BH B L B BHL
0.81 1.08 0.91 0.89 0.88 0.87 0.90

1.30 1.25 1.00 0.98 0.99 0.97 0.98

C+BH L BL D* BH D*
O.91 1.00 0.96 1.21 0.95 1.210 1.00 1.15 1.07 1.36 1.05 1.36

Bt C BH C BH
0.97 1.13 1.00 1.14 1.01

1.09 1.31 1.09 1.31 1.10

C C+ C CH
1.16 1.12 1.14 1.14

1.31 1.21 1.30 1.27

C C+ C+L t
1.15 1.17 1.21

1.30 1.30 1.34

C+ C |L
1.20 1.14

1.37 1.28

A
0.92

I
0.99 j

Amendment B |

!! arch 31,1988 j

*
/ f PLANAR AVERAGE POWER DISTRIBUTION AT

gg 7 / 6000 MWD /T OF THE SECOND CYCLE, UNRODD ED 4.3 26
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|

!

X.XX BOX AVERAGE (BOX POWERICORE AVERAGE POWER) l

!

O X.XX MAX. PIN FACTOR (MAX. PIN POWER / CORE AVERAGE POWER)

l

D D D D

0.74 0.88 0.92 0.96
1.23

1.19 1.22 1.29 1.28

D'BHD D D BH
O.75 1.00 1.17 0.88 0.89 1.16

1.23 1.33 1.34 0.97 0.99 1.29 :

BL BHBH BLD D' BL
0.83 1.09 0.94 0.92 0.91 0.91 0.92

1
|1,29 1.27 1.02 1.00 1.01 0.99 1.00

D* BH D' |C+ BtBH L
0.93 1.03 0.98 1.21 0.96 1.20 |

1.01 1.17 1.07 1.33 1.05 1.32 i

C BH C BHBL
0.98 1.12 0.99 1.11 0.99 is

1.22 |'

1.08 1.28 1.07 1.27 1.07 |

C C+ C CH
1.13 1.08 1.09 1.09 |

1.27 1.17 1.23 1.22

C C+ C+L L
1.10 1.11 1.14

1.24 1.23 1.27

C+ CL
1.14 1.08

1.30 1.21

A
0.89

0.95 1

M.endr.ent B
March 31, 1988

O Figurem
PLANAR AVERAGE POWER DISTRIBUTION AT THE

gg / END OF THE SECOND CYCLE, UNRODDED 4.3 27
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.

X.X X BOX AVERAGE (BOX POWERICORE AVERAGE POWER)

O X.X X MAX. PIN FACTOR (MAX. PIN POWER / CORE AVERAGE POWER)

No.0F
No. O F SHIMS PER

FUEL TYPE ASSEMBLIES ENRICHMENT ASSEMBLY Amendment B
E 72 3.30 0 lurch 31,1988

E' 8 3.00 0

E E E E

0.58 0.74 0.86 0.86

1.00 1.13 1.23 1.22

E C+E E E Bt L
0.61 0.85 1.05 0.76 1.23 0.95

1.06 1.17 1.26 0.88 1.42 1.11

E E C+ D C D' D*
L

O.73 1.08 0.82 1.09 0.9e 1.09 1.12

1.23 1.29 0.94 1.29 1.02 1.23 1.23

D' D* C+ E* C Dg
1.04 1.02 0.92 1.22 0.96 1.24

(%] 1.07
1.14 1.17 1.06 1.39 1.11 1.40

D C lD D CH '

1.26 1.18 0.94 1.27 0.98

1.42 1.33 1.05 1.42 1.08

C+ D C D
k.98 1.27 1.02 1.25

1.11 1.44 1.15 1.39

C D C

0.98 1.26 0.97 ,

1.09 1,41 1.07
MnI

C D
0.98 1.19

1.11 1.37

Bt
0.83

0.89

O
PLANAR AVERAGE POWER DISTRIBUTION

gg f AT BEGINNING OF THIRD CYCLE, UNRODDED 4.3 28
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X.XX BOX AVERAGE (BOX POWERICORE AVERAGE POWER)

/
X.X X MAX PIN FACTOR (MAX. PIN POWERICORE AVERAGE POWER)w

E E E E

0.59 0.75 0.86 0.86

1.01 1.14 1.23 1.22

E C+E E E BL g
0.62 0.86 1.06 0.77 1.23 0.96

1.06 1.18 1.26 0.89 1,42 1.11

E E C+ D C D* D'g
O.73 1.08 0.83 1.10 0.92 1.09 1.12

1.23 1.29 0.94 1.30 1.03 1.23 1.23

C+ E' C DD* D* L
1.04 1.03 0.92 1.22 0.96 1.23

O ' is ''7 i os ' 4o 'u ' 39

D D C+ D CH
1.26 1.17 0.94 1.26 0.97

1.42 1.33 1.05 1.41 1.07

C+ D C Dg
0.98 1.25 1.01 1.23

1.10 1.43 1.14 1.37

C D C
0.97 1.24 0.96

1.08 1.39 1.06

C D
0.97 1.17

1.10 1.35

BL
0.83

0.89

Amendment B
tiarch 31, 1988

PLANAR AVERAGE POWER DISTRIBUTION AT

gg f 50 MWD /T OF THE THIRD CYCLE, UNRODDED 4.3 29 |



X.X X BOX AVERAGE (BOX POWER / CORE AVERAGE POWER)

O X.X X MAX. PIN FACTOR (MAX. PIN POWER / CORE AVERAGE POWER)

E E E E

0.64 0.80 0.88 0.88

1.07 1.17 1.22 1.22

E C+E E E BL t
0.66 0.91 1.09 0.81 1.22 0.96

1.11 1.23 1.29 0.90 1.38 1.09

E E C+ D C D* D'
t

O.77 1.10 0.87 1.12 0.94 1.08 1.10

1.24 1.31 0.96 1.28 1.03 1.20 1.19

D' D* C+ E' C D
L

1.06 1.05 0.94 1.20 0.94 1.19

O 1.16 1.17 1.05 1.35 1.05 1.33

D D C+ D CH
1.23 1.15 0.93 1.20 0.94

1,38 1.29 1.01 1.37 1.04

C+ D C D
t
0.97 1.20 0.98 1.17

1.09 1.36 1.09 1.30

C D C

0.94 1.18 0.93

1.04 1.31 1.02

C D

0.94 1.13

1.06 1.29

B t
0.83

0.89

Amendment B
March 31, 1980

Figure
m

PLANAR AVERAGE POWER DISTRIBUTION AT

gg / 6000 MWD /T OF THE THIRD CYCLE, UNRODDED 4.3 30
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I

X.X X BOX AVERAGE (BOX POWER / CORE AVERAGE POWER) l

O X.X X MAX. PIN FACTOR (MAX. PIN POWER / CORE AVERAGE POWER)

i

1

E E E E

0.68 0.83 0.88 0.89

1.09 1.17 1.20 1.20

E E E B E CL L
0.69 0.92 1.10 0.84 1.19 0.95

1.12 1.23 1.28 0.91 1.34 1.07
^+E E L D C D' D'

O.78 1.09 0.89 1.12 0.95 1.07 1.08

1.21 1.28 0.96 1.26 1.03 1.18 1.16

D* D' C+ E' C Dt
1.05 1.04 0.95 1.18 0.94 1.16

O i.14 1.14 1.04 i.30 ,.04 1.30

D D CH D C
1.20 1.13 0.93 1.18 0.94

1.34 1.26 1.01 1.34 1.03

C+ D C DL
0.97 1.18 0.97 1.15

1.08 1.33 1.07 1.28

C D C |

0.94 1.16 0.93 |
|

1.03 1,29 1.02
'

C D

O.95 1.13

1.05 1.27

BL
0.86 |

0.92 i

Amendment 3
!! arch 31,1988 l

O
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X.X X BOX AVERAGE (BOX POWER / CORE AVERAGE POWER)

1
X.X X M AX. PIN FACTOR (MAX PIN POWER / CORE AVERAGE POWER) ;

O |

No. O F
No.OF SHIMS PER

FUEL TYPE ASSEMBLIES ENRICHMENT ASSEMBLY

F 72 3.30 0

F' F: 3.00 0 Amendment B
!! arch 31,1988

F F F F |
0.57 0.70 0.77 0.76 |

|

0.97 1.03 1.09 1.06 |

F F F D' F D'

O.63 0.89 1.06 0.78 1.10 0.79

1.10 1.22 1.28 0.93 1.27 0.90

F F D E D E E'
O.74 1.12 0.98 1.08 0.92 0.97 0.90

1.25 1.35 1.11 1.21 1.08 1.08 0.98

E' E D F' D* E

1.05 1.10 1.04 1.22 0.88 1.04
O..

1.13 1.22 1.21 1.41 1.04 1.20

E E D E D
1.21 1.13 1.10 1.21 1.06

1.37 1.26 1.25 1.41 1.24

D* E D E

0.94 1.24 1.15 1.23

1.05 1,43 1.29 1.39

D E D
1.13 1.25 1.12

1.28 1.40 1.25

D E

1.12 1.18

1.22 1.29

C

0.86

0.94

O Figurem
PLANAR AVERAGE POWER DISTRIBUTION AT

g f BEGINNING OF THE FOURTH CYCLE, UNRODDED 4.3 32
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.

|

I

X.XX BOX AVERAGE (BOX POWER / CORE AVERAGE POWER)

r,

X.XX MAX. PIN FACTOR (MAX. PIN POWER / CORE AVERAGE POWER)

F F F F

0.58 0.72 0.79 0.78

0.99 1.06 1.11 1.08

F F F D* F D'

O.64 0.89 1.07 0.80 1.12 0.81

1.11 1.22 1.29 0.94 1.30 0.92

F F D E D E E'
O.74 1.11 0.98 1.08 0.93 0.58 0.92

1.25 1.35 1.12 1.21 1.08 1.09 1.00

E' E D F' D' E

1.05 1.10 1.04 1.22 0.89 1.05

O 1.14 i.21 i.21 i.42 1.* i.2i

E E D E D
1.20 1.12 1.09 1.20 1.06

1.36 1.26 1.24 1.39 1.23

D' E D E

0.93 1.22 1.13 1.21

1.03 1,41 1.26 1.36

D E D
1.11 1.22 1.10

1.25 1.37 1.22

D E

1.09 1.15

1.19 1.27

C

0.85

0.93

Amendment B
liarch 31, 1988g

U Figure* PLANAR AVERAGE POWER DISTRIBUTION AT

f 50 MWD /T OF THE FOURTH CYCLE, UNRODDED 4.3 33
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. - _ _ _ - _ _ _ _ _ _ _ - -

X.XX BOX AVERAGE (BOX POWER / CORE AVERAGE POWER)

O X.X X Mt,X. PIN FACTOR (MAX. PIN POWER / CORE AVERAGE POWER)

F F 'F F

0.64 0.79 0.86 0.85

1.06 1.14 1.18 1.16

F F F D' F D*
0.67 0.92 1.10 0.85 1.18 0.87

1.13 1.24 1.30 0.98 1.34 0.96

F F D E D E E'
O.76 1.11 0.99 1.09 0.96 1.03 0.97

1.24 1.33 1.10 1.21 1.06 1.13 1.05

E' E D F' D* E

1.04 1.09 1.03 1.21 0.90 1.06

O 1.,3 1.20 ,.,5 1.37 ,.00 ,.20

E E D E D
1.17 1.09 1.05 1.15 1.02

1.31 1.22 1.17 1.31 1.14

D* E D E

0.91 1.15 1.06 1.13

1.00 1.30 1.16 1.26

D E D

1.03 1.13 1.02

1.15 1.26 1.12

D E

1.02 1.08

1.10 1.18

C

0.82

0.88

Amendment B
IIarch 31, 1988

PLANAR AVERAGE POWER DISTRIBUTION AT

Jg f 6000 MWD /T OF THE FOURTH CYCLE, UNRODDED 4.3 34
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_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .

X.X X BOX AVERAGE (BOX POWERICORE AVERAGE POWER)

O
X.X X MAX. PIN FACTOR (MAX. PIN POWER / CORE AVERAGE POWER)

l

F F F F

0.68 0.83 0.89 0.88

1.09 1.16 1.19 1.18

F F F D' F D'

O.69 0.93 1.10 0.88 1.18 0.90

1.12 1.23 1.28 0.99 1,32 0.98

F F 0 E D E E'
O.78 1.09 0.98 1.09 0.97 1.04 1.00

1.20 1.29 1.09 1.20 1.05 1.13 1.07

E' E D F* D* E

1.02 1.07 1.01 1.18 0.92 1.07

O 1. ,0 1.,7 1. ,2 , .31 0.ee , .20

E E D E D
1.14 1.07 1.03 1.13 1.01

1.26 1.19 1.14 1.27 1.11

D' E D E

0.91 1.12 1.04 1.11

0.99 1.26 1.13 1.22

D E D
1.02 1.11 1.01

1.11 1.22 1.09

D E

1.01 1.07

1.09 1.17

C

0.84

0.90

Amendment B
March 31, 1988

PLANAR AVERAGE POWER DISTRIBUTION
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I

0.933

0.933 0.950

0.942 0.968 1.003

0.950 0.989 1.039

0.950 0.987 1.045

0.945 0.979 1.021 1.063 1.076 1.060

0.945 0.972 0.999 1.024 1.039 1.048 1.068

,
0.947 0.968 0.990 1.009 1.027 1.049 1.094 )

I

|

|

Amendment D
11 arch 31,1988

O
NORMALIZED POWER DISTR;BUTION OF Figure

JFJ /d UNSHIMMED ASSEMBLY USED IN SAMPLE
u DNB ANALYSIS IN SECTION 4.4.2.2 4.3-40
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1.0
_ , ,q

O |
'

+
POWER

MOST POSITIVE (USED IN SAFETY ANALYSIS) RANGE

O

/ \

UNRODDED, CRITICAL PPM '

UNRODDED,657 PPM
[ (NO REACTIVITY COMPENSATION)
o
s

a 657 PPM, CRITICAL ROD INSERTION

' -e 1.0 -

657 PPM, BANKS 3 + 2 + llNSERTED -
c (NO REACTIVITY COMPENSATION)

O e.e

2.0 - -

|

|

i

|
|

' ' '3.0 -

300 400 500 600
CORE AVERAGE MODERATOR TEMPERATURE,0F

,

Amendment B
March 31, 1988

O
MODER ATOR TEMPER ATURE COEFFICIENT vs Figure

jM / d MODERATOR TEMPERATURE AT BOC 1 4.342u HFP EQUILIBRIUM XENON AND FUEL TEMPERATURE

-- -.
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0 i |

[D%) |

--->
POWER i

RANGE I

i

' '

UNRODDED, CRITICAL PPM - -1.0 -

i

N UNRODDED, O PPM
'(NO REACTIVITY COMPENSATION)

O PPM, CRITICAL ROD INSERT,10N I

c
k 0 PPM, BANKS 3 + 2 + 1 INSERTED
y (NO REACTIVITY COMPENSATION)
v 2.0 - -

1o
!

g. MOST NEGATIVE (USED IN SAFETY ANALYSIS)
H

\
3.0 _.

_

CORE CONDITIONS

EOC1
HFP EQUILIBRIUM XENON
HFP FUEL TEMPERATURE (EXCEPT BOTTOM CURVE, AT HZP FUEL TEMP)

l

I

-4.0 I ' '
300 400 500 600\

MODERATOR TEMP, OF ;c.endment B \

March 31, 1988

O m MODERATOR TEMPERATURE COEFFICIENT vs Figure

MODERATOR TEMPERATURE AT EOC 1 4.3-43jM HFP EQUILIBRIUM XENON, AND FUEL TEMPERATURES
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+ 12 ELEMENT FULL STRENGTH CEA

.- h

IH 4 ELEMENT FULL STRENGTH CEA

4 ELEMENT PART STRENGTH CEA

3 DENOTES SPARE CEA LOCATIONS
FOR OPEN-MARKET PLUTONIUM
RECYCLE

Amendment B
March 31, 1988

O' Figurem

CONTROL CLEMENT ASSEMBLY LOCATIONSggg j 4.3-46
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l

P2 - PART STRENGTH REGULATING GROUP 2 (LEAD)
P1 - PART STRENGTH REGULATING GROUP 1
3 - FULL STRENGTH REGULATING GROUP 3 (LEAD)

O 2 - Pull. STRENGTH REGULATING GROUP 2
1 - FULL STRENGTH REGULATING GROUP 1
B - SHUTDOWN GROUP B
A - SHUTDOWN GROUP A
S - SPARE CEA LOCATIONS

1 2 3 4 5 6 7

S 2 S

8 9 10 11 12 13 14 15 16 17 18

A A A A

19 20 21 22 23 24 25 26 27 28 29 30 31

P3 1 P1 3 P 1 P
3 3

32 33 34 35 36 37 38 39 40 41 42 43 44 45 46
B B B B B B

47 48 49 50 51 52 53 54 55 56 57 58 59 60 61

1 P2 P2 P2 1

62 63 64 65 66 67 E3 69 70 71 72 73 74 75 76 77 78

A B 2 A A 2 B A
79 80 61 82 83 84 85 86 87 48 89 90 91 92 93 94 95

S P1 P3 P3 P3 S

96 97 98 99 100 tot 102 103 104 105 106 107 108 1 09 110 111 112

A B A 1 1 A B A
113 114 115 116 117 118 119 120 121 122 123 124 125 126 127 128 129

2 3 P2 P2 P2 3 2

130 131 132 133 134 135 136 137 138 1 29 140 141 142 143 144 145 146
A B A 1 1 A B A

147 1 48 149 150 151 152 153 154 155 156 157 158 159 160 161 162 163

S P3 Pj P P3 S1

164 165 166 167 1 68 169 170 171 172 173 174 175 176 177 178 179 180
A B 2 A A 2 B A

181 182 183 184 185 166. 187 188 I r9 190 191 192 193 194 195
1 P2 P2 P2 1

,

196 197 198 199 200 201 202 203 204 205 206 207 20 8 2 09 210
B B B B B B '

211 212 213 214 215 216 217 218 219 220 221 222 223

P1 1 P3 3 P 1 P31

224 225 226 227 228 229 230 231 232 233 234

A A A A
235 236 237 238 239 240 34i ;cendr.ent a

S 2 S turch 31, 1988
,

O Figure7.

Jg f CEA GROUP IDENTIFICATION 4.347



100

80 - -

5
5
J 60 - -

s
u.

.

40 --

2
E

O 8 20 - -

0

I 1 I I I 1. . . , . . . . . . , ,

0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 EO 80 100

CEA POSITION, % INSERTED
GROUP 3 GROUP 2 GROUP 1

A=endment B
March 31, 1988

O Figure

TYPICAL POWER DEPENDENT CEA INSERTION LIMIT 4.3 48

l



|

| \

O
<

'
-*

3.0

)- ,

,

'
2.5 - ' -

,

2.0 - -
,

/ I

1.5 - -

(-

1.0 - -

,

O
0.5 (_ _

0.0 - -

,

I

|
<

_ . .

1 I l i 1 f. '
. . . . . , , , . , , .

100 80 60 40 20 0 100 80 60 40 20 0 100 80 60 40 20 0
GROUP P2 GROUP 3 GROUP 1 o,

I I i , , , i, , , ,

Ch 40 20 0
A OUT100 80 60 40 20 0 100 80

GROUP P1 GROUP 2
CEA POSITION,% INSERTED

/,

Amendment By
March 31, 1988

'
i

O
TYPICAL INTEGRAL WORTH n WITHDR AWAL

ggg f AT ZERO POWER, EOC 1 C ONDITIONS 4.349
..

__ . |



. .

,' ^' '
<

,

|

|

|
'--

i i e

O -

T

'.
T )

1

e_ _

i

|

|

c I
w |

H
cc

gg_

E
#
z' <

O |

P i

U |
C 1

'c.
'

s M
a.

O oD- ~ mO J
cc
C !< Iw
o l

1

e_ _

r

\gl ! I

S. S. 8 I
o o o |

[

dV%'NOl183SNI AllAl10V3b ;cendment B
March 31, 1988

,

1

F.igureTYPICAL INTEGRAL WORTH vs WITHDRAWALw

/ [uh AT HOT FULL POWER, EOC 1, EQUILIBRIUM 4'3 50JFJf4 ,

IXENON CONDITIONS
i | |

. . _ --- - - - .. - .-.



.. .. . . .

O O O
Stationary

Eigenvalues Eigenfunction Harmonicg
"

$ 1.00 - 000* J I' Olr) SINp Z Fundamental
O

0.99 -

010 0 Olr) SIN 20 Z lst Axial3I
f

y 3 33 ) SIN O Z Cos 0 1st Azimuthal001 J (a
_

x

5
0
s 0.97 - 011 J (a gir) SIN 2 # Z Cos 0 lst Axial,1st Azimuthalg

E4 $
o39 3 002 J I" 21r) SIN p Z Coy 23 2nd Azimuthal2

hh b 0.% _ 020 J I" Olr) SIN 30 Z 2nd Axial
O _

U JI 02r) SIN O Z lst Radialy, B E 100 O
5a2
($E 3 I" 21r) SIN 2 0 Z Cos 20 1st Axial, 2nd Azimuthal0.95 - 012 2

5E 021 J (o 11r) SIN 3 p Z Cos 0 2nd Axial,1st AzimuthalI mo nm
8>Z - 110 J( 02r) SIN 2 # Z lst Radial,1st Axial

_g

"*|g 0,94 - A - .; - ; .

'''
'

.

"z
_

i.- T2 h
'

'

"E -

;
,

gg . x - -

~

#- gg ,0.93 -

022 JI 21r) SIN 3 0 Z Cos 20 2nd Axial, 2nd Azim~uthal
2

The indices indicate radial, axial and azimuthal components of the separableMa *

'" modes in that order
g ;5 ,,

s 5 " a ;j indicates the jth zero of the ith Bessel Function

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -



i

l

O
|
|

|

!0.00 i i i i i i i i i I I i i

i
i

1

-0.01 - -

-

T
g -0.02 - -

^
.

b
Q
2
~

0.03 - -

D-
s
3
4
b 0.04 y -

O 5
P
D

h 0.05 -

<

-0.06 - -

0.07 I I I I I I I I I I I I I

O 1 2 3 4 5 6 7 8 9 10 11 12 13 14
BURNUP,1000 MWD /T

Amendment B
Rarch 31, 1988 |

l

Figurem
/ EXPECTED \ ARIATION OF THE AZlMUTHAL

Jgg f STABILITY INDEX, HOT FULL POWER, NO CEAs 4.3 52

l

!
1



._ -
_ . _

I I l | I
) 8-_

i

i l

l

8 g |< -

32-

e$ '

IH<
J

1
,

:

z8 Ia- i

30

g |--

!
l

l zo
| 9$

i rae m .

b $

%
}W8
J m O

t ~- za v =N
88 i !0 - ,

I i.

|

N l- -

|

|

{

,

e- _

i

I I | | | e

$ $ E. $ $ 8 I

o o o 9 9 9
-

X3ONI 3dVHS 7VlXV j

Amendment B 1

March 31, 1988

'"*
PSCEA CONTROLLED AND UNCONTROLLED

OSClLLATION 4.3 53Jygg
.

--



- - - - - - -

.. , .. . .. .. .. . -

0

1.100 , , , , ; , .. . ..

O QUlX CALCULATION (INSERTION) !
.

O QUlX CALCULATION (WITHDRAWAL)
A MEASUREMENT (INSERTION)1,050 - -

7 MEASUREMENT (WITHDRAWAL)
. .

H 1.0000 -

Y Og A A
6-

e .
-

,YC 9 7

f 0.950 p7 76 7 v g-

6
** '

* 54'8"O! ^ *
-- -

G

@ 0.900
- -

; x
-

.

0.850 - -

. .

' ' ' l I0.800 '

i
- ' ' ' a

|i I 1 i t. . . , i

0 20 40 60 80 100
' '' ' ' ' 'GROUP 4

O 20 40 60

GROUP 3

ROD POSITION, % INSERTION,

Mendment B
!! arch 31,1988

i O .

ROD SHADOWING EFFECT vs ROD POSITION FOR b8"*

SN [h| ROD INSERTION AND WITHDRAWAL TRANSIENTS 4,3 54w AT PALISADES

. _. .--



... _ - _ _ . - -. . . _ _ .. ._ . _ . , _ . . -

0
!10 2 j i ; i_ _

- -

_ _

_ _

_ _

-

MIDDLE -

_ _

_ _

w
y LOWER
O
$5

' w
Z

m 10 3 - -

O UPPER
~ ~

a
O

_ _

w
g _ _

a - -

J

g _ _

o
; ;- - _

o i
#

|e
,- _

_ _

|

i

410 | | | 1

i

,

0 20 40 60 80 100
1 CORE HEIGHT, %

A:nendment B
j !! arch 31, 1388
i

O Figurer.

TYPICAL THREE SUB CHANNEL ANNEALING 4,3 55.

MA Y-

,

. - . _ . - . . _ _ _ . _ , __ . _ _ _ . _ _ _ . . _ _ . . _ . , _ _ . _ . _ _ . . _ - - . . . _ , . _ . . . - --



._ . _ _. _ . . _ .

CSB VESSEL

7
'

AIR CONCRETE

- -
\

~

/
[ UPPER DET,,

CORE /
'

/
.

MIDDLE DET.
. _ _ , , ,

TYPICAL ~

FIXED /SOURCE -

[LOCATION ;

g LOWER DET.i

f

s N-

A

FS

U l

$
) z

| u

DETECTOR HEIGHT

, Amendment B
' !! arch 31,1988

O
ei. ,.

GEOMETRY LAYOUT 4,3 56

.

. - .



__

0.28 i i i i iO
LEGEND

O QUlX CALCULATION g
~

O MEASUREMENT
A

|0.20 - -

3
b
O

0.16 - -

0

0.12 - -

i dO
5
C
z 0.08 - -

uJ

$ M
O a

N 0.04 - -

5
=
&
5
c. 0 - -

0.04 - -

Ip = 2.261,
'

0.08 - -

|

'

I I I i I

4.08 0.04 0 0.04 0.08 0.12 0.16
EXTERNAL SH APE INDEX, I,

Amendment B
l'. arch 31, 1900 I

O '

Figure,,

COMPARISON OF MEASURED AND CALCULATED
gJ / SHAPE ANNEALING CORRECTION FOR PALISADES 4.3 57

|

-. . - , . . - _ _ . . - - . -



._ . _ _ _ _ _ _ _ . _ _ _ _ _ _ _ ._ _----

l

'

1

!

O
i

I

|

~ ~
1.06

i

1.04
'

- -

N

m
.021

- -

w
E
m<

; O
$ 1.00 - -

*
w
*

|wI

O s 0.9.
!

- -

<,

J

w i
'x

O.96 - -

|

|
| ,

I
i 0.94 - -

| |
'

,

1

i 547 557 567 I

a INLET TEMPER ATUR E,0F

i
1

)

l
t

Amendment B
!! arch 31,1988

.

! O
#TYPICAL TEMPERATURE DEFECT vs |

[ REACTOR INLET TEMPERATURE 4.3 58

1
_. _- . _ _ _ _. .- .--. . - . - - - - - 1



_. . _ - . _ _ _ _ _ . _ . _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ . _ _ _ _ _ __ _ . . _ . - . . _ _ ._

O o o
w
$

GED

. /..

- +k95/95 o = +0.18f
/+C.4 - e' LEAST SOUARES LINEAR FIT,

#p
,

+ 0.3 - - -k95/95 " * -0.18p

o> 0 / O
+ 0.2 - '- r- ~ Og D pmg y , p

O Q Qp'
4 +0.1 - p M/

/

- - O 7az_

g ,3
Ooo

,. 2 7( + 4 e a i : : m mi0 e i 4- 1 i -amzg 500 - 1000 1500 SOLUBLEo u> E 4 / BORON2og -0.1 - f

Cy s'O

dE2 .o.2 _ e'
t

5 /Om -
/o f

8~z
z4 O ANO2
o O BGEI

if t; O BGE II
-

na O FPLeg
Ms
'#* n

.9 ess' $
U1 C m'@ CDe

_ _ _ .___.-. ___________________________.__ _ __ _ _ _ ___ __ _ .- _ .,. . _ _ _ . . _ _ _ _ _ _ _ _



a
-

.
NoD ,.

.*
", y **.'-

= .,.i $..

e eo
= m e

ir b* a %*.,4
* *+'

* '*a#
.d/* * 9 .*,> ~u

*:' .t 's , . . +*.,

+* ,. , 4=_ .ih g
.

*

.y..-. -

..

*. s m% ....
+ '

. ~ . "
. .

*iP*^ -
. .* . * .ps-

h.*
3> . *

** * [*$+* +' .,.,.
*. ...M $.t-

,
.

-
. ..

. * . . A J: :: o
;%. .f. . s:+'

pa . - m. ..g,.- or..- .
.

+
t . r *g *. @

-
*

j3 4
*

. a:s.

, .+.~ n c ~t. .$!.C" o... m***
. . ., 3. .,

f~~=m* ,,;~. .s ...y n
.g.* .,

*A / 2;: .++.* * .,y.:. +

a %.*
-

3 , $* , *.<.
.+% .

.
.

% s..

. gs.
...

**h. M. .
'

f.* e.. .
. ..

!

\^

|

} } I I
. . <

S - 5 8 '

Cg 9 4 knendr.ent B
'

' All AllDV381N3DH3d Itarch 31, 1908

Figurei

ROCS /DIT REACTIVITY FROM CORE FOLLOW

f CALCULATIONS,14 x 14 PLANTS, RELOAD CYCLES 4.3 60i



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .-

g
..

N
.

|0 u'*~f- W
'

.

w.' ;' ;j
s % * s *

' +,* s >.* * * * U** g p
.b {+,

-
**

..A *

= @- e3 h
*

+
.*

.

$gg.f4'g + + +

. z -
C xg

. .tN
* *

.L .
' >..;s xx y

e.3, e.y .,2 n.. xos
.

.
.+ ,z. -

.. s <-

..++%_. p +. u u.... . . +,_
.,- +w

.. s.:.,
y . y'

-

n
. is ". : -

+
t.

.n . -
.

. . T + .' Q.
'

.
,

_ g
M..F*O@ qp g

*
.

s_
.

a.

h 4
iO 5

-

m

_ O

e~
Q -

Wo&
H,

O O
_

GD O
po O

80 800
_

89O i i i
i

,
o o. S 8$ c;i 4 Amendment B

o

g AllAll3V3B IN3083d
d

ROCS /DIT REACTIVITY FROM CORE FOLLOW Figure*

SM / CALCULATIONS,16 x 16 AND 14 x 14
4'3'61

ASSEMBLY PLANTS

_ _ _ _ _ _ _ _ .

- ---- --



. - _ _ . _ _ _ _ _ _ _ _ _ _ _ _ . - _ _ _ _ _ _ _

Im

$f Y/4,. . . 7

k/.e j!ti
,

/ f fox {
| I*

|

/ [)s ti ;/
y

?-

'N,e

%. s kkisk/q $

s' e

$ o. 130
B3 M.endment B

!! arch 31,1908

JFJy g g" ^ "'""#M ^!!^JJs e^J "e%"J ||e";'
""

<= - o.98 x ,o4.sg/wwlet



. . . . . .
- .

.-

'

; O O O
i

r n2 e -g

b,

-

'

|
C

h s

i ! ! AXI AL SPACE-TIME, EOL
I I

- -1.00 x 10-3
^ '^N .3 = 1.22 x 10-3/kw/ft U *

;
, M '; .p3 L BP -0.77 g

i B I
_.

'

. f- - f q

h O_E = 0 I
$$ as gaP

22 r \'

2 2 .| l I'

.|
' Z 'd 1 -1.0 L I -

'

h 5S { \'
'

4 2*
1

,. A BOL,010I $!! s g

E$
j

~

's g<

- AXIAL SPACE TIME, SOL N010 BOL
* 2m*m -1.5 - -

; 2o
| 0 --' # MODIFIED RANDALL-ST. JOHN

; SI
oQi

q REFLECTED BARE
| @U f CORE CYLINDER

v> *n -2.0 1<

I N5 0.1 0 + 0.1 + 0.2
-4 m'

gg DAMPING COEFFICIENT, HR-j; mZ

ggm

"&
: 08

* 3 -o
.9 i ~m

Na
. m

)
. .. . . . _ - _ . . , . . _ . - - -. - - - . - - _ _ _ _ _



CESSAR Enecmon

O
V

4.4 THERMAL AND HYDRAULIC DESIGN

This section presents the steady-state thermal and hydraulic
analysis of the reactor core, the analytical methods, and the
experimental work done to support the analytical techniques.
Discussions of the analyses of anticipated operational
occurrences and accidents are presented in Chapter 15. The prime
objective of the thermal and hydraulic design of the reactor is
to ensure that the core can meet steady-state and transient
performance requirements without violating the design bases.

4.4.1 DESIGN BASES

Avoidance of thermally or hydraulically induced fuel damage
during normal steady-state operation and during anticipated
operational occurrences is the principal thermal hydraulic design
basis. The design bases for accidents are specified in Chapter
15. In order to satisfy the design basis for steady-state
operation and anticipated operational occurrences, the following
design limits are established, but violation of these will not
necessarily result in fuel damage. The reactor protective system
(RPS) provides for automatic reactor trip or other corrective
action before these design limits are violated.

4.4.1.1 Minimum DoDarture from Nucleate Boiline Ratio
(DNBR)

The minimum DNBR shall be such as to provide at least a 95%
probability with 95% confidence that departure from nucleate
boiling (DNB) does not occur on a fuel rod having that minimum
DNBR during steady-state operation and anticipated operational

g
occurrences. A value of 1.23 using the CE-1 correlation coupled
with the CETOP code provides at least this probability and
confidence.

4.4.1.2 Hydraulic Stability

oper ting conditions shall not lead to flow instability during
steady-state operation or anticipated operational occurrences. l

|

4.4.1.3 Fuel Desian Bases |
|

A. The peak temperature of the fuel shall be less than the i

melting point (refer to Sections 4.2.1.2.4.4 and 4.2.1.3.4)
g

during steady-state operation and anticipated operational
occurrences.

i

O
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B. The fuel design bases for fuel clad integrity and fuel

assembly integrity are given in Section 4.2.1. Thermal and
hydraulic parameters that influence the fuel integrity
include maximum linear heat rate, core coolant velocity,
coolant temperature, clad temperature, fuel-to-clad gap
conductance, fuel burnup, and UO temperature. Other than<

the design limits already specin,ed, no limits need to be
applied to these parameters directly. Conformance with the
design limits specified here, and conformance with the
design bases specified in Section 4.2.1., are sufficient to
ensure fuel clad integrity, fuel assembly integrity, and the
avoidance of thermally or hydraulically induced fuel damage .

for steady-state operation and anticipated occurrences of |

moderate frequency.

4.4.1.4 Coolant Flow. Velocity, and Void Fraction

The primary coolant flow with all four pumps in operation shall
be neither less than the design minimum nor greater than the
design maximum. A percentage of the flow entering the reactor
vessel is not effective for cooling the core. This percentage is
called the core bypass flow. The design minimum value for the
calculated core flow is obtained by subtracting the designO maximum value for the calculated core bypass flow from the design
minimum primary coolant flow. For thermal margin analyses, the
design minimum value for the calculated core flow is used. The
design minimum primary coolant flow is listed in Table 4.4-1.
The design pre-core and post-core maximum primary coolant flows !;

are equal to 1.22 and 1.16 times the design minimum. The design |
maximum primary coolant flow is used in the determination of '

design hydraulic loads in the manner described in Section
4.4.2.6.3.

Design of the reactor internals provides that the coolant flow is
distributed to the core such that the core is adequately cooled
during steady-state operation and anticipated operational
occurrences. Therefore, no specific orificing configuration is
used.

Although the coolant velocity, its distribution, and the coolant
,

| voids affect the thermal margin, design limits need not be l
applied to these parameters because they are not in themselves
limiting. These parameters are included in the thermal margin4

j analyses and thus affect the thermal margin to the design limits.

I

!
4

1

!O.

| 4.4-2

I
'
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4.4.2 DESCRIPTION OF THERMAL AND HYDRAULIC DESIGN OF THE
REACTOR CORE

4.4.2.1 Sn==ary Concarison i

The thermal and hydraulic parameters for the reactor are listed
in Table 4.4-1. A comparison of these parameters with those for
System 80 (Docket No. STN-50-470F) and the Waterford Steam B

Electric Station Unit 3 (Docket No. 50-382) are included in this
'

table.

The only significant difference between System 80+ and System 80
thermal and hydraulic design is the reactor inlet coolant
temperature. The principal differences between the System 80 and
Waterford designs are the total core heat output and reactor
coolant inlet temperature.

4.4.2.2 Critical Heat Flux Ratios
.

4.4.2.2.1 Departure from Nucleate Boiling Ratio

The margin to DNB in the core is expressed in terms of the

O departure from nucleate boiling ratio (DNBR). The DNBR is>

defined as the ratio of the heat flux required to produce
departure from nucleate boiling at the calculated local coolant
conditions to the actual local heat flux.

The DNB correlation used for design of the core is the CE-1
correlation. (.1_) (2_) Based on statistical evaluation of the CE-1
correlation and relevant data, it is concluded that the
appropriate minimum DNBR is 1.20.(.3_) The design minimum DNBR has
increased with the application of Statistical Combination of 8
Uncertainties (SCU) methods. Engineering factors, rod pitch,
bowing and clad diameter factors will be combined with other
uncertainty factors at the 95/95 confidence / probability level and
it is expected to yield a higher design limit of 1.23 on CE-1
minimum DNBR. This limit is then used in conjunction with a
CETOP model based on nominal dimensions (See Section 4.4.2.9.5).
Table 4.4-1 gives the value of minimum DNBR for the coolant
conditions and engineering factors in the table, for the radial
power distributions in Figures 4.4-1 and 4.4-2, and for the 1.26;

peaked axial power distribution in Figure 4.4-3. Values of'

minimum DNBR or maximum fuel temperature at the design overpower |
cannot be provided with any meaning. The concept of a design I

'

overpower is not applicable for the System 80 cores since the
reactor protective system prevents the design basis limits from I

] being exceeded.

O'
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A comparison of the minimum DNBRs computed using different
correlatiens for the same power, flow, coolant temperature and
pressure, and power distribution is presented in Table 4.4-2.
The minimum DNBR values in both the limiting matrix subchannel
and the limiting subchannel next to the guide tube are presented.
The correlations compared are the CE-1 correlation, the original
W-3 correlation, (4_) and the revised W-3 correlation.(5) The
differences between the original and revised W-3 correlations as
used here are in the C-factor and the cold wall correction
factor.

Additional comparisons are contained in CENPD-162-A. (1_) In
general, the CE-1 correlation tends to predict lower values of
CHF with high inlet subcooling and higher values of CHF with low
inlet subcooling.

The TORC and the CETOP computer codes (6) (2) are used to compute B

the local coolant conditions in the core and thereby the minimum
DNBR. A discussion of the CE-1 DNB correlation and the
analytical methods is presented in Sections 4.4.4.1 and
4.4.4.5.2, respectively.

4.4.2.2.2 Application of Power Distribution and EngineeringO Factors

Distribution of power in the core is expressed in terms of
factors that define the local power per unit length produced by
the fuel relative to the core average power per unit length
produced by the fuel. The method used to compute these factors,
which describe the core power distribution, is discussed in
Section 4.3. The energy produced in the fuel deposits in the
fuel pellets, fuel cladding, and the moderator and results in the
generation of heat in those places. The fraction of energy
deposited in the fuel pellet and cladding is called the fuel rod
energy deposition fraction. Accordingly, the core average heat
flux from the fuel rods is determined by multiplying the core
power by the average fuel rod energy deposition fraction and then
dividing by the total heat transfer area. The energy deposition
fractions used for DNB analyses for the average and the hot fuel
rods are Jiven in Table 4.4-1.
The effects on local heat flux and subchannel enthalpy rise of
deviations from nominal dimensions and specifications within
tolerance are included in thermal margin analyses by certain
factors called engineering factors. These factors are applied to
increase the local heat flux at the location of minimum DNBR and
to increase the enthalpy rise in the sub-channel adjacent to the

O
Amendment D
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rod with the minimum DNBR. Diversion crossflow and turbulent
interchannel mixing are not input as factors on subchannel
enthalpy rise but are explicitly treated in the TORC and CETOP B

analytical models.

Uncertainties in the power distribution factors are discussed in
Section 4.4.2.9.4.

Statistical Combination of Uncertainties (SCU) methods, as g
described in Reference 8, were used to statistically combine the
uncertainties of the thermal hydraulic code input parameters
(system parameters). This SCU methodology with plant-specific
data will be statistically combined with CE-1 CHF correlation
statistics at the 95/95 confidence / probability level to yield an
increased DNBR limit. It is expected that this limit will be
1.23 when the following uncertainties are combined:

a) uncertainty in the inlet flow distribution;
b) systematic variation on fuel rod pitch;
c) systematic variation on fuel clad OD;
d) engineering enthalpy rise factor;
e) engineering heat flux factor;

p f) penalty on DNBR (minimum) due to fuel rod bowing; and,
g) statistics associated with the NRC-approved 1.19 DNBR'

limit (2).

Also included in the MDNBR limit is the penalty due to the CHF
correlation uncertainty and a 0.01 penalty for the HID grids, as
well as penalties imposed by NRC to account for CHF correlation
"prediction uncertainty" and TORC code uncertainty. The 1.23
DNBR limit is used in safety analysis, CPC trip setpoints and
COLSS power operating limit calculations in conjunction with a
CETOP model based on a nominal geometry.

4.4.2.2.2.1 Power Distribution Factors

A. Rod Radial Power Factor

The rod radial power factor is the ratio of the average
power per unit length produced by a particular fuel rod to
the average power per unit length produced by the average
powered fuel rod in the core. The maximum rod radial power
factor is the ratio of the average power per unit length
produced by the highest powered rod in the core to the
average power per unit length produced by the average
powered fuel red in the core. Radial power distributions
are dependent upon a variety of parameters (e.g., control
rod insertion, power level, fuel exposure). The core wide
and hot assembly radial power distributions used for a

O typicat DNB ane17 1 ere hown in Fleure 4 4-1 end 4.4-2.'
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The maximum rod radial power factor for those figures is
selected as 1.55 for better comparison with System 80 and |B
the Waterford Station Unit 3. The actual maximum rod radial
power factor in the core will normally be lower; but, it is
not limited to a maximum value of 1.55. The only limits are
those specified in Section 4.4.1. The protective system in
conjunction with the reactor operator utilizing the core
operating limit supervisory system (COLSS) ensures that
those design limits are not violated.

B. Axial Power Factor

The axial power factor is the ratio of the local power per
unit length produced by a fuel rod to the average power per
unit length produced by the same fuel rod. The maximum
axial power factor is the ratio of the maximum local power
per unit length produced by a rod to the average power per
unit length produced by the same fuel rod. The axial power
distribution directly affects DNBR.

Typically, the farther the location of the peak heat flux is
from the core inlet, the lower the value of the peak heat
flux needed to reach the DNBR limit. On the other hand,O fuel temperature is almost independent of the location of
the peak heat flux and is principally dependent on the value
of the peak heat flux or linear heat rate. The axial power
distribution and the maximum rod radial power factor are
continuously determined and processed through the COLSS and
the RPS such that the design basis limits are not exceeded.
Section 4.3 describes the power distribution and its
control. Figure 4.4-3 shows several axial power
distributions used for this analysis. The minimum DNBR in
Table 4.4-1 is determined using the 1.26 peaked axial power
distribution, whereas the maximum heat fluxes are determined
using the 1.47 peaked axial power distribution.

C. Nuclear Power Factor

The nuclear power factor is the ratio of the maximum local
power per unit length produced in the core to the average
power per unit length produced by the average powered fuel
rod in the core. It is conservatively calculated as the
product of the maximum axial and radial power factors. For
better comparisons with System 80 and Waterford Station Unit B

3, a value of 2.28 is selected for computing maximum heat
fluxes. The actual value of the nuclear power factor will
normally be lower throughout the cycle; but, it is not
limited to a maximum value of 2.23. The design limits are
those specified in Section 4.4.1. The protective and

O ueervi orv vete== ===ure that enoe ae 19a 11=1t= re aot
violated.
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| D. Total Heat Flux Factor

The total heat flux factor is the ratio of the local fuel
rod heat flux to the core average fuel rod heat flux. The
effects of fuel densification are not included in this

i factor. To determine the maximum local heat flux, including
'

the effect of gaps occurring between -the fuel rod pellets,
the augmentation factor should be applied. From this
definition, the total heat flux factor is the product of the
nuclear power factor, the engineering heat flux factor, and
the ratio of the hot to the average rod energy deposition
fractions. The total heat flux factor is given in Table
4.4-1.

! E. Augmentation Factor

The augmentation factor is defined as the ratio of the local B

heat flux to the unperturbed heat flux. The axial length
over which the localized power perturbation is considered to
occur is called the gap length. The densification of the
fuel may lead to axial gaps in the fuel pellet stacks and
can cause increased localized power peaking. However, the,

densification of modern fuel is insufficient to cause theO formation of sufficient axial gaps. Therefore, the
augmentation factor is 1.0. The effect of this factor on

] DNBR is discussed in Section 4.4.2.2.3.
'

4.4.2.2.2.2 Engineering Factors

A. Engineering Hetat Flux Factor

The effect on local heat flux due to normal manufacturing |
deviations from nominal design dimensions and specifications

j is accounted for by the engineering heat flux factor.
Design variables that contribute to this engineering factor
are: initial pellet density; pellet enrichment; pellet

d diameter; and, clad outside diameter.
,

These variables are combined statistically to obtain the '

engineering heat flux factor. The design value used for the
engineering heat flux factor is based on deviations obtained

; from fuel inspection data from over 25 batches of fuel for
previous reactor cores. Similar tolerances and quality

j control procedures are used for the System 80 cores, and
! as-built fuel manufacturing data will be used to confirm
i that the factor given in Table 4.4-1 is conservative. The

engineering heat flux factor is applied to the rod with thef

: minimum DNBR and increases the heat flux when calculating
i DNBR. It does not affect the enthalpy rise in the

O
i
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subchannel; the effect on the enthalpy rise in the
subchannel due to nominal manufacturing deviations from
design dimensions and specifications is accounted for by the
engineering enthalpy rise factor.

B. Engineering Factor on Linear Heat Rate

The effect of deviations from nominal fuel rod design
dimensions and specifications of fuel temperature is
accounted for by the engineering factor on linear heat rate.
The method used to calculate this factor is described in
detail in Appendix B of Reference 9. Since the final value
is expected to be less than 1.03, 1.03 is currently used and
will be confirmed to be conservative when dimensional ,

tolerances and specifications are established.

C. Engineering Enthalpy Rise Factor

The engineering enthalpy rise factor accounts for the
effects of nominal manufacturing deviations in fuel
fabrication from design dimensions and specifications on the
enthalpy rise in the subchannel adjacent to the rod with the
minimum DNBR. Tolerance deviations (average over the length

' of the fuel rods that adjoin the subchannel) for fuel pellet
density, enrichment, and diameter contribute to this factor.
As-built fuel manufacturing data will be used to confirm
that the factor given in Table 4.4-1 is conservative.

The engineering enthalpy rise factor is multiplied by the
rod radial power factor of each of the fuel rods adjacent to ,

the subchannel adjoining the rod with the minimum DNBR. |
This increases the enthalpy rise in the adjoining
subchannels.

|
1 D. Pitch and Bow Factor
1

The pitch and bow factor is an allowance for the effect on
enthalpy rise of a decrease in subchannel flow rate,

' resulting from a smaller than nominal subchannel flow area.

Uncertainties in fuel rod pitch and clad diameter are
B

.

explicitly treated in the Statistical combination of
i Uncertainties analysis (refer to Section 4.4.2.2.2) to
i arrive at an increased DNBR limit. Hence, the pitch and bow

] factor is no longer used in design.

1 O
5
'
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4.4.2.2.3 Fuel Densification Effect on DNBR

The perturbation in local heat flux due to fuel densification is
given in Table 4.4-1. As shown in CENPD-207(2) (see Section !
4,4.4.1), much larger local heat flux variations have no '

significant adverse effect on DNB. Therefore, no specific
allowance is made or required for the effect on DNBR of local
heat flux variations due to fuel densification.

4.4.2.3 Linear Heat Generation Rate

The cc,re average and maximum fuel rod linear heat generation
,

rates are given in Table 4.4-1. The maximum fuel rod linear heat l

generation rate is determined by multiplying the core average ;
fuel rod linear heat generation rate by the product of the )
nuclear power factor, the engineering factor on linear heat rate, i
and the ratio of the hot to the average fuel rod energy 1

deposition fractions. The effects of fuel densification are not i

included in the maximum fuel rod linear heat generation rate
presented in Table 4.4-1; although, to determine the maximum
local linear heat generation rate including the effect of gaps
occurring between the fuel pellets, the augmentation factor is
applied.

4.4.2.4 Void Fraction Distribution

The core average void fraction and the maximum void fraction are
calculated using the Maurer method.(10) The void fractions
discussed below are values for the reactor operating conditions
and engineering factors given in Table 4.4-1, for the radial

; power distribution in Figure 4.4-1 and 4.4-2, and for the 1.26
i peaked axial power distribution in Figure 4.4-3. For these

conditions, only subcooled boiling occurs in the core.

The core average void fraction is essentially zero. The local B

maximum void fraction is 0.4% and occurs at the exit of the
subchannel adjacent to the rod with the minimum DNBR. The
average exit void fractions and qualities in different regions of
the core are shown in Figure 4.4-4 for the core radial power
distribution shown in Figure 4.4-1. The axial distribution of

i void fraction and quality in the subchannel adjacent to the rod
with the minimum DNBR is shown in Figure 4.4-5. The averrge void
fraction in that subchannel is less than 0.1%. B

4.4.2.5 Core Coolant Flow Distribution

The cora inlet flow distribution is required as input to the TORC
thermal margin code (refer to Section 4.4.4.5.2). The inlet flow
distribution for 4-loop operation was determined from a System 80

|
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reactor flow model test. Descriptions of the model test and the |

resulting core inlet flow distribution are given in
Section 4.4.4.2.1.

4.4.2.6 Core Pressure Drons and Hydraulic Loads

4.4.2.6.1 Reactor vessel Flow Distribution

The design minimum coolant flow entering the four reactor vessel
inlet nozzles is given in Table 4.4-1. The main coolant flow
path in the reactor vessel is down the annulus between the
reactor vessel and the core support barrel, through the flow
skirt, up through the core support region and the reactor core,
through the fuel alignment plate, and out through the two reactor
vessel outlet nozzles. A portion of this flow leaves the main
flow path as shown schematically in Figure 4.4-6. Part of the
bypass flow is used to cool the reactor internals in the areas l
not in the main coolant flow path and to cool the CEAs. Table
4.4-3 lists the bypass flow paths and the percent of the total
vessel flow that enters and leaves these paths.

The thermal margin calculations conservatively use the design

Q maximum bypass flow of 3.0% of the total vessel flow as compared
to the calculated bypass flow of 2.3% shown in Table 4.4-3.

4.4.2.6.2 Reactor Vessel and Core Pressure Drops

The irrecoverable pressure losses from the inlet to the outlet
nozzles are calculated using standard loss coefficient methods
and information from System 80 flow model tests. These pressure
losses have been verified by results from the final flow test on
the complete System 80 reactor flow model. |

Pressure losses at 100% power, the design minimug primary coolant
flow, and an operating pressure of 2250 lb/in. are listed in,

Table 4.4-4 together with the coolant temperature used to
calculate each pressure loss. The calculated pressure losses
include both geometric and Reynolds number dependent effects.

4.4.2.6.3 Hydraulic Loads on Internal Components

The significant steady state hydraulic loads which act on the |
reactor internals during post-core steady state operation are )
listed in Table 4.4-5. These loads are determined from ,

'

analytical methods and from results of reactor flow model and1

component test programs (refer to Sections 4.4.4.2.1 and'

4.4.4.2.2, respectively). The design hydraulic loads consist of
steady state drag and impingement loads, and the fluctuating
loads induced by pump-induced pressure pulsations, vortex

O shedding, and turbulence.

4.4-10
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The hydraulic loads are initially evaluated on a best estimate
basis with a flow rate equal to the design maximum flow rate
minus expected measurement uncertainty. The effects of :
uncertainties in the input, such as flow rates, force '

coef ficients and dimensional tolerances, are added to the best
estimate loads. Finally, where appropriate, the effect of a 6
psi increase in core Ap due to crudding is added to arrive at the
final design hydraulic loads.

In evaluating the design hydraulic loads, consideration is given
to the particular pump operating configuration and coolant
temperature that maximizes the hydraulic load for a given <

internal component.

All hydraulic loads in Table 4.4-5 are based on the design
maximum primary coolant flow and a coolant temperature of 500*F.

.

When other coolant conditions result in more limiting loads for
individual components, the leads in Table 4.4-5 are adjusted in'

the detailed design analysis.

Hydraulic loads for postulated accident conditions are discussed
in Section 3.9.2.5.4

4.4.2.7 Correlations and Physical Data

4.4.2.7.1 Heat Transfer coefficients

The correlations used to determine cladding temperatures for,

! non-boiling forced convection and nucleate boiling are discussed
{ here. The surface temperature of the cladding is dependent of
I the axial and radial power distributions, the temperature of the

coolant, and the surface heat transfer coefficient.'

The surface heat transfer coefficient for non-boiling forced i
convection is obtained from the Dittus-Boelter correlation (jj,) I

where fluid properties are evaluated at the bulk condition.

0.023k (N )O.8 (NPr)0.4hdb "; De p

where:
2

j h = Heat transfer coefficient, Btu /h-ft _.F.db

k = Thermal conductivity, Btu /h-ft 'F. j

De = Equivalent diameter = 4A/P , ft.y

1 N = Reynolds number, based on the equivalent diameter and
RQ coolant properties evaluated at the local bulk'

|
coolant temperature.

:
4
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N = Prandtl number, based on coolant properties evaluated
Pr at the local bulk coolant temperature.

2
A = Cross-sectional area of flow subchannel, ft ,

P = Wetted perimeter of flow subchannel, ft.y

No specific allowance is made or considered necessary for the
uncertai:lties associated with the Dittus-Boelter correlation
because the Dittus-Boelter correlation is not used directly in
computing thermal margin, but rather plays a part in determining
pressure drop and cladding temperature. The validity of the
overall scheme for predicting pressure drop is shown by the
excellent agreement between predicted and experimental values
obtained during the DNB test program and described in Section
4.4.4.1. The uncertainty associated with the cladding
temperatures calculated for single phase heat transfer is not a
major concern because the limiting fuel and cladding temperatures
occur where the cladding-to-coolant heat transfer is by nucleate
boiling.

The temperature drop across the surface film is calculated from:

O ATfilm = q"/hdb

where:

q" = fuel rod surface heat flux, Btu /h-ft2,

The maximum fuel rod heat flux is the product of the core average
fuel rod heat flux and the total heat flux factor (refer to Table
4.4-1 and Section 4.4.2.2.2). Nucleate boiling may occur on the
clad surface. In the nucleate boiling regime, the surface
temperature of the cladding is determined from the Jens-Lottes
correlation:(12)

Twall = Tsat + 60 (q" x 10-6)0.25 (exp (-P/900))

where:

P = Pressure, psia.

q" = (Defined above.)

T = Saturation temperature, 'r.
sat

Nucleate boiling is assumed to exist if T ,11 is less than they
sum of Tcoolant plus ATfilm*

4.4-12
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The cladding surface temperature is calculated by summing the
temperature of the coolant at the particular location and the
temperature drop across the surface film; or if nucleate boiling
is occurring, it is calculated directly from the Jens-Lottes
correlation.

4.4.2.7.2 Core Irrecoverable Pressure Drop Loss
Coefficients

Irrecoverable pressure losses through the core result from
friction and geometric changes. The pressure losses through the
lower and upper end fittings were initially calculated using the i

standard loss coefficient method and then verified by test (refer
to Section 4.4.4.2.2). The correlations used to determine
frictional and geometric losses in the core are presented in
Section 4.4.4.2.3.

4.4.2.7.3 Void Fraction Correlations

There are three separate void regions to be considered in film
boiling. Region 1 is highly subcooled in which a single layer of
bubbles develops on the heated surface and remains attached to
the surface. Region 2 is a transition region from highlyO subcooled to bulk boiling where the steam bubblea detach from the
heated surface. Region 3 is the bulk boiling regime.

The void fraction in Regions 1 and 2 is predicted using the -

Maurer method.(10) The calculation of the void fraction in the
bulk boiling regime is discussed in Section 4.4.4.2.3.

4.4.2.8 Thermal Effects of ODerational Transients
'

Design basis limits on DNBR and fuel temperature are established
so that thermally induced fuel damage will not occur during
steady-state operation and during anticipated operational
occurrences. The COLSS provides information to aid the operator

Bin maintaining proper steady-state conditions. The RPS ensures
, that design limits are not violated. The COLSS provides the '

t reactor operator with a comparison of the actual core operating
i power to the licensed power and to the limiting power based on

DNBR and linear heat rate (LHR). If the operating power reaches
Ba limiting value, an alarm is sounded. These limits are

maintained by LCo using the COLSS, or by the CPC when the COLSS
is out of service, to provide sufficient margin in the event the
most limiting anticipated operational occurrence coincides with
the operating power being at the DNB/LHR limit in ' steady state.

IThe COLSS thermal margin algorithm is an analytical approximation
a to the standard thermal margin design methods described in

O Section 4.4.4.s.2. i
B

;
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4.4.2.9 Uncertainties in Estimates i
'

4.4.2.9.1 Pressure Drop Uncertainties '
,

The reactor vessel pressure losses in Table 4.4-4 are the best
estimate values calculated for the design minimum flow with
standard loss coefficient methods. The uncertainties in the
correlations for the loss coefficients and the dimensional
uncertainties on the reactor vessel and internals are accounted
for when determining maximum and minimum vessel hydraulic
resistance. The uncertainties at the 2c level are estimated to
be equivalent to approximately t 12% of the best estimate vessel
pressure loss.

\

4.4.2.9.2 Hydraulic Load Uncertainties
, j

When determining the design hydraulic loads for normal oporation
(refer to Section 4.4.2.6.3), the effects of uncertainties in the
input are considered. The uncertainties in items such as flow
rate, force and pressure coefficients, and dimensional tolerances

'are evaluated at the 27 level. B

Q 4.4.2.9.3 Fuel and clad Temperature Uncertainty

Uncertainty in the ability to predict the maximum fuel
temperature is a function of gap conductance, thermal
conductivity, peak linear heat rate, and heat generation
distribution. Uncertainties in gap conductance and thermal
conductivity are taken into account in the analytical model.

,

Uncertainties in the peak linear heat rate are accourited for by
including the uncertainty in estimating the total nucle,ar peak.
Uncertainties in fuel pellet density, enrichment,, pellet
diameter, and clad diameter are expressed by the anginnering
factor on linear heat rate (Section 4.4.2.2.2).
Uncertainty in predicting the cladding temperature ' at the
location of maximum heat flux is the uncertainty in the film

',

temperature drop which is minimal at this location where nucleate '

boiling occurs. /

4.4.2.9.4 DNBR Calculation Uncertainties

A. The uncertainty in the calculation of minimum DNBR is
divided into:

1. The uncertainty in the input to the core ant.lytical
model, the TORC code. This includer the core c eometry,a
power distribution, inlet flow and temperature

p distribution, exit pressure distribution, singla phase
V friction factor constants, spacer grid loss

Amendment B
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coefficients, diversion crossflow resistance and
ucmentyn parameters, turbulent interchange constants,
and hui fuel rod energy deposition frac'. ion.

/

2. Thn' uncertainty in the analytical model, to compute the
actual distribution of flow and the local subchannel
coolant conditions.

3. The uncertainty in the CE-1 correlation to predict DNB..

B. The following paragraphs discuss the above uncertainties and
the allowances for them, if needed, in the thermal margin
analysis of the core:

1. Uncertainty in the input to the core analytical model:

a. Uncertainty in core geometry, as manifested by
manufacturing variations within tolerances, is
considered by the inclusion of engineering factors in
the DNBR analynam; see Section 4.4.2.2.2 for discussion
of the method used to compute conservative values.

3 b. Uncertainties on the power distribution factors are
(V applied in the COLSS and RPS (see Section 7.7).

c. The core inlet flow distribution is obtained from flow
model ttsting discussed in Section 4.4.4.2.
Uncertaintiss in the core flow distribution are
included in *.he design method for TORC analyses.

d. Uncertainties in the core inlet temperature
distribution an0 core exit pressure distribution are
included in the dasign method for TORC analyses.

e. The Blasius single-phsse friction f actor equation for
smooth rods is given and shown to be valid in Section
4.4.4 2.3. The cpacer grid loss coefficient for the
high impact grid is obtained from pressure drop data
discussed in Section 4.4.4.2.3. i

f. The value of minimum DNBR is relatively insensitive to
crossflow resistance and mone'Itum parameters. (s)

g. Section 4.4.4.1 describes the testing to determine the
inverse Peclet number which is indicative of the
turbulent flow interchange between subchannels. The
inverse Peclet number is input to the TORC code and is
used to deternine the effect of turbulent interchange
on the enthalpy rise in adjacent subchannels. From theg() testing, a value of 0.0035 is justified.

4.4-15
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h. The same fuel rod energy deposition fraction is used
for the hot rod as for the average rod. The hotter the
rod, the lower is the actual value of energy deposition
fraction with respect to that for the average rod. A
lower energy deposition traction reduces the hot rod
heat flux and thereby increases its DNBR. The use of
the average rod energy deposition fraction for the,hoti
rod is therefore conservative. See Section 4.3 fc.T a ,

discussion of the calculation of the energy. deposition
"fractions.

2. Uncertainty in the analytical model: I I'

t

The ability of the TORC code to predict accurately
subchannel local conditions in rod bundles is described in
CENPD-161.(6) The ability of the code to predict accuratelyI
the core wide coolant conditions is described, in

CENPD-206.(13) However, an allowance for TORC code
Buncertainty is included in the Statistical Combination of

Uncertainties analysis as discussed in Section 4.4.2.9.5.

3. Uncertainty in the DNB correlation:
/"
k The uncertainty in the DNB correlation is deterdained by a

statistical analysis of DNB test data. A value of 1.20 has B

been shown to provide a 95% probability with 95% confidence
that DNS will not occur on a fuel rod having that minimum
DNBR. (3_)

4.4.2.9.5 Statistical Combination of Uncertainties (SCU) B

Use of a 1.23 MDNBR limit with a best-estimate design CETOP model
will ensure, with at least 95% probability and 95% confidence,
that the hot pin will not experience a departure from nucleate
boiling. The 1.23 MDNBR limit includes explicit allowances for
sy::em parameter uncertainties, CHF correlation uncertainty, rod
bow, the NRC penalties for the TORC code uncertainty and CHF
correlation "prediction uncertainty," and a 0.01 penalty for the
HID grids.

Several conservatisms are included in the SCU methodology.(8)
The significant conservatisms include:

1. Combination of system parameter probability
distribution functions at the 95% confidence level to
yield a resultant MDNBR at >95% confidence.

2. Use of pessimistic system parameter probability
distribution functions.

Amenduent B
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3. Derivation of the new MDNBR limit such that it applies B

to both 4-pump and 3-pump operation.

4. Use of the single most adverse set of state parameters
to generate the response surface.

5. Application of the CE-1 critical heat flux (CHF)
correlation uncertainty based on the worst 16 x 16
assembly test section.

6. Application of the additional NRC CHF correlation
uncertainty penalty ("prediction uncertainty").

7. Application of the NRC-imposed code uncertainty
penalty.

8. Application of the 0.01 DNBR HID grid penalty imposed
by NRC on the CE-1 CHF correlation.

4.4.2.10 Flux Tilt Considerations

An allowance for degradation in the power distribution in the X-Y
P plane (commonly referred to as flux tilt) is provided in the
\ protection limit setpoints even though little, if any, tilt in

the X-Y plane is expected.

The tilt, along with other pertinent core parameters, is
continually monitored during operation by the COLSS (described in
Section 7.7). If the core margins are not maintained, the COLSS
actuates an alarm, requiring the operator to take corrective
action. The CPCs actuate a trip if limiting safety system
settings are reached.

The thermal margin calculations used in designing the reactor
core are performed using the TORC and CETOP codes. The TORC and

B
CETOP codes, which are described in Section 4.4.4.5.2, are based
on an open core analytical method for performing such

,

calculations and treats the entire core on a three-dimensional '

basis. Thus, any asymmetry or tilt in the power distribution is
analyzed by providing the corresponding power distribution in the
TORC and CETOP input.

B

4.4.3 DESCRIPTION OF THERMAL AND HYDRAULIC DESIGN OF THE
REACTOR COOLANT SYSTEM (RCS)

A summary description of the RCS is given in Section 5.1.
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4.4.3.1 Plant Conficuration Data

4.4.3.1.1 Configuration of the RCS

An isometric view of the RCS is given in Figure 4.4-8.
Dimensions are shown on the general arrangement drawings, Figures
5.1.3-1 and 5.1.3-2. Table 4.4-6 lists the valves and pipe
fittings which form part of the RCS.

Table 4.4-7 lists the design minimum flow through each flow path
in the RCS.

Table 4.4-8 provides the volume, minimum flow area, flow path
length, height and liquid level of each volume, and bottom
elevation for each component within the RCS.

Components of the Safety Injection System (SIS) are to be located
so as to meet the criteria for net positive suction head B

discussed in Section 6.3. Line lengths and sizes for the SIS arc
to be determined so as not to violate the fluid delivery rates
assumed in the safety analyses described in Chapter 15 the total
head losses throughout the injection lines are to be determined
so as not to exceed the head losses deduced from the fluidO' |delivery rate.

Table 5.1.1-1 provides a steady-state pressure, temperature, and
flow distribution throughout the RCS. )

1

4.4.3.2 Operatinc Restrictions on Pumos
1

The minimum RCS pressure at any given temperature is limited by
the required net positive suction head (NPSH) for the reactor
coolant pumps during portions of plant heatup and cooldown. To
ensure that the pump NPSH requirements are met under all possible
operating conditions, an operating curve is used which gives |
permissible RCS pressure as a function of temperature. |

|

The reactor coolant pump NPSH restriction on this curve is I

determined by using the NPSH requirement for one pump operation
(maximum flow, hence, maximum required NPSH) and correcting it
for pressure and temperature instrument errors and pressure
measurement location. The NPSH required versus pump flow is
supplied by the pump vendor. Plant operation below this curve is |
prohibited. At low reactor coolant temperature and pressure, '

other considerations require that the minimum pressure versus
temperature curve be above the NPSH curve.

B

O
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4.4.3.3 Temperature-Power Operatina Map

A temperature-power operating map (temperature control program)
is provided in Section 5.4.10.

The adequacy of natural circulation for decay heat removal after
reactor shutdown has been verified analytically and by tests on
the Palisades reactor (Docket No. 50-255) and Calvert Cliffs Unit
1 (Docket No. 50-317). The core AT in the analysis has been
shown to be lower than the normal full power aT; thus the thermal
and mechanical loads on the core structure are less severe than
normal design conditions. In addition, St. Lucie Unit 1 (Docket
No. 50-335) successfully performed a cooldown from full power
conditions using only natural circulation following a reactor
trip.

Heat removed from the core during natural circulation may be
rejected by dumping steam to either the main condenser or the

, atmosphere; the rate of heat removal may be controlled to
maintain core AT within allowable limits.

4.4.3.4 Load Followina Characteristics

The design features of the RCS influence its load following and
transient response. The RCS is capable of following the normal
transients identified in Section 3.9.1.1. These requirements are
considered when designing the pressurizer spray and heater
systems, charging / letdown system, reactor regulating system
(RRS), and feedwater regulating system. Finally, these
transients are included in the equipment specification for each
RCS component to ensure the structural integrity of the system.

When load changes are initiated, the RRS senses a change in the
turbine power and positions CEAs to attain the programmed average
coolant temperature. RCS boron concentration can also be I

adjusted to attain the appropriate coolant temperature. The I
feedwater system employs a controller which senses changes in I

steam flow, feedwater flow, and water level and acts to maintain !
'

steam generator level at the desired point. The pressurizer
pressure and level control systems respond to deviations from
preselected setpoints caused by the expansion or contraction of
the reactor coolant and actuate the spray or heaters and the
charging or letdown systems as necessary to maintain pressurizer
pressure and level.

4.4.3.5 Thermal and Hydraulic Characteris';ics Table
i
'

principal thermal and hydraulic characteristics of the RCS
components are listed in Table 4.4-9. jg

V
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4.4.4 EVALUATION |

|4.4.4.1 Critical Heat Flux_

The margin to critical heat flux (CHF) or DNB is expressed in
terms of the DNBR. The DNBR is defined as the ratio of the heat
flux required to produce DNB at the calculated local coolant
conditions to the actual heat flux.

The CE-1 correlation (1) (2) was used with the TORC and CETOP O

computer codes (6_) to determine DNBR values for normal operation
and anticipated operational occurrences. The CE-1 correlation
was developed in conjunction with the TORC code specifically for
DNB margin predictions for fuel assemblies with standard spacer
grids similar to those in System 80. Topical Reports
CENPD-162 (1_) and CENPD-207(2) provide detailed information on the
CE-1 correlation and source data, and comparisons with other data
and correlations. In brief, the correlation is based on data
from tests conducted for C-E at the Chemical Engineering Research
Laboratories of Columbia University. Those tests used
electrically-heated 5 x 5 array rod bundles corresponding
dimensionally to a portion of a 16 x 16 or 14 x 14 fuel assembly
with standard spacer grids. The test programs conducted for thee

16 x 16 and 14 x 14 geometries each included tests to determine
the effects on DNB of the CEA guide tube, heated length, axial
grid spacing, and lateral and axial power distributions.

The uniform axial power CE-1 correlation (1) was developed from
DNB data for six test sections with the following
characteristics:

Heated Axial Grid
Fuel Assembly No. Heated Lateral Power Length Spacing
Geometry Rods Distribution (ft) (in.)

16 x 16 25 Uniform 7 16.0
16 x 16 21 Nonuniform 7 18.3
16 x 16 21 Nonuniform 12.5 17.4
14 x 14 25 Uniform 7 14.3
14 x 14 21 Nonuniform 7 14.3
14 x 14 21 Nonuniform 12.5 14.3

O
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Local coolant conditions at the DNB location were determined by
using the TORC code in a manner consistent with the use of the
code for reactor thermal margin calculations. The uniform axial
power CE-1 correlation was developed from 731 DNB data for the
following parameter ranges:

Pressure 1785 to 2415 psia
Inlet temperature 382 to 6g4*F 6 2
Heat flux 0.213x10 to 0.952x10 Btu /h-ft
Local coolant quality -0.16 tg +to 3.21x100.20

6 2
Local mass velocity 0.87x10 lb/h-ft

The uniform axial power CE-1 correlation predicted the 731 source
data with a mean and standard deviation for the ratio of measured
to predicted DNB heat fluxes of 1.000 and 0.068, respectively,

0which support the use of a 1.13 DNBR limit. However, the NRC has
approved the use of a 1.19 minimum DNBR limit for the 16 x 16
assembly based on a subset of the 731 source data as reported in
CENPD-2 07 (2_) . The validity of the CE-1 correlation for
predicting DNB for 16 x 16 fuel assemblies was further verified
by the analysis of data obtained by repeating one of the tests
for the 15 x 16 assembly geometry at the Winfrith Laboratory of
the United Kingdom Atomic Energy Authority (UKAEA).

For nonuniform axial power distributions, the uniform axial power
CE-1 correlation is modified by the F-factor.(5) The
conservatism of that method of predicting DNB for 16 x 16 fuel
assemblies with nonuniform axial flux shapes is demonstrated in
CENPD-207.(2) CENPD-207 ( 2_) presents measured and predicted DNB
heat fluxes for a series of tests using nonuniform axial power
rod bundles representative of 16 x 16 or 14 x 14 fuel assemblies
with standard spacer grids. Those test sections had the
following characteristics:

Fuel No. Lateral Heated Axial Grid
Assembly Heated Power Axial Power Length Spacing
Geometry Rods Distribution Distribution (ft) (in.)

16 x 16 21 Nonuni form 1.46 symmetric 12.5 14.2
16 x 16 21 Nonuniform 1.47 top peak 12.5 14.2
14 x 14 21 Uni form 1.68 top peak 12.5 17.4
14 x 14 21 Nonuniform 1.68 bottom peak 12.5 17.4

The DNB data from those tests were evaluated using the CE-1
correlation modified by the F-factor and the TORC code used in a
manner consistent with the use of the code for reactor
calculations. That evaluation included DNB data within the
following parameter ranges:

O
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Pressure 1745 to 2425 psia
Inlet temperature 333 to 631'F
Local coolant quality -0.27 tg +to 3.07x100.20

6 2
0.81x10 lb/h-ftLocal mass velocity

It was found that the mean and standard deviation for the ratio
of measured to predicted DNB heat fluxes were 1.229 and 0.125,
respectively, for the 369 DNB data within the parameter ranges
noted above.

Testing was also conducted with rod bundles representative of the
16 x 16 fuel assembly to determine the effect on DNB of local
perturbations in heat flux. Results are presented in

CENPD-207 ( 2_) for two nonuniform axial power rod bundles which
were similar except that one test bundle had a heat flux spike
(23% higher heat flux for a 4-inch length) at the location where
DNB was anticipated. The results show that there is no
significant adverse effect on DNB due to that flux spike.
Therefore, it is concluded,that no allowance is required for the
effect on DNB of local heat flux perturbations less severe than
that tested.

One important factor in the prediction of DNB and local coolantpJ conditions is the treatment of turbulent interchannel mixing.
The effect of turbulent interchange on enthalpy rise in the
subchannels of 16 x 16 fuel assemblies with standard spacer grids
is calculated in the TCRC code by

"'
Pe = = 0.0035

56,
where:

Pe = inverse Peclet number.

u' = turbulent interchange between adjacent subchannels,
lb/h-ft.

6 = average equivalent diameter of the adjacente subchannels, ft.

5 = average mass vel ity f the adjacent subchannels,
2

lb/h-ft

The value of 0.0035 for the inverse Peclet number for use with
the 16 x 16 fuel assembly with standard spacer grids was
originally chosen based on cold water dye mixing tests conducted
for the 14 x 14 assembly and for a "prototype" of the Palisadesp

O
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reactor fuel assembly (15 x 15). The validity of the inverse
Peclet number of 0.0035 for the 16 x 16 assembly with standard I

grids was verified with data obtained in the tests conducted at
Columbia University.(1)

The design basis requires that the minimum DNBR for normal
operation and anticipated operational occurrences be chosen to
provide a 95% probability at the 95% confidence level that DNB
will not occur on a fuel rod having that minimum DNBR.
Statistical evaluation of the CE-1 correlation and relevant data
shows that the appropriate minimum DNBR is 1.13 (1) (2) . Based on
review of CENPD-162 (1) and CENPD-207(2), the NRC requires use of
a minimum DNBR of 1.19. Therefore, the minimum DNBR used for B
design is 1.19 for fuel with standard grids and 1.20 for fuel
with HID grids. This limit was increased to 1.23 for System 80
as a result of the Statistical Combination of Uncertainties (SCU)
analysis (see Section 4.4.2.9.5).

4.4.4.2 Reactor Hydraulics

4.4.4.2.1 Reactor Flow Model Tests

p3 The hydraulic design of the System 80 reactor vessel and
V internals is supported by a three-phase flow test program with

geometrically scaled models. In the first phase, 1/8 scale
air-flow model tests were conducted at Kraftwerk Union AG (KWU) !

to refine the geometry of the lower plenum and core support
structure to attain an acceptable core inlet flow distribution.
In these tests, geometric scaling was maintained up to the core |
inlet. The reactor core was represented by a single orifice j
plate matching the flow resistance through the lower end fitting '

and lower-most spacer grid, housed in a core shroud envelope.
The core inlet flow distribution was mapped by velocity probe
measurements downstream of the orifice plate. Because of the
simplified core modeling and measurement technique, the KWU test
results are considered to be preliminary.

In the second phase, 3/16 scale water-flow tests were conducted
in the C-E Nuclear Laboratories to refine the hydliaulic
performance of the upper plenum region, with respect to pressure
drop and structural hydraulic loading. In these tests there was
no representation of the reactor core.

In the third phase, a 3/16 scale water-flow model of the entire
reactor and internals was tested to verify the design hydraulic
parameters based on analysis and results of earlier tests. This
reactor flow model incorporates the minor design changes made
af ter completion of the earlier model tests. Model components
are geometrically similar to reactor components, except for the

O core. Individual fuel assemblies are represented in the third
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test model by an array of square tubes. An axial distribution of
orifice plates and of cross-flow holes in the double-wall
boundaries between adjoining core tubes are sized to provide the
axial and lateral flow hydraulic resistance of the reactor core.
This "open-core" flow modeling technique is a continuation of
testing methods applied for the C-E 3410 MWt Series reactors (San
Onofre Units 2 and 3, Forked River Unit 1, Waterford Unit 3,

Pilgrim Unit 2), as described in CENPD-206 (13) . Details of the
System 80 reactor flow model test and portions of the test
results are presented in Appendix 4A. B

Hydraulic design parameters derived from reactor flow model test
results include:

o The core inlet flow distribution and core-exit pressure
distribution.

o Pressure drops in the reactor vessel.

o Hydraulic loads on reactor internal components.

A. Core Inlet Flow and Core Exit Pressure Distributions

The core inlet flow and core exit pressure distributions are
required as input to the TORC code for core thermal margin
analysis (Refer to Section 4.4.4.5.2).

The 4-loop core inlet flow distribution used in the TORC
analysis is based in part on the results from the 1/8 scale
lower plenum tests conducted at KWU. The flow distribution
is characterized as having average or higher fuel assembly
flow rates for the central assembly locations in the core,
and lower than average assembly flow rates for the
peripheral assembly locations. The core exit pressure
distribution is based on an extrapolation of the pressure
distribution measured in the 3410 MWt Class reactor flow
model test program described in CENPD-206 (Reference 13).
The core exit pressure distribution is characterized as
having lower than average exit pressures in the centrally
located fuel assemblies and higher than average exit
pressures in the peripheral fuel assemblies.

These core hydraulic boundary conditions were verified by
the results from the 3/16 scale System 80 reactor flow model |
test. Flow model test information is used to define the i
core inlet flow distribution conditions for transients
involving the shutdown of one or more loops. The test f

information was obtained from the 1/8 scale System 80 lower
plenum model test and from model tests on earlier C-E ;

O reactor deelens. 1

Amendment B
4.4-24 March 31, 1988

,



CESSAR n!#1 CATION

O
B. Reactor Pressure Losses

Reactor vessel pressure drop predictions other than for the
core region were verified by flow model test results. Where
appropriate, corrections are made to flow model test results
to account for differences in Reynolds number and surface
relative roughness between model and reactor. Reactor
pressure drop predictions for the core region are based on
data from C-E 16 x 16 fuel assembly components tests (see
Section 4.4.4.2.2). System 80 reactor vessel pressure drop
predictions based on those test results are given in Table
4.4-4 (see Section 4.4.2.6.2).

C. Hydraulic Loads on Reactor Internal Components

Design hydraulic loads on reactor internal components for
normal operating conditions are based on analytical methods
which utilize available flow model and component test
dimensionless experimental data (see Section 4.4.2.6.3).
Flow model measurements related to derivation of design
hydraulic loads include incremental pressure drops, surface
static pressure distributions, wall pressure differentials,
and fluid velocity distributions.

4.4.4.2.2 Component Testing

Component test programs have been c.e .* had in support of all C-E
reactors. The tests subject a full-size reactor core module
comprising one to five fuel assemblies, control rod assembly and
extension shaft, control element drive mechanism, and reactor
internals to reactor conditions of water chemistry, flow
velocity, temperature, and pressure under the most adverse
operating conditions allowed by design. Two objectives of the
programs are to confirm the basic hydraulic characteristics of
the components and to verify that fretting and wear will not be
excessive during component lifetime. When the reactor design is
revised, a new program embodying the important aspects of the
latest design is conducted.

Thus, component tests have been run on the Palisades design with
the 15 x 15 fuel assembly and cruciform control blades, on the
Fort Calhoun design with the 14 x 14 assembly, CEAs and
rack-and-pinion Control Element Drive Mechanisms (CEDMs), on the
Maine Yankee design with dual CEAs and magnetic jack CEDMs, and
on the Arkansas design with the 16 x 16 fuel assembly, CEAs, and
magnetic jack CEDMs.

During the course of the tests, information is obtained on fuel
rod fretting, CEA/CEDM trip behavior, and fuel assembly uplift

O and pressure dron. The first two subsects ere discussed in
Section 4.2. The third is discussed below.
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As part of the assessment of fuel assembly margin to uplift in
the reactor, measurements are made of the flow rate required to
produce fuel assembly lift-off over a temperature range of 150 to
600*F at a system pressure of 350 to 2250 psia. To obtain the
desired information, the point of fuel assembly lift-off is
determined with load beams or lift-off conductivity probes. With
the first approach, one of the fuel assemblies of the module is
mounted on the load beam so that the assembly net weight can be
monitored as a function of flow rate and temperature. Fuel
assembly lift-off is established when the net weight goes to
zero. With the second approach, the lift-off probes are mounted
to contact the bottom of the fuel assembly. When the fuel
assembly is seated, the contact between the assembly and lift-off
probes complete an electrical circuit. The point of lift-off is
indicated by a large step change in the circuit resistance,
caused by the break in contact between the probes and the fuel
assembly.

Data reduction involves the calculation of an uplift coefficient,
describing the hydraulic uplift force acting on t.he assembly; the
coefficient is defined as follows:

2
Kup = Wo/oV A/2gc

where:

Wo = wet weight of assembly, lb.
V = flow velocity in assembly at the point of

lift-off, ft/sec.
2

A = envelope area of assgmbly, ft .
o = water density, lb/ft

A plot of the Kup data shows that they can be fitted by the
relation:

aN[0Kup =

where a and 8 are peculiar to the particular component test being
run. The standard error of estimate is typically 4%, including
replication and instrument error.

The uplift coefficient and its associated uncertainty are
employed in the analysis of the uplift forces on the fuel
assemblies in the reactor. The force is determined for the most
adverse assembly location for startup and normal operating
conditions. Additional input to the calculation includes
analytical corrections to the coefficient for the absence of the
CEA, for crud formation, and for small geometrical differences
among the fuel assemblies for the different reactor designs, allp/, nominally describable by the same component test.L
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Pressure measurements are also made during the component test to
verify the accuracy of the calculated loss coefficients for
various fuel assembly components. Direct reduction of the
pressure drop data yields the loss coefficients for the lower and
upper end fitting regions, while the spacer grid loss coefficient
is evaluated by subtracting a calculated fuel rod friction loss
from the measured pressure drop across the fuel rod region.

Experience has shown that the experimental end fitting loss
coefficients are essentially independent of Reynolds Number and,
with their sample standard deviations, are in reasonable
agreement with the predicted values used in the calculation of
core pressure drop (Section 4.4.2.6). The design value for the
16 x 16 fuel assembly high impact design (HID) spacer grid is
based upon experimental results rrom the 16 x 16 fuel assembly
design component tesa program.

As described in Section 4.2, a component test was performed on
the System 80 reactor design. The test hardware consists of five
fuel assemblies, core support structure, CEA shroud, control rod
assembly and drive mechanism. Component pressure drop
measurements for the fuel assemblies were taken during the tests

(] to verify pressure loss and fuel assembly uplift design values.

4.4.4.2.3 Core Pressure Drop Correlations

The tctal pressure drop along the fuel rod region of the core is
computed as the sum of the individual losses resulting from
friction, acceleration of the fluid, the change in elevation of
the fluid, and spacer grids. The individual losses are computed
using the momentum equation and the consistent set of empirical
correlations presented in the TORC code (6).

In the following paragraphs, the correlations used are summarized
and the validity of the scheme is demonstrated with a comparison
of measured and predicted pressure drops for single-phase and
two-phase flow in rod bundles with CEA-type geometry.
For isothermal, single phase flow, the pressure drop due to
friction for flow along the bare rods is based on the equivalent
diameter of the bare rod assembly and the Blasius friction
factor:

f = 0.184 N " '

R

The pressure drop associated with the spacer grids is computed
using a grid loss coefficient (Kgg) given by a correlation which
has the following form:

O
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K =D m )D2 t. Standard Enw of Esdmategg y g

The constants, D ere determined from pressure drop data
obtained for a wide, range c,f Reynolds Numbers for isothermal flow
through a CEA-type rod bundle fitted with the high impact design
spacer grids. The data come from a component test program on a
16 x 16 fuel assembly design (Section 4.4.4.2.2). The standard
error ~of estimate associated with the loss coefficient relation
includes replication and instrument error.

To compute pressure drop either for heating without boiling or
for subcooled boiling, the friction factor given above for
isothermal flow is modified through the use of the multipliers
given by Pyle (M). It is important to recognize that the
multipliers were developed in such a way as to incorporate the
effects of subcooled voids on the acceleration and elevation
components of the pressure drop as well as the effect on the |

friction losses. Consequently, it is not necessary to compute
specifically either a void fraction for subcooled boiling or the
individual effects of subcooled boiling on the friction,
acceleration, or elevation components of the total pressure drop. I

O '

The effect of bulk boiling on the friction pressure drop is I
computed using a curve fit to the Martinelli-Nelson lata (15) |
above 2000 lb/in.2 or the Martinelli-Nelson correlation (1_5_) with !
the modification given by Pyle (M) below 2000 psia. The i

acceleration component of the pressure drop for bulk boiling )
conditions is computed in the usual manner for the case of
two-phase flow where there may be a non-unity slip ratio (M).
The elevation and spacer grid pressure drops for bulk boiling are ,

computed as for single-phase flow except that tha bulk coolant I
density (p ) is used, where:

-

p = ap y+ (1 - a ) pg

and

a = bulk boiling void fraction.

3
O = density of saturated vapor, lb/ft ,y

3
o = density of saturated liquid, lb/ftg ,

The bulk boiling void fraction used in computing the elevation,
acceleration, and spacer grid losses is calculated by assuming a
slip ratio of unity if the the pressure is greater than 1850 psia

O
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or by using the Martinelli-Nelson void fraction correlation (15) l

with the modifications presented by Pyle (M) if the pressure is j
below 1850 psia. l

;

To verify that the scheme described accurately predicts pressure
drop for single-phase and two-phase flow through the 16 x 16 )
assembly geometry, comparisons have been made of measured
pressure drop and the pressure drop predicted by TORC,(6) for the
rod bundles used in the DNB test program at Columbia University )
(refer to Section 4. 4. 4.1) . Figure 6.7 of CENPD-161(6) shows '

some typical results for a 21-rod bundle of the 16 x 16 fuel ;

assembly geometry (5 x 5 array with four rods replaced by a 1

control rod guide tube). The excellent agreement demonstrates l
'

the validity of the methods.

4.4.4.3 Influence of Power Distributions
|

The reactor operator, utilizing the COLSS, will restrict !
operation of the plant such that power distributions which are )
permitted to occur will have adequate margin to satisfy the |
design bases during anticipated operational occurrences. A
discussion of the methods of controlling the power distribution
is given in Section 4.3.2.4.2. A discussion of the expected-

. power distributions is given in Section 4.3.2.2.3, and typical
planar rod radial power factors and axial shapes are given in
Figures 4.3-3 through 4.3-23. The full-power maximum rod radial
power factor is taken as 1.55 and is used in the calculations of
the core thermal margin which are given here. Comparison with
expected power distributions, discussed in Section 4.3, shows
that this integrated rod radial power factor is at least 5%
higher than all the calculated values and, therefore, is a
meaningful value for thermal margin analyses.

If CEAs or PSCEAs are inserted in the core, the same planar B

radial power distribution does not exist at each axial elevation
of the core, nor does the same axial power distribution exist at
each radial location in the core. From the analysis of many
three-dimensional power distributions, the important parameters
which establish the thermal margin in the core are the maximum
rod power and its axial power distribution. (M) Examination of
many axial power distributions shows the 1.26 peaked axial power
distribution in Figure 4.4-3 to be among those giving the lowest
DNBRs. The combination of that axial shape and the maximum rod
radial power factor of 1.55 is therefore a meaningful combination
for DNB analyses. The maximum linear heat rate at a given power
is determined directly from the core average fuel rod linear heat
rate and the nuclear power factor. The value of 2.28 for the
nuclear power factor is selected and corresponds to the 1.55 rod
radial power factor combined with the 1.47 peaked axial shape
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shown in Figure 4.4-3. As stated, the supervisory and protective
systems measure the maximum rod radial power factor and the axial
power distribution in the core and ensure that the design limits
specified in Section 4.4.1 are not violated.

4.4.4.4 core Thermal Resce9se

Steady-state core parameters are summarized in Table 4.4-1 for
normal four-pump operation. Figure 4.4-7 shows the sensitivity
of the minimum DNBR to small changes in pressure, inlet
temperature and flow from the conditions specified in Table
4.4-1. The same 1.26 peaked axial power distribution and 1.55
maximum rod radial power factor are used.

The response of the core to anticipated operational occurrences
! is discussed in Chapter 15. The response of the core at the
l design overpower cannot be presented with any meaning. The

concept of a design overpower is not applicable for System 80
since the RPS prevents the design basis limits from being
exceeded.

The supervisory and protective systems will ensure that the
design bases in Section 4.4.1 are not violated for any

( steady-state operating condition of inlet temperature, pressure,
flow, power, and core power distribution and for the anticipated
operational occurrences discussed in Chapter 15.

4.4.4.5 Analytical Methods

4.4.4.5.1 Reactor Coolant System Flow Determination

The design minimum flow to be provided by the reactor coolant
,

pumps is established by the required mass flow to result in no 1

violation of the design limits in Section 4.4.1 during
steady-state operation and anticipated operational occurrences.
This design minimum flow is specified in Table 4.4-1.

The reactor coolant pumps are sized to produce a flow greater -

than or equal to the design minimum flow for the maximum expected |
system flow resistance. The maximum system flow resistance is
determined by adding an allowance for uncertainty to the best
estimate system flow resistance. From this maximum system flow
resistance, the required minimum reactor coolant pump head is
determined.

| Upon completion of the manufacturing and testing of the pumps,
the characteristic pump head or performance curve is established.
The expected maximum, best estimate, and minimum reactor coolant
system flow rates are determined as follows:

i u
|
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A. Best Estimate Expected Flow

The best estimate expected RCS flow is determined by
equating the head loss around the reactor coolant flow path
to the head rise supplied by the reactor coolant pumps
(Section 5.4.1 has a description of the pumps).

B. Maximum Expected Flow

The maximum expected flow is determined in a manner
analogous to the best estimate expected flow except that
statistical techniques are employed. A pump performance
curve probability distribution for each pump is calculated
by statistically combining measurement uncertainties in flow
and head. The uncertainties are based on performance and
acceptance testing done at the pump vendor's facility. The
system head loss uncertainty distributions are evaluated by
statistically combining the uncertainties in the
correlations for loss coefficients and normal manufacturing
tolerances about nominal dimensions. The expected flow rate ;

probability distribution is determined from the statistical |
combination of the respective pump curve probability <

f distributions and the probability distributions for the
system resistances. This probability distribution for the i

'expected flow rate is used in turn to define the maximum and
minimum expected flow rates. The maximum expected ficw rate
is defined by the upper flow rate limit on the expected flow
rate probability distribution above which the actual flow
rate has only a 2.3 percent probability of existing. This
maximum expected flow rate will be equal to or less than the
design maximum flow. |

C. Minimum Expected Flow

The minimum expected flow is also determined by using the |
expected flow rate probability distribution. The minimum
expected flow rate is defined as the lower flow rate limit
on the expected flow rate probability distribution below
which the actual flow rate has only a 2.3 percent chance of
existing. This minimum expected flow rate will be equal to
or greater than the design minimum flow.

Upon installation of the pumps in the reactor coolant system, the
operating flow is determined by one or moro of the following flow
measurement techniques:

A. The pump casing differential pressure method, using a
correlation between pump casing differential pressure and
flow rate;

O
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B. Calorimetric methods (may be a heat balance performed on
either the primary or secondary coolant); and,

C. Other non-intrusive flow measurement methods such as
ultrasonic flow meters.

The uncertainties included in the calculation of the operating
flow are those uncertainties associated with the measurement
technique or techniques used above. These uncertainties are
statistically combined to give the overall uncertainty in primary
coolant flow as determined from onsite tests. The best estimate
flow, reduced for uncertainties, shall be greater than the design
minimum flow.

Any significant crud buildup is detected by continuous monitoring
of the reactor coolant system flow. A significant buildup of
crud is not anticipated, however, due to the design of the water
chemistry.

4.4.4.5.2 Thermal Margin Analysis

Thermal margin analysis of the reactor core is performed using !
the TORC code, which is an open channel analytical method based lp/L on the COBRA-IIIC code (16). A complete description of the TORC |
code and application of the code for detailed core thermal margin I

analyses is contained in CENPD-161.(6) A simplified procedure
used to apply the TORC code for design thermal margin
calculations is described in detail in CENPD-206(M) . The CETOP
code, derived from the same theoretical bases as TORC, is B

streamlined for use in thermal margin analysis. A complete I

description of CETOP is provided in CEN-214. (7) A brief
description of these codes and their use is given here.

The COBRA-IIIC code solves the conservation equations for mass, I

axial and lateral momentum, and energy for a collection of
parallel flow channels that are hydraulically open to each other.
Since the size of a channel in design varies from the size of a
fuel assembly or more to the size of a subchannel within a fuel
assembly, certain modifications were necessary to enable a
realistic analysis of thermal-hydraulic conditions in all
geometries. The principal revisions to arrive at the TORC code,
which leave the basic structure of COBRA-IIIC unaltered, are in
the following areas:

A. Modification of the lateral momentum equation for core wide
calculations where the smallest channel size is typically
that of a fuel assembly.

O
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B. Addition of the capability for handling non-zero lateral I

boundary conditions on the periphery of a collection of j
parallel flow channels. This capability is particularly I

important when analyzing a group of subchannels within the |
hot fuel assembly.

C. Addition of the capability to handle non-uniforr core exit
pressure distributions.

D. Insertion of standard C-E empirical correlations and the |
ASME fluid property relationships. !

Details of the lateral monentum equations and the empirical
correlations used in the TORC code are given in CENPD-161.(6_)

The application of the TORC code for detailed core thermal margin
calculations typically involves two or three stages. The first B
stage consists of calculating coolant conditions throughout the
core on a coarse mesh basis. The core is modelled such that the
smallest unit represented by a flow channel is a single fuel
assembly. The three-dimensional power distribution in the core
is superimposed on the core coolant inlet flow and temperature
distributions.

The core inlet flow and core exit static pressure distributions
are obtained from flow model tests discussed in Section 4.4.4.2,

I
and the inlet temperature for normal four-loop operation is
assumed uniform. The axial distributions of flow and enthalpy in
each fuel assembly are then calculated on the basis that the fuel
assemblies are hydraulically open to each other. Also determined
during this stage are the transport quantities of mass, momentum I

and energy which cross the lateral boundaries of each flow
channel.

In the second stage, typically the hot assembly and adjoining
fuel assemblies are modelled with a coarse mesh. The hot
assembly is typically divided into four to five partial assembly
regions. One of these regions is centered on the subchannels
adjacent to the rod having the mininum DNBR. The
three-dimensional power distribution is superimposed on the core
coolant inlet flow and temperature distributions. The lateral
transport of mass, momentum, and energy from the stage one
calculations is imposed on the peripheral boundary enclosing the
hot assembly and its neighbors. The axial distributions of flow
and enthalpy in each channel are calculated as well as the
transport quantities of mass, momentum, and energy which cross
the lateral boundary of each flow channel. In some cases, the
hot assembly detail normally included in the second stage is B

included in the first stage, thereby eliminating the need for the

O tatermeatete ease- 1n taese ce e , the secoaa tese 1- the
subchannel model discussed below.
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The third stage involves a fine mesh modelling of the
partial-assembly region which centers on the subchannels adjacent
to the rod having the minimum DNBR. All of the flow channels
used in this stage are hydraulically open to their neighbors.
The output from the stage two calculations, in terms of the
lateral transport of mass, momentum, and energy is imposed on the
lateral boundaries of the stage three partial assembly region.
Engineering factors are applied to the minimum DNBR rod and
subchannel to account for uncertainties on the enthalpy rise and
heat flux due to manufacturing tolerances. The local coolant
conditions are calculated for each flow channel. These coolant
conditions are then input to the DNB correlation and the minimum
value of DNBR in the core is determined.

A more detailed description of this procedure with example is
contained in CENPD-161(6_) . This procedure is used to analyze in
detail any specific three-dimensional power distribution
superimposed on an explicit core inlet flow distribution. The
detailed core thermal margin calculations are used primarily to
develop and to support the simplified design core thernl margin
calculational scheme discussed below.

{d The method used for design calculations is discussed in detail inT
CENPD-206(M). In summary, the method is to use one limiting hot
assembly radial power distribution for all analyses, to raise or
lower the hot assembly power to provide the proper maximum rod
radial power factor, and to use the core average mass velocity in
all fuel assemblies except the hot assembly. The appropriate
reduction for the hot assembly mass velocity will be determined
after completion of the System 80 flow model tests (see Section
4.4.4.2.1). This methodology is used in the thermal margin
analyses of the System 80 reactors.

The CETOP code (7), a variant of the TORC code, is used as a
B

design code for System 80 thermal margin analyses. CETOP has the
same theoretical bases as TORC, but has been improved to reduce
execution time. The CETOP code uses the transport coefficients
to obtain accurate determination of diversion crossflow and
turbulent mixing between adjoining channels with a less detailed
calculational model. Furthermore, a predictor-corrector method
is used to solve the conservation equations, replacing the
iterative method used in the TORC code, and thereby reduce
execution time. The conservatism of CETOP relative to TORC is
assured by benchmarking analyses which demonstrate that CETOP
yields accurate or conservative DNBR results relative to TORC.

!

GV
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4.4.4.5.3 Hydraulic Instability Analysis

Flow instabilities leading to flow excursions or oscillations
have been observed in some boiling flow systems containing one or |

more closed, heated channels. Flow instability phenomena are a '

concern primarily because they may lead to a reduction in the DNB
heat flux relative to that observed during a steady flow
condition. Flow instabilities are not, however, expected to
reduce thermal margin in C-E PWRs during normal operation or
anticipated operational occurrences. This conclusion is based

,

upon available literature, experimental evidence and the results )
of core flow stability analyses.

Review of the available information on boiling systems has
resulted in the following qualitative observations. Flow
instabilities which have been observed have occurred almost
exclusively in closed channel systems operating at pressures that

j

are low relative to PWR operating pressures. Increasing pressure
has been found to have a stabilizing influence in many cases
where flow instabilities have been observed (Reference 18), and
the high operating pressure characteristics of PWRs minimize the
potential for flow instability. For PWR operating pressures, i

rw experimental results (Reference 19) have shown that, even with i

\ closed channel systems, operating limits due to the occurrence of I

Critical Heat Flux (CHF) are encountered before the flow
stability threshold is reached. It would be expected that the
low resistance to coolant crossflow among subchannels of C-E PWR
fuel assemblies would have a stabilizing effect, and is confirmed-

by experimental results (References 20, 21, and 22), which show
that flow stability in parallel heated channels is enhanced by
cross connections between the channels.

Experimental evidence that flow instabilities will not adversely
affect thermal margin is provided by the data from the rod bundle
DNB tests conducted by C-E (References 1 and 2); many rod bundles
have been tested over wide ranges of operating conditions with no
evidence of premature DNB or of inconsistent data which might be
indicative of flow instabilities in the rod bundle.

Analytical support for the conclusion that flow instabilities
will not reduce the thermal margin of C-E PWRs is provided in
Reference 23. That document presents an assessment of core flow
stability for a typical C-E PWR. The assessment was made using
the CE-HYDNA code, the C-E version of the HYDNA flow stability
code presented in Reference 24. In addition to the C-E PWR flow
stability assessment, Reference 23 contains:

1. A description of the CE-HYDNA flow stability code.

O 2- ^ ==er'= =aauet aaa rortraa ti etas or the es-avo"^ ooae-
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3. Results of sensitivity studies and of code verification

through comparison with experimental data.

CE-HYDNA code provides the fundamental analytical tool for the
assessment flow stability in C-E PWRs. The code has the
capability of analyzing transient one-dimensional flow phenomena
in several groups of laterally closed channels with common
entrance and exit plena. The use of CE-HYDNA for analysis of
open-array C-E PWR cores is conservative because the stabilizing
effects of interchannel communication (References 20, 21, 22) are
neglected.

The results presented in Reference 23 are for a C-E 3450 MWt
class reactor, but those results are representative of all C-E
PWRs. It was found that, for nominal coolant conditions, the
flow is stable throughout the range of reactor power levels
examined (100% - 250% rated power). Additional calculations were
performed covering a wide range of operating conditions. These
calculations showed that, even under severely adverse operating
conditions, the flow is stable at greater than 100% of rated
power. The results provide additional evidence that flow,

instabilities will not adversely affect core thermal margin
during normal operation or anticipated operational occurrences.

4.4.5 TESTING AND VERIFICATION

Data descriptive of thermal and hydraulic conditions within the
reactor vessel will be obtained as part of the startup program
described in Section 14.2.

4.4.6 INSTRUMENTATION REQUIREMENTS

The in-core instrumentation system will be used to confirm core
power distributions and assist in the calibration of the ex-core
flux measurement system. Further descriptions are contained in
Section 7.7.

|

|

O !

I
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TABLE 4.4-1

THERMAL AND HYDRAULIC PARAMETERS

(Sheet 1 of 2) l

|
l

Reactor Parameters System 80+ System 80 Waterford-3 B

Core Average Characteristics at Full Power:

Total core heat output, MWt 3,800 3,800 3,390

Total core heat output, million Stu/h 12,970 12,970 11,570

Average fuel rod energy deposition 0.975 0,975 0.975
fraction

Hot fuel rod energy deposition fraction 0.975 0.975 0.975

Primary system pressure, psia 2,250 2,250 2,250

Reactor inlet coolant temperature, 'F 558 565 553

Reactor outlet coolant temperature, *F 615 621 611

Core exit average coolant temperature, 'F 617 624 613

Average core enthalpy rise, Btu /lbm 81 82 81

Design minimum primary coolant flow 445,600 445,600 396,000
rate, gpm

Design maximum core bypass flow, Y. of 3.0 3,0 3.5
primary

Design minimum core flow rate, gpm 432,000 432,000 382,000

Hydraulic diameter of nominal subchannel, 0.471 0.471 0.471
in.

2Core flow area, ft 60.8 60.8 54.7
,

l

Coreavgmgssvelocity,million 2.61 2.61 2.61 '

lbm/h-ft *

Core avg coolant velocity, ft/s 16.6 16.6 16.3

Core avg fuel rod heat flux, Btu /h-ft 189,800 189,800 ) 182,4002 a

O ' ''' "''' '''"'''" '' '' ''' '8 45 58 45 '' 52'

a) Corrected values for System 80 design

Amendment B
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TABLE 4.4-1 (Cont'd.) !
THERMAL AND HYDRAULIC PARAMETERS |

' Sheet 2 of 2).

Reactor Parameters System 80+ System 80 Waterford-3
B

Average fuel rod linear heat rate kW/ft 5.41 5.41 5.34

Powerdensity,kW/ liter 95.9 95.9 94.9

No. of active fuel rods 54,764 54,764 49,580

Power Distribution Factors:
Rod radial power factor 1.55 1.55 1.55

Nuclear power factor 2.28 2.28 2.28

Total heat flux factor 2.35 2.35 2.35
|

Maximum augmentation factor 1.059 1.059 1.041 '

Maximum gap length, in. 0.761 0.761 1.20

Engineering Factors:v

Engineering heat flux factor 1.03 1.03 1.03

Engineering enthalpy rise factor 1.03 1.03 1.03

Pitch, Bowing, and Clad Diameter Enthalpy 1.05 1.05 1.05
Rise

Engineering factor on linear heat rate 1.03 1.03 1.03

Characteristics of Rod and Channel with
Minimum DN8R:

Maximum fuel rod heat flux, Btu /h-ft2 445,700 445,700) 428,000a

Maximum fuel rod linear heat rate, kW/ft 12.7 12.7 12.5

U0 maximum steady state temperature, 'F 3,263 3,268 ) 3,180 j
a

2

Outlet temperature, 'F 640 1 645.7 ) 642 |8

Outlet enthalpy, Btu /lbm 676.6 687.4 ) 680 |
a

Minimum DNBR at nominal conditions 2.10 1.98) 2,07a

(CE-1 correlation)
O a) Based on updated System 80 flow distribution
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ITABLE 4.4-2 ,g ., , > ''

;"COMPARISON OF THE DEPARTURE FROM HUCLEATE BOIL 16:3 e' i

RATIOS COMPUTED WITH OlFFr' NT_QORRELATIONS < |

'
DNBRs for Reactor

Conditions Giving a
1.2') CE-1

DNBRs for Nominal Minimum DMBR in B

Reactor Conditions MatgiX_S.Lu.b;hannel
/ f

Subchannel Sebetsannel-

Matrix Next to Matrix ' 'Next;to

Correlation Subchannel Guide Tube Subchannel taitt. Tube

CE-1 2.26 2.10 1.23 1.11

Original W-3(4) 2.60 2.80 1.19 e 1.25

Revised W-3(5) 3.06 2.93 1.81- 1.75

O ,
,

|.

|
,

'
,

c'

| j

L'

O ;
/
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TABLE 4.4-3

BEST ESTIMATE REACTOR COOLANT FLOWS IN BYPASS CHANNELS

Percent of Total |
,

Byoass Route Vessel Flow

Outlet nozzle clearances ' 1.0

Alignment keyways 0.4

/ Core shroud annulus 0.3

Guide tubes p_d-

'

Total Bypass 2.3

,l*
$

0

i,

/

!

I
1

|

1

:

,(

O< -

t .

>
,

_j'3

/
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TABLE 4.4-4

REACTOR VESSEL BEST ESTIMATE
PRESSURE LOSSES AND COOLANT TEMPERATURES

Pressuregoss Temperature
Component (lb/in. ) (*F)

Inlet nozzle and 90' turn 8.7 558 g

Downcomer, lower plenum, and support
structure 15.4 558

Fuel assembly 15.9 587

Fuel assembly outlet to outlet
ngIzle 15 2, 617

Total pr'.siure loss 56.7

0

,.

:

O
1

Amendment B
March 31, 1988

- . ._ _ .__ _ _ - _ _ . _ - _ _ . . _ - - . ,



1

CESSAR !!%m,.
.

O
TABLE 4.4-5

DESIGN STEADY STATE HYDRAULIC LOADS
ON VESSEL INTERNALS AND FUEL ASSEMBLIES

- Load Values at 500'F -

Steady State Load
Component Descriotion load Value

21. Core support Radial pressure differential 95 lb/in
barrel directed inward opposite

inlet duct

0.36x10|lb
Uplift load 1.50 x 10

lbLateral load

2. Upper guide Uplift load 0.70x10|lbstructure Lateral load 0.42 x 10 lb

3. Flow skirt Radial pressure differential 68 max. psi
directed inward 27 avg. psi
Axial load directed downward 3,050 max. lb/ft, of cire,

(by, 1,400 avg. lb/ft. of cire.

4. Instrumentation lateral drag load directed 380 lb, max. support
plate supports inward

5. Instrumentation Uplift load 3,300 lb.
support plate

6. Instrumentation Lateral drag load directed 1,200 lb, max. tube
tube inward

7. Bottom plate Drag load directed upward 111,600 lb

8. Lower support Drag load directed upward 1,900 lb
structure beams lateral load 7,500 lb

9. Fuel assembly Uplift load 2,270 lb

210. Core shroud Radial pressure differential 40 lb/ig at bottom
directed outward 0 lb/in at top

11. Fuel alignment Drag load directed upward 320,600 lb
plate

12. CEA shroud Lateral drag load 2,400 lb, max, tuic
tubes

O 23 upper 9uide 'oao directed dowaward 278.8oo 1b
plate
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TABLE 4.4-6

RCS VALVES AND PIPE FITTINGS i.

; - Pressure Boundary Valves -

: Valve Valve No. Size (in.) Quantity

Pressurizer Safety Valves RC-200, RC-201 6X8 4
i

RC-202, RC-203 !

Pressurizer Spray Control Valves RC-100E, RC-100F 3 2

Spray Bypass Needle Valves RC-236, RC-237 3/4 2

Refueling level Indicator RC-214 3/4 1

Connection Isolation Valve

Reactor Vessel Head Vent Isolation RC-212 3/4 1

Valve'

Q ..... ..... . . ... . . ..

All other RCS valves will be
identified in the site-specific SAR

- RCS Pipe Fittings -

Elbows Size fin.) Radius (in.) Ouantity

35' 42 63 2

45' 30 45 4
,.

'

90' 30 45 8

44'9' 30 45 4
,

<

s

! O
:

4
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TABLE 4.4-7

RCS DESIGN MINIMUM FLOWS

Flow Path Flow (1bm/hrl

6
'

Total minimum RCS flow 165.6 x 10
6'

Core bypass flow (dssign maximum) 5.0 x 10
6Core flow 160.6 x 10
6Hot leg flow 82.8 x 10

! 6Cold leg flow 41.4 x 10
;

'
.

e

.

t

!

I

i

i

I

i
1

k

O
;

i

,

;
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TABLE 4.4-8

REACTOR COOLANT SYSTEN GEOMETRY

Flow Path Top Elevation Botton Elevation Minimum Flow Volume
2 3component length (ft) (d) (ft) (d) (ft) Area (ft ) (ft )

llot Leg 14.06 2.38 - 1.75 9.62 135.27
Suction Leg 24.32 0.58 - 9.97 4.91 119.38
Discharge Leg 19.30 1.25 - 1.25 4.91 94.74
Pressurizer (f) 2400 B

Liquid Level (full power) (f) (f) 50.07 ,I 1200I
Surge Line (e) 77.99 (f) 1.75 0.56 43.62
Steam Generator

Inlet Nozzle 3.07 3.90 - 0.48 9.62 25.55
Outlet Nozzle 2.79 2.41 - 1.19 4.91 12.67 B

Inlet Plenum 4.74(b) 6.48 - 0.10 19.07 410.98
Outlet Plenum 4.74(b) 6.48 - 0.10 9.7< 410.98
Tubes (Active C. Inactive) 61.15 40.94 6.48 0.002(c) 1939.60

Reactor Vessel
Inlet Nozzle (ea) 3.7 1.4 - 1.5 4.9 21.7
Downcomer 21.4 11.7 -22.6 33.8 1157.1
Lower Plenum 3.2 -20.5 -25.9 32.5 430.2
Lower Support Structure & 2.8 -17.7 -20.5 44.4 239.2

Inactive Core
Active Core 12.5 - 5.3 -17.8 60.8 888.2
Upper Inactive Core 2.8 - 2.5 - 5.3 46.3 262.9
Outlet Plenum 5.7 2.1 - 2.4 26.6 459.4
Core Shroud Bypass 15.9 - 2.7 -19.6 0.1 240.6
CEA Shroud Assembly & Tie 17.9 15.6 - 3.5 0.4 1352.5

Tubes

UGS, CEA Shroud Annulus 10.6 12.7 2.1 1.6 226.0
Top ilead 3.2 19.9 12.7 7.8 422.6
Outlet Nozzle 4.0 1.7 - 1.8 9.6 32.2

a. For the cylinder. d. Reactor Vessel nozzle centerline is the reference
b. Represents a geometrical rather than an elevation. It has an elevation of 0.0 ft.

actual flow path length, e. Surge line routing for each Systen 80 plant will be
c. Flow path area per tube. different. Nominal values are given.

f. Depends on individual plant surge line height.
Amendment B
March 31, 1988
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TABLE 4.4-9

REACTOR COOLANT SYSTEN COMPONENT
THERMAL AND HYDRAULIC DATA

(Sheet 1 of 2)

Component Data

Reactor Vessel

Rated core thermal power, MWt 3,800
Design pressure, psia 2,500
Operating pressure, psia 2,250
Coolant outlet temperature, 'F 615

BCoolant inlet temperature, 'F 558
Coolant outlet state Subcooled

6Total coolant flow,10 lb/h 165.6
Average coolant enthalpy

Inlet, Btu /lb 557 g
Outlet, Btu /lb 635

Average coolang density

O Inlet,lb/ft 46.3
3

Outlet, lb/ft 41.8

Steam Generators

Number of units 2
Primary Side (or tube side)

,

Design pressure / temperature, psia /'F 2,500/650
Operating pressure, psia 2,250
Inlet temperature, 'F 615 1

Outlet temperature, 'F 558 8

Secondary Side (or shell side)
iDesign pressure / temperature, psia /*F 1,200/570 |

Full load steam pressure / temperature, psia /*F 1,000/545
Zero load steam pressure, psia 1,100

6Total steam flow per gen., lb/h 8.56 x 10
Full load steam quality, % (minimum) 99.90
Feedwater temperature, full power, 'F 450

Pressur.'zer

Design pressure, psia 2,500 |
Design temperature, 'F 700 |
Operating pressure, psia 2,500 |

Operatingtemperatuge,'F 647
'

BInternal volume (ft ) 2,400'

Heaters
O Type and rating of heaters, kW Immersion /50

'

Installed heater capacity, kW 1,800

Amendment B
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TABLE 4.4-9 (Cont'd.)

REACTOR COOLANT SYSTEM COMP 0NENI
THERMAL AND HYDRAULIC DATA

(Sheet 2 of 2)

Component Data

Reactor Coolant Pumps

Number of units 4

Type Vert.-Centrifigual
Designcapacity,(gpm) 111,400
Design pressure / temperature, psia /'F 2,500/650
Operating pressure, psia 2,250
Type drive Squirrel cage

induction motor
Total dynamic head, ft 365

*

Rating and power requirements, hp, hot 8,850
Pump speed, rpm 1,190
Total heat input to RCS, MWt 17

O Reactor Cooiant eiping ,

6Flow per loop (10 lb/h)
Hot leg 82
Cold leg 41

Pipe size (inside dia.), in.
Hot leg 42
Cold leg

Suction leg 30 |
'

Discharge leg 30 l
Pipe design press./ temp., psia /'F 2,500/650 1

Pipe operating press./ temp., psia /'F |

Hot leg 2,250/615 B |

Cold leg 2,250/558 )
I

O
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0.58 0.76 0.80 0.81
0.93 1.06 1.10 1.11

ASSY AVG. ROD
RADIAL POWER FACTOR 2 0.55 0.81 1.30 1.08 1.15 1.17
ASSY MAXIMUM ROD 0.88 1.09 1.55 1.25 1.32 1.33
RADIAL POWER FACTOR

0.62 0.96 0.87 1.09 0.98 1.21 1.26
0.95 1.17 0.98 1.20 1.07 1.36 1.37

0.55 0.96 1.06 1.09 0.95 1.14 1.01 1.21
0.88 1.17 1.18 1.20 1.03 1.25 1.11 1.34

0.81 0.87 1.09 0.95 1.12 0.99 1.17 1.01
1.10 0.97 1.19 1.03 1.23 1.07 1.28 1.08

0
0.58 1.03 1.09 0.95 1.12 1.00 1.20 1.02 1.18
0.94 1.25 1.20 1,03 ' 14 1.10 1.33 1.11 1.29.

0.75 1.08 0.98 1.14 0.99 1.20 1.25 1.22 1.02
1.09 1.24 1.07 1.27 1.07 1.32 1.36 1.34 1.09

0.80 1.15 1.21 1.01 1.17 1.02 1.22 1.03 1.191

t 1.11 1,32 1.34 1.11 1.28 1.11 1.35 1.13 1.30

0.81 1.17 1.26 1.21 1.01 1.18 1,02 1.19 1.02
1.12 1.33 1.39 1.34 1.09 1.29 1.09 1.30 1.09

1
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4.5 REACTOR MATERIALS

4.5.1 CONTROL ELEMENT DRIVE STRUCTURAL MATERIALS

4.5.1.1 Material Snecifications

A. The materials used in the control element drive mechanism
(CEDM) reactor coolant pressure boundary components are as'

follows:

1. Motor housing assembly

SA 182, Type 347 (austenitic stainless steel)

SA 182, Type 403, and Code Case 1334 or code case 1337
(martensitic stainless steel)
SB 166 (nickel-chromium alloy)

2. Upper pressure housing

SA 213, Type 316 (austenitic stainless steel)

SA 476, Type 316 (austenitic stainless steel)

ASTM A276, Type 440 (martensitic stainless steel with yield
strength greater than 90,000 psi)

The above listed materials with the exception of the ASTM
A276, Type 440 material are also listed in Section III of
the ASME Boiler and Pressure Vessel Code. In addition, the )
materials comply with Sections II and IX of the ASME Boiler
and Pressure Vessel Code.

The functions of the above listed components are described
in Section 3.9.4.1. j

B. The materials in contact with the reactor coolant used in
the CEDM motor assembly components are as follows:

1. Latch guide tubes

ASTM A269, Type 316 (austenitic stainless steel)

J Chrome Oxide (plasma spray treatment)

2. Magnet and spacer

ASTM A276, Type 410 (martensitic stainless steel)g
(

4.5-1i
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3. Latch and magnet housing

ASTM A276, Type 316 (austenitic stainless steel)

QQ-C-320a, Class 2B (chrome plating)

ASTM A276, Type 440C (martensitic stainless steel)
'

4. Spacer

ASTM A240, Type 304 (austenitic stainless steal)

5. Alignment Tab

ASTM A276, Type 410 (martensitic stainless steel)

6. Spring

AMS 569 8B, Inconel X-750 (nickel base alloy)

7. Pin

[]} Haynes Stellite No. 6B (cobalt base alloy)

8. Dowel pin

ASTM A314, Type 410 (martensitic stainless steel)

9. Spacer and screw

ASTM A276, Type 321 (austenitic stainless steel)

10. Stop

ASTM A276, Type 304 (austenitic stainless steel)

11. Latch and pin
,

.

Haynes Stellite No. 36 (cobalt base alloy)

12. Locking cup and screws

300 Series austenitic stainless steel

The functions of the CEDM motor assembly components are
described in Section 3.9.4.1.

I

(2)

'
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C. The materials in contact with the reactor coolant used in
the extension shafts are listed below:

1. Shafts, rod, and plunger

ASTM A276, Type 304 (austenitic stainless steel)

ASTM A264, Type 304 (austenitic stainless steel)

2. Gripper

ASTM B446 (nickel-chromium-molybdenum-columbium alloy)

QQ-C-320a, Class 2B (chrome plating)

3. Spring j

AMS 5699B, Inconel X-750 (nickel base alloy)

4. Pin

i 304 austenitic stainless steel
,

The functions of the extension shaft components are
j described in Section 3.9.4.1.

,

D. The weld rod filler materials used with the above listed i

components are Type 308 stainless steel, Type 316 stainless
steel and Inconel 82.

.

'
I All of the material listed above was used in an extensively

tested CEDM assembly that exceeded lifetime requirements, as ''

described in Section 3.9.4.4.1. Also, all of the materials have j
performed satisfactorily in service in Maine Yankee (Docket '

50-309), Millstone-2 (Docket 50-236), Calvert Cliffs (Docket
50-317), and other reactors.

4.5.1.2 control of the Use of 90 kai Yield Strenoth
Material

:
# The only control element drive structural material identified in
1 Section 4.5.1.1 which has a yield strength greater than 90 ksi is

|
ASTM A276, Type 440, martensitic stainless steel. Its usage is
limited to the steel ball in the vent valve on the top of the
CEDM and bearing inserts in the motor assembly. The ball is used
as a seal and is not a primary load bearing member of the ,

! pressure boundary while the inserts are Type 440 for surface I
! hardness, see little stress and are not part of the safety j

release mechanism in the motor assembly. This material was'

O
,

tested and exceeded 11fetime reauirements. A1so, this meteria1 |
1 i

d

4.5-3
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is presently being used in operating reactors such as Maine
Yankee (Docket 50-209), Calvert Cliffs (Docket 50-317) and St.
Lucie Unit 1 (Docket 50-335) and has performed satisfactorily for
the same application.

4.5.1.3 Control of the Use of Sensitized Austenitic
Stainless Steel

Control of the use of sensitized austenitic stainless steel is
consistent with the recommendations of Regulatory Guide 1.44, as
described in Sections 4.5.1.3.1 through 4.5.1.3.3, except for the
criterion used to demonstrate freedom from sensitization. The
ASTM A708 Strauss Test is used in lieu of the ASTM A262 Method E,
Modified Strauss Test, to demonstrate freedom from sensitization
in fabricated unstabilized austenitic stainless steel. The
former test has shown, through experimentation, excellent
correlation with the type of corrosion observed in severely
sensitized austenitic stainless steel.

4.5.1.3.1 Solution Heat Treatment Requirements

All raw austenitic stainless steel, both wrought and cast,
A employed in the fabrication of the control element driveU mechanism structural components is supplied in the solution

annealed condition, as described in Section 4.5.2.4.1.1.

4.5.1.3.2 Material Inspection Prc, gram

Extensive testing on stainless steel mockups, fabricated using
production techniques, has been conducted to determine the effect
of various welding procedures on the susceptibility of
unstabilized Type 300 series stainless steels to
sensitization-induced intergranular corrosion. Only those
procedures and/or practices demonstrated not to produce a
sensitized structure are used in the fabrication of control,

'

element drive mechanism structural components. The ASTM Standard
A708 (Strauss Test) is the criterion used to determina
susceptibility to intergranular corrosion. This test has shown

i excellent correlation with a form of localized corrosion peculiar
to sensitized stainless steels. As such, ASTM A708 is utilized
as a go/no-go standard for acceptability,

i

4.5.1.3.3 Avoidance of Sensitization

Homogeneous or localized heat treatment of unstabilized
austenitic stainless steel in the temperature range 800 to 1500*F
is prohibited.

O

4.5-4
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Weld heat affected zone sensitized austenitic stainless steel
(which will fail in the Strauss Test, ASTM A708) is avoided in
control element drive mechanism structural components by careful
control of:

a. Wald heat input to less than 60 kJ/in

b. Interpass temperature to 350'F maximum

c. Carbon content

4.5.1.4 Control of Delta Ferrite in Austenitic Stainless
Steel Welds

The austenitic stainless steel, primary pressure retaining welds
in the control element drive mechanism structural components are
consistent with the recommendations of Regulatory Guide 1.31 as
follows:

The delta ferrite content of A-No. 8 (Table QW-442 of the ASME
Code, Section IX) austenitic stainless steel welding materials is
controlled to 5FN-23FN. The delta ferrite determination is

O carried out using a calibrated magnetic measuring instrument and
undiluted weld caposits produced in accordance with the Americanv

Welding Society Specification AWS A.5.4 or another comparable
procedure for other than coated electrodes. The ferrite
requirement is met for each heat, lot or heat / lot combination of
weld filler material.

Delta ferrite contents of consumable inserts, rod or wire filler
metal used with the gas tungsten arc welding process, and
deposits made with the plasma arc welding process may be
determined from their chemical compositions using a
constitutional diagram for austenitic stainless steel welding
material.

As an alternative, the delta ferrite determination may be carried
out on production welds by magnetic measurement methods. The
average delta ferrite content must be 3FN or more, with no single
reading less than 1FN when measured at four equally spaced
positions. Each production weld greater than one inch in
thickness is examined while welus of thicknesses one inch and
less are tested in accordance with a sampling plan.

4.5.1.5 Cleanina and Contamination Protection Procedures

The procedure and practices followed for cleaning and
contamination protection of the control element drive mechanism 4

structural components are in compliance with the recommendations
O of Regulatory Guide 1.37 and are described below:

1

4.5-5 ,
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Specific requirements for cleanliness and contamination
protection are included in the equipment specifications for
components fabricated with austenitic stainless steel. The
provisions described below indicate the type of procedures
utilized for components to provide contamination control during
fabrication, shipment, and storage.

Contamination of austenitic stainless steels of the Type 300
series by compounds that can alter the physical or metallurgical
structure and/or properties of the material is avoided during all
stages of fabrication. Painting of Type 300 series stainless
steels is prohibited. Grinding is accomplished with resin or
rubber-bonded aluminum oxide or silicon carbide wheels that have
not previously been used on materials other than Type 300 series
stainless steel alloys.

Internal surfaces of completed components are cleaned to the
extent that grit, scale, corrosion products, grease, oil, wax
gum, adhered or embedded dirt, or extraneous material are not
visible to the unaided eye.

Cleaning is effected by either solvents (acetone or isopropyl
O alcohol) or inhibited water (300-200 ppm hydrazine). Water will
\-> conform to the following requirements:

Halides

Chloride, ppm < 0.60
Fluoride, ppm < 0.40

1

Conductivity, umhos/cm < 5.0

pH 6.0 - 8.0

Visual clarity No turbidity, oil or sediment

To prevent halide-induced integranular corrosion that could occur
in an aqueous environment with significant quantities of
dissolved oxygen, flushing water is inhibited via additions of
hydrazine. Experiments have proven these inhibitors to be
effective (2). Operational chemistry specifications preclude
halides and oxygen (both prerequisites of intergranular attacks)
and are shown in Section 9.3.4

OG
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4.5.2 REACTOR INTERNALS MATERIALS i

4.5.2.1 Material Snecifications

The materials used in fabrication of the reactor internal
structures are primarily Type 304 stainless steel. The flow
skirt is fabricated from Inconel. Welded connections are used
where feasible; however, in locations where mechanical
connections are required, structural fasteners are used which are
designed to remain captured in the event of a single failure.
Structural fastener material is typict ly a high strength
austenitic stainless steel; however, in less critical
applications Type 316 stainless steel is employed. Hardfacing of
Stellite material is used at wear points. The effect of
irradiation on the properties of the materials is considered in
the design of the reactor internal structures. Work hardening
properties of austenitic stainless steels are not used.

The following is a list of the major components of the reactor
internals together with their material specifications:

A. Core support barrel assembly

1. Type 304 austenitic stainless steel to the following
specifications:

a. ASTM-A-182
b. ASTM-A-213
c. ASTM-A-240
d. ASTM-A-479

2. Precipitation hardened stainless steel to the following
specifications:

a. ASTM-A-453, Grade 660
b. ASTM-A-638, Grade 660

B. Upper guide structure assembly

1. Type 304 austenitic stainless steel to the following
specifications:

a. ASTM-A-182
b. ASTM-A-240
c. ASTM-A-213
d. ASTM-A-479
e. ASTM-A-351, Grade CF8

2. Precipitation hardened stainless steel to the followingi

i specifications:

a. ASTM-A-638, Grade 660

4.5-7
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C. Core shroud assembly

1. Type 304 austenitic stainless steel to the followinc
specifications:

a. ASTM-A-182
b. ASTM-A-240

D. Holddown ring

ASTM-A-182, modified to ASME Code Case 1747

E. Bolt and pin material

ASTM-A-453 and ASTM-A-638, Grade 660 material (trade name
A-286) is used for bolting and pin applications. This alloy
is heat treated to a minimum yield strength of 85,000
lb/in.2 Its corrosion properties are similar to those of.

the Type 300 series austenitic stainless steels. It is
,

austenitic in all conditions of fabrication and heat
treatment. This alloy was used for bolting in previous
reactor systems and test facilities in contact with primary
coolant and has proven completely satisfactory.

F. Chrome plating and hardfacing

Chrome plating or hardfacing are employed on reactor
internals components or portions thereof where required by
function. Chrcme plating complies with Federal
Specification No. QQ-C-320b. The hardfacing material i

employed is Stellite 25. l
,

All of the materials employed in the reactor internals and I

in-core instrument support system have performed satisfactorily
in operating reactors such as palisades (Docket-50-255), Fort
Calhoun (Docket-50-285) and Maine Yankee (Docket-50-309).

4.5.2.2 Weldina Accentance Standards

Welds employed on reactor internals and core support structures !

meet the acceptance standards delineated in article NG-5000, 1

Section III, Division I, and control of welding is performed in I
accordance with Section III, Divisions I and IX of the ASME Code. I

In addition, consistency with the recommendations of Regulatory |
Guides 1.31 and 1.44 is described in Section 4.5.2.4.

4.5.2.3 Fabrication and Processina of Austenitic Stainless
steel

O rae ro11owtas iator=etioa avv11e= to ua teditizea u teattio
stainless steel as used in the reactor internals.

4.5-8
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4.5.2.3.1 control of the Use of sensitised Austenitie ;

stainless Steel r

'

The recommendations of Regulatory Guide 1.44, as described in
Sections 4.5.2.3.1.1 through 4.5.2.3.2.5, are followed except for
the criterion used to demonstrate freedom from sensitization.
The ASTM A708 Strauss test is used in lieu of the ASTM A262
Method E, Modified Strauss Test, to demonstrate freedom from
sensitization in fabricated unstabilized austenitic stainless
steel, since the former test has shown, through experimentation,
excellent correlation with the type of corrosion observed in
severely sensitized austenitic stainless steel,

f 4.5.2.3.1.1 Solution Heat Treatment Requirements

All raw austenitic stainless steel material, both wrought and
cast, employed in the fabrication of the reactor internals is
supplied in the solution annealed condition, as specified in the
pertinent ASTM or ASME B&PV Code material specification; viz,
1900 to 2050'F for 1/2 to 1 h/in of thickness and rapidly cooled
to below 700'F. The time at temperature is determined by the
size and the type of component.

Solution heat treatment is not performed on completed or;

partially fabricated components. Rather, the extent of chromium
carbide precipitation is controlled during all stages of

i fabrication as desired in Section 4.5.2.3.1.4.

4.5.2.3.1.2 Material Inspection Program

Extensive testing of stainless steel mockups, fabricated using

|
production techniques, was conducted to determine the effect of

| various welding procedures on the susceptibility of unstabilized

|
Type 300 series stainless steels to sensitization-induced
intergranular corrosion. Only those procedures and/or practices
demonstrated not to produce a sensitized structure are used in
the fabrication of reactor internals components. The ASTMi

Standard A708 (Strauss Test) is the criterion used to determine
susceptibility to intergranular corrosion. This test has shown

j excellent correlation with a form of localized corrosion peculiar
to sensitized stainless steel. As such, ASTM A708 is utilized as'

a go/no-go standard for acceptability.
;

As a result of the above tests, a relationship was established'

between the carbon content of Type 304 stainless steel and weldt

| heat input. This relationship is used to avoid weld heat
affected zone sensitization as described in Section 4.5.2.4.1.4.'

O

4.5-9
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4.5.2.3.1.3 Unstabilized Austenitic Stainless 8teels

|The unstabilized grade of austenitic stainless steel with a
carbon content greater than 0.03% used for components of the

'

reactor internals is Type 304. This material is furnished in the
solution annealed condition. The accuptance criterion used for
this material, as furnished from the steel supplier, is ASTM i

A262, Method E.

Exposure of completed or partially fabricated components to
temperatures ranging from 800 to 1500*F is prohibited except as
described in Section 4.5.2.3.1.5.

Duplex, austenitic stainless steels containing J5 FN delta
ferrite (weld metal, cast metal, weld deposit overlay) are not
considered unstabilized since these alloys do not sensitize,
i.e., form s continuous network of chromium-iron carbides.
Specifically, alloys in this category are:

-F8M Cast stainless steel (delta ferrite
controlled to SFN-33FN)

-CF8 Cast stainless steel (5FN-33FN)
O -Type 308 Singly and combined

-Type 309 stainless steel weld filler metals
-Type 312 (delta ferrite controlled to
-Type 316 SFN-23FN as deposited)

In duplex austenitic/fervitic alloys, chromium-iron carbides are
precipitated preferentially at the ferritc/austenite interfaces
during exposure to temperatures ranging from 800-1500*F. This

1 precipitate morphology precludes intergranular penetrations
associated with sensitized Type 300 series stainless steels

1 exposed to oxygenated or otherwise faulted environments.

4.5.2.3.1.4 Avoidance of Sensitization
;

Exposure of unstabilized austenitic Type 300 series stainless !
steels to temperatures ranging from 800 to 1500'F will result in )
carbide precipitation. The degren of carbide precipitation or
sensitization depends on the temperature, the time at that
temperature, and the carbon content. Severe sensitization is

.

defined as a continuous grain boundary chromium-iron carbide
: network. This condition induces susceptibility to intergranular
: corrosion in oxygenated aqueous environments, as well as those
2 containing halides. Such a metallurgical structure will readily

fail the Strauss Test, ASTM A708. Discontinuous precipitates,

j (i.e., an intermittent grain boundary carbide network) are not

] susceptible to it.tergranular corrosion in a PWR environment. !

O
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Weld heat affected zona sensitized austenitic stainless steels
are avoided (which will fail the Strauss Test, ASTM A708) by
careful control of:

- Weld heat input to less than 60 kJ/in

- Interpass temperature to 350'F maximum

- Carbon content

A weld heat input of less than 60 kJ/in is used during most
fabrication stages of the Type 304 stainless steel core support
structure. Higher heat inputs are used in some heavy section
weld joints. Freedom from weld heat affected zone sensitization
in those higher heat input weldments is demonstrated with weld
runoff samples produced at the time of component welding in
material having a carbon content equal to or greater than the
highest carbon content of those heats of steel being fabricated.
Specimens so provided a r,e subjected to the Strauss Test, ASTM
A708.

4.5.2.3.1.5 Ratesting Unstabilized Austenitic Stainless
Steels Exposed to Sensitizing Temperature

Sensitization, which may be susceptible to intergranular
corrosion, is avoided during welding as described in Section
4.5.2.3.1.4. Homogeneous or localized heat treatment of
unstabilized stainless steels in the temperature range 800 to
1500*F is avoided. Complex substructures may be thermally
stabilized after fabrication and prior to final machining. Such
treatment produces only minor, discontinuous precipitates. In
addition to thermocouple records during this heat treatment, a
sample of Type 304 stainless steel, having a carbon content equal
to or greater than the highest carbon heat of material present in 1

'the structure, is included as a monitor sample. After heat
treatment, the monitor sample is subjected to the Strauss Test,

i
ASTM A708, as well as a metallographic examination to verify |
freedom from sensitization. ,

l

4.5.2.3.2 Non-Metallic Thermal Insulation

Non-metallic thermal insulation is not used on the reactor
internals.

4.5.2.3.3 Control of Delta Ferrite in Welds

The recommendations of Regulatory Guide 1.31 are followed, as
described in Section 4.5.1.4.

O |
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Furthermore, for submerged arc welding processes, theJ delta
ferrite determination for each fire / flux combination may he made
on a production or simulated (qualification) production weld, and t

the delta ferrite content is controlled to 3FN-23FN. ,'
'

- ,

/'
4.5.2.3.4 Control of Electroslag Wald Properties '

dThe electroslag process, per Regulatory Guide 1.34, is not
utilized to fabricate reactor internal components. t ,

,
,

4.5.2.3.5 Walder Qualification for Areas of Limited / <

Accessibility '
> .-

The specific recommendations of Regulatory Guide 1.71 'are not' 3

followed. However, performance qualifications for , personnel 1
,

welding under conditions of limited accessibility are c6nducFad
and maintained in accordance with the requirements of" the ASM
Code, Sections III and IX. A requalification is required when:

a. Any of the essential variables of Section IX is chan ed.

b. Authorized personnel have reason to question the ability of
p the welder to satisfactorily perform to the app hcable
V requirements.

. (
Production welding is monitored for complianco with the proce. lure
parameters, and welding qualification requirements are certified
in accordance with ASME Sections III and IX. Further assurande
of acceptable welds of limited accessibility is afforded by the
welding supervisor assigning only the most highly skille42

,

,

personnel to these tasks. Finally, weld quality, regardless / '

f
of accessibility, is verified by the performance of the requir:e6,

non-destructive examination. s

4.5.2.4 Contamination Protection and Cleaninc of Augt331% g
stainless steel

,

Compliance with the recommendations of Regulatory Guide 1.37,
"Quality Assurance Requirements for Cleanir.g of Fluid Systers and d

', Associated Components of Water-cooled Nuclear Power Plants", is
discussed in Section 4.5.1.5.

i

:

1 .

/
,

.,

IO
s .
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4.6 FUNC'?IONAL DESIGN OF REACTIVITY CONTROL SYSTEMS

The System CI+ Standard Design includes the following reactivity B

control sy stems: the control element drive mechanisms (CEDMs),
the safety injection syst.em (SIS), and the chemichl ana volume-

control system'(CVCS). Tha CEDMs are referred to collectively as
the control rod drive system (CRDS). The pertinent information,
evaluations, and testing of the CRDS are treated in Section
4.6.1, 4.6.2, and 4.6.3 respectively. The combined performance
of the CRDS and other reactivity control system is discussed in
Sections 4.6.4 and 4.6.5.

4.6.1 INFORMATION FOR THE CONTROL ROD DRIVE SYSTEM (CRD8)

The CRDS consists of the CEDMs. Component diagrams, description,
and characteristics of the CEDMs are presented in Section 3.9.4.

4.6.2 EVAL 0ATION OF THE CRDS

The safety function of the CRDS is to drop CEAs into the reactor
core when the motive power is removed from the CEDM power bus.
The active interface between the RPS and the CRDS is at the trip
circuit breakers located in the reactor trip switchgear (RTSG).

4.6.2.1 sincle Failure

A failure mode and ef fects' analysis of the RPS (including the
RTSG) is presented in Section 7o2, which demonstrates compliance

,

with IEEE Standard 279-1971, and shows that no single failure in i

the RPS can prevent the removal of electrical motive power from ,

the CEDMs. For the trip function, the CEDMs are essentially 1

passive devices. When power is removed from the CEDM coils, the !
*

armature springs automatical?y cause the latches to be disengaged
from the CEDM drive shafts, allowing insertion of the CEAs byi

gravity. For the execution of the trip function, all the CEDMs'

are independent of one another. In other words, the failure of
one CEDM to trip does not af*ect the operability of any other
''EDM. Sufficient shutdown margin is always maintained to assure l.

that the shutdown capability can be retained in the event of a i

failure of any CEDM. Therefore, no single failure can prevent
the CRDS from providing sufficient scrum reactivity to achieve a
shutdown.

4.6.2.2 Isolation of the CRDS from Other Equicment

The 5terface between the CEDMs and the CEDM Control System is at
the CEOlfCS power switches, which provide the isolation of the
motive peter from the low voltage icgic control signal. The
interface between the CEDMs and the CEAs involves no
non-essential elementa.' Therefore, no isolation is required.,

i Amendment B
4.6-1 March 31, 1988
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4.6.2.3 Protection from Common Mode Failure

4.6.2.3.1 Pipe Breaks

Protection of essential systems from the consequences of a
postulated pipe rupture shall be by separation via physical plant
layout, pipe restraints, protective structures and compartments, l

watertight rooms, isolation capability or other suitable means !
described in the site-specific SAR.

|

!

1

)

.

O

:
I
;

O
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4.6.3 TESTING AND VERIFICATION OF THE CRDS
l

The pre-core and post-core CEDM performance test is described in
'

Chapter 14, which verifies the proper operation and sequencing of
the CEDMs.

l

4.6.4 INFORMATION FOR COMBINED PERFORMANCE OF THE
REACTIVITY CONTROL SYSTEMS

Plan and elevation layout drawings of the reactivity control
systems are presented in the site-specific SAR.

Table 4.6-1 lists all the postulated accidents analyzed in j

Chapter 15 that take credit for two or more reactivity control I

systems for preventing or mitigating each accident. The related '

reactivity systems are also tabulated. |

4.6.5 EVALUATION OF COMBINED PERFORMANCE

The CRDS, CVCS and SIS are separated (see site-specific SAR) and
totally diverse in design and operation. In addition, since the
CRDS, the SIS, and the CVCS are protected from missiles, pipe

A breaks and their effects, (as delineated in Sections 6.3 and
' 9.3.4), there are no credible potential common mode failures that

could cause the combination of the CRDS, SIS, and CVCS to fail to
provide sufficient reactivity insertion to achieve a shutdown
under design conditions.

O

4.6-3
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TABLE 4.6-1

POSTUTATED ACCIDENTS

Event _QBAE Elg GXC.S

Feedwater Line Break A B B

Steam Line Break A A B

Large Break LOCA B A B B

Small Break LOCA A / B

Sample Line or Letdown Line Break A B B

Steam Generator Tube Rupture A A C

CEA Ejection A A C

BBoron Dilution A C B

Uncontrolled CEA Withdrawal A B C

CEA Drop A B C

Inadvertent Opening of Attoospheric Dump Valve or A B C

Main Steam Safety Valve

Loss of Normal Feedwater Flow A B C

Reactor Coolant Pump Shaft Seizure A B C

Pressurizer Pressure Signal Fails High A B C

Pressurizer Level Error Fails High A B C

EAX !

|

A - Use expected and required I

i

B - Use expected, but not required

C - Use not expected and not required

O
Amendment B
March 31, 1988
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APPENDIX 4A - SYSTEM 80 REACTOR FLOW MODEL TEST PROGRAM

1.0 INTRODUCTION

Flow model tests have been conducted to determine the hydraulic
performance of the System 80 class reactors. Tests in 1973-1975
at Kraftwerk Union (KWU) with a 1/8 scale model of the downcomer
and lower support structure, and in 1975-1976 at C-E with a 3/16
scale model of the outlet plenum region, were conducted to refine
basic hydraulic design. Objectives were to produce an acceptable
core inlet flow distribution, and to minimize hydraulic loadings
and flow resistance. The reactor core was not represented in
these tests, except for simplified provisions to represent a
portion of the core inlet resistance for inlet flow distribution
mapping in the KWU lower plenum tests. The test results obtained
through 1976 were treated as preliminary in view of the
simplified core modelling. Results were used in design analyses
of core thermal margin, system pressure drop, and component
hydraulic loading.

Final verification of reactor design hydraulic parameters is
based on tests with a 3/16 scale model having all structures in
the main flow paths, including a dynamically scaled core. This(]\\ model was constructed in 1976-1977 and tested in 1978, in the C-E
Nuclear Laboratories. These final tests are the subject of the
further discussion in this Appendix.

2.0 DESCRIPTION OF FLOW MODEL

2.1 PRESCURE VEGSEL AND CORE SUPPORT STRUCTURES

A cross-sectional view of the flow model is presented in Figure
4A-1. Geometric similarity to the reactor main flow paths is
maintained, with a scaling factor of 3/16, except in the model
core. Relatively stagnant regions at the top of the downcomer
and in the upper guide structure and closure head volume are
truncated for ease and economy of model assembly.

2.2 MODEL CORE

The model core consists of an array of 241 square tubes, each
representing one fuel assembly. Six levels of flow resistor
plates match the axial flow resistance of reactor fuel
assemblies, and approximately match the axial distribution of
axial flow resistance over the length of the assembly. Aligned
round holes through adjoining tube walls match the resistance to
cross-flow between reactor fuel assemblies. Model and reactor
fuel assemblies are compared in Figure 4A-2. The model core

'p design and associated "open-core" flow model testing technique
follow the methodology of flow model tests for the C-E
3400-Series reactors, as described in CENPD-206-P(1).

4A-1
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2.3 MODEL INSTRUMENTATION

Model instrumentation consists of wall static pressure taps in
the inlet and outlet ducts, at the top and bottom of the
downcomer, on the flow skirt and bottom plate, in the inlet and
outlet of each core tube, at several points on the upper guide
structure, and in the closure head volume. These taps provide
for assessment of the breakdown of reactor vessel pressure drop,
component
steady state hydraulic loading, and for measurement of core inlet
and core outlet pressure boundary conditions. A detailed summary
of pressure tap locations is provided in Figure 4A-3.

3.0 DESCRIPTION OF TEST FACILITX

3.1 TEST FACILITY AND OPERATING CONDITIONS

Testing was conducted in the C-E Large Scale Hydraulic Test
Facility, TF-15. For the configuration representing full flow
with four operating reactor coolant pumps, model flow was set at
11,000 gpm. All tests were conducted at approximately 80'F fluid
temperature. At these conditions, flow in the model isg fully

G turbulent, with an outlet duct Reynolds Number of 2.6 x 10 Tge.O corresponding reactor Reynolds Number at full power is 1.5 x 10 ,

It is expected that non-dimensionalized cressure drons and flow
distributions do not chance at the hiaher reactor Reynolds

Numbers.

3.2 TEST LOOP

The TF-15 test loop, as used for System 80 Flow Model full flow
testing, is depicted in Figure 4A-4. Three circulating pumps are
required to provide the 11,000 gpm model flow rate. Individual
inlet and outlet duct flow settings are established with flow
control valves and calibrated flow meters. Flow meter signals
are continuously fed to the data acquisition system to verify
consistency of flow settings.

3.3 DATA ACOUISITION SYSTEM

The data acquisition system used for this test is depicted in
Figure 4A-5. Model point pressures are sequentially connected
through computer-operated solenoid valves to a series of
differential pressure transducers. Point pressures are read
against an internal reference pressure at mid-elevation in the
model core. Electrical output is repeatedly scanned and averaged
for each point after a dwell period in which pressure differences
are allowed to stabilize. Switching and digital voltmeter
readout are controlled by a computer. Operator control of test

(-~ progress and screening of measurements are accomplished with a
teletypewriter. Data are recorded on magnetic tape for further
reduction by a digital computer.

4A-2
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3.4 CALIBRATION STANDARDS

Calibration of the instruments is made utilizing fixed water
columns or variable height mercury columns, as appropriate for
the range of each instrument. Calibrations are made at the
beginning of each test run, and are confirmed upon completion of
each test run.

4.0 DATA ANALYSIS

4.1 MODEL POINT PRESSURES

Model point pressures, measured relative to an internal reference
pressure at core mid-elevation, are converted to Euler numbers of
one of several forms.

a. For the planar pressure distributions at the core inlet
and core outlet, Pin and Pout:

Ei = (Pi - Pi) / (Pin - Pout)
b. For other points and spatially averaged pressures:

[}
Ei = (Pi - Pin) / VHref

whore VH is a reference model inlet velocity head.
ref

c. For point-to-point pressure differentials:

Ei = (P upstream - P downstream) / VH
ref

Euler numbers are readily converted to desired pressure drop loss
coefficient and hydraulic loading coefficient forms, considering
averaged data from repeated runs.

4.2 CORE INLET FLOW DISTRIBUTION

The System 80 core inlet flow distribution for the normal
condition with four operating reactor coolant pumps is provided
in Figure 4A-6. At each fuel assembly location, the inlet flow
is expressed as a fraction of the average fuel assembly flow rate
in the core. Flow model test data, in the form of the core inlet
pressure distribution, are scaled to reactor conditions and used
in a TORC /HERMITE simulation of the System 80 core to determine
the core inlet flow field. This technique for determining the
core inlet flow distribution is discussed further in
CENPD-206-P(l), Section 3.1.1.

O

4A-3
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The uncertainty on the core inlet flow distribution includes the
test measurement uncertainty and the uncertainty in the
TORC /HERMITE calculation of the flow distribution from the
measured pressure distribution. T_he typical uncertainty on the
core inlet flow distribution (AQg/Q) is 0.06 at the la level.
4.3 CORE OUTLET PRESSURE DISTRIBUTION

The reactor core outlet pressure distribution is provided in
Figure 4A-7, for the normal condition with four operating reactor
coolant pumps. Euler numbers at fuel assembly locations express
the core outlet pressure distribution in a non-dimensional form
which is defined as,

P - E oudet
1

E ) outlet "g -

K 9core core

where: P = local static pressure, core outletg

P = core average static pressure, core outlet

X = core overall loss coefficient, based oncore
core flow area

_

q = average core outlet velocity head, based oncore
core flow area

The core outlet pressure distribution is obtained as a result of
interfacing two analytical simulations: the first simulation is
a representation of the core region, using the TORC code; the .

'

second is a multi-flow-path simulation of the upper plenum region
between the core exit and the outlet nozzles. Input to the TORC
code contains the core inlet flow distribution as determined
earlier from flow model test data. Input to the upper plenum
simulation contains the flow resistances found in flow model
tests for this region. Matching of the interface conditions
between the two simulations provides the core outlet flow and I

pressure distributions. |

|
Uncertainty in the core outlet pressure distribution takes into
account the uncertainty in the TORC representation of the core
and the uncertainty in the analytical model of the outlet plenum
and core exit regions. The typical uncertainty in the core
outlet pressure distribution (6E ) is 0.008 at the la level.g

O

4A-4
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4.4 EEAqTOR VESSEL PRESSURE DROP

The System 80 reactor vessel incremental loss coefficients and
pressure drops, based on test results, are provided in Table
4A-1. Data for the fuel assembly come from full scale flow tests
on a typical fuel assembly. Frictional pressure drops for the
fuel assembly and the downcomer are based on standard friction
factor methods. The remaining pressure drops are based upon
results from the 3/16 scale flow model test.
Uncertainty in incremental loss coefficients from the full scale
flow tests on the fuel assembly is considered to be independent
of the uncertainty in the loss coefficients from the 3/16 scale
flow model test. The uncertainties are combined by the
root-sum-square technique.

The uncertainty in the total reactor vessel pressure drop due to
test measurement uncertainty is calculated to be 4.4% at the la
level.

4.5 COMPONENT HYDRAULIC LOADING

O Reactor internal component design steady state hydraulic loads
V which are verified using scale model flow test data include the

following:

a. Core support barrel and upper guide structure uplift
forces.

b. Differential pressure loadings on the:

o Flow skirt
o Bottom plate
o Fuel alignment plate
o Upper guide structure support barrel

c. Steady state drag loading on the cylindrical shroud
tubes in the outlet plenum and instrument nozzles in
the lower plenum.

Design values for these hydraulic loads, based on earlier flow
model test results and on analytical methods, are in all cases
shown to be conservative on the basis of final model test
results.

O

4A-5



- .

CESSAR Ennncmon

O mtE u-1

REACTOR VESSEL BEST ESTIMATE
LOSS COEFFICIENTS & PRESSURE DROPS

Flow Path Stations Loss Coeff.. Ki Press. Droo. osi Temo. 'F

Inlet Nozzle & 90' Turn 1-5 0.69 8.7 565

Downcomer, Lower Plenum
& Lower Supp. Structure 5-15 1.21 15.4 565 j

Fuel Assembly 15-20 1.27 15.9 595

Fuel Assy. Outlet
to Outlet Nozzle 20-24 1.18 101 624

Total Pressure Drop 56.7

O

O

|
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1.0 SUMMARY

Hot loop flow testing for System 80 was completed during 1980 and
1981. Test components included an array of five fuel assemblies,
s twelve rod control element assembly (CEA) and supporting
structures. Pressure drops and CEA scram times were measured for
a range of temperature and flow rate cettings. Results were
nearly as predicted based on analyses and the results of hot loop
tests preceding those for System 80. A 1300 hour wear test was
run, finding no fretting wear on fuel rods and no other wear on
fuel exterior surfaces. Some wear occurred inside rodded CEA
guide tubes, but at acceptable rates.

2.0 TEST FACILITY DESCRIPTION !

Tests were performed in the 36" ID main section c,f the C-E TF-2
hot loop. The piping arrangement in this loop is shown in Figure
4B-1. The loop is rated at 15000 gpm, 650*F, 2500 psia. System |
80 . wear tests were near leop limits, at 14000 gpm, 620*F, 2250 )
psia. The loop includes systems which maintain steady |

temperature and pressure and nominal reactor water chemistry. !

|
/ 3.0 TEST COMPONENTS |

3.1 STACKUP |

The test component stackup is shown in Figure 4B-2. The support |
structures were bolted to lugs and a support ring at the bottom
of the test vessel. The fuel assemblies and CEA were enclosed
within lower and upper r1pport structures which were joined by
bolts at the fuel alignment picte.

3.2 FUEL ASSEMBLIES

3.2.2 DETAILS OF DESIGN

Fuel assemblies closely matched the production reactor fuel
design, as described in Section 4.2.2. Differences include:

a. Fuel rod loading 46% of the fuel rods (544) were of-

prototype construction, with depleted UO pellets. 54%
(636) were dummy rods of solid stainless skeel. Prototype
rods were used in all positions of concern with respect to
fretting wear.

b. Lower end fitting leg braces Braces are deleted between-

legs of the lower end fitting. The test design, with
braces, is considered less favorable with respect to
fretting wear.

4B-1
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c. Inside dimension of guide tubes and upper end fitting posts j

- The I.D. in upper ends of guide tubes and in UEF postsifor
]production fuel will be enlarged slightly as a precau. tion,.

allowing use of wear sleeves if needed. The tubb
enlargement should have little effect on guide tube wear
tendency, and will speed CEA scrams very slightly. /

3.2.2 SPACER GRID SPRING SETTINGS

All spacer grid springs were set for the minimum restraint of
fuel rods expected during the fuel lifetime.

3.2.3 FUEL ARRAY IN TEST

The array of five fuel assemblies is shown in Figure 4B-3, with
relationships to the fuel shroud and CEA. J

3.3 CONTROL ELEMENT ASSEMBLY j

System 80 reactors utilize both 4-rod and 12-rod control element
assemblies. The twelve-rod CEA was chosen for hot loop tests ,

because it has a lower weight per rod ratio (hence slower scrams) 4' !,

'

] and is a more complex structure. The test CEA was functionally
identical to that shown in Figure 4.2-4. r

3.4 SUPPORT STRUCTURES
,

The support structures were prototypical sections of a System 80
reactor and provided sPpport and alignment of the fuel assemblies
and CEA. The lower ends of the fuel assemblies engage alignment
pins on an open grid beam array. The fuel shroud cross section
is noted in Figure 4B-3. All possible corner shapes and fuelito
shroud clearances were included. Shroud tubes in the upper gulife y
structure were held by the upper guide structure support plate'
(UGSSP) and fuel alignment plate (FAP), and engaged the four
posts of each fuel upper end fitting. The region between the FAP f;
and the UCSSP is an outlet plenum, where flow passes up around' .

the shroud tubes and exits the outlet nozzle. Effects of a |,

pressure gradient across the reactor outlet plenum were included )
in tests. The gradient causes flow circulacion through small ,,
holes in the UGSSP upward near the reactor centerline and
downward near the outlet nozzles. In TF-2 the flow circulation /

was driven through external piping, employing a CEA shroud and
lseal assembly above the UGSSP. >

'
|

|

I

I

O L,

4
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4.0 TEST RESULTS

4.1 RCRAM TIME vs. ACCEPTANCE CURVE

Hot loop tests prev 12wed the scram performance checks that will
be required for every reactor CD. , during pre-operation
functional tests. Measured position (vs. time for reactor scrams
must fall below an acceptance curve ;hpplied in safety analyses.
The reactor scram tests are run at spproximacely 525'F with all
pumps running. The TF-2 scram for this ' condition is plotted in
Figure 4B-4, along with the acceptance curve.

4.2 PRESSURE DROPS IN FUEL

Fuel assembly pressure drops were measul.ed over a range of flow
Reynolds Numbers. Results are in good agreement with
measurements for similar fuel in prior TF-2 tests. The test

; results support the flow resistances used in design analyscs for
System 80 and based on the prior measurements. Those analyses
include fuel holddown spring design requirements, support
structure hydraulic loadings and the prediction of system flow
rate.

4 , ", 7UEL ROD FRETTING

h The test for fuel rod frotting ran 1300 hours, at 620'F, with
I flow p_13,40n gpm through the fuel. The setting was based on

worst case reactor conditions at full power, with 116% design
i flow. Test fluid velocities exceeded those expected in any

System 80 reactor. No fretting was found on any of the fuel rod
surfaces.

4.4 GUIDE TUBE WEAR

g, In view of observed CEA motion dependence on upper guide
structure flow, a sequence of different flow conditions was set
during the wear test. With each change of flow conditions ther

CEA was raised to a new position. e?onditions included the,

maximum pressure differences expected across the reactor UGSSP,c

both upward and do;.nward, and an intermediate equalized,

/ condition. Following the toss all CEA guide tubes were
'

J
inspected with an eddy current probe. Four tubes which gave the

' largest indications were removed and sectioned longitudinally
( (clamshelled) for precise inspection. Greatest wear occurred for

the UGSSP upflow condition, at points of CEA rod tip contact in
guide tubes. Guide tube wear at the highest rate observed in-

tests will not contribute to violation of stress limits described
in Section 4.2.3.

O
'

,
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5.0 BEAnTOR COOLANT SYSTEM AND CONNECTED SYSTEMS

5.1 SUMMARY DESCRIPTION

The reactor is a pressurized water reactor (PWR) with two coolant
loops. The reactor coolant system (RCS) circulates water in a
closed cycle, removing heat from the reactor core and internals
and transferring it to a secondary (steam generating) system.
The steam generators provide the interface between the reactor
coolant (primary) system and the main steam (secondary) system.
The steam generators are vertical U-tube heat exchangers with an
integral economizer in which heat is transferred from the reactor
coolant to the main steam system. Reactor coolant is prevented
from mixing with the secondary steam by the steam generator tubes
and the steam generator tube sheet, making the RCS a closed
system thus forming a barrier to the release of radioactive
materials from the core of the reactor to the containment
building.

The arrangement of the RCS is shown in Figures 5.1.3-1 and
5.1.3-2. The major components of the system are the reactor
vessel; two parallel heat transfer loops, each containing one
steam generator and two reactor coolant pumps; a pressurizer
connected to one of the reactor vessel outlet pipes; and,,

(") associated piping. All components are located inside the
containment building.

Table 5.1.1.-1 shows the principal pressures, temperatures, and
flowrates of the RCS under normal steady-state, full-power
operating conditions. Instrumentation provided for operation and
control of the system is described in Chapter 7.

System pressure is controlled by the pressurizer, where steam and
water are maintained in thermal equilibrium. Steam is formed by
energizing immersion heaters in the pressurizer, or is condensed
by the pressurizer spray to limit pressure variations caused by
contraction or expansion of the reactor coolant.

The average temperature of the reactor coolant varies with power
level and the fluid expands or contracts, changing the
pressurizer water level.

The charging pumps and letdown control valves in the chemical and
volume control system (CVCS) are used to maintain a programmed
pressurizer water level. A continuous but variable letdown
purification flow is maintained to keep the RCS chemistry within
prescribed limits. A charging nozzle and s letdown nozzle are
provided on the reactor coolant piping for this operation. The I

charging flow is also used to alter the boron concentration or
correct the chemical content of the reactor coolant. ;

O |U
1

5.1-1

1
I
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Other reactor coolant loop penetrations are the pressurizer surge
line in one reactor vessel outlet pipo; the four safety injection
inlet nozzles, one in each reactor vessel inlet pipe; two outlet
nozzles to the shutdown cooling system, one in each reactor
vessel outlet pipe; two pressurizer spray nozzles; vent and drain
connections; and sample and instrument connections.

Overpressure protection for the reactor coolant pressure boundary
is provided by four spring-loaded ASME Code safety valves
connected to the top of the pressurizer. These valves discharge
to the in-containment refueling water storage tank, where the
steam is released under water tc be condensed and cooled. If the B
steam discharge exceeds the capacity of the in-containment
refueling water storage tank, it is relieved to the containment
atmosphere.

Overpressure protection for the secondary side of the steam
generators is provided by spring-loaded ASME Code safety valves
located in the main steam system upstream of the steam line
isolation valves.

Components and piping in the RCS are insulated with a material
compatible with the temperatures involved to reduce heat losses

m and protect personnel from high temperatures.
I >

principal parameters of the RCS are listed in Table 5.1.1-2.
'rable 5.1.1-3 lists RCS volumes.

Shielding requirements of the surrounding structures are
described in Section 12.3. Reactor coolant system shielding
permits limited personnel access to the containment building
during power operation. The reactor vessel sits in a pritary
shield well. This and other shielding reduces the dose rate
within the containment and outside the shield wall during full
power operation to acceptable levels.

5.1.1 BCHEMATIC FLOW DIAGRAM

The principal pressures, temperatures, and flow rates at major
components are listed in Table 5.1.1-1. These parameters are
referenced to Figure 5.1.2-1, the piping and instrument diagram,
by numbered locations. Instrumentation provided for operation
and control of the RCS is described in Chapter 7 and is indicated
on Figure 5.1.2-1.

k
Amendment B
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TABLE 5.1.1-1

PROCESS DATA POINT TA80LATION

S.G. 1-A Pump 1-B R.V. Pump 1-A S.G. 2-A Pump 2-A Pump 2-8
Parameter Pressurizer Midpoint Outlet Midpoint Outlet Midpoint Outlet Outlet

Data Point 1 2 3 4 5 6 7 8
Fig. 5.1.2-1

'

Pressure,
psia (LATER) (LATER) (LATER) (LATER) (LATER) (LATER) (LATER) (LATER}

Temperature
*F (LATER) (LATER) (LATER) (LATER) (LATER) (LATER) (LATER) (LATER)

B'

Mass Flow Rate
lbm/hr N/A** (LATER) (LATER) (LATER) (LATER) (LATER) (LATER) (LATER)

Volumetric Flow
Rate, gpm N/A** (LATER) (LATER) (LATER) (LATER) (LATER) (LATER) (LATER)

* For normal steady state 100Y, power conditions.
" Not applicable.

Amendment B
March 31, 1988
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TABLE 5.1.1-2

DISIGN PARAMETERS OF REACTOR COOLANT SYSTEM

Design Thermal Power, Hwt
(Including Net Heat Addition from Pumps) 3817

10Thermal Power, Btu /hr 1.303 x 10
(Oeveloped by the RCS)

Design Pressure, psig 2485

Design Temperature (Except Pressurizer), 'F 650

6Coolant Flow Rate, lb/hr 164 x 10

Cold Leg Temperature, Operating, 'F 558

8A/erage Temperature, Cperating, 'F 587

Hot Leg Temperature, Operating, 'F 615

Normal Operating Pressure, psig 2235

O system water voiume Ft3 (without eressurizer) 13,039

Pressurizer Water Volume, Ft3 (Full Power) 1200 B

Pressurizer Steam Volume, Ft3 (Full Power) 1200

O
Amendment B
March 31, 1988
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IABL_E 5.1.1-3 ,
i .

.

MAGIELC00LANT SYSTEM VOLUMES '

connount __ Volume 1fIh #

e n

Reactor Vessel 5730.6 /I
1 , . s.

Steam Generatora 2,800 eac'a B
-''

*

114 ! ' cjfp - ,
Reactor Coolant Pumps a i

i

Pressurizer 2dOO. / B
e ( ,

a #
Piping j

,q ;
,

Hot Leg 135.3 each/ -

,3

Cold Leg 21"4.1 each , /'
t -

Surge Line (nominal) A3.6.

O
i

,

,

s,

! $

.

.I ,

.i

i

I>

f

f,

t

r

i
' '
i i

,

11

-
!

i

E

}
1

.I
'

\
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5.1.2 PIPING AND INSTRUMENT DIAGRAM

Figure 5.1.2-1 is the piping and instrument diagram of the RCS.
The entire system is located within the containment. Fluid
systems which a r:, connected to the reactor coolant system and
which are included within the limits of the reactor coolant
pressure boundary, as defined in ANSI 51.1-1983 and 10CFR50.2 |B
(v), are identified and the appropriate piping and instrument

) diagrams in other sections are referenced. Figure 5.1.2-2 is the
'

' pipimi and instrument diagram for the reactor coolant pumps.
'

.

O, v

i

i

!

~T
(O
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5.1.3 ELEVATION DRAWINGS

Reactor coolant system plan and elevation drawings are provided
as Figures 5.1.3-1 and 5.1.3-2.

Major components of the RCS are usually surrounded by concrete
struotares, which provide support plus shielding and missile
protection. Elevation drawings, illustrating principal
dimensions of the RCS in relationship to the surrounding building
structures, will be presented in the site specific SAR.

>

O

O
5.1-4
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5.1.4 NUCLEAR STEAM SUPPLY SYSTEM BALANCE OF PLANT-

INTERFACE REQUIREMENTS * |g

Below are detailed the interface requirements that the Nuclear
Steam Supply System (NSSS) places on certain aspects of the

.

|
Balance of Plant, listed by categories. In addition, applicable
General Design Criteria (GDC) and Regulatory Guides, which C-E
utilizes in its design of the Reactor Coolant System (RCS), ara
presented. These GDC and Regulatory Guides are listed only to
show what C-E considers to be relevant, and are not imposed as
interface requirements,. unless specifically called out as such in I
a particular interface requirement. !

Relevant GDC: 1, 2, 3, 4, 5, 14, 15, 26, 27, 28, 30, |
31, 32, 33, 34, 35, 36, 37, 38, 39, 40, |

41, 42, 43, 54, 55, 56, 57. I

Relevant Reg. Guides: 1.1, 1.2, 1.4, 1.14, 1.24, 1.26, 1.29,
1.31, 1.34, 1.36, 1.38, 1.43, 1.44,
1.45, 1.47, 1.49, 1.50, 1.54, 1.61,
1.64, 1.65, 1.71, 1.73, 1.74, 1.79, B

1.83, 1.84, 1.85, 1.89, 1.97, 1.99,
1.100, 1.133, 1.150, 1.151, 1.153.

A. Power

See Chapters 7 and 8 for power information.

B. Protection from Natural Phenomeng

1. The containment shall remain functional for the l
full range, per GDC 2, of natural phenomena I

(earthquakes, tornadoes, tornado missiles,
flooding conditions, hurricanes, winds, snow, and
ice) and external environmental conditions.

2. The steam piping and associated supports from the
steam generators up to and including the Main
Steam Isolation Valves (MSIVs), the ADVs and
their associated isolation valves, and any
auxiliary steam supply systems up to the isolation
valves which connect upstream of the MSIVs shall
be seismic category I and designed to ASME B&PV
Code, Section III, Class 2 requirements.

* BOP Interface Requirements (IR's) are being replaced by
Standardized Functional Descriptions (SFD's) for the System 80+
Standard Design. For continuity, the IR's will be retained

B
until the SFD's have been completed.

Amendment B
5.1-5 March 31, 1988 |

|
i
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3. The valves, piping, and associated supports of the |

Feedwater System from and including the Main
Feedwater Isolation Valves (MFIVs) to the steam
generator feed nozzles shall be Seismic Category I
and designed to ASME B&PV Code Section III, Class
2 requirements.

4. All components and piping of the Emergency
Feedwater System between the steam generators and
the containment isolation valves shall be seismic
Category I and designed to ASME B&PV Code Section
III, Class 2 requirements.

5. All components, piping and associated supports in
the condensate storage facilities for Emergency
Feedwater shall be Seismic Category I and designed
in accordance with ASME B&PV Code Section III,
Class 3.

6. All components and piping associated with steam
generator blowdown between the steam generator and
the containment isolation valves shall be seismic
Category I end designed to ASME B&PV Code Section
III, Class 2 ,equirements.

C. Protection from PiDe Failure

1. The following valves shall be protected against
internally generated missiles or the effects
resulting from a high energy pipe rupture (e.g.,
pipe whip, jet impingement and steam environment)
such that these eveists will not prevent the valves

,

from performing their requisite safety functions. |

|
a. MSIVs |

b. Secondary Safety Valves.

|
c. Atmospheric Dump Valves (ADVs).

d. MSIV Bypass Valves.

e. MFIVs.

f. Blowdown Isolation Valves.
|B

2. The MSIVs shall be supported such that the valve
body and actuator will not be distorted or
displaced as a result of pipe break thrust
loadings to such a degree that the valve cannot '

close.
|

Amendment B
5.1-6 March 31, 1988

|
_ -

__ _ _ _
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3. Feedwater piping shall be routed, protected and

restrained such that in the case of a rupture of a
feedwater line or any other system pipeline, a
single failure criteria will not be exceeded with
regard to safe shutdown of the plant.

4. A containment shall be provided to limit the
release of energy and radioactivity to the
environs in the event of a rupture of the RCS and
to protect the public health and safety.

5. The containment, including penetrations, shall not
be subject to loss of function from dynamic
effects (e.g., missiles, pipe reactions, fluid
reaction forces) resulting from failure of RCS
equipment or piping within the containment.

6. The design pressure and temperature of the
containment shall, as a minimum:

a. Be equal to the peak pressure and temperature
resulting from either (1) complete blowdown
of the reactor coolant through any rupture of
the RCS piping, up to and including a

O- postulated double-ended severence of the
largest reactor coolant pipe or, (2) a
complete blowdown of the unisolated steam
generator plus attached steam lines up to the
respective main steam isolation valves
through any rupture of the steam line piping,
up to and including a postulated double-ended
severance of the largest main steam line
pipe, assuming a sequence of events for
either case which leads to the peak transient
accumulation of energy in the building
atmosphere. To meet this end, a spectrum of
loss-of-coolant accidents (LOCA) and main
steam line breaks (MSLB) have been analyzed.
They shall be used by the applicant to
establish the design pressure and temperature
of the containment. (Refer to Sections
6.2.1.3 and 6.2.1.4).

|

b. Take into account all credible post-blowdown
1

energy additions to the containment ;

atmosphere, such as core residual heat, thin
and thick structural metal stored energy,
steam generator reverse heat transfer,
metal-water reactions and other possible
chemical reactions resulting from a
loss-of-coolant accident.

5.1-7

_ - - - - .
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7. Compartments within the containment including the

reactor vessel cavity shall be designed for the
maximum pressure differential between the
compartment and the remainder of the containment
based on the maximum RCS pipe break that can occur
in the compartment as defined in Section 3.6.

D. Missiles

1. The RCS, which is a potential source of missiles,
shall to the extent possible, be either surrounded
by barriers or restrained to prevent missiles from
reaching other parts of the RCS, the containment
lines, the secondary steam and feedwater piping or
the engineered safeguards system.9 See Section
3.5 for additional discussion of missiles.

2. A containment structure shall be provided to
protect the RCS from loss of function due to
missiles generated outside the containment,
including those resulting from equipment failure,
and weather induced forces such as tornadoes and
hurricanes.

E. Seoaration

- 1. Adequate physical separation shall be maintained
between the redundant electrical and :
instrumentation systems used for emergency control |

Iand safe shutdown of the reactor, and between the
multiple instrumentation channels in the Plant
Protection System.

2. Each MSIV shall have two physically separate and
electrically independent closare solenoids in
order to provide redundant means of valve
operation. A Main Steam Isolation Signal (MSIS)
shall be provided to each solenoid.

3. Redundant feedwater system isolation valves in
each feedwater line meeting the single failure
criteria shall be provided in piping
interconnecting the steam generators to preclude
blowdown of both steam generators following a pipe
rupture.

4. Each ADV shall be provided with an isolation valve
in the piping which connects each ADV'to the main
steam lines.

O
5.1-8

.. . . __ . - _ _ . - _ - _ . . . - _ _ . _ . - - -
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F. Indeoendence

1. The provisions of General Design Criteria 54 and
57 for containment isolation valves shall be met.

2. The feedwater systen piping, Emergency Feedwater
System piping, and main steam piping and all of
their associated supports and restraints shall be
designed so that a single adverse event, such as a
ruptured feedwater line, emergency feedwater line,
main steam line inside containment, or a closed
isolation valve can occur without:

a. Initiating a Loss mf-Coolant incident.

b. Causing failure of the other steam
generator's safety class steam and feedwater
lines, MSIVs, safety valves, MFIVs blowdown
line isolation valves, or ADVs.

c. Reducing the capability of any of the
Engineered Safety Features systems or the
Plant Protective System.

d. Transmitting excessive loads to the
containment pressure boundary.

Ie. Compromising the function of the plant
control room.

f. Precluding orderly cooldown of the RCS.

3. An electrical or mechanical malfunction of one
solenoid shall not prevent a MSIV from closing.

|B
4 The ADV control circuits shall be designed or

precautions taken, such that no single electrical i

failure would result in the opening of valves witg
a total combined capacity greater than 1.9 x 10
lb/hr at 1000 psia.

|B
5. Each MFIV actuator shall be physically and

electrically independent of the other such that
failure of one will not cause failure of the
other,

6. No single active or passive component failure,
single passive or active electrical component
failure, or power supply failure shall preclude
adequate operation of the Emergency Feedwater

O_
Amendment B

5.1-9 March 31, 1988
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System (acceptable guidelines for implementing

.

these criteria can be found in ANS-58.9-1981), |B i
assuming the following events: '

a. Loss of normal feedwater with or without a
concurrent loss of normal onsite or offsite
AC power.

b. Minor secondary system pipe breaks with or
without a concurrer.t loss of normal onsite or
offsite AC power.

c. Steam generator tube rupture with or without
a concurrent loss of normal onsite or offsite
AC power.

d. Major secondary system pipe breaks with or
without a concurrent loss of normal ortrite or
offsite AC power.

e. Small LOCA with or without a concurrent loss
of normal onsite or offsite AC power.

7. The ability of the Emergency Feedwater System ton

perform its design function considering a power
supply failure, a single active or passive
mechanical component failure, a single active or
passive failure or an electrical component, or the

dr~ effects of a high or moderate energy pipe rupture I

shall be demonstrated. Acceptable guidelines for
implementing these criteria can be found in

|BANS-58.9-1981.

8. The Emergency Feedwater System shall provide ,

'double isolation from the Main Feedwater System
during plant conditions when the Emergency
Feedwater System is not required.

9. Blowdown piping exiting containment shall have
redundant blowdown line isolation valves which
shall be actuated by an Emergency Feedwater |
Actuation Signal (EFAS). |

G. Thermal Limitations

1. A component cooling system (CCS) shall provide
cooling water to each RCP as shown in Figure
5.1.2-2.

2. RCP heat load and flow data presented in Table
5.1.4-1 shall be utilized in the design of the
cooling water system.

O !

Amendment B
5.1-10 March 31, 1988
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3. The maximum and minimum temperature of the

component cooling water during normal operation ,

shall be 105'F and 65'F respectively. )
B l

4 Following the events stated in Section 5.1.4.F.6, i

the emergency feedwater system shall maintain i
adequate inventory in the steam generator (s) for j
residual heat removal and be capable of the !

'
following*

|

a. Maintaining the NSSS at hot standby with or
without normal offsite and normal onsite
power available.

b. Facilitating NSSS cooldown at the maximum |
'

administratively controlled rate of 75'F/hr
from hot standby to shutdown cooling
initiation with or without normal offsite or
onsite power available. (The Shutdown
Cooling System becomes available for plant
cooldown when the RCS temperature and
pressure are reduced to approximately
(LATER)*F and (LATER) psia.) |B

5. The Emergency Feedwater System shall be available
to deliver flow to the steam generator (s)
automatically upon receipt of an EFAS as follows:

a. Within (LATER) seconds when normal offsite or |B j
normal onsite power is available. j

b. Within (LATER) seconds when both normal |B

l

onsite and normal offsite power are not
available.

6. The required emergency feedwater flow, based on
residual heat removal requirements is (LATER) gpm |B
delivered to the steam generator (s) downcomer
feedwater nozzle. Maximum expected steady state
steam generator pressure at the downcomer nozzle
is approximately (LATER) psia. |B

l

!
i7. Emergency feedwater temperature shall be at least

40F and no greater than (LATER)'F.
B

8. A minimum of (LATER) gallons of secondary quality [
makeup water as defined in Section 10.3.4 shall be
available to the Emergency Feedwater System for
delivery to the intact steam generator (s).

O.

Amendment B
5.1-11 March 31, 1988

|
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This amount ensures sufficient feedwater to allow
an orderly plant cooldown to shutdown cooling
initiation conditions.

9. Each MSIV leak flow shall not exceed 0.001 percent
of nominal flow at 1200 psia in the forward
direction and shall not exceed 0.1 percent of B

nominal flow at 1200 psia in the reverse
direction.

10. No single MSIV bypass valve or bypass valp line
shall have a capacity greater than 1.9 x 10 lb/hr
of saturated steam at 1000 psia.

11. No single turbine bypass valvg shall have a
capacity greater than 1.9 x 10 lb/hr at 1000
psia.

,

'

12. The total reverse leak rate of feedwater check
valves to each steam generator shall not exceed
1000 cc/hr.

H. Monitorina

1. Means shall be provided for detection of reactor
coolant leakage into the secondary side of the
steam generators and cooling water systems
associated with components containing reactor
coolant.

|
2. Applicant supplied component designs and RCS

construction procedures shall ensure that RCS i
leakage from known sources will not exceed 10 gpm; |

from steam generator tubes will not exceed 1.0 I
gpm; and from unknown sources will not exceed 1
gpm, to minimize in-plant airborne and surface
activity levels and activity releases to the
environs at system normal operating temperature
and pressure.

3. The required accuracy of the feedwater temperature
measurement devices shall be 5.5'F for any

B
calorimetric measurement.

I. Operational / Controls

1. A power-operated MSIV capable of establishing
shutoff under conditions of design pressure,
design temperature, and flow conditions resulting
from a break just upstream or downri.tream sha'1 be.

Q" provided in each main steam 15.ne outside of
containment.

Amendment B
5.1-12 March 31, 1988
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2. The MSIV and MSIV bypass valve shall be either a
fail close valve or a valve that is shown by the
applicant to close upon receipt of a MSIS.

3. The full open to close stroke time of each MSIV
Band MSIV bypass valve shall be 5.0 seconds or less

upon receipt of an MSIS.,

!

4. The ADVs shall be fail close and shall be capable
of being remote manually positioned to control'the
plant cooldown rate.

|
5. In the combined event of either a steam line break

or steam generator tube rupture and the loss of
power operation of the ADVs, personnel access to
the manual operators of the intact valves on the
other steam generator shall be possible.

Is
6. Redundant feedwater system isolation valving shall

be provided in both the economizer feedlines and
the downcomer feedlines such that the following
criteria are met when the effects of single ,

failure criteria are imposed: )
'

O a. Comp 1ete termineeton of formerd feedweeer
flow is assumed within 5.0 seconds after |B
receipt of an MSIS.

b. Abrupt complete termination of reverse
feedwater flow with the existence of a
reverse flow condition. Check valves are
considered to be an acceptable means of
achieving the above.

7. The economizer and downcomer feedwater line
isolation valves (MFIVs) in each main feedwater
line shall be remote-operated and be capable of
maintaining leak rate of less than 1000 cc/hr
under the main feedwater line pressure,
temperature and flow resulting from the transient
conditions associated with a pipe break on either
side of the valves.

8. personnel access to the isolation valve upstream
of the ADV shall be possible at all times during
operation.

O
Amendment B

5.1-13 March 31, 1988
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9. If the isolation valvos upstream of the ADVs are

electrically controlled and operated, the valve
operator and control systems shall be designed to
the same IEEE standards as applied to the ADVs.

IB
J. Inspection and Testina

1. All ASME B&PV Code, Section III, Class 1 and 2
valves shall be designed, fabricated and installed
such that they are capable of being periodically
tested in accordance with ASME Code, Section XI.

2. Adequate clearances shall be provided for
inservice inspection of the Reactor Coolant
Pressure Boundary and the ASME B&PV Code Section
III, Class 2 portions of the Main Steam, Main
Feed, Emergency Feed, and Blowdown systems'
piping, in accordance with the provisions of
Section XI of the ASME Boiler and Pressure Vessel
Code.

3. Biological shielding and all other jnsulation, if
installed around the Reactor Coolant Pressure

(3 Boundary, shall be designed to afford access for
U inservice inspection as defined by Section XI of

the ASME Boiler and Pressure Vessel Code.

4. The pressurizer manway shall be accessible for
internal examination of the pressurizer.

K. Chemictry/SamoLing

1. A sampling system which provide a means of
obtaining remote liquid samples from the RCS for
chemical and radiochemical laboratory analysis
shall be provided. The sampling system shall be
designed to allow for the following tests:
corrosion product activity levels, dissolved gas,
fission product activity, chloride concentration,
coolant pH, conductivity levels and boron concen-
tration. The pressurizer steam space sample lines
shall contain 7/32" x 1" orifice as close to the
pressurizer as possible. The sample system shall
be as shown on Figure 5.1.2-1.

2. A system or systems shall be provided to maintain
the steam generator secondary water chemistry
within Section 10.3.4 specifications during plant

OV
l Amendment B

5.1-14 March 31, 1988
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operation. The system or systems shall
incorporate steam generator blowdown, chemical
addition, and monitoring.

3. Provisions shall be made to allow sampling of the
RCS during Shutdovn Cooling System operation.

4. Provisions shall be made to allow sampling of the
RCS during startup.

L. Materials

1. The materials used for the containment and its
internal structures shall be compatible with both
the normal operating environment and the most
severe thermal, chemical, and radiation
environment expected during post-accident
conditions (refer to oection 3.11 for the
environmental parameters). Consideration shall be
given to compatability with spray water chemistry
and recirculating water chemistry to ensure that
containment materials will withstand this exposure
without causing deleterious or undesirable

O reactions, or significantly altering the existing
water chemistry of recirculating ECCS water.v

2. The following elements and components shall not
come in contact with surfaces which will later be j
in contact with reactor coolant, at any stage of 1

manufacture, assembly or inspection. These are:
(a) lead or lead compounds, (b) mercury or mercury
compounds, (c) halogen containing solvents or
other halogen compounds.

3. The use of tne following materials shall b)
minimized on surfaces normally in contact with
reactor coolant:

a. sulfonated cutting oils,

b. zinc metal or zinc compounds, l

c. magnesium metal,
1d. asbestos, I

e. aluminum,

o |

5.1-15
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O
f. copper acid etchants,

g. penetrants.

If the above materials are intended to be used,
the use shall first be approved by C-E.

4. The sample lines in contact with the reactor
coolant, including welds shall be designed such
that the material is compatible with the fluid
chemistry described in Section 9.3.4.

5. Construction materials or protective coatings
containing low melting point elements,
particularly lead, mercury and sulfur, shall not.

be used if they could come in contact with the
secondary systems. This is required to reduce to
a minimum the potential for stress corrosion
cracking of Inconel material in the steam
generators.

6. The secondary system piping shall be designed to
allow clet-ing for the removal of foreign material

p and rust prior to operation and to provent
i introduction of this material into the steam

generator. Chemical cleaning or hand cleaning may
be employed. During chemical cleaning, no fluid
shall enter the steam generators. Suitable bypass
piping shall be provided if required.

7. Non-metallic insulation used on the Reactor
Coolant pressure Boundary shall conform to
Reg % atory Guide 1.36. The chloride and fluoride
content of the non-metallic insulation shall be in

|the acceptable region as shown in Regulatory Guide
1.36. Tests shall be made on representative :
samples of the non-metallic thermal insulation I

shall be demineralized or distilled water. |
1

'
8. No contaminants, except for cutting oils, shall be

left on any RCS component surface except for the
time required to perform and evaluate the
particular fabrication or inspection operation.

9. Field welding of the RCS piping assemblies and
components shall be done in accordance with a
welding procedure or procedures by welders
qualified to ASME Section IX requirements.

O l
!

5.1-16 |
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M. System / Component Arranaem9.D1

| 1. The pressurizer and surge line shall be located
entirely above the reactor coolant loops. The
surge line shall be continuously rising from the ;

hot leg. nozzle to the pressurizer,'thus ensuring
that the line contains no water traps.

I

2. The pressurizer surge line shall be sized and
arranged to minimize the flow resistance. The

,

surge line L/D shall not exceed (LATER), assuming B |
a 12 inch, Schedule 160 pipe. The L/D statement i

above includes the effective L/D of all piping 1
'

elbows but does not include the surge line
entrance and exit losses. The surge line must
continuously rise from the top of the hot leg
nozzle to the pressurizer. The pressurizer surge '

nozzle should be a minimum of (LATER) feet above
the hot leg nozzle.

3. The maximum acceptable pressure drop through the
pressurizer spray line piping is 19 psi at a total
flow rate of 375 gpm and at a water temperature of
565F. This requirement is for the piping only,

C' allowance does not have to be made for elevation
losses, the valves, or for the entrance and exit
nozzles.

4. Flooding of the reactor cavity from systems other
than the reactor coolant and safety injection

Bsystems shall be precluded to prevent immersion of
the reactor vessel during operation. This is
normally accomplished by routing only reactor
coolant and safety injection system piping inside |B
the reactor cavity, by minimizing drainage paths 1

to the reactor cavity, and/or providing gravity !
drainage paths out of the cavity below the bottomi

i head of the vessel. The combined reactor cavity
and ICI chase may be designed without gravity
drainage paths below the hot e.nd/or cold leg pipe j

; penetrations, thereby allowing the reactor cavity
' '

to flood in the event of a breach of the reactor
coolant pressure boundary inside the cavity.

5. The RCS sample piping shall be designed so that
the overall transient time from the loop to the
containment wall is approximately 90 seconds to
permit the decay of short-lived radionuclides
(high energy nuclides such as N-16).

O.

Amendment B
,
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6. The RCS and main steam piping, MSIVs, primary and

secondary safety valves and their discharge piping
and ADVs shall be arranged and supported such that
the limiting loads are not exceeded for normal and
relieving conditions.

7. Following a secondary line break, either all steam
paths downstream of the MISV's shall be shown to
be isolated by their respective control systems
following a MSIS actuation signal, or the results
of a blowdown through a non-isolated path shall be
shown to be acceptable. An acceptable maximum
steam flow from a non-isolated steam pagh is 10%
of the main steam rate (MSR) (1.9 x 10 lb/hr @
1000 psia saturated steam). It is not required
that the control systems for downstream valves nor
the downstream valves themselves be designed to
IEEE 279 and IEEE 308 or ASME Code, Section III
and Seismic category I criteria respectively.

1

8. The MSIVs for each steam generator shall be |
arranged such that a maximum of 2000 cubic feet
(total for two steam lines per steam generator) is
contained in the piping between each steamO generator and its associated MSIVs. This volume
shall include all lines off of the main steam line
up to their isolation valves.

9. The main steam lines shall be arranged such that a
maximum of 14,000 cubic feet is contained between I
the MSIVs and the turbine stop valves. This
volume shall include all lines off of the main
steam line up to their isolation valves. I

1

10. The main steam lines shall be headered together
prior to the turbine stop valves but not upstream
of the MSIVs, and a crossconnect line shall be
provided which will maintain steam generator
pressure dif ferences within the following limits
for all normal and upset conditions.

a. 0-15% power operation pressure diffsrence to
be 1 psi.

b. 15-100% power operation pressure difference
to be 3 psi.

11. No automatically actuated valves shall be located
upstream of the MSIVs except as required for
supply to steam driven emergency feedwater pumps.

Q Provisions shall be made to prevent blowdown of

5.1-18
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both steam generators through the emergency
feedwater supply headers in the event of a
steamline break. The maximum allowable flow rate6
per valve is 1.9 x 10 lb/hr.

12. There shall be no isolation valves in the main
steam lines between the steam generators and the
secondary relief valves.

13. The main steam safety valves shall be arranged
such that any condensate in the line between the
safety valves and main steam line drains back to
the main steam line.

14. All valves in the main steam line outside of
containment up to and including the MSIVs shall

{be located as close as practical to the
containment wall.

15. A 90* or 45' elbow facing downward shall be !

Iattached to each feedwater nozzle. Such a
precaution will nd in the prevention of water I

hammer.

O 16. The MFIvs she11 be 1oceted outside of the
containment building as close to the containment
wall as possible.

17. The MFIVs for each steam generator shall be
arranged such that a maximum of 500 cuoic feet of
fluid is contained in the piping between each
steam generator and its associated isolation
valves. This volume shall also include the I

volumes between the redundant MFIVs. This volume !

shall include the volumes up to their respective
isolation valves of all lines off of the main
feedwater lines downstream of the MFIVs for which
a mechanism exists for getting the fluid into the
main feedwater line (e.g., gravity, flow or
flushing).

18. The Emergency Feedwater System connection shall be
located in the downcomer feedwater line between
the MFIVs and the steam generator downcomer
nozzle. Emergency feedwater flow shall be
directed to the downcomer nozzle only. A safety
Class 2 check valve shall be located in the main
feedwater piping upstream of this interface to
prevent back flow of emergency feedwater to other
portions of the Main Feedwater System.

O
5.1-19
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19. Protection shall be provided from internally )
generated flooding that could prevent the

'

performance of safety related functions.

120. The spray line piping shall be arranged to
preclude the potential for waterhammer.

21. The piping from the pressurizer to the main and
auxiliary spray systems shall be routed t

Bminimize the length which could be exposed to
prassurizer steam and shall minimize horizontal
piping subjected to thermal stratification in the
line. (Minimize horizontal run near the top of
the pressurizer.)

22. Loop seals shall not be utilized in safety valve
inlets. !

N. Radiolocical Waste

1. Actuator-operated valves in the Reactor Coolant
Pressure Boundary shall be supplied with double
packing with lantern ring and leakoff connection
unless they are diaphragm (packless) type.

C Leakoffs shall be piped to the reactor drain tank
or other radwaste collection system.

2. Provisions shall be made to process the continuous
steam generator blowdown water. If separately
provided, the radioactive steam generator blowdown
processing system shall include filtration and ion
exchango or equivalent processes. With design
operating conditions in the steam generator, the
blowdown water radioactivity will decrease by 90%.

O. Overoressure Protection
.

1. Each primary safety valve inlet line shall be
designed to pass 125 percent of the minimum
required safety valve capacity of 460,000 lb/hr
with a maximum pressure drop of 50 psi. This
pressure drop of 50 psi is for piping and nozzle
losses. (Pressure loss factor for pressurizer
nozzle is K r 0.23 based on 6" Schedule 160 pipe.)

2. Each primary safety valve discharge line shall be
designed to pass 125 percent of the minimum B |
required safety valve capacity (460,000 lb/hr per '

valve). The safety valve discharge flow analysis

|
|Amendment B

5.1-20 March 31, 1988
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should include the effects of line heat loss with
the resulting two-phase flow and two-phase
pressure drop in the discharge line. The safety
valve discharge lines will collect into a common
line and be routed to the in-containment refueling
water storage tank. For the common discharge
line, the minimum safety valve flow is 1,840,000 B

lbm/hr (total flow for four valves) while the i
total maximum flow is 2,300,000 lbm/hr (1.25 x
1,840,000 lbm/hr). The in-containment refueling
water storage tank design pressure is (LATER) l

psig.
'

NOTE: To assure proper safety valve operation,
the safety valve back pressure shall not
exceed 700 psig. ;

3. Each main steam line shall be provided with ASME
Code, springloaded secondary safety valves between
the containment and the isolation valves.

4. The total relieving capacity of the secondary
safety valves shall be equally divided between the
main steam lines.

5. The total secondary safety galve capacity shall be
sufficient to pass 19 x 10 lb/hr at the maximum
valve set pressure.

6. The maximum steam flow per secondgry safety valve
shall be no greater than 1.9 x 10 lbs/hr at 1000
psia.

7. Secondary safety valve set pressure shall be
calculated in accordance with Article NC-7000 of
ASME Section III, which requires that the
following be considered:

a. A maximum allowable set pressure of 110%
steam generator design pressure (1200 psia)

B
which equals 1320 psia,

b. A valve accumulation of 3%

c. A valve set pressure error of 1%

d. Incorporation of the LP between the steam
generator nozzles and the safety valves.

O
Amendment B

5.1-21 March 33, 1988
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8. The design pressure, temperature, and flow rating !

of the main st2am piping and valves shall be !

greater than or at least equal to the design
pressure, temperature, and flow rating of the ;

m am generator secondary side. :

|
P. Related Service j

1. The pressure and thermal transients described in
Subsection 3.9.1.1 shall be utilized in the design
of those portions of the RCS not within the CESSAR
design scope.

2. The systems or portions of reactor coolant
pressure boundary outside of the CESSAR design
scope shall be Safety Class I unless the
conditions of lOCFR50.55A are met.

3. A fire protection system shall be provided to
protect the RCS consistent with the requirements
of GDC and, shall include as a minimum, the
following features: i

a. Facilities for fire detection and alarming.

b. Facilities for methods to minimize the .

probability of fire and its associated l
effects. l

c. Facilities for fire extinguishment.

d. Methods of fire prevention such as use of
fire resistant and non-combustible materials
whenever. practical, and minimizing exposure
of combustible materials to fire hazards.

'

e. Assurance that fire protection systems do not
adversely affect the functional and
structural integrity of safety related
structures, systems, and components.

f. Fire protection systems shall be designed to
assure that their rupture or inadvertent
operation does not significantly impair the
capability of safety related structures,
systems, and componente.

4. Systems shall be provided for the detection of
reactor coolant leakage from unidentified sources.

O
5.1-22
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5. If air-operated ADVs are used, a safety related
control air system shall be provided to supply air
to the ADV actuators should the normal air supply
fail to be available.

6. Air for the ADV and MFIV pneumatic valve operator
shall be clean, dry and oil-free. The air shall
be delivered at the point of use under system full
flow conditions at a pressure of 70 psig minimum
to 105 psig maximum. Pneumatic lines and fittings
shall have a minimum design pressure of 150 psig.

7. The containment structure shall be designed and
sized to accommodate the Reactor Coolant System
arrangement shown in Figures 5.1.3-1 and 5.1.3-2.

Q. Environmental

1. For the applicant supplied NSSS components one of
tha following opcions shall be followed,

a. Demonstration of other environmental
qualification envelopes for any or all of
these buildings not to exceed the qualifi- ;

O- cation envelopes of Section 3.11.

b. Exclusion of specific components fron. extreme |
environmental conditions by suitable physical I

separations or environmental control system
techniques.

c. Use of the same env'.ronmental qualification
conditions being employed by C-E supplied
NSSS components.

2. The containment pressure and temperature
transients resulting from the LOCA shall meet
criteria specified in Section 6.2.1.5.

3. A containment ventilation system shall be provided
to handle the total RCS heat losses to
containment. Table 5.1.4-2 lists the heat loads
from NSSS support structures to containment.
Table 5.1.4-3 lists typical loads through the NSSS !

insulation to containment. These values will be
confirmed by each Applicant since the final valve
depends on system insulation efficiency.

O
5.1-23
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R. Mechanical Interaction Between Comconents

1. The following components shall be designed to
withstand the loads arising from the various ;

normal operating and design basis events. !

a. The main steam piping, supports and
restraints.

b. The steam generator steam and feedwater
nozzles.

i

c. The MSIVs and the MSIV bypass valves and
]supports.
j

d. Main Steam Safety Valves. 1

l

e. The main feedwater piping, supports and
restraints.

f. MFIVs and supports. |

g. Blowdown piping, supports and restraints. j

O h. Blowdown isolation valves.
i

2. Structures shall be provided to mate with
component supports to restrain and support RCS
components. The loading conditions specified in
Section 3.9.3.1 shall be utilized in the design of

'

the supporting structures. The loads at the B

support / structure interface locations under
normal, upset, emergency, faulted, and test
conditions, will take into account the local
characteristics of the specific structures at the ;
support / structure interfaces, i

|
3. The loadings imposed by connecting system piping |

on RCS nozzles under normal, upset, emergency, i
faulted, and test conditions shall be less than
the design loads for these nozzles. C-E will
confirm using the loads developed by the Applicant
that the piping nozzles are within Code allowable
stress limits.

O
Amendment B
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TABLE 5.1.4-1

RCP COOLING WATER SYSTEN DATA

Heat Load Flow Pressure
component Number (Each) - Btu /hr (Each) - com Drop (psi)

RCP Oil Coolers 4 400,000 60 10

RCP High-Pressure
Cooler 4 187,00* 75 20

RCP Seal Cooler 4*** 31,800 17.6 7.2

RCP Motor Oil Cooler 4 153,000 48 20**

RCP Motor Air Cooler 4 1,610,000 300 20**

If injection water is lost the heat load increases to 810,000 Btu /hr.*

O The flow of 75 gpm is sufficient for the loss of injection water
condition.

The combined pressure drop including piping will not exceed 20 psig.**

Four sets of two coolers per pump. Data list applies to each of the four***

two-cooler combinations.

O
,
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TABLE 5.1.4-2

HEAT LOADS FROM NSSS SUPPORT STRUCTURE *

Heat Load Per Heat Load Per
Component Component (RTU/hr) Plant (BTV/hr)

Reactor Vessel Support
(Vertical and horizontal columns) 62,500 62,500

Structural Interface at Reactor Vessel
Column Base Plant 13,750 13,750 B

Steam Generator Lower Support System
(skirt and sliding base) (LATER) (LATER) B

Reactor Coolant Pump Support System
(support skirt and 4 vertical and 2
horizontal columns at the skirt only) 40,000 160,000

Pressurizer Upper Key - Support
Structure 13250 13,250

O Steam Generator Upper Key - Support
V Structure (LATER) (LATER) B

Reactor Coolant Pump Snubbers 4,000 16,000

Steam Generator Snubbers (LATER) (LATER) B

RCP Upper Horizontal Supports 4,000 16,000

* For C-E supplied Components

O
Amendment B
March 31, 1988

_ _ - . . - _ . _ _ ._ _ _ __. . . _ - _ _ - _ _
-



; 7 ...
- .. -

.
,

. ,

CESSAREn h a
'

(E
>.s

c' /
/

L, O s .- '

TABLE 5.1.4-3. D' s

[> Eqs INSULATION HEAT LOADS

/ Heat Load Per Heat Load Per
Congonent Cceoonent (BTU /hr) y Plant (BTU /hr)<'

),

Reactor Vessel Closure Head 45,200 45,200

Reactor Vessel and Bot' tom He d 187,'400 187,400

Pressurizer 134,420. 134,420
g B

SteamGenerator(Prim $ryheadonly) (LATER) . (LATER)7

/ Reactor Coolant Pump Casing /
15,500 ,' .> 62,000

Reactor Cooiant System Piping 213,200 213,200
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5.2 _EEKSEZEE RQHDABX

This section discusses the measures employed to provide and
maintain the integrity of the Reactor Coolant Pressure Boundary
(RCPB) throughout the facility's design lifetime. The reactor
coolant pressure boundary is defined in accordance with ANSI /ANS
51.1-1983. Included are all pressure containing components such B

as pressure vessels, piping, pumps, and valves which are:

a. Part of the Reactor Coolant System, or

b. Connected to the Reactor Coolant System, up to and including
the following:

1. The outermost containment isolation valve in piping
which penetrates the containment;

2. The second of two valves normally closed during reactor
operation in piping which does not penetrate the
containment;

5.2.1 COMPLIANCE WITH CODES AND CODE CASES

5.2.1.1 ConD11ance with 10CFR50.55a
O

The codes and component classifications are listed in Table 5.2-1
and are in accordance with the provisions of 10CFR50.55a.

5.2.1.2 Aonlicable Code cases

Reactor Coolant Pressure Boundary components are fabricated in
accordance with the ASME code Section III. Code Case

I interpretations applied to these components will be listed in the
Applicant's SAR.

Unless otherwise stated in the Applicant's SAR, Combustion
Engineering, Inc., will :omply with Regulatory Guides 1.84, 1.85

,.

and 1.147 in determining suitable ASME Code Cases. Code Cases -

not included in the Regulatory Guides, may be itsed with specific
authorization from the Commission under 10CFR 50.55a.

'5.2.7 OVERPRESSURE PROTECTION

5.2.2.1 Desian Risig

Appendix 5A presents the design bases for sizing the
overpressurization protection sy_cem. The loss of load transie7t
which is used to size the primary safety valves is not intended
to be used as a design transient for any other NSSS equipment.

O
Amendment B
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5.2.2.2 Desian Evaluation

Section 15.2.1.1 of Chapter 15 provides the functional design
evaluation of the overpressurization protection system. In this
analysis, the adequacy cf the overpressure protection system to
maintain secondary and primary operating pressures within 110% of
design is clearly demonstrated for the loss of load analysis.
The analytical model used in the analysis is discussed in Chapter
15, Section 15.2.1.1.

Table 15.2.1.1-4 of Chapter 15 lists the assumptions used in the
turbine trip analysis. These assumptions are chosen so that they
tend to maximize the required pressure relieving capacity of the
primary and secondary valves. The analysis demonstrates that
sufficient relieving capacity has been provided so that when
acting in conjunction with the reactor protective system the
safety valves will prevent the pressure from exceeding '10% of
the design pressure.

5.2.2.3 Fioina and Inst 23333ntation D acrans

The piping and instrumentation diagram showing the primary safety
valves and their discharge lines is given in Figure 5.1.2-1. The

O piping and instrumentation diagram showing the reactor drain tank
is given in Figure 9.3-1. The secondary safety valves will be
shown in the Applicant's SAR.

5.2.2.4 Equipmerd_& Component Descriction

The primary safety valves are direct acting, spring loaded,
stainless steel valves with enclosed bonnets. These valves are
mounted on the top of the pressurizer. For further description
of these valves, refer to Section 5.4.13. A schematic drawing of
the primary safety varve is given in Figure 5.4.13-1. Valve
parameters are given in Table 5.4-13.

! |

| Primary safety valve operation is characterized by a sharp pop at
the set pressure. This sharp opening is produced by two stages
of reaction working together to produce a continuous action. The
initial lift is produced when the steam pressure under the disc
exceeds the spring force. The escaping steam reacts againct the,

'

upper guide ring and pushes the disc up to a high lift. The
reaction of the deflected steam against the underside of the disc
lifts it higher on an accumulation of pressure. The valve
reaches a lift in excess of full bore lift within an accumulation
of 3 percent above the set pressure.

As the system pressure drops, the valve disc settles to a
moderate lift, and closes sharply with a blowdown of
approximately 18.5 percent of the set pressure.

Amendment B
5.2-2 March 31, 1996
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5.2.2.4.1 Transients

The primary safety valves will be designed to withstand the
following transients without failure or malfunction:

a) 650*F to 375'F in 50 seconds and return to 650'F in 2000
seconds for 8 cycles (Loss of secondary pressure)

b) 100*F to 400'F and return to 100*F at a rate of 100 * F/hr
with concurrent pressure changes from 400 psig to 2250 psig
and returning to 400 psig in step changes for 300 cycles.
(Plant leak test).

6
c) i 10*F step change from 653*F for 1.5 x 10 cycles. (Plant

loading and unloading, 10% step lead, normal plant*

variation),

d) 75'F to G53*F and return to 75'F at a rate of 200'F/hr with
pressures at saturation levels for 750 cycles. (Plant heat,

up and cool down).

Note: Heat up and cool down are separate transients, each
beginning at steady state conditions.

O e) Preesurize to 1.5 eimes set pressure ae 100.r-200.F for 15
cycles plus number of hydros conducted prior to valve
shipment. (Hydrostatic test).

,

f) 720 cycles from closed to full open to closed. (Turbine
Trip)

5.2.2.4.2 Environment

The primary safety valves are designed to operate in the
following environmental conditions.

5.2.2.4.2.1 Normal Environment
1

a) 122'F maximum

b) Relative humidity of 95% at 60*F to 80'F.

c) Fixed meisture content equivalent to 15% relative humidity
at 80'F, up to 122'F.

5.2.2.4.2.2 Main Steam Line Break (One Occurrence)

350'F maximum Superheated steam / air mixture for 12 minutes
followed by Jaturated steam / air mixture, j

1

O !
1
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5.2.2.4.3 Main Steam Safety Valves

The main steam safety valves are direct acting, spring loaded,
carbon steel valves. The valves are mounted on each of the main
steam lines upstream of the steam line isolation valves, and
outside containment. A schematic drawing of the main steam
safety valves is given in Figure 5.4.13-2. The valve parameters
are given in Table 5.4.13-2. For a description of overpressure
protection equipment and components for the main steam system
refer to Subsection 10.3.2.

5.2.2.4.3.1 Rai3Lgteam Safety Valve Onoration. The
operation of these valves is similar to the primary safety
valves, Section 5.2.2.4.2.

5.2.2.4.3.2 Trarsients. The main steam safety valves will
be designed to withstand the following transients without failure
or malfunction.

a) 565'F to 75'F in 60 seconds for 8 cycles (loss of secondary
pressure).

b) Pressure changes form 0 psig to 1375 psig, at a temperature
range of between 100 * F to 200*F for 300 cycles (secondary

( side leak test).
6

c) 10*F step change from 553*F, 1.5 x 10 cycles (normal
plant variations),

d) 75'F to 565'F and return to 75'F at a rate of 100'F/hr with
pressures at saturation levels for 750 cycles (plant heatup
and cool down).

Note: Heat up and cool . down are separate transients, each
beginning at steady state conditions.

e) Pressurize to 1.5 times set pressure at 100'F - 200*F for 15
cycles plus number of hydros conducted prior to valve
shipment (hydrostatic test).

f) 720 opening and closing cycles to full stem movement
(turbine trip).

5.2.2.4.3.3 Environment. The main steam safety valves are |
designed to operate in the following environmental conditions:

5.2.2.4.3.3.1 Normal Environment j

!

a) 104*F maximum

O
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b) RelatiJc 'aumidity 95% at 60'F to 80'F. |

c) Fixed moisture content equivalent to 95% relative humidity
at 80*F, up to 104*F.

5.2.2.4.3.3.2 Main Steam Line Break (One Occurrence)

a) 330*F maximum for 3 minates

b) Relative humidity of 100%.

5.2.2.4.4 Safety Injection System Relief Valves SI-169 and
8I-469

These relief valves are direct acting, spring loaded, stainless
steel valves with enclosed bonnets. The design parameters of
these valves are:

set pressure 2485 psig

rated flow 15 gpm

water chemistry 0 - 4 weight percent boric
A acid

2throat area .023 in

design temperature 650*F
"

5.2.2.4.4.1 Valve Operatio11 As the set pressure isq
reached, che disc raises off the nozzle seat. This lift
continues until the valve is fully open at 10 percent
accumulation. The lift decreases as pressure drops until the
seat and disc contacts and seals closed. The valve is fully
closed at a maximum of 10% below set pressure (10% blowdown).

5.2.2.4.4.2 Trcasients. These relief valves will be
designed to withstand the following transients without failure or
malfunction.

a) 60'F to 400*F in 5 seconds, 400*F to 60*F in 15 minutes for 1
83 cycles.

'

b) 60*F to 350*F in 15 minutes, 350*F to 60*F in 2.9 hours for
750 cycles.

c) 120*F to 60*F in 5 seconds, 60'F to 120*F in 15 minutes for
990 cycles.

Ov
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5.2.2.4.4.3 Environment. These relief valves are designed
to operate in the following environmental conditions.

a) 122*F maximum

b) 95% relative humidity at 60*F to 80*F.

c) Fixed moisture content equivalent to 95% RH at 80'F at
temperatures above

5.2.2.4.4.4 Material 8Decifications. Material
specifications for the primary safety valves are given in Table
5.4.13-1.

Material specifications for the main steam safety valves are
given in Table 5.4.13-2.

Typical materials used for these relief valves are:

Body ASME SA351 GR. CF 8M

Disc Stellite No. 6B

p Nozzle ASME SA 479 Type 316 with
d Stelliue Seat.

Inlet Stud ASME SA 193 GR. B6.

5.2.2.5 Mountine of Pressure-Relief Devices

See site specific SAR.

5.2.2.6 ADolicable codes ass _9Jassification
The applicable codes and classifications for the
overpressurization protection system are contained in Table
3.2-1. The applicable codes and classification for the secondary
safety valves are identified in Section 5.1.4.

5.2.2.7 FI.cLcess Instrumentation

Process instrumentation for the overpressurization protection
equipment that is associated with the Reactor Coolant System is
shown in Figure 5.1.2-1 and described in Chapter 7.
Instrumentation associated with pressurizer relief discharge is
described in Section 5.4.11. Process instrumentation for
Secondary System Overpressurization Protection will be identified
in the Applicant's SAR.

5.2-6
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5.2.2.8 System Reliability

Reliability of the main steam system reliefs is discussed in the
interface Section 5.1.4. The primary safety valves are passive,
spring actuated mechanisms, and cannot fail closed if setpoint
pressure is exceeded. The operational reliability of the primary
safety valves is assured by:

Stringent compliance with ASME III and XI Code for safety.

valves.

Conservative design criteria..

Selection of a vendor with proven experience and expertise..

Accounting for thermal cycling during valve operation..

Technical Speci11 cations.

5.2.2.9 Testina and Inspection

Testing and inspection of the primary, and secondary valves is
governed by ASME Section XI.

) 5.2.2.10 OverDressure Protection Durina Low Temperature
Conditions

Overpressure protection of the RCS during low-temperature
conditions is provided by the relief valves located in the
shutlown cooling system (SCS) suction lines. Section 5.4.7
p;ovides a description of the SCS. The SCS is schematically
.hown on the RCS P&ID (Figure 5.1.2-1) and on the Safety
Injection System (SIS) P&ID (Figure 6.3.2-1B). The electrical
schematic for the SCS isolation valves is provided in the SIS
P&ID (Figure 6.3.2-1B). The SCS relief valves are shown on
Figure 6.3.2-18 and described in paragraph 5.4.7.2.2.

Alignment of the SCS relief valve to the RCS is provided via
plant procedures to ensure RCS overpressure protection for all
temperatures below the pressure-temperature (P-T) operating curve
limits correspogding to the pressurizer safety valve set pressure
of 2500 lb/in. a. The P-T curves are shown in the Technical |
Specifications, Figure 3.4-2. For temperatures above the l

'

temperature limit which corresponds to the pressurizer safety
valve setpoint, ovorpressure protection is provided by the
pressurizer safety valver described in subsection 5.2.2.

(~)v
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5.2.2.10.1 Design Criteria

A discussion follows of the criteria considered in the design of
the overpressure mitigating system to provide low temperature
overpressure protection (LTOP) for the RCS.

5.2.2.10.1.1 Credit for Operator Action

No credit is taken for operator action for 10 minutes after the
operator is made aware that a transient is in progress.

5.2.2.10.1.2 Ginale Failure

In the LTOP mode, each SCS relief valve is designed to protect
the reactor vessel given a single failure in addition to a
failure that initiated the pressure transient. The event
initiating the pressure transient is considered to result from
either an operator error or equipment malfunction. The SCS
relief valve system is independent of a loss of offsite power.
Each SCS relief valve is a self actuating spring-loaded liquid
relief valve which does not require control circuitry. The valve
opens when the RCS pressure exceeds its setpoint.

The redundant SCS suction line trains between the RCS and SCSn

(_) relief valves meet the single failure criteria as described in
paragraph 5.4.7.1.2 and table 5.4.7-3. No single failure of an
isolation valve or its associated interlock will prevent one
relief valve from performing its intended function.

5.2.2.10.1.3 Testability

Periodic testing of the SCS isolation valves is defined in the
Technical Specifications, paragraph 16.3/4.5.2.

5.2.2.10.1.4 Seismic Desian and IEEE 279 Criteria B

The SCS suction line relief valves, isolation valves, associated
interlocks, and instrumentation are designed to seismic Category
I requirements as discussed in subsections 3.2.1, paragraph
5.4.7.2.5 and table 3.2-1. The interlocks and instrumentation
associated with the SCS suction isolation valves satisfy the
appropriate portions of IEEE 279 criteria as discussed in
paragraphs 5.4.7.2.5, 7.6.2.1.1 and 7.6.2.2.1.

5.2.2.10.2 Design and Analysis

In damonstrating that the SCS relief valves meet the criteria
listed in paragraph 5.2.2.10.1, the following additional
information is provided.

O)r.
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5.2.2.10.2.1 Limitina Transients

Transients during the low temperature operating mode are more
severe when the RCS is operated in the water-solid condition.
Addit ion of mass or energy to an isolated water-solid system
produces increased system pressure. The severity of the pressure
transients depends upon the rate and total quantity
of mass or energy addition. The choice of the limiting LTOP i

trancients was based on evaluations of potential transients for
System 80 plants. The most limiting transients initiated by a
single operator error or equipment failure are:

a) An inadvertent safety injection actuation (mass input).
b) A reactor coolant pump start when a positive steam generator

to reactor vessel AT exists (energy input).

The transients were determined as most limiting by conservative
analyses which maximize mass and energy additions to the RCS. In
addition, the RCS is assumed to be in a water-solid condition at

'the time of the transient; such a condition has been noticed to
exist. infrequently during plant operation since the operator is
instructed to avoid water-solid conditions whenever possible.

Figure 5.2-1 shows the result of the inadvertent safety injection
O actuation transient analysis when the RCS is in the LTOP mode.

The mass addition due to the simultaneous operation of two HP'I
and three charging pumps was consid3 red, along with tl e
simultaneous addition of energy from decay heat and the
pressurizer heaters.

Figures 5.2-2 shota the result of the transient analysis of
reactor coolant pump start when a steam generator to reactor
vessel AT of 100'F exists. This AT is the maximum allowed by
technical specification during the LTOP mode. In addition to
considering the energy addition to the RCS from the steam
generator secondary side, energy addition from decay heat, the
reactor coolant pump and all pressurizer heaters were also
included. In this analycis the steam generators were assumed to ,

be filled to the zero power, normal water level. For )
conservatism, the secondary water, both around and above the '

U-tubes, was assumed to be thermally mixed in order to maximize
the energy input to the primary side. This assumption is
conservative r.ince aa a result of the temperature distribution i

within the steam generator during the transient, the vater '

inventory above the tubes is practically isolated thermally from I

the heat transfer region. Therefore the heat transfer rate, and
thus the primary side pressure, is not sensitive to the secondary
side water level as long as the tubes are covered.

lO
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On the basis of experience, the AT value of 100'F used in the
analysis is much larger than any AT that might be expected during
plant operation. This maximum allowable AT of 100'F will prevent
pressurizer pressure from exceeding the minimum P-T limit allowed
for the lowest system temperature during the LTOP mode of
operation. (See Technical Specification Figure 3.4-2). During
RCS cooldown using the shutdown cooling system, coolant
circulating with the reactor coolant pumps serves to cool the
steam generator to keep the temperature difference between the
reactor vessel and the steam generator minimal. Procedures will
direct the operator to maintain the AT below approximately 20 *F.

LTOP transients have not been analyzed for the simultaneous
startup of more than one reactor coolant pump (RCP). Such
operation is procedurally precluded since the operator starts
only one RCP at a time and a sJcond RCP is not started until
system pressure is stabilized. Additionally, there is an LTOP
transient alarm that should indicate that a pressure transient is
occurring. Accordingly, the second RCP would not be started.

Technical Specification section 16.3/4.4.1.3 r6 quires that the
operator not start an RCP if the AT exceeds 100'F. However, as
mentioned above, administrative procedures will ensure that the
a is maintained below approximately 20'1

The results of the analyses provided in Figures 5.2-1 and 5.2-2
st.ow that the use of either SCS relief valve will provide
sufficient pressure relief capacity to mitigate the most limiting
LTOP events identified above.

5.2.2.10.2.2 Provision for Overcressure Protection

During heatur, RCS pressure is maintained below the maximum
pressura for SCS operation until RCS cold leg temperature exceeds
the applicaple P-T operating curve temperature corresponding to
2500 lb/in. a (see Figure 3.4-2 in the Technical Specifications).
If SI-651 and 653 or SI-652 and 654 SCS suction isolation velves
are open and RCS pressure exceeds the maximum pressure for SCS
operation, an alarm will notify the operator that a
pressurization trans!ent is occurring during low temperature
conCitions. Either SCS relief valve will terminate inadvertent
pressure transients occurring during RCS temperature below the
appliegble P-T operating curve temperature corresponding to 2500
lb/in. a. Above the maximum LTOP temperature, overpressure
protection is provided by the pressurizer safety valves when the
SCS relief valve is isolated from the RCS.

O
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During cooldown whenever RCS coJd leg temperature is below the
applicable temperature for LTOP, the SCS relief valves provide
the necessary protection. If the SCS is not aligned to the RCS
before cold leg temperature is decreased to the maximum
temperature requiring LTOP, an alarm will notify the operator to
open the SCS s"ction isolatinn valves (SI-651, 652, 653, G54).
The maximum temperature requiring LTOP is based upon the
evaluation of the applicable P-T curves. However, the SCS can
not be aligned to the RCS until the pressure is below the maximum
pressure allowing SCS operation (see paragraph 5.4.7.2.3, item
a.2).
These LTOP conditions are within the SCS operating range.
Technical Specification section 16.3/4.4.8.3 requires the SCS
suction line isolation valves to be open when operating in the-

LTOP mode. Also, this Technical Specification ensures that
appropriate action is taken if one or more SCS relief valves are
out of service during the LTOP mode of operation.

Either SCS relief valve will provide sufficient relief capacity
to prevent any pressure transient from exceeding the isolation
interlock setpoint (See Figures 5.2-1 and 5,2-2).

5.2.2.10.2.3 Eauionent Parameters

The SCS relief valves are spring-loaded liquid relief valves with
sufficient capacity to mitigate the most limiting
overpressurization event. Pertinent valve parameters are as
follows:

Parameter |

Nominal Setpoint 450 lb/in.2 absolute
Accumulation 10%
Capacity 4000 (9 10% acc) gal /m!.n

Since each SCS relief valve is a self actuating spring-loaded
liquid relief valve, control circuitry is not required. The ,

valve will open when RCS pressure exceeds its setpoint. I

|

The SCS relief valves are sized, based on an inadvertent safety !

injection actuation signal (SIAS) with full pressurizer heaters
operating from a water-solid condition. The SIAS assumes
simultaneous operation of two HPSI pumps and two charging pumps B

with letdevn isolated. The resulting flow capacity requirement
for water is 4000 gpm. The analysis in Section 5.2.2.10.2.1
assumed that either SCS relief valve relieved water at this rate.
The design relief capacity of each of two SCS relief valves
(shown in P&ID Figure 6.3.2-1B) as supplied by the valve

O
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manufacturer meets the minimum required relief capacity of 4000 '

: gpm which contains sufficient margin in relieving capacity for |
'

even the worst transient. The SCS relief valves are Safety Class I

j 2, designed to Section III of the ASME Code.

5.2.2.10.2.4 Administrative controls
Administrative controls necessary to implement the LTOP
provisions are limited to those controls that open the SCS
isolation valves. Before entering the low temperature region for
which overpressure protection is necessary, RCS pressure is
decreased to below the maximum pressure required for SCS
operation. Once the SCS is aligned, no further specific
administrative procedural controls are needed to ensure proper
overpressure protection. The SCS will remain aligned whenever

'the RCS is at low temperatures and the reactor vessel head is
secured. As designated in Table 7.5-2, indication of SCS
isolation valve position is provided.

5.2.3 REACTOR COOLANT PRESSURE BOUNDARY MATERIALS

5.2.3.1 Material Snecificati2A :

A list of specifications for the principal ferritic materials,
O austenitic stainless steels, bolting and weld materials, which

are par' of the reactor coolant pressure boundary is given in
Table 5.2-2.

Studies have shown that the irradiation indaced mechanical4

property changes of SA-508 materials can depend significantly |B
upon the amount of residual elements present in the compositions, I

namely; copper, phosphorous, and vanadium. It has also been
found that residual sulfur affects the initial toughness of

i SA-508 materials. Specific controls are placed on the residual
; chemistry of reactor vessel materials and the as-deposited welds B

used to join these materials to limit the maximum predicted
,

increase in the reference temperature (RT which is discussed,

in Section 5.3.1.6) and to limit the exte f the reactor vessel
beltline. The beltline is defined by Appendix G of 10CFR50.'

Materials used in the reactor vessel beltline and the
as-deposited welds contain no greater than the following low I
percentages of residual elements: g

i Copper 0.060 Phosphorous 0.015
Nickel (in forgings) 1.000 Sulfur 0.015<

i Nickel (in welds) 0.200 Vanadium 0.030

i

!

: O
.
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5.2.3.2 Compatibility with Reactor Coolant

5.2.3.2.1 Reactor Coolant Chemistry

Controlled water chemistry is maintained within the RCS. Control
of the reactor coolant chemistry is the function of the CVCs
which is described in Section 9.3.4. Water chemistry limits
applicable to the RCS are given in Section 9.3.4.

5.2.3.2.2 Materials of Construction Compatibility with
Reactor Coolant

The materials of construction used in the RCPB which are in
contact with reactor coolant are designated by an "a" in Table
5.2-2. These materials have been selected to minimize corrosion
and have previously demonstrated satisfactory performance in
other existing operating reactor plants.

Metallic materials in contact with reactor coolant shall be
restricted in cobalt content to as low a level as practical for B
all stainioss steel or nickel base alloy components with a large
wetted surface area. Cobalt base alloys shall be avoided except
in cases where no proven alternative exists.

5.2.3.2.3 Compatibility with External Insulation and
'

Environmental Atmosphere

The posaibility of leakage of reactor coolant onto the reactor
vessel head caasing corrosion of the pressure boundary has been
investigated by C-E.

Tests have shown that reactor coolant system leakage onto !
surfaces of the reactor coolant pressure boundary will not affect ;
the integrity of the pressure boundary. l

|B
'

The insulation supplied by C-E is of the stainless steel
reflective type, which minimizes insulation contamination in the
event of a chemical solution spillage. In local areas around
stainless steel and the nickel based alloy nozzles in the reactor
vessel head, small sections of non-metallic insulation are used.
However, the quantity of reachable halogens will be limited in
accordance with Regulatory Guide 1.36.

im
O
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5.2.3.3 Fabrication and Processina Ferritic Materials

5.2.3.3.1 Fracture Toughness ,

5.2.3.3.1.1 N888 CoEDonents. Fracture toughness
requirements for Reactor Coolant Pressure Boundary components are
established in accordance with the ASME Boiler and Pressure
Vessel Code, Section III. Fracture toughness testing of base,
weld and heat affected zone materials will be conducted in
accordance with the ASME Code. Data from these tests will be
available after the required testing has been performed and may
be examined upon request at the appropriate manufacturing
facility.

C-E complies with 10CFR Part 50 Appendix G, "Fracture Toughness
Requirements" as enacted July 1973 with the following exceptions:

1. Section II, "Definitions," A. "ASME Code." The applicable
Code Edition and Addenda for each System 80 plant will be as
specified in 10CFR Part 50.55a, "Codes and Standards".

2. Section III, "Fracture Toughness Tests", B.5 Mill test
reports containing fracture toughness test results do not

r include a certification that the tests have been performed
( in accordance with the requirements of 10CFR50 Appendix G.

However, the test reports are certified to conform with the
requirements of the applicable ASME Code Editic.n and Addenda
specified in the component purchase order. Appendix G to
10CFR50 references the ASME Code for fracture toughness
testing requirements; therefore, conformance with the
applicable Coda meets the intent of Section III B.S.a.
Conformance with the Code also entails the certification
requirements set forth in item III B.S.b., c., and d.

3. Section III, C.2. Excess material for the test specimens
representing reactor vessel beltline weldments is not
necessarily from the actual production plates, although it
is from the same P-number classification. The same heat of
filler material and the same production welding ccnditions
as those used in joining the corresponding shell naterials
are used. Material prepared for the ree<: tor vessel material
surveillance program, however, is from the actual production
plate used in the reactor vessel. Details of the materials |
surveillance program are found in Section 5.3.1.6. |

O
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Consideration is given to the effects of irradiation on material
toughness properties in the core beltline region of the reactor
vessel to assure adequate fracture toughness for the service
lifetime of the vessel. Refer to Section 5.3.1.6 for discussion
concerning prediction of irradiation effects and the material
surveillance program. In addition, C-E compiles with the

! guidance of Regulatory Guide 1.2, "Thermal Shock to Pressure
Vessels".

Testing and measuring equipment for fracture toughness tests for
the reactor vessel, steam generators, pressurizer, piping and
reactor coolant pumps are calibrated in accordance with
Subarticle NB2360 of the ASME Code, Section III.

5.2.3.3.2 Control of Welding

5.2.3.3.2.1 Avoidance of Cold crackina. C-E complies with
the recommendations of Regulatory Guide 1.50, Control of Preheat
Temperature for Welding of Low Alloy Steel, May 1973, as
discussed below.

Paragraph C.l.b implies that the qualification materials are an
infinite heat sink that would instantaneously dissipate the heat

n input from the welding process. The qualification procedure
U consists of starting the welding at the minimum preheat

temperature. Welding is continued until the maximum interpass
temperature is reached. At this time, the test material is
permitted to cool to the minimum preheat temperature and the
welding is restarted. Preheat temperatures utilized for low
alloy steel are in accordance with Section III of the ASME Code.
The maximum interpass temperature utilized is 500'F.

The Paragraph C.2 recommendation is considered an unnecess..ry
extension of procedures which apply to low-alloy steel welds,
meeting ASME Code Sections III and IX requirements. The
recommendations of Regulatory Guide 1.50 are met by complying
with Paragraph C.4. The soundness of c11 welds is verified by
ASME Code acceptable examination procedures.

With regard to Regulatory Guide 1.43, major componente are
fabricated with corrosion resistant cladding on internal surfaces
exposed to reactor coolant. The major portion of the material
protected by cladding from exposure to reactor coolant is SA-508,
Class 2 or 3. Cladding of SR-508, Class 2 forging material is R

performed using low-heat-input welding processes controlled to
minimize heating of the base metal. Low-heat-input welding
processes are not known to induce underclad cracking.

5.2.3.3.2.2 Reculatory Guide 1 11 Regulatory Guide 1.34
recommends controls to be applied during welding using the
electroslag process. The electroslag process is not used in the

Amendment B
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fabrication of any RCPB components. Therefore, the
recommendations of this guide are not applicable.

5.2.3.3.2.3 Reculatory Guide 1.71. C-E complies with the
recommendations of Regulatory Guide 1.71 except for the
differences indicated below.

Performance qualifications for personnel Welding under conditions
of limited accessibility are conducted and maintained in
accordance with the requirements of ASME B&PV Code Sections III
and IX. A requalification is required when (1) any of the
essential variables of Section IX is changed, or (2) when
authorized personnel have reason to question the ability of the
welder to satisfactorily comply with the applicable requirements.
Production welding is monitored for compliance with the procedure
parameters, and welding qualifications are certified in
accordance with Sections III and IX. Further assurance of
acceptable welds of limitel accessibility is afforded by the
welding supervisor assigning only the most highly skilled
personnel to these tasks. Finally, weld quality, regardless of
accessibility, is verified by the performance of the required
non-destructive examinations.

5.2.3.3.3 Non-Destructive Examination of Tubular Products

C-E complies with the requirements of Regulatory Guide 1.66 for
steam generator tubing. The non-destructive examination
requirements imposed by C-E for other tubular products are those
specified by Section III of the ASME code rather than this guide. -

5.2.3.4 rabrication and Procettsina of Austenitic Stainles_g
steel

5.2.3.4.1 Avoidance of Stress Corrosion Cracking

5.2.3.4.1.1 Avoidance of 8ensitisation |
|

5.2.3.4.1.1.1 N888 Components i

Fabrication of RCPB components is consistent with the
recommendations of Regulatory Guide 1.44 as described in items A
through D except for the criterion used to demonstrate freedom
from sensitization. The ASTM A 700 Strauss Test is used in lieu
of the ASTM A 262 Practice E, Modified Strauss Test, to
demonstrate freedom from sensitization in fabricated,
unstabilized, stainless steel. j

i

!

'

O 1
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A. Solution Heat Treatment Requirements

All raw austenitic stainless steel material, both wrought and
; cast, used in the fabrication of the major NSSS components in the

RCPB, is supplied in the annealed condition as specified by the
pertinent ASTM or ASME Code; viz., 1900-2050'F for 1/2 to 1 hour
per inch of thickness and water quenched to below 700'F. The
time at temperature is determined by the size and type of
component.

Solution heat treata.nt is not performed on completed or.

partially-fabricated components. Rather, the extent of chromium
carbide precipitation is controlled during all stages of
fabrication as described below.

.

B. Material Inspection Program

Extensive testing on stainless steel mockups, fabricated using
production techniques, has been conducted to determine the effect
of various welding procedures on the susceptibility of
unstabilized 300 series stainless steels to sensitization-induced
intergranular corrosion. only those procedures aM/or practices
demonstrated not to produce a sensitized structure are used in
the fabrication of RCPB components. The ASTM standard A 708 !

O (Strauss Test) is the criterion used to determine susceptibility!
-

to intergranular corrosion. This test has shown excellent ,

correlation with a form of localized corrosion peculiar to
'

sensitized stainless steels. As such, ASTM A 708 is utilized as
a go/no-go standard for acceptability. ;

! As a result of the above tests, a relationship was established I
between the carbon content of 304 stainless steel and weld heat
input. This relationship is used to avoid weldt

j heat-affecttd lone sensitization as described below.
.

"

C. Unstabilized Austenitic Stainless Steel
'

The unstabilized grades of austenitic stainless steels with
carbon content of more than 0.03% used for components of the RCPB

,

are 304 and 316. These materials armi furnished in the solution
annealed condition. Egposure of completed or

3 partially-fa: ricated componenta to temperatures ranging from
j 800'F to 1500*F is prohibited.
A

Duplex, austenitic stainless steels cont 1 tining more than 5 FN
; delta ferrite (weld metal, cast metal, weld deposit overlay), are
j not considered unstabilized since these alloys do not sensitize,

that is form a continuous network of chromium-iron carbides.
j specifically, alloys in this category are

!O
!
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CFM Cast stainless steel (delta ferrite SFN to 33FN)
CF8 Cast stainless eteel (delta ferrite SFN to 33FN)

308, 309 Singly and combined stainless steel weld filler metals
312, 316 (delta ferrite controlled to SFN-23FN deposited)

In duplex, austenitic/ferritic alloys, chromium-iron carbides are
precipitated preferentially at the ferrite /austenitic interfaces
during exposure to temperatures ranging from 800-1500'F. This
precipate morphology precludes intergranular penetrations
associated with sensitized 300 series stainless steels exposed to
oxygenated or fluoride environments.

D. Avoidance of Sensitization

Exposure of unstabilized austenitic 300 series stainless steels
to temperatures ranging from 800 to 1500*F will result in carbide
precipitation. The degree of carbide precipitation, or
sensitization, depends on the temperature, the time at that
temperature, and also the carbon content. Severe sensitization
is defined as a continuous grain boundary chromium-iron carbide
network. This condition induces susceptibility to intergranular
corrosion in oxygenated aqueous environments, as well as those(q containing fluoride.s . Such a metallurgical structure willj

rapidly fail the Strauss test ASTM A 708. Discontinuous
precipitates (i.e., an intermittent grain boundary carbide
network) are not susceptible to intergranular corrosion in a PWR
environment.

Weld heat affected zone sensit! zed austenitic stainless steels
(which will fail the Strauss Test, ASTM A 708) are avoided by
careful control of:

Wold heat input to less than 60 kJ/in-

Interpass temperature to 350*F maximum-

,

Caroon content-

Homogeneous or localized heat traatment in the temperature range
800-1500*F is prohibited for unstabilized austenitic stainless
steel with a carbon content greater than 0.03% used in components
of the RCpB. When stainless steel safe ends are required on
component nozzles, fabrication techniques and sequencing requira
that the stainless steel piece be welded to the component after
final atress relief. This is accomplished by welding an Inconel

OO
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overlay on the end of the nozzle. Following final stress relief
of the component, the stainless steel safe end is welded to the
Inconel overlay, using Inconel weld filler metal.

5.2.3.4.1.2 Avoidance of Contamination Causino Stress
Corrosion C:'ackinc

5.2.3.4.1.2.1 NSSS Components. Specific requirements for
cleanliness and contamination protection are included in the
equipment specifications for components fabricated with
austenitic stainless steel. The provisions described below
indicate the type of procedures utilized for NSSS components to
provide contamit.ation control during fabrication, shipment, and
storage as required by Regulatory Guide 1.37.

Contaminaticn of austenitic stainless steels of the 300 type by
compounds which can alter the physical or metallurgical structure
and/or properties of the material is avoided during all stages of
fabrication. Painting of 300 series stainless steels is
prohibited. Grinding is accomplished with resin or
rubber-bounded aluminum oxide or silicon carbide wheels which
were not previously used on materials other than austenitic
alloys. Outside storage of partially-fabricated components is
avoided and in most cases prohibited. Exceptions are made for

b-s) certain components provided they are dry, completely covered with
a waterproof material, and kept above ground.

Internal surfaces of completed components are cleaned to produce
an item which is clean to the extent that grit, scale, corrosion
products, grease oil, wax, gum, adhered or embedded dust or
extraneous materials are not visible to the unaided eye.
Cleaning is effected by either solvents (acetone or isopropyl
alcohol) or inhibited water (hydrazine). Water will conform to
the following requirements:

Halides

Chloride (ppm) 0.60

Fluoride (ppm) 0.40

Conductivity (lmhos/cm) 5.0

pH 6.0-8.0

Visual clarity No turbidity, oil, or sediment

To prevent halide-induced intergranular corrosion which could
occur in aqueous environment with significant quantities of

o
,O
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dissolved oxygen, flushing water is inhibited via additions of
hydrazine. Results of tests have proven these inhibitors to be
completely effective. Operational chemistry specifications
restrict concentrations of halide and oxygen both prerequisites
of intergranular attacks (Refer to Section 9.3.4).

5.2.3.4.1.3 Characteristics and Mechanical Properties of
Cold-Worked Austenitic Stainless Steels for
RCPB ComDon4nts

Cold-worked austenitic stainless steel is not utilized for
components of the RCPB.

5.2.3.4.2 Control of Welding

5.2.3.4.2.1 Avoidance of Hot Crackinc

A. NSSS Components

1. Regulatory Guide 1.31

In order to preclude microfissuring in austenitic
stainless steel welds, RCPB components are consistent

p with the recommendations of Regulatory Guide 1.31 as
V follows:

The delta ferrite content of A-No. 8 (Table QW-442 of
the ASME Code, Section IX) austenitic stainless steel
we' ding materials, except Type 16-8-2 and welding
materials for wold metal overlay cladding, used in the
fabrication of components of the reactor coolant
system, is controlled to 5FN-20FN. The delta ferrite
determination is carried out using methods specified in B I

the ASME Code, Section III. The ferrite requirement is
met for each heat, lot or heat / lot combination of weld
filler material. For submerged arc welding processes,
the delta ferrite determination for each wire / flux |

combination may be made on a product.i on or simulated
'

(qualification) production weld, and the delta ferrite
content is controlled to 3FN-23FN.

"Delta ferrite contents of consumable inserts, rod or
wire filler metal used with the gas tungsten and
welding process, and deposits made with the plasma arc
welding process may be determined from their chemical
compositions using a constitutional diagram for
austenitic stainless steel welding material."

O
V

Amendment B
5.2-20 March 31, 1988



- - -

CESSAREnnem

Ov
As an alternative the delta ferrite determination may
be carried out on production welds by magnetic
measurement methods. The average delta ferrite content
must be 3FN or more with no single reading less than
1FN when measured at four equally spaced pos'tions..

Each production weld greater than 1 inch in thickness
is examined while welds of thicknesses 1 inch and less
are tested in accordance with a sampling plan.

2. Regulatory Guide 1.34

Regulatory Guide 1.34 is discussed in Section
5.2.3.3.2.2.

3. Regulatory Guide 1.71

Regulatory Guide 1.71 is discussed in Paragraph
5.2.3.3.2.3.

5.2.4 INSERVICE INSPECTION AND TESTING OF REACTOR COOLANT
PRESSURE BOUNDARY

5.2.4.1 Accessibility of Inspection Areas

O C1ess 1 components end eungerte ere desiened to meet the ecceee
requirements of Section XI of the ASME Boiler and Pressure Vessel
Code.

In the case of the reactor vessel, all internals except the flow
baffle are removable. Their removal makes the entire inner
surface of the vessel, as well as the weld zones of the internal
load-carrying structural attachments, available for the surface
and volumetric inspections. The closure head is available for
inspection whenever it is removed, and its removal also makes
available the vessel closure flange, the flange to shell weld,
closure stud holes and ligaments, and the closure studs and nuts.
Each control element drive mechanism is removable as a unit
through a closure at the top of its housing.

For interim inspections of the reactor vessel primary coolant
nozzle to shell welds and inner radii, the two outlet nozzles are
accessible from inside the reactor vessel without removal of the
vessel internals. The inlet nozzles are accessible either from |B
outside the vessel or from inside after removal of the vessel
internals.

Manways are provided for those inspections vnich must be made
internally on the steam generators and pressurizer. Access holes
are provided in the support skirt of the steam generators to
allow examination of the tube sheet support stay cylinder welds,

pd The steam generators are capable of being examined in accordance
with the guidance of Regulatory Guide 1.83.

Amendment B
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The reactor coolant pumps may be disassenbled, if necessary, for
inspection.

Additional provisions for access, and details of the inservice
inspection program are included in the site-specific SAR. |B
5.2.5 REACTOR COOLANT PRESSURE BOUNDARY (RCPB) LEAKAGE

DETECTION BYSTEMS

Means for the detection of leakage from tue Reactor Coolant
Pressure Boundary are provided to alert operators to the
existence of leakage above acceptable limits, which may indicate
an unsafe condition for the facility. The leakage detection
systems are sufficiently diverse and sensitive to meet the
criteria of Regulatory Guide 1.45 for leaks from identified and
unidentified sources. See Section 5.1.4 for interface
requirements.

5.2.5.1 Leakace Detection Methods

5.2.5.1.1 Unidentified Leakage

See site-specific SAR for details of determining unidentified B

leakage. Interface requirements are contained in Section 5.1.4.

In addition to the methods for detecting unidentified leakage
discussed in the site-specific SAR, a method for detecting large B

volume leaks, which is available as an integral part of the RCS
and CVCS, is the reactor coolant inventory method. Leakage from
the Reactor Coolant System can be determined by net level changes
in the pressurizer and in the volume contr. tank since the
Reactor Coolant System and the Chemical and Volume Control System
are closed systems. Since letdown flow and the reactor coolant
pump seal controlled bleedoff flow are collected and recycled
back into the Reactor Coolant System by the Chemical and volume
Control System (CVCS), the net inventory in the Reactor Coolant
System and CVCS under normal operating conditions will be
constant. Transient changes in letdown flow rate or Reactor
Coolant System inventory can be accommodated by changes in the
volume control tank level. Makeup flow rate provides a means of
detecting leakage from the Reactor Coolant System through
measurement of the net amount of makeup flow to the system. The
net makeup to the system under no-leakage steady state conditions
should be zero. The makeup flow rates and the integrated makeup
flow rates from the Reactor Makeup System and the refueling water
tank are continuousiv monitored and recorded. Analysis of the
integrated makeup flow recorders over a period of steady state
operation can provide detection of abnormal leakage. An
increasing trend in the amount of makeup required will indicate
an abnormal leak which is increasing in rate. Leaks occurring

Amendment B
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suddenly will be indicated by a step increase in the amount of
makeup which does not decrease as would be the case for a purely
transient condition.

5.2.5.1.2 Identified Leakage

The amount of identified leakage from the Reactor Coolant System
can be determined by adding up the amounts from all identified
paths described below. Indicators and alarms associated with all
of the identified leakage paths are provided in the Control Room.
See Section 5.1.4 for interface requirements.

5.2.5.1.2.1 Safety Valves Located on the Reactor Coolant
System. The primary safety valves located on the pressurizer are
provided with temperature sensors on piping downstream of the
valves with readout in the Control Room. Temperature increase
will indicate safety valve leakage. Indication and amount of
leakage is also available by measurements of increased pressure,
temperature and level in the reactor drain tank.

5.2.5.1.2.2 Reactor Coolant Pump Seals. Instrumentation is
provided to detect abnormal seal leakage. The reactor coolant
pumps are equipped with two stages of seals plus a vapor or

q backup seal as described in Section 5.4.1.2. During normal
C/ operation, the Reactor Coolant System operating pressure is

decreased through the two seals to approximately CVCS volume
control tank pressure. The vapor or backup seal prevents leakage
to the containment atmosphere and allows sufficient prese,ure to
be maintained to direct the controlled seal leakage to the voiume 1

control tank. The vapor or backup seal is designed to withstand !

full Reactor Coolant System pressure in the event of failure of |

any or all of the two primary seals. )
i
'

Since, in the event of the leakage into containment a flow
condition would exist through the vapor seal, the pressure would
decrease downstream of the middle seal due to seal differential
pressure. The reactor coolant pump seal pressure indication
would give this indication. The vapor seal pressure indicator
would show a decrease in pressure and an increased level in the
reactor drain tank would be indicated. Seal leakage through the
tubes of the reactor coolant pump seal cooler to the Component
Cooling System would be indicated by increased temperature of the
component cooling water return line from the reactor coolant
pumps, by increased level in component cooling water surge tanks,
and by increased radiation monitor readings in the Component
Cooling System.

A
U
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5.2.5.1.3 Leakage Through 8 team Generator Tubes or

Tubesheet.

An increase in radioactivity indicated by condenser air removal
system monitors and blowdown system monitors will indicate
reactor coolant leakage through steam generators tubes to the
secondary side. Routine analysis of steam generator water
samples would also indicate increasing leakage of reactor coolant
into the secondary system.

5.2.5.1.4 Leakage to Auxiliary Systems

Section 11.0 describes the design basis for process monitors used
in all potentially contaminated Auxiliary Systems and their
sensitivity.

5.2.5.2 control Roon Leakace Instrumentation

See site-specific SAR for actual methods employed to provide B

control room indication of leakage to the containment. Interface
requirements are contained in Section 5.1.4.

5.2.5.3 Limits For Reactor Coolant Leakace

The limits for both total and unidentified leakage are described
in the technical specifications.

5.2.5.4 Maximum Allowable Total Leaktg.g

The maximum allowable total identified leakage will be as stated
in the Technical Specifications, Chapter 16.0.

5.2.5.5 Differentiation Between Identified and Unidgatified
Leaks

Identified leakage from the Reactor Coolant System would be into
contained systems such as the secondary side of the steam
generator, the Safety Injection System, the Component cooling
System and the Chemical and Volume Centrol System. Leakage into
these systems will be monitored and detected by: (1)
Radioactivity monitoring of the flow streams in those systems;
(2) level indicators in the surge or compensating tanks of those
systems; or (3) makeup flow and/or integrated makeup flow
indicators in the Reactor Coolant System Makeup System portion of
the Chemical and Volume Control System (as described in Section .

5.2.5.1). These methods may not pin point the exact location of B |

a leak, but (1) temperature indicators in these systems will
locate a lesk source in that an abnormally high reading is
indicative of leakage at the point, or (2) local sample points j

Amendment B |
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will allow the detection of specific points of leakage by looking
for a point of relatively high radioactivity concentration as
compared to the remainder of the system.

The systems used to detect unidentified leakage from the Reactor
Coolant System to the containment, are described in the
site-specific SAR and in Section 7.7.

B

5.2.5.6 Sensitivity and ODerability Tests

A description of the Reactor Coolant Syntem Makeup Control System
and its instrumentation is discussed in Section 9.3.4 and Chapter
7.0. A description of the monitors used in auxiliary systems for
leakage detection is found in Chapters 9.0 and 11.0.

A description c" the sensitivity and operability of the
pressurizer pressure and level instrumentation is contained in
Chapter 7.0. The temperature measurement channels downstream of
the primary safety valves are described in the site-specific SAR. |B
Descriptions of the unidentified leakage detection systems,
including the containment airborns particulate and containme'.t
sump level monitoring systems, and their sensitivities wi? . be

9 provided in the Applicant's SAR. A description of tests to
demonstrate the sensitivity and operability of these systems will
also be provided in the site-specific SAR.

B

1

|
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REACTOR COOLANT SYSTEM PRESSURE BOUNDARY CODE RE0VIREMENTS

Components Codes and Classes

Reactor Vessel, Steam Generators 1. ASME Boiler and Press 6ce Vessel
(Primary side) Pressurizer Code, Section III, Class 1.

Reactor Coolant Pump 1. ASME Boiler and Pressure Vessel
Code, Section III, Nuclear Power
Plant Components, Class 1.

2. ASME Boiler and Pressure Vessel
Code, Section III, Class 3.
Lube oil system design for
Seismic Category I requirements.

Pressurizer Spray And Safety Valves 1. ASME Boiler and Pressure Vessel
Code. Section III, Nuclear Power
Plant Components, Class I.

O Piping and Valves 1. ASME Boiler and Pressure Vessel
V Code, Section III, Nuclear Power

Plant Components, Class I.

Steam Generators (Secondary Side) 1. ASME Boiler and Pressure Vessel
Code, Section III, Nuclear Power
Plant Components, Class 2.

Control Element Drive Mechanisms 1. ASME Boiler and Pressure Vessel
Code, Section III, Nuclear Power
Plant Components, Class 1.

NOTES: Code addenda requirements for System 80 plants will comply with the
requirements of 10CFR50.55a.

Codes listed above are construction codes, in addition all those !
'components are designed and constructed to meet the test and

inspection requirements of Section XI, Rules for Inservice
Inspection.

l
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TABLE 5.2-2

REACTOR COOLANT SYSTEM MATERIALS

(Sheet 1 of 5)
Component Material Specification

Reactor Vessel

Forgings SA-508 Class 1, 2 and 3

Cladding Weld deposited austenitic stainless steel
with 5FN-20FN delta ferrite or NiCrFe |Balloy (equivalent to SB-168)

Reactor vessel head SB-166
CEDM Nozzles

Vessel internals (a) Austenitic Stainless Steel and NiCrFe alloy

Fuel cladding (a) Zircaloy-4

Instrument nozzles SB-166

O Contrei eiement drive
mechanism housings

lower Type 403 stainless steel according to Code
Case 1334 or 1337 with end fittings to be
SB-166 and/or SA-182 Type 348 stainless
steel

Upper SA-479 and SA-213 Type 316 stainless steel
with end fitting of SA 479 Type 316 and
vent valve seal of Type 316 and vent
valve :eal of Type 440 stainless steel seat

l'osure head bolts SA-540 B24 or 823

Pressurizer

Shell SA-533 Grade A or B Class I |BCladding (a) Weld deposited austenitic stainless steel
with 5 FN-20FN delta ferrite or NitrFe
alloy (equivalent to SB-166) B

a. Materials exposed to reactor coolant
i

O
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TABLE 5.2-2 (Cont'd)

REACTOR COOLANT SYSTEM MATERIALS

(Sheet 2 of 5)

Component Material Specification

Forged nozzles SA-508

Instrument nozzles SB-166

Surge and safety valve SA-182
nozzle safe ends

Studs and nuts SA-540-824 or 823

Steam generator primary head SA-533 Grade B, Class I or SA-508 B

Class 1, 2 or 3

Nozzles SA-508 Class 2 or 3

Safe ends SA-508

Primary head cladding (a) Weld deposited austenitic stainless steel
O with SrN-20rN delta ferrite 8

Tubesheet SA-508 Class 2 or 3

Tubesheet stay SA-508 Class 2 or 3

Tubesheet cladding (a) Weld deposited NitrFe alloy (equivalent
to 5B 168)

Tube (a) NitrFe Alloy (SB-163)

Secondary shell and head SA-533 Grades A, Class I
SA-516 Grade 70

Secondary nozzles SA-508 Class I or Class 2

Secondary nozzle safe ends SA-508 Class I

Secondary instrument nozzles SA-106 Grade B

Studs and nuts SA 540 Grade B24 or B23, or SA-193 |
Grade B7

G
%.)
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TABLE 5.2-2 (Cont'd)

REACTOR COOLANT SYSTEM MATERIALS

(Sheet 3 of 5)

ComDonent Material Specification !

Reactor coolant Pumps

Casing (8) SA-508 Class 2 or 3 or austenitic
Bstainless steel

Cladding Weld deposited austenitic stainless
steel with 5FN-20FN delta ferrite

Internals SA-487 CAGNH, SA 336 Grade F8 or B

austenitic stainless steel

Reactor Coolant Piping

Pipe (30 in, and 42 in.) SA-516 Grade 70

Cladding (*)
O Weld, deposited austenttic stainlessstee with 5FN-20rN de,ta ferrite

Piping nozzles and safe ends B

Nozzle forgings SA-105 Grade II, SA-541, Class 1, 2 or 3,
or 58-166

Nozzle safe ends SA-182 or SB-166

Valves SA-351, CF8M or SA-182

I

I
1
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TABLE 5.2-2 (Cont'd)

REACTOR COOLANT SYSTEM MATERIALS

(Sheet 4 of 5)

WELD MATERIALS FOR REACTOR COOLANT PRESSURE BOUNDARY COMPONENTS

Material
Specification Base material Weld Material

SFA 5.5,(b) E-8018-C3, E8018-G1. SA-533 SA-533 a.
Gr. B C1.1 Gr. B Cl.1 b. MIL-E-18193, B-4

2. SA-508 SA-533 a. SFA 5.5, E-8018-C3, E-8018 G
C1.2 Gr. B Cl.1 b. MIL-E-18193, B-4

3. SA-508 SA-508 a. SFA 5.5, E-8018 C3, E-8018 G
C1.1 C1.2

1 SA-516 SA-516 a. SFA 5.1, E-7018
Gr. 70 Gr. 70

5. SA-182 SA-516 a. SFA 5.1, E-7018
F1 Gr. 70

6. SA-105 SA-351 a. SFA 5.14 ERNitr 3
Gril CF8M

7. SA-182 SA 351 a. SFA 5.11, ENiCrFe-3
F1 CF8M

8. SA-105 SA-182 a. SFA 5.14 ERNiCr-3
Gr. 11 F316

9. 5B-166 SA 182 a. SFA 5.14, SFA 5.11, Root ERNiCr-
F316 Remaining ENicrFe-3

10. 58-167 SA 182 a. Root SFA 5.14, ERNiCr-3
F304 Remaining 5.11, ENitrFe 3

11. SA-516 SA-351 a. SFA 5.1, E-7018
Cr. 70 CF8M b. MIL-E-13193, B-4

1

12. SA-182 SA-182 a. SFA 5.1, E-7018 !
F1 F316

13. S8-166 SA-533 a. SFA 5.14, ERNitr 3 J
GR. B. C1.1 1

b. Special weld wire with low residual elements of copper wind phosphorous
o as specified for the reactor vessel core beltline region.
V

.
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TABLE 5.2-2 (Cont'd)

REACTOR COOLANT SYSTEM MATERIALS

(Sheet 5 of 5)

WELD MATERIALS FOR REACTOR COOLANT PRESSURE BOUNDARY COMPONENTS

Material
Specification Base material Weld Material

14. SA-182 Code SB-167 a. SFA 5.14. ERNiCr-3
Case 1334

SFA 5.5,(b) E-8016-C315. SA-516 S?-508 a.
GR, 70 C1.2

16. Austenitic a. SFA 5.9, ER-308
stainless SFA 5.9, ER 309
steel SFA 5.9, ER 312
cladding

17. Inconel Inconel a. ENitrFe-3
ERNitr-3

O
b. Special weld wire with low residual elements of copper wind phosphorous

as specified for the reactor vessel core beltline region.

|
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TABLE 5.2-3

CODE CASE INTERPRETATIONS

1. 1334 2 Requirements for Corrosion Resisting Steel Bars and Shapes

2. 1337-7 Requirements for Special Type 403 Modified Forgings and Bars

3. 1361-2 Socket Welds, Section III

4. 1332 6 Requirements for Steel Forgings, Section 111 and VIII, Division 2

5. 1557 2 Steel Products Refined by Secondary Melting

6. 1401 1 Welding Repairs to Cladding of Section III Components after Final
Post Weld Heat Treatment

7. 1492-0 Post-Weld Heat Treatment Sections I, III, and VIII, Division 1
and 2

8. 1587 SA-508, Class 3 Forgings

9. 1661 Post-Weld Heat Treatment for P 1 Materials

O 1336 SPecial Type 403 Modified Fin 9er or Bars, Section ili

1588 Electro etching of Section !!! Code Symbol

1644-6 Additional materials for Components Supports, Section III Class
1, 2, 3 & MC Construction

1681-1 Organizations accepting overall responsibility for Section !!!
Construction

781 Use of modified SA-487 Grade CA 6NM Section III, Elvision 1,
Class 1, 2, 3 )

1

780 Hydrostatic testing and stamping of pumps for Class 1 !
Construction, Section !!!

|

|

Note: Code Case Interpretations applied to the reactor coolant pressure
boundary components are in accordance with Regulatory Guides 1.84

,

and 1.85. |
,
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5.3 REACTOR VESSEL

5.3.1 REACTOR VESSEL MATERIALS

5.3.1.1 Material Soecifications

The principle ferritic materials used in the reactor vessel are
listed in Table 5.2-2. These materials are in accordance with
the ASME Boiler and Pressure Vessel Code, Section III.

5.3.1.2 Special Process Used for Manufacturina and
Fabrication

The reactor vessel is fabricated in accordance with the ASME
Boilor and Pressure Vessel Code, Section III. No special
manufacturing methods that could compromise the integrity of the
vessel are used.

The reactor vessel is a vertically mounted cylindrical vessel
with a hemispherical lower head welded to the vessel and a
removable hemispherical upper closure head. The construction is
basically that of forged rings, forged hemispherical heads,
forged flanges on the closure head and vessel, and forged B

n nozzles. The internal surfaces that are in contact with the
U reactor coolant are clad with austenitic stainless steel.

The reactor vessel consists basically of a vessel flange, three
|shell sections (upper, intermediate and lower) and a bottom head.
,

The vessel flange is a forged ring with a machined ledge on the l

inside surface to support the core syport barrel, which in turn I
supports the reactor internals and the core. The flange is
drilled and tapped to receive the closure studs and is machined
to provide a mating surface for the reactor vessel closure seals.
Each shell consists of one 360 degree forged ring. The bottom
head is constructed of a single hemispherical forging. The three

Bshell sections, the bottom head forging and vessel flange forging
are joined together by welding, along with four inlet nozzle
forgings and two outlet nozzle forgings to form a complete vessel
assembly.

The closure head is fabricated separately since it is joined to
the reactor vessel by bolting. The closure head consists of a
head flange and a dome. The head flange is a forged ring. The
flange is drilled to match the vessel flange stud hole locations,
and the lower surface of the flange is machined to provide a
mating surface for the vessel closure seals. The dome is
constructed of a single hemispherical forging. The dome and

Bflange are welded together to form the closure head, and the
control element drive mechanism (CEDM) nozzles are welded into
the head to complete the assembly.

Amendment B
5.3-1 March 31, 1988
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5.3.1.3 Special Methods for Nondestructive Examination

Prior to, during, and after fabrication of the reactor vessel,
nondestructive tests based upon Section III of the ASME Boiler
and Pressure vessel Code are performed on all welds and forgings
as indicated. The nondestructive examination requirements
including calibration methods, instrumentation, sensitivity,
reproducibility of data, and acceptance standards are in
accordance with requirements of the ASME B&PV Code, Section III.
(See Table 5.2-1). Strict quality control is maintained in
critical areas such as calibration of test instruments.

All full-penetration, pressure-containing welds are 100%
radiographed to the standards of Section III of the ASME Boiler
and Pressure Vessel Code. Weld preparation areas, back-chip
areas, and final weld surfaces are magnetic-particle or
dye-penetrant examined. Other pressure-containing welds, such as
used for the attachments of nonferrous nickel-chromium-iron
mechanism housings, vents, and instrument housings to the reactor
vessel and head, are inspected by liquid-penetrant tests of the
root pass, the lesser of one-half of the thickness or each
1/2-inch of weld deposit, and the final surface. Additionally,
the base metal weld preparation area is magnetic-particle

fm examined prior to overlay with nickel-chromium-iron weld metal.
V

All forgings are inspected by ultrasonic testing, using
longitudinal beam techniques. In addition, ring forgings are
tested using shear wave techniques.

All carbon-steel and low alloy forgings and ferritic welds are
also subjected to magnetic-particle examination after stress
relief.

All vessel bolting material receives ultrasonic and
magnetic-particle examination during the manufacturing process.

The bolting material receives a straight-beam, radial-scan,
ultrasonic examination with a search unit not exceeding 1
square-inch area. All hollow material receives a second
ultrasonic examination using angle-beam, radial scan with a

|search unit not exceeding 1 square inch in area. A reference i

specimen of the same composition and thickness containing a notch
(located on the inside surface) 1 inch in length and a depth of
3% of nominal section thickness, or 3/8-inch, whichever is less,
is used for calibration. Use of these techniques ensures that no
materials that have unacceptable flaws, observable cracks, or
sharply defined linear defects are used.

The magnetic-particle inspection is performed both before and
after threading of the studs.

m

5.3-2

- ,



CESSARnMem I

o |
V

Upon completion of all postweld heat treatments, the reactor
vessel is hydrostatically tested, and all accessible ferritic
weld surfaces, including those of welds used to repair material,
are magnetic-particle inspected in accordance with Section III of
the ASME Boiler and Pressure Vessel Code.

5.3.1.4 Special controls for Ferritio and Austenitio
Stainless Steels

|

Special controls for ferritic and austenitic stainless steels are
as follows:

Regulatory Guide 1.31, Control of Stainless Steel Welding,*

is addressed in Section 5.2.3.4.

Regulatory Guide 1.34, Control of Electroslag Weld*

Properties is addressed in Paragraph 5.2.3.3.

Regulatory Guide 1.43, Control of Stainless Steel Weld*

Cladding of Low-Alloy Steel Components, is addressed in
Paragraph 5.2.3.3.

n Regulatory Guide 1.44, Control of the Use of Sensitized*

V Stainless Steel, is addressed in Paragraph 5.2.3.4.

Regui.atory Guide, 1.50, Control of Preheat Temperature for*

Welding of Low-Alloy Steel, is addressed in Paragraph
5.2.3.3.

Regulatory Guide 1.71, Welder Qualification for Areas of
*

Limited Accessibility, is addressed in Paragraph 5.2.3.3.

Regulatory Guide 1.99, Effects of Residual Elements on
*

Predicted Radiation Damage to Reactor Vassel Materials, is
Baddressed in Paragraph 5.3.1.6.7.

5.3.1.5 Fracture Touchness

In accordance with 10 CFR 50 Appendix G, Paragraph IV B, the
reactor vessel beltline materials have minimum upper-shelf
energy, as determined from Charpy V-notch tests on unirradiated
specimens in accordance with Paragraphs NB-2322.2 (a) of ASME
Code, of 75 ft-lbs. Charpy impact tests will be performed on
transversely (weak direction) oriented specimens from the
beltline forgings to establish RT as required by 10CFR50,NMAppendix G.

Ov
Amendment B
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5.3.1.6 Reactor Vessel Material Surveillance Procrag

The irradiation surveillance program for System 80 will be l

conducted to assess the neutron-induced chances in the RT
(reference temperature) and the mechanical properties of E
reactor vessel materials. Changes in the iapact and mechanical
properties of the material will be evaluated by the comparison of
pre- and post-irradiation test results. The capsules containing
the surveillance test specimens used for monitoring the
neutron-induced property changes of the reactor vessel materials
will be irradiated under conditions which represent, as closely
as practical, the irradiation conditions of the reactor vessel.

ASTM E-185-82, Practice for Conducting Surveillance Tests for
Light Water Cooled Nuclear Power Reactor Vessels, and 10CFR50 B

Appendix H, Reactor Vessel Material Surveillance Program
Requirements, present criteria for monitoring changes in the
toughness properties of reactor vessel beltline materials through
surveillance programs. The System 80 reactor vessel surveillance
program adheres to all of the requirements of ASTM E-185-82 and B

satisfies the intent of 10CFR50, Appendix H. The one difference
between the surveillance program and the requirements presented
in Appendix H, is the following:

O The surve111ence csgsu1es ere etteched to the c1eddine on the
inside vessel wall in the beltline region. This modification to
10CFR50, Appendix H, Section II.C.2 was described in CENPD-155P,
(1) and the procedures described therein were considered
acceptable.

5.3.1.6.1 Test Material Selection
i

Surveillance test materials are prepared from the actual !

materials used in |
fabricating the beltline region of the reactor pressure vessel. I

The test materials are processed so that they are representative I

of the materials in the completed reactor vessel. Specimens are
prepared from three metallurgically different materials,
including base metal, weld metal and heat-affected zone (HAZ) |

material. |

In addition, material is included from a standard heat of ASTM
A508 Class 3 manganese-molybdenum-nickel steel made available by B

the USNRC sponsored Heavy Section Steel Technology (HSST)
Program. This standard reference material (SRM) is used as a
monitor for Charpy impact tests, permitting comparisons among the
irradiation data from operating power reactors and experimental
reactors. Compilation of data generated from post-irradiation
tests of thesa correlation monitors will be carried out by the
HSST program.

Amendment B
5.3-4 March 31, 1988
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Base metal test material is from a section of the shell course
forging selected from the beltline of the reactor vessel.
Selection shall be based on an evaluation of initial toughness
(characterized by an index temperature such as RT and the
estimated effect of chemical composition and neutro M luence on
the toughness during reactor operation. Normally, the forging
with the highest adjusted index temperature (initial value plus
predicted radiation induced increase in index temperature) at
end-of-life shall be selected as the surveillance base metal test
material. In certain circumstances, however, selection of two
separate shell course forgings, from both intermediate and lower
shell courses, may be warranted if both should be monitored for
their effect on the pressure-temperature operating limits during
the design lifetime of the reactor vessel.

Weld region test material is produced by welding together
sections of forgings from the beltline of the reactor vessel.
The HAZ test material is manufactured from a section of the same
forgings used for base metal surveillance test material. The
weld metal test material is produced from the same heat of weld
wire or rod and lot of flux used in the beltline of the reactor
vessel. Welding parameters duplicate those used for the beltline
welds.

n() Representative stock (archive material) to provide two additional
sets of test specimens for each material shall be provided with
full documentation and identification.

5.3.1.6.2 Test Boecimens

5.3.1.6.2.1 Tvoe and Ouantity. Drop weight, Charpy impact,
and tensile test specimens are provided for unirradiated tests.
Drop weight tests will be conducted in accordance with ASTM
E-208. Charpy impact tests.will be conducted in accordar>ce with

,

ASTM E-23. Tensile tests are conducted in accordance with ASTM |
E-8 and E-21. Correlation of drop weight and Charpy impact tests |

to establish RT will be made in accordance with NB2300 of the |ASME Code, Sect N III. Charpy impact and tensile test specimens
are provided for post-irradiation tests.

The total quantity of specimens furnished for carrying out the
overall requirements of this program is presented in Table 5.3-1.

For surveillance programs including two base metal forgings, the
total number of specimens shown in Table 5.3-1 will be
distributed amongst the two forgings, but there will be a
sufficient quantity of specimens from each forging to meet the
requirements of ASTM E-185-82 |B

O
Amendment B
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For baseline testing, the base metal specimens uhown in Table
5.3-2, with the exception of longitudinal base metal drop
weights, will be divided equally for both forgings. For
irradiation encapsulation, the base metal specimens shown in
Table 5.3-3 will be divided equally for both forgings. Three
caosule assemblies will contain specimens from one base metal
forging and three capsule assemblies will contain specimens from
the other base metal forging.

5.3.1.6.2.2 Baseline Specimens. The type and quantity of
test specimens provided for establishing the propertics of the
unirradiated reactor vessel materials are presented in Table
5.3-2. The data from tests of these specimens provide the basis
for determining the neutron-induced property changes of the
reactor vessel materials.

Twelve drop weight test specimens each of base metal
(longitudinal and transverse), weld metal, and HAZ material are
provided for establishing the NDTT of the unirradiated
surveillance materials. These DATA form the basis for RT
determination. RT is the reference temperature from wh b
subsequent neutron"Nduced changes are determined.

em Thirty test specimens each of base metal (longitudinal and
U transverse), weld metal, and HAZ material are provided. This

quantity exceeds the minimum number of test specimens recommended
by ASTM E-185 for developing a Charpy impact energy transition
curve and la intended to provide a sufficient number of data
points for establishing accurate Charpy impact energy transition
temperatures for these materials. These data, together with the
drop weight NDTT, are used to establish an RT fr each

NDT
material.

Eighteen tensile test specimens each of base metal (longitudinal
and transverse), weld metal and HAZ materials are provided. This
quantity also exceeds the minimum number of test specimens
recommended by ASTM E-185 and is intended to permit a sufficient
number of tests for accurately establishing the tensile
properties for these materials at a minimum of three test
temperatures (e.g., ambient, operating and design).

5.3.1.6.2.3 Irradiated SDecimens. Both tensile and impact
test specimens are used for determining changes in the static and
dynamic properties of the materials due to neutron irradiation.
A total of 288 Charpy impact and 54 tensilo test specimens is
provided. The type and quantity of test specimens provided for
establishing the properties of the irradiated materials over the
lifetime of the vessel are presented in table 5.3-3. The
attachment of the capsule assemblies tothgnsidewall of thereactor vessel is described in CENPD-155-P-A .

A
V
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5.3.1.6.3 Burveillance Caosules

The Surveillance test specimens are placed in corrosion resistant
capsule assemblies for protection from the primary coolant during
irradiation. The capsules also serve to physically locate the
test specimens in selected positions within the reactor vessel
and to facilitate the removal of a desired quantity of test
specimens when a specified radiation exposure has been attained.
Six Surveillance capsules ast.amblies are provided for the reactor
vessel. The type and quantity contained in each capsule assembly
is presented in Table 5.3-4.

A typical capsule assembly, illustrated in figure 5.3-1, consists
of a series of seven specimen compartments, connected by wedge
couplings, and a lock assembly. Each compartment enclosure of
the capsule assembly is internally supported by the surveillancg
specimens and is externally pressure tested to 3125 lb/in.
during final fabrication. The wedge couplings also serve as end
caps for the specimen compartments and position the compartments
within the capsule holders which are attached to the reactor
vessel cladding. The lock assemblies fix the locations of the
capsules within the holders by exerting axial forces on the wedge
coupling assemblies; this causes the wedges to exert horizontal

n forces against the sides of the holders preventing relative
V motion. The lock assemblies also serve as a point of attachment

for the tooling used to remove the capsules from the reactor.

Each capsule assembly is made up of four Charpy impact test
specimen (Charpy impact) compartments and three tensile test

flux / temperature monitor (tensile-monitor)specimen -

compartments. Each capsule corpartment is assigned a unique ;

identification so that a complete record of test specimen j
location within each compartment can be maintained. |

5.3.1.6.3.1 Charov Immet Comoartment Assembly

Each Charpy impact compartment (figure 5.3-2) contains 12 impact
test specimens. This quantity of specimens provides an adequate
number of data points for establishing a Charpy impact energy
transition curve for a given irradiated material. Comparison of
the unirradiated and irradiated Charpy impact energy transition
curves permits determination of the RT changes due tog
irradiation for the various materials.

The specimens are arranged vertically in four 1 x3 arrays and
are oriented with the notch toward the core. The temperature
differential between the specimens and the reactor coolant is
minimized by using spacers between the specimens and the
compartment and by sealing the entire assembly in an atmosphere
of helium.

o
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5.3.1.6.3.2 Timoerature. Flux and Tension ConDartment

Each tensile-monitor compartment (figure 5.3-3) contains three
tensile tcat specimens, a set of flux spectrum monitors and a set
of temperature monitors. The entire tensile-monitor compartment
is sealed within an atmosphere of helium.

The tensile specimens are placed in a housing machined to fit the
compartment. Split spacers are placed around the gage length of
the specimen to minimize the temperature differential between the
specimen gage length and the coolant.

5.3.1.6.4 Neutron Irradiation and Temperature Exoosure

The changes in the RT of the reactor vessel materials are
derived from specimens Nyradiated to various fluence levels and
in different neutron energy spectra. In order to permit accurate
predictions of the RT of the vessel materials, complete
information on the neutE flux neutron energy spectra, and the
irradiation temperature of the encapsulated specimens must be
available.

5.3.1.6.4.1 Flux Measurements
p.,
V Fast neutron flux measureirents are obtained by insertioi. of

threshold detectors into each of the six irradiation capsules.
Such detectors are particularly suited for the proposed
application, becauuo their effective threshold energies lie in
the range of interest (0.5 to 15 MeV).

These neutron threshold detectors and the thermal neutron
detectors, presented in Table 5.3-5 can be used to monitor the
thermal and fast neutron spectra incident on the test specimens.
These detectors possess reasonably long half-lives and activation i

'

cross sections covering the desired neutron energy range.

One set of flux spectrum monitors is included in each
tensile-monitor compartment. Each detector is placed inside a
sheath which identifies the material and facilitates handling.
Cadmium covers are used for those materials (e.g., uranium' Bnickel, copper, cobalt and neptunium) which have competing
neutron capture activities.

The flux monitors are placed in holes drilAed in stainless steel
housings as shown in figure 5.3-3 at three axial locations in
each capsule assembly (figure 5.3-1) to provide an axial profile
of the level of fluence which the specimens attain,

n
U
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In addition to those detectors, the program also includes
correlation monitors (Charpy impact test specimens made from a
reference heat of ASTM A508, class 3, manganese-molybdenum-nickel B
steel) which are irradiated along with the specimens made from
reactor vessel materials. The changes in impact properties of
the reference material provide a cross-check on the dosimetry in
any given surveillance program. These changes also provide data
for correlating the results from this surveillance program with
the results from experimental irradiations and other reactor
surveillance programs using specimens of the same reference
material.

5.3.1.6.4.2 TemDerature Estimates

Because the changes in mechanical and impact properties of
irradiated specimens are highly dependent on the irradiation
temperature, it is necessary to have knowledge of specimens as
well as the pressure voosel. During irradiation, instrumented
capsules are not practical for a surveillance program extending
over the design lifetime of a power reactor. The maximum
temperature of the irradiated specimens can be estimated with
reasonable accuracy by including in the capsule assemblies small
pieces of low melting point alloys or pure metals. The

q compositions of candidate materials with molting points in the
V operating range of power reactors are listed in Table 5.3-6. The

monitors are selected to bracket the operating temperature of the
reactor vessel.

The temperature monitors consist of a helix of low melting alloy
wire inside a sealed quartz tube. A stainless steel weight is
provided to destroy the integrity of the wire when the melting
point of the alloy is reached. The compositions and therefore
the melting temperatures of the temperature monitors are
differentiated by the physical lengths of the quartz tubes which
contain the alloy wires.

A set of temperature monitors is included in each tensile-monitor
compartment. The temperature monitors are placed in holes
drilled in stainless steel housings as shown in figure 5.3-3 and
are also placed in three axial locations in each capsule assembly
(figure 5.3-1) to provide an axial profile of the maximum
temperature to which the specimens were exposed.

|5.3.1.6.5 Irradiation Locations. The test specimens are
enclosed within six capsule assemblies the axial positions of |

which are bisected by the midplane of the core. A summary of the
specimens contained in each of these capsule assemblies is
presented in Table 5.3-4.

|,
,

C '
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The test specimens contained in the capsule assemblies are used
for monitoring the neutron-induced property changes of the
reactor vessel materials. These capsules, therefore, are
positioned near the inside wall of the reactor vessel so that the
irradiation conditions (fluence, flux spectrum, temperature) of
the test specimens resemble as closely as possible the
irradiation conditions of the reactor vessel. The neutron
fluence of the test specimens is expected to be within 15% of
that seen by the adjacent vessel wall, so the measured changes in
properties of the surveillance materials will closely approximate
the radiation induced changes in the reactor vessel beltline
materials.

The capsule assemblies are placed in capsule holders positioned
circumferentially about the core at locations which include the
regions of mrximum flux. Figure 5.3-4 presents the exposure
locations for the capsule assemblies.

All capsule assemblies are inserted into their respective capsule
holders during the final reactor assembly operation.

5.3.1.6.6 Withdrawal Schedule

The capsule assemblies remain within their holders until thes

J specimens contained therein have boon exposed to predetermined
levels of fast neutron fluence. At that time, the capsule
assembly is removed and the surveillance materials are evaluated.
The capsule assembly removal schedule and the associated target
fluence is presented in Table 5.3-7.

The target fluence levels for the surveillance capsules are
determined at the azimuthal locations at the time intervals
indicated in the withdrawal schedule in 10CFR50, Appendix H,
Section 11.C.3.b. The fluence values in Table 5.3-7 are accurate
within +10%, -40%. The uncertainty is composed of errors in the
calculational method and errors in the combined radial and axial
power distribution.

Withdrawal schedules may be modified to coincide with those
refueling outages or plant shutdowns most closely approaching the
withdrawal schedule. The three standby capsules are provided in
the event they are needed to monitor the effect of a major core
change or annealing of the vessel, or to provide supplemental
toughness data for evaluating a flaw in the beltline.

|

5.3.1.6.7 Irradiation Effects Prediction Basis

The design curve used to predict the radiation induced increase
in transition temperature is shown in Figure 5.3-5. predicted

n
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changes in the transition temperature are used to select the
surveillance materials (Section 5. 3 .1. 6.1) and to formulate the
initial heat-up and cool-down limit curves for plant operation.
Once actual post-irradiation surveillance data become available
for each System 80 reactor vessel, those data vill be used to
adjust plant operating limit curves.

Figure 5.3-5 was conservatively drawn using the data given in
Table 5.3-8 including SA 533 B Class 1 plate and weld zone
material typical of that used in the fabrication of the System 80
reactor vessel beltline materials. The curve is applicable for
materials with copper contents of 0.10 w/o or less, consistent
with System 80 beltline material specifications, irradiated at
550F 25F.

5.3.1.7 Reactor Vessel Fasteners

The bolting material for the reactor vessel closure head is
fabricated from SA 540, B23 or B24, Class III material. This
material conforms to the requirements of 10CFR50, Appendix G and
Regulatory Guide 1.65, "Materials and Inspections for Reactor
Vessel Closure Studs".

O C-E specifies the use of a manganese phosphate coating on threads
'O of studs, nuts and washers to improve antigalling properties and

resistance to corrosion. In addition, Super Moly lubricant
(containing molybdenum disulfide) is specified to be added to
threads and bearing surfaces at installation to further enhance
antigalling properties. Laboratory testing and field experience
to date have shown no evidence of deleterious breakdown of either
phosphate coating or lubricant.

1

5.3.2 PRESSURE-TEMPERATURE LIMITS |
|

All components in the reactor coolant system are designed to |
withstand the effects of cyclic loads due to reactor coolant I

system temperature and pressure changes. These cyclic loads are
introduced by normal unit load transients, reactor trips and
startup and shutdown operation.

|

During unit startup and shutdown, the rates of temperature and
pressure changes are limited. The design number of cycles for
heatup and cooldown is based upon a rate of 100F/h.

The maximum allowable reactor coolant system pressure at any
temperature is based upon the stress limitations for brittle
fracture considerations. These limitations are derived by using
the rules contained in Section III of the ASME Code, including
Appendix G, Protection Against Nonductile Failure and the rules

(3
V
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contained in 10CFR50, Appendix G, Fracture Toughness
Requirements. Compliance with the criteriu in 10CFR50, Appendix
H is discussed in Section 5.3.1.6.

5.3.2.1 Limit Curves

Limitations on pressurization are determined using material
property test data, for Reactor Coolant Pressure Boundary
material, as required by Appendix G to Section III of the ASME
Code. An initial RT of (later)* is assu.acd for the reactor |gvessel beltline matMNal, as required by the reactor vessel
equipment specifications. For the remaining material of the
reactor coolant system, a limiting RT of (later) * is assumed. |Bg

As a result of fast neutron irradiation in the region of the
core, RT will increase with operation. The techniques used to
analyticNNy and experimentally predict the integrated fast
neutron (E 2 1 MeV) fluxes of the reactor vessel are described in
Sections 5.3.1.4 and 5.3.1.6.

Since the neutron spectra and flux measured at the samples and
reactor vessel inside radius should be nearly identical, the
measured reference transition temperature shift for a sample can
be applied to the adjacent section of the reactor vessel for

pd later stages in plant life equivalent to the difference in
calculated flux magnitude. The maximum exposure of the reactor
vessel will be obtained from the measured sample exposure by
application of the calculated azimuthal neutron flux variation.

The actual shif t in RT[dingwill be established periodically duringplant operation by t of reactor vessel material samples
which are irradiated cumulatively by securing them near the
inside wall of the reactor vessel as described in Section 5.3.1.6
and shown in Figure 5.3-4. To compensate for any increase in the
RT caused by irradiation, limits on the pressure-temperature
reYEionship are periodically changed to stay within the stress
limits during heatup and cooldown.

A figure is provided in Chapter 16 as a typical example of the |

intended pressure-temperature limitations determined in I
accordance with Appendix G, 10CFR50 for normal heatup and
cooldown operation of the reactor coolant system.

|

)
The limit lines identified are based on the following:

J

A. Heatup and Cooldown Curves (from Section III of the ASME
Code Appendix G-3:215)

2K7g + KIT=
IR

*To be revised pending resolution of EPRI Topic Paper. B
j
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Allowance strass intensity factor at temperaturesK =
IR related to RT (ASME III Figure G-2110-1)NM

Stress intensity factor for membrane stressK =
73 (pressure). The 2 represents a safety factor. of 2

on pressure.

Stress intensity factor for radial thermal gradient.K =
IT

The above equation is applied to the reactor vessel beltline.

For plant heatup, the thermal stress at the vessel beltline I.D.
is opposite in sign from the pressure induced stress, thus
tending to cancel each other out. These same stresses however,
are similar in sign, and hence additive at the vessel 0.D. This
stress level variation across the wall, in conjunction with the
fact that the neutron fluence (and hence RT shift) is higher
at the inside wall, necessitates the inv E igation of crack
locations on both the O.D. and I.D. surfaces.

For conservatism, therefore, the following areas are specifically
analyzed:

1. An "isothermal" heatup (i.e., K 0) transient with a T/4
L) crack on the inside surface of b = beltline.n

2. A conventional heatup transient with a T/4 crack on the
outside surface of the beltline.

For plant cooldown thermal and pressure stress are additive. The
design cooldown rate of 100F/hr is used for calculation.

N"
IM M

ASME III, Figure G-2214-1M =g

Pressure, lb/in.29P =

Vessel radius - in.R =

Vessel wall thickness - in.t =

IT YW"
|

ASME III, Figure G-2214-2M =
T

Highest radial temperature gradient through wall atAT =
g

end of cooldown.

|
n |

\

|
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K is therefore calculated at a maximum gradient and is
cbsidered A for cooldown and zero for heatup.a constant =

M R/T is also a constant = B.g

Therefore:

K BP + A=yp

3 -AK
p .

8 ,

K is then varied as a function of temperature from Figure
GU110-1 of ASME III and the allowable pressure calculated.
Inst rumentation errors of 13F and 100 psi are considered when
plotting the curves. Whenever the core is critical, an
additional 40F is added to these curves as required by 1-CFR50,
Appendi:( G.

B. System Hydrostatic Test

The system hydrostatic test curve is developed in the same manner
as in A above, with the exception that a safety factor of 1.5 is
used as allowed by ASME III in lieu of 2.

5 1

V C. Lowest Service Temperature

As indicated previously, an RT for all material with the
exception of the reactor vessel II M line was (later)*. ASME III, |B
Article NB-2332 (b) requires a lowest service temperature of
RT + 100F for piping, pumps and valves. Below thistehrature, a pressure of 20% of the system hydrostatic test
pressure cannot be exceeded.

D. Maximum Pressure for Shutdown Cooling

This pressure is established by considering the design pressure i

of the shutdown cooling system, shutoff head of the shutdown |
Bcooling (SC) pumps, elevation head from the pressurizer to the

LPSI pumps, instrument and interlock tolerances, and the design
temperature of the shutdown cooling system.

|
The pressure-temperature limitation cut 7es ire predicted for the !

design life of the plant. During plant life the surveillance
capsules (refer to Section 5. 3. 3. 7) will be removed from their
location in the reactor vessel for testing. The data obtained
will be compared to that used to develop the predicted limitation
curves presented in the Technical Specifications. If this I

*To be revised pending resolution of EPRI Topic Paper.
B

(1
Amendment B

5.3-14 March 31, 1988 |

|

|



( EfifiAllt innficario:, |

|

(~h
%J |

information indicates anomolies to the existing predictions, the j
curves will be redrawn as previously indicated to reflecu actual '

data.

5.3.2.2 ODeratina Procedures

Pressure-temperature limitations and additional information are
described in the Technical Specifications. The
pressure-temperature limit curves provided have been prepared in
accordance with Appendix G, ASME Code, Section III. Maintenance
of reactor coolant system (RCS) pressure and temperature within
these prescribed limits ensures that the integrity of the reactor
coolant pressure boundary (RCPB) is maintained.

5.3.3 REACTOR VEDSEL INTEGRITY

C-E designs and fabricates the reactor vessels for System 80.
C-E has been involved in reactor vessel design and fabrication
since the late 1950's, and this proven expertise is reflected in
the System 80 reactor vessels and the satisfactory performance of
large numbers of reactor vessels in operating plants.

Vessel integrity is ensured because proven fabrication techniques
,e3 are employed and because well characterized steels, which exhibit
() uniform properties and consistent behavior, are used. The

characterization of those materials was established through
industrial and governmental studies which examined the
prefabrication material properties through to irradiated service
operation. Inservice inspection and material surveillance
programs are also conducted during the service life of the
vessel, which further ensures that vessel integrity is
maintained.

5.3.3.1 Desian

Applicable design codes are found in Table 5.2-1. A schematic of
the reactor vessel is shown in Figure 5.3-6. Additional
information on design may be found in Section 5.3.1.2.

The design permits all required inspections to be performed, and
does not preclude access to areas requiring inservice inspection.

5.3.3.2 Materials of Construction

The materials used in the construction of the reactor vessel, as
listed in Table 5.2-2, are in accordance with Section III of the
ASME Boiler and Pressure Vessel Code.

Ov
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CESSAR Emincua

3(g
5.3.3.3 InkILg3 tion Methode_

Fabrication of the reactor vessel is described in Section
5.3.1.2. Fabrication processes used in construction of the
reactor vessel comply with Sections III and IX of the ASME B&PV
Code.

5.3.3.4 Inspection Requirements

Inspection requirements of ASME Code, Section III are discussed
in Section 5.3.1.3.

5.3.3.5 Shionent and 2nstallation

The requirements of Regulatory Guide 1.38 are followed in the
packaging and shipment of the reactor vessel. Regulatory Guides
1.37 and 1.39 address requirements during the construction phase
and are addressed in the site-specific SAR. |B
The reactor vessels are prepared to be shipped by barge or rail
to the site, while mounted on the shipping skid used for
installation. The vessels are protected by closing all openings
(including the top of the vessel) with wooden shipping covers.
The closure heads are shipped with separate skids and covers,p

y Vessel surfaces and covers are sprayed with a strippable coating
for protection against corrosion during shipping and
installation. Prior to the welding of inter-connecting piping,
and installation of insulation; the temporary protective coating
is removed by peeling.

5.3.3.6 Operatina Conditions

See site-specific SAR. |B
5.3.3.7 Inservice surveillance

The reactor vessel surveillance program is deriribed in detail in
Section 5.3.1.6. It is designed on the basis of 10CFR50,

|BAppendix H and ASTM E185-82. Standard reference material to
corroborate the post-irradiation surveillance data and precracked
Charpy impact specimens to enable determination of fracture
toughness properties bufore and after irradiation are included in
the program. Standard Charpy specimens in excess of the number
required by E185-82 are included for key materials to increase B

the accuracy in defining post-irradiation index temperatures.
When combined with the use of highly radiation resistant
materials in the beltline of the reactor vessel, this
surveillance program p.rovides maximum assurance, consister.t with
commercial requirements, of the integrity of the reactor pressure
vessel in terms of strength and fracture resistance.

O
Amendment B
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The inservice inspection program is described in the
site-specific SAR.

REFERENCES FOR SECTION 5.3.1

1. "C-E Procedure for Design, Fabrication, Installation and
Inspection of Surveillance Specimen Holder Assemblies,"
Combustion Engineering Topical Report, CENPD-155-P-A,

B
Approved November 1985.

O
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Table 5.3-1

TOTAL QUANTITY OF $PECIllutS

,

"

Quantity
i Meld ITyse of $secimen Orientation Base Metal Netc1 _tN_. SWI '} Total

Drop Weight Longitudinal 12 - - - 12
Transverse 12 12 12 - 36

Standard Charpy Longitudinal 78 - - 39 117
Transverse 102 102 102 - 306

Tensile Longitudinal 18 - - - 18 '

{ Transverse 36 36 36 - 108

Total 258 150 150 39 597 >
,

|

i
i

j a. Standard Reference Material characterized by Heavy Section Steel Technology (HSST) Program.
i

i

l
,

l

(

-

__ - - - _ _ _ - _ _- _ _- _ _ _ _ - ___ - _ _ _ _ ____ _ _ . - _ _ . - - . - . - . . - - -. . = . . _ _ _ _ . . . _ - _ _ - _ _ _
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I Table 5.3-2

- TYPE add QUANTITY OF SPECIMENS FOR BASELINE TESTS

:
Ouantity<

Weld-

i TYDe of SDecimen Orientation Base Metal Metal HAZ SRM(*) Total

i Drop Weight Longitudinal 12 - - - 12
~

Transverse 12 1E 12 - 36

Standard Charpy Longitudirial 30 - - 15 45
Transverse 30 30 'O - 90

Tensile Longitudinal 18 - - - 18
Transverse 18 18 18 - 54

Total 120 60 60 15 255

i a. Standard Reference Material.
.

I

!

:

| ,

.I

i
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Table 5.3-3

TYPE AND QUANTITY OF SPECIMENS FOR
| IRRADIATION EXPOSURE AE IRRADIATED TESTS
1

OuantitY
Weld

Type of Specimen Orientation Base Metal Metal HAZ SRM(a) Total

i Standard Charpy Longitudinal 48 - - 24 72
I Transverse 72 72 72 - 216
i

Tensile Transverse 18 18 18 - 54

Total 138 90 90 24 342

i

.,

a. Standard Reference Material
1

|

,

I

i

i

l

I

i
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Table 5.3-4
I

TYPE AND QUANTITY OF SPECINENS CONTAINED
IN EACH IRRADIATION CAPSULE ASSEN8LY

Base Metal Weld Metal HAZ Total Specimens.

Reference
Capsule Impact Tensile Impact Tensile Impact Tensile Impact (*) Impact Tensile

L(b) T(c)'

1 12 12 3 12 3 12 3 -- 48 9

2 12 12 3 12 3 12 3 -- 48 9

3 -- 12 3 12 3 12 3 12 48 9

4 12 12 3 12 3 12 3 -- 48 9

5 -- 12 3 12 3 12 3 12 48 9

6 12 12 3 12 3 12 3 -- 48 9

48 72 18 72 18 72 18 24 288 54
1
:
a

;

a. Reference material correlation monitors

b. L - Longitudinal

c. T - Transverse
.

e

_ ___ _ _ _ _ _ _ _ _ _ _ ___ _ . _ _ _ _ _ _ . _ _ _ _ _ . _ _ _ _ _ .
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TABLE 5.3-5 i

CANDIDATE MATERIALS FOR NEUTRON THRESHOLD DETECTORS

Material Reaction Threshold Eneray (MeV) Hal f-Li fe

93 93m
Niobium Nb (n,n) Nb 0.03 16 years

B

Neptunium Np237 (n,f) Csl37 0.5 30.2 years

238 l37
Uranium U (n,f) Cs 0.7 30.2 years

Sulfur S32 (n.p) P32 2.9 14.3 days

Iron Fe54 (n,p) Mn54 4.0 314 days

Nickel NiS8 (n,p) CoS8 5.0 71 days

Copper Cu63 (n,cs) Co60 7.0 5.3 years

Titanium Ti46 (n,p) Sc46 8.0 84 days

O Co $ (a,1) CoSS Thermal 5.3 yearsCobait

1

|

1

O
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TABLE 5.3-6

COMPOSITION AND MELTING POINTS OF
CANDIDATE MATERIALS FOR TEMPERATURE MONITORS

Composition Melting Temperature
(wt%) (*F)

80 Au, 20 Sn 536

90.0 Pb, 5.0 Sn, 5.0 Ag 558 |

97.5 Pb, 2.5 Ag 580

97.5 Pb, 0.75 Sn, 1.75 Ag 590

O

i

O
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Table 5.3-7

CAPSULE AOSEMBLY REMOVAL SCHEDULE

Target
Azimuthal Removal Fluenge

Caosule Location Time (n/cm )

1 38' Standby -------

2 43' Standby --- gg-
3 137' 5 EFPY 6x:0
4 142' Standby ---- 79
5 230' 15 EFPY 1. 7x10 I9
6 310' 24 EFPY 2.7x10

Note: Schedule may be modified to coincide with those refueling outages or
schedule shutdowns most closely approximating the withdrawal
schedule.

O

O
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5.4 COMPONENT AND SUB8YSTEM DESIG_H

5.4.1 REACTOR COOLANT PUMPS

The reactor coolant pumps provide sufficient forced circulation
flow through the reactor coolant system to assure adequate heat
removal from the reactor core during power operation. A low
limit on reactor coolant pump flow rate (i.e., design flow) is
established to assure that specified acceptable fuel design
limits are not exceeded. Design flow is derived on the basis of
the thermal-hydraulic considerations presented in Section 5.2.

The reactor coolant pump and motor assembly in conjunction with
the flywheel, provide sufficient coastdown flow following loss of
power to the pumps to assure adequate core cooling.

The reactor coolant pump pressure boundary is designed for the
transients given in Section 3.9 so that the ASME Code Section III
allowable stress limits are not exceeded for the specified number
of cycles. Stress criteria concerning earthquake and pipe
rupture conditions are presented in Section 3.9.3.

The design overspeed of the reactor coolant pump is 125 percent
of normal speed.

5.4.1.1 Pump Flywheel Intecrity

1. The material used to manufacture the flywheel of the reactor
coolant pump motor will be produced by a commercially
acceptable process that minimizes flaws, such as the vacuum
melt and degassing process. This provides adequate fracture
toughness properties under reactor operating conditions.
The acceptance criteria for flywheel design will be
compatible with the safety philosophy of the PVRC primary
coolant pressure boundary criteria as appropriate
considering the inherent design and functional requirement
differences between the pressurt boundary and the flywheel.

a. The reference nil-ductility temperature (RT of thefrom the drop-weight N)tsmaterial, as obtained (DWT)
Performed in accordance with specification ASTM-E-208
will be no greater than 10*F.

b. The Charpy V-notch (Cv) upper shelf energy level, in
the "weak" (Wr) direction, as obtained per ASTM-A-370
will be no less than 50 ft-lb. A minimum of three Cv
specimens will be tested from each plate or forging.

O
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c. The minimum fracture toughness of the material at the l

normal operating temperature of the flywheel will be
equivalent to a dynamic stress intensity factor (K
dynamic) of at least 100 ksi/in. Compliance will b
demonstrated by either of the following:

1. Testing of the actual material of the flywheel to
establish the KIC (dynamic) value at the normal |

operating temperature, or

2. Use of a lower bound fracture toughness curve
obtained from. tests on the same type of material. ,

The curve will be translated along the temperature
coordinate until the KIC (dynamic) value of 45
ksi/in. is indicated at the NDT of the material,
as obtained from drop-weight tests,

d. Each finished flywheel will be subjected to a 100
percent volumetric ultraconic inspection from the flat
surface per ASME BPVC Section III.

This inspection will be performed on the flywheel after
final machining and overspeed test.

O e. If the flywheel is flame cut, at least 1/2 inch of
stock will be left on the outer and bore radii, for
machining to final dimensions.

f. The flywheel will be subjected to a magnetic particle
or liquid- penetrant examination per "Section III"
before final assembly. The inspection will be
performed on finished machined bores, keyways, and on |

both flat surfaces to a radial distance of 8 inches
minimum beyond the final largest machined bore diameter
but not including ~small drilled holes. There will be
no stress concentrations such as stamp marks, center
punch marks, or drilled or tapped holes within 8 inches
of the edge of the largest flywheel bore.

2. The flywheels will be designed to withstand normal operating
conditions, anticipated transients, and the largest
mechanistic LOCA break size defined in CENPD-168 (Revision
1) combined with the Safe Shutdown Earthquake.

The following criteria will be satisfied: j
1

a. The combined stress, both centrifugal and interference,
at normal operating speed will not exceed one-third of
the minimum specified yield strength for the material'

selected in the direction of maximum stress;

O
S.4-2
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b. The design speed of the flywheel will be 125 percent of

normal operating speed.

The lowest of the critical speeds of the flywheel will
be at least 10% above the highest anticipated overspeed
of the pump. The highest anticipated overspeed is
predicted for a discharge leg break of the largest
break size defined in CENPD-168 (Revision 1).

c. The combined centrifugal and interference stresses at
the design speed will be limited to two-thirds of the
minimum specified yield strength. Design speed is
defined as 125 percent of normal operating speed.

d. The motor and pump shaft or bearings and coupling will
withstand any combination of normal operating loads or
anticipated transients, and the design basis
Loss-of-Coolant Accident combined with the Safe
Earthquake Shutdown.

Each flywheel will be tested at design speed, 125 percent of
normal operating speed, as defined in Step 2.b, above.

The flywheel will be accessible for 100 percent in-placeO, volumetric ultrasonic inspection. The flywheel-motor
assembly is designed to allow such inspection with a minimum
of motor disassembly.

5.4.1.2 DescriDtion

Table 5.4.1-1 lists the principal parameters of the reactor
coolant pumps and Figure 5.4.1-1 depicts the arrangement of the
pump and motor. Reactor coolant pump supports are discussed in
Section 5.4.14. The pump piping and instrument diagram is given
in Figure 5.1.2-2.

The four reactor coolant pumps are vertical, single stage bottom
suction, horizontal discharge, motor-driven centrifugal pumps.
The pump impeller is keyed and locked to its shaft. Pump shaf t
alignment is maintained by a water lubricated radial bearing
within the pump and by radial and thrust bearings located in the
motor stand. The pump and motor shafts are directly connected by
a coupling.

The shaft seal assembly consists of two face-type, mechanical
seals in series, with controlled leakage bypass to provide the
same pressure differential across each seal. The seal assembly
is designed for 2500 psi differential and to reduce the leakage
pressure from Reactor Coolant System pressure to the volume

O
5.4-3
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control tank pressure. A third, face-type, low-pressure vapor
seal at the top is designed to withstand system operating
pressure when the pumps are not operating. The leakage past the
second pressure seal and the controlled leakage is piped to the
volume control tank in the Chemical and Volume Control System.
Leakage past the low-pressure vapor seal is collected and piped
to the reactor drain tank.

The temperature of the water in the seal assembly is maint:ained
within acceptable limits by a watercooled heat exchanger. Water
is also injected into the seal area from an external seal
injection system. The performance of the shaft seal system is
monitored by pressure and temperature sensing devices in the seal
system. The seal assembly can be replaced without draining the
pump casing or removing the shaft.

The seal assemblies are designed to limit seal leakage plus
controlled bypass flow to approximately the values given below:

Seal leakage plus controlled bypass flow, per pump:

All seals functioning (normal) 3.9 gpm;
One seal functioning (abnormal) 5.4 gpm.

]- The motor is sized for continuous operation at the flows
resulting from four-pump or one-pump operation with 1.0 to 0.74
specific gravity water. The motors are designed to start and
accelerate to speed under full load with a drop to 80 percent of
normal rated voltage at the motor terminals.

Each motor is provided with an antireverse rotation device. The
device is designed to prevent impeller rotation in the reverse
direction due to each of the following conditions: motor
starting torque, if the motor was incorrectly wired for reverse
rotation; reactor coolant flow through the pump in the reverse
direction due to a pump suction line LOCA.

5.4.1.3 Evaluation |

The reactor coolant pumps are sized to deliver flow that equals
or exceeds the design flow rate utilized in the thermal hydraulic
analysis of the Reactor Coolant System. Analysis of steady-state
and anticipated transients is performed assuming the minimum
design flow rate. Tests are performed to evaluate reactor
coolant pump performance during the post core load hot functional
testing to verify adequate flow.

Leakage from the pump via the pump shaft is controlled by the
shaft seal assembly. Reactor coolant entering the seal chambers

O
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is cooled and collected in closed systems to prevent reactor
coolant leakage to containment. Instrumentation is provided to
monitor seal operation.

The design speed of the flywheel is 125 percent of normal speed.
An overspeed test of each flywheel at the design speed is
performed prior to assembly. Refer to pump flywheel integrity
Section 5.4.1.1.

In the event of a break in the reactor coolant pump suction
piping, the anti-reverse rotation device prevents impeller
rotation in the reverse direction. In the event of a discharge
pipe break, increased flow through the pump tends to accelerate
the pump impeller. The highest anticipated overspeed is
predicted for a discharge leg break of the largest break size
defined in CENPD-168. The highest pmdicted LOCA overspeed is
less than the lowest critical speed of the flywheel.

The pump and motor oil lubricated bearings are lubricated by
internal oil systems. Each bearing assembly has its own internal
oil system consisting of either an oil bath type or force-feed
type system. During normal operation, no external pumps will be
required because pumping action is accomplished by internal
pumping devices. Lubricating oil is cooled by cooling coils

O- submerged in the oil sumps. Both sumps and cooling coils are
internal to the motor structural frame and are designed for
Seismic Category I operation, and use the intent of the ASME
Boiler and Pressure Vessel Code, Section III, Class 3 as a guide
for design and construction. This is established within the
Combustion Engineering Topical Report, CENPD-201-A, which
demonstrates the reactor coolant pump performance during a loss
of component cooling water incident. Although the pump-motor
assembly operation is not considered necessary for plant safety,
this design minimizes the direct effects of seismic events on the
reactor coolant pump and motor assembly oil lubricating systems
so that adequate coast down characteristics are not detrimentally
affected.

Bearing metal temperatures, oil flow and/or pressure oil levels,
cooling water flow and/or pressure are continuously monitored and
alarmed in the control room.

In the unlikely event that component cooling water to the reactor
coolant pump and motor oil lubricating systems is not available
or that an oil leak occurs during operation, the operator is
alerted as soon as cooling water to the oil system is lost and
has a time period of at least 30 minutes in which to reduce
power, if necessary, isolate cooling water and shutdown the
reactor coolant pump motor assembly to prevent bearing seizure.

O
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This time limit is established in the Topical Report CENPD-201-A.
Combustion Engineering will perform a test to verify the analysis
in Appendix A. The component cooling water will be secured to |

the pump lubrication oil sumps and data taken so as to
demonstrate the heat up rate of the oil sump up to a maximum sump
temperature of 200'F. A test securing cooling water to the pump
seals will also be performed to demonstrate the seals operability
as detailed in Combustion Engineering Topical Report CENPD-201-A.
In the remote possibility of a simultaneous loss of component
cooling water to all reactor coolant pump motor assemblies, 30
minutes is adequate to secure the plant and maintain the normal
coast down capabilities of the reactor coolant pump motor
assemblies.

During a loss of component cooling water event, it is unlikely !
that a shaft seizure due to bearing failure will occur for the 4

Ifollowing reasons:
|

1. The design is such that the heat generated in the bearing
normally carried away by the cooling water, is transferred
by alternate paths. The lube oil sump baths surrounding the
bearings, the stagnant cooling water remaining in the heat
exchanger coils, and the bearing and sump assembly metal
masses, all act as heat sinks. Also conduction down the

O ou 9 shefe end outer sump she11 redietion he19 to reduce tr e
temperature rise.

2. The rotation of the bearing assemblies insures adequate oil
flow and mixing of heated oil to insure the heat transfer as
described in 1.

3. In the event that the oil temperature rises such that the |
viscosity degrades significantly, the design of the thrust i

bearing continues to produce a hydrodynamic film so as to I

preclude metal to metal contact.

4. Operation and test experience has demonstrated that the
reactor coolant pump motor assembly will operate without
cooling water to the lubricating oil system for at least the
calculated 30 minute time period.

Should an oil leak occur, redundant instrumentation will alert
the operator to shut down the reactor coolant pump motor assembly
and thereby avoid bearing damage.

In the event of an oil leak, the separation of lubrication
systems would limit the problem to a single reactor coolant pump.

O
5.4-6
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The loss of the oil in the bearing oil reservoir would not result
in bearing seizure for the following reasons:

1. Temperature and oil level monitors will provide appropriate
indication of an abnormal condition.

2. The vibration monitoring device furnished on the pump will
respond to bearing degradation and allow the operator to
shutdown the pump.

3. If the above protective measures fail, the high torque
produced by the motor will cause a slow breakdown of the
bearings and not a rapid shaft seizure. Industry experience
indicates that the babbitt bearing surfaces wear away and
the bearing pads and sleeves will be badly worn but the
shaft will continue to rotate.

If the extremely remote possibility of bearing seizure occurs
while the reactor coolant pump motor assembly is in operation,
adequate flow to the core is available from the other reactor
coolant pump motor assemblies as demonstrated by the one pump
loss of flow study.

Figure 5.1.2-2 shows a separate oil lift system which is required

O ror tert-up or ene au 9 ematv- rae o11 11re v te= rurai ne-
high pressure oil to the pump assembly thrust bearings, thereby
lifting the rotor and reducing bearing friction during pump
start-up. Interlocking devices are furnished which prevent pump
start-up until oil lift flow is established. The oil lift system
is automatically shutdown when the pump reaches full speed.
Since oil lift is not required during normal operation, an oil
leak in this system will not cause a bearing failure. ;

5.4.1.4 Tests and Insnections
1

The reactor coolant pump pressure boundary is nondestructively
inspected as required by ASME Section III for Class 1 components.
The pump casing inspections include complete radiography and
liquid penetrant or ultrasonic testing. The pump receives a
hydrostatic pressure test in the vendor's shop and with the
Reactor Coolant System. Inservice inspection of the pump
pressure boundary will be performed during plant life in )
accordance with ASME Section XI.

The pump assembly is performance tested in the vendor's shop over
at least the normal operating range in accordance with the
Standards of the Hydraulic Institute. The tests also demonstrate
ability of the pumps to function under the various operating
conditions specified. Tests commonly performed are hot and cold |

|

O
5.4-7
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performance and stop-start cycling. Special testing will also be
performed on one pump. Such testing will include loss of cooling
and/or seal injection water. Vibrations are monitored at several
places on the pump during shop testing.

In addition to meeting an absolute criterion for vibration
amplitude, the test results are examined for evidence of critical
speed problems.

The pump motors undergo a "routine" test in accordance with NEMA
MG-1. This test also confirms that the motors are within their
vibration limits. At least one motor is tested by being used as
the driver for the pump assemblies, during the pump
manufacturer's shop testing.

The following testing may also be performed where significant
seal experience is lacking to develop confidence in the sealing
system:

o seal materials testing for suitability in reactor
coolant environment.

o Long term testing of an entire seal assembly.

O To the ereetest extene grecticebte, ett condietons of overetion
within the reactor coolant pump will be duplicated.

Reactor coolant pump flywheel inspections and testing are
described in Saction 5.4.1.1.

B

|

|

|
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TABLE 5.4.1-1

REACTOR COOLANT PUMP PARAMETERS

Number of Units 4

Type vertical, single

stage centrifugal

Design Total Dynamic Head, ft* 365

Design Flow, gpm 111,400

Design Pressure, psia 2500
,

Design Temperature, F 650 |

Normal Operating Pressure, psia 2250

Normal Operating Temperature, F* 565

NPSH Required (at design flow), ft* 220

Suction Temperature, F* 564.5
3Water Volume, each, ft 98.4

Weight (inclv. ding motor) , dry, lbs. 279,000

Shaft Seals Mechanical Face(}
Seals

Pump Speed, rpm * 1190

Motor Synchronous Speed, rpm 1200

Motor Type AC Induction

Horsepower, hot * 9000

cold 12,000

Rated Brake Horsepower 12,000

Voltage 13,200

Phase 3

Frequency 60 Hz

Insulation Class F

Starting Current, at 100% Voltage, amps 3,000

* Parameters are related to four-pump, full power operating

conditions.

O
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5.4.2 STEAM GENERATORS

5.4.2.1 Desian Bases

The two steam generators are designed to transfer 3817 MWt from
thg RCS to the secondary system, producing approximately 17.12 x
10 lb/h of 1000 psia saturated steam, when provided with 450'F |B
feedwater. Moisture separators and steam driers in the shell
side of the steam generator limit the moisture content of the
steam to 0.25 wt% during normal operation at full power. The !
steam generator design parameters are listed in Table 5.4.2-1. j

The steam generators, including the tubes, are designed for the
RCS transients listed in Section 3.9.1 so that the code allowable
stress limits are not exceeded for the specified number of
cycles. All transients have been established based on j
conservative assumptions of operating conditions in consideration '

of supportive system design capabilities. The steam generators
will be capable of sustaining the following additional design
transients without exceeding code allowable stress limits:

a. Fifteen secondary side hydrostatic tests with secondary side |Bpressurized to 1-1/4 times the design pressure and the
primary side pressurized so that the tube differential
pressure does not exceed 020 psid (test condition);

b. Three hundred secondary side leak tests with the secondary |Bside pressurized from 820 psir. to design pressure, with the
primary side pressurized so ' hat tube differential pressure
(secondary to primary) does not exceed 820 psid (test
condition) ;

c. Less than ten thousand cycles of adding 40'F feedwater at
(later)* gpm to the steam generator through the downcomer L,

feedwater nozzle when at hot standby conditions (normal
condition);

d. Seven hundred and fifty cycles of adding 40*F feedwater at
(later)' 7pm to the steam generator through the downcomer B

feedwatet nozzle during loading conditions (normal ;
condition); |

e. Seven hundred and fifty cycles of adding 100*F feedwater at B
(later)* gpm to the steam generator through the downcomer
feedwater nozzle during loading conditions (normal
condition) ;

f. Seven cycles of adding 40*F feedwater at 1750 gpm to the
steam generator through the downcomer feedwater nozzles

*Pending implementation of EPRI Chapter 5.
B

O
Amendment B
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during a steam line break. This provides for one steam line I

ibreak incident with the emergency feedwater cycled a maximum
of seven times (faulted condition)*

l

|Bg. Four hundred and twenty cycles of adding 40*F feedwater at
1750 gpm to the steam generator through the downcomer
feedwater nozzles with the flow initiated 30 seconds after a
loss of normal feedwater. This provides for 60 loss of |8 ,

normal feedwater incidents with the emergency feedwater
cycled a maximum of seven times (upset condition) ;

|Bh. Six thousand pressure transients of 85 psi across the
primary divider plate in either direction caused by starting
and stopping reactor coolant pumps (normal condition).

The steam generator was designed to ensure that critical
vibration frequencies are well out of the range expected during
normal operation and during abnormal conditions. The tubing and
tubing supports sre designed and fabricated with considerations
given to both secondary side flow induced vibration and reactor
coolant pump induced vibrations. In addition, the steam
generator assemblies are designed to withstand the blowdown
forces resulting from the severance of a steam nozzle. The steam
generator assemblies are also designed to withstand the severance

O or av oae or th re awater ao==1 - rn two oota at- r aot
considered simultaneously.

The steam generator tubes are Ni-Cr-Fe alloy, 3/4-inch OD, with
0.042-inch nominal wall thickness.

A steam generator tube rupture incident is a penetration of the
barrier between the reactor coolant system and the main steam
system. The integrity of this barrier is significant from the
standpoint of radiological safety in that a leaking steam
generator tube allows the transfer of reactor coolant into the

,

main steam system. Radioactivity contained in the reactor
'

coolant would mix with water in the shell side of the affected
steam generator. This radioactivity would be transported by

,

steam to the turbine and then to the condenser, or directly to !

the condenser via the Turbine Bypass System. Noncondensible !

radioactive gases in the condenser are removed by the main
condenser's evacuation system and discharged to the plant
ventilation system.

Experience with nuclear steam generators indicates that the
probability of complete severance of a tube is remote. A
double-ended rupture has never occurred in a steam generator of
this design. The more probable modes of failure, which result in
smaller penetrations, are those involving the occurrence of

O
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pinholes or small cracks in the tubes, and of cracks in the seal
welds between the tubes and tube sheet. Detection and control of
steam generator tube leakage is described in Section 5.2.

The concentration of radioactivity in the secondary side of the
steam generators is dependent upon the concentration of
radionuclides in the reactor coolant, the primary-to-secondary
leak rate, and the rate of steam generator blowdown. The
expected specific activities in the secondary side of the steam
generators during periods of normal operation are given in
Section 11.2.

The recirculation water within the steam generators will contain
volatile additives necessary for proper chemistry control. These
and other chemistry considerations of the main steam system are
discussed in Section 10.3.5.

5.4.2.2 Description

The steam generator is illustrated in Figure 5.4.2-1.
Moisture-separating equipment in the shell side of the steam
generators limits moisture content of the exit steam. Manways
and handholes are provided for access to the steam generator
internals. Reactor coolant enters at the bottom of each steam

O generator through the single inlet nozzle, flows through the
U-tubes, and leaves through the two outlet nozzles. A vertical
divider plate separates the inlet and outlet plenums in the lower

,

head. |

l

The steam generator with integral economizer is in most respects ;
similar to earlier U-tube recirculating steam generators. The
basic difference is that instead of introducing feedwater only
through a sparger ring to mix with the recirculating water flow
in the downcomer channel, feedwater is also introduced into a
separate, but integral section of the steam generator. A
semi-cylindrical section of the tube bundle, at the cold leg or
exit end of the U-tubes, is separated from the remainder of the
tubo bundle by vertical divider plates. Feedwater is introduced
directly into this section and pre-heated before discharge into
the evaporator section.

The lower portion of the evaporator section and the downcomer
channel occupy only one-half of the steam generator I
cross-section. The effect of this non-symmetry is considered in

'

calculation of recirculation ratio, internal flow considerations,
and in design of tube support structures.

|
|
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The steam-water mixture leaving the vertical U-tube heat transfer
surface enters the separators which impart a centrifugal motion
to the mixture and separate the water particles from the steam.
The water exits from the perforated separator housing and
recirculates through the downcomer channel to repeat the cycle.
Final drying of the steam is accomplished by passage of the steam
through corrugated plate dryers.

The pressure drop from the steam generator feedwater nozzles to
the steam outlet nozzle including the economizer is approximately
40 psi.

The steam generator supports are described in Section 5.4.14.

5.4.2.3 Economiser Intecrity

The economizer section is designed in full consideration of
operating transients, startup and standby operation, and accident
conditions such as loss of feedwater flow and feedwater line
break. The structural design of the various parts is adequate to
withstand the thermal and pressure loadings from these various
conditions, consistent with the appropriate load classifications
and design rules in the ASME Code, Section III, see Appendix G.

O rae co voaeat- or the tee- 9eaeretor ecoao izer ectioa neve
been designed for the primary stresses which occur due to the
blowdown associ.ated with a feedline break. The divider plates,
which separate the economizer region from the evaporator region
of the secondary d de, are supported from the vessel shell and
the central cylindrical support welded to the tubesheet. This
divider cylinder becomes an extension of the primary tubesheet
stay cylinder, though less massive, and extends the full height
of the economizer. The tube support / flow baffle plates are
supported from the vessel shell, the divider cylinder and the
tubesheet via an array of support rods. The support rods, which
also serve as support plate spacers are solid and designed for
either tensile or buckling loads. An (tfort has been made to
avoid the use of thin plates which may collapso when subjected to
differential pressure.

5.4.2.4 Steam Generator Materials

The pressure boundary materials used in the construction of the
steam generator are listed in Table 5.2-2. These materials are
in accordance with the ASME Boiler and Pressure Vessel Code,
Section III. Code cases used in the fabrication of the steam
generator are discussed in Section 5.2.1.

O
5.4-12
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The Class 1 components of the steam generator will meet the
fracture toughness requirements of the ASME code. An additional
discussion of fracture toughness testing is included in Section
5.2.3.

Discussion of the techniques used to maintain cleanliness during
final assembly and shipment are discussed in Section 5.2.3.
Onsite cleaning and cleanliness control for the steam generator
is discussed in the Applicant's SAR.

5.4.2.4.1 Steam Generator Tubes

The method of fastening tubes to the tube sheet conforms with the
requir6ments of Section III and IX of the ASME Code. Tube
expansion into the tube sheet is total with no voids or crevices
occurring along the length of the tube in the tube sheet.

Localized corrosion of tubing material has led to steam generator
tube leakage in some operating reactor plants. Examination of
tube defects that have resulted in leakage has shown that two
mechanisms are primarily responsible. These localized corrosion
mechanisms are referred to as (1) stress assisted caustic
cracking, and (2) wastage or beavering. Both of these types of
corrosion have been related to steam generators that have
eperated on phosphate chemistry. The caustic stress corrosion
type of failure is precluded by controlling bulk water chemistry
to the specification limits shown in Section 10.3.4. Removal of
solids from the secondary side of the steam generator is
discussed in Section 10.4.8.

Localized wastage or beavering has been eliminated by removing
phosphates from the chemistry control program.

Volatile chenistry (discussed in Section 10.3.4) has been |
successfully used in all C-E steam generators that have gone into j
operation since 1972.

5.4.2.5 Tests and Inspections |

Prior to, during and af ter fabrication of the steam generator,
nondestructive tests based upon Section III of the ASME Code are
performed.

Initial hydrostatic tests of the primary and secondary sides of ,

the steam generator were conducted in accordance with ASME Code, l

Section III. Leak tests were also performed. Following
satisfactory performance of the hydrostatic tests,
magnetic-particle inspections are maue on all accessible welds.

Inservice inspection of the steam generator is described in
Section 5.2.4. I

O i
11
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STEAM GE O k ETER$(a)

Parameter Value

Number of units 2

Heat transfer rate g SG, Btu /h 96.517 x 10
w/0.2% Blowdown ") 9 8

Iw/1.0% Blowdown 6.530 x 10

Primary Side
Design pressure / temperature (lb in.2gj.F) 2485/650

Coolant inlet temperature, 'F 615
B

Coolant outlet temperature, 'F 557

6Coolant flow rate, each, lb/h 82.0 x 10
3Coolant volume at 68F each, ft 2800

B

Tube size, 00, in. 0.75

Tube thickness, nominal, in. 0.042

Secondary Side
Design pressure / temperature (lb in.2,j.F) 1200/570

Steam pressure, lb/in.2 B
a 1000

'
6Steam flowrate (at 0.25% moisture) per SG, lb/h 8.56 x 10

Feedwater temperature at full power, 'F 450

Moisture carryover, weight maximum, % 0.25 i

Primary inlet nozzle, No./ID, in. 1/42

Primary outlet nozzle, No./ID, in. 2/30
i

Steam nozzle, No./ID, in. 2/28 I

Feedwater nozzles, No./ size / schedule (Economizer) 2/14/80

feedwater nozzles, No./ size / schedule (Downcomer) 1/6/80 |

Overall heat transfer cogfficient
Evaporator, Btu /h-ft - F 1371

2Economizer, Btu /h-ft 'F 593
B

Ta)Elowdownw/12% quality.

Amendment B
March 31, 1988

.. - - -. , _ - . -- . _._ -, -,



-

NO.
NO. SERVICE R EO'D

1 PRIMARY INLET 1

p 2 PRIMARY OUTLET 2

D) 3 DOWNCOMER FEEDWATER 1*

4 ST EAM OUTLET 2

5 BLOWDOWN 2

6 PRIMARY MANWAv 2

7 SECONDARY MANWAY 2

8 HANDHOLE 2 400
9 ECONOMl2ER FEEDWATER 2

10 RECIRCULATION NOZZLE 1
.

_|
STE AM OUTLET N PRES!URE TEST\ NOZZLENOZZL ES (2) ~

PEERLESS DRY ERS

tr'9 f \
157 STE AM t i \s

i ' 10 ' # 20'5"SEPARATORS pl ' #WITHOUT -- 0.0.
STANDPIPES %-- " RECIRCULATION
18" M ANWAYS (2) NO22LE

\ f' - r

''
DOWNCOMER FEEDWATER
NOZZLE 180 RING _b a y g .1. g wJ$g0

HEADER LOWERED
-g

"cs - ;
_

v 75,
_

en : INCRE ASED DOWN-
REPOSITIONED PRIMARY -

'- '
COMER VOLUME

18" M ANWAYS x

i t . -- i

p, i I NEW BEND REGION, 7, m,Q 7^ / SUPPORT DESIGNs

, @) , |
. , ' - - e- * -i

'* \ $ INCONEL 690 TT'" '/ l h \'X ! TUBING. , - - . _ - . - , ,o

h J,._s })}||ii - '

\ {

.. . } . . . = ,g-,. . .

2/
'

\ p.

3- y,
,

, -- ..}e -

b INTEGRAL AXtAL FLOW(3) HALF EGGCRATES -u
'

ECONOMitER. ---

"
(8") HANDHOLES ---

h HIGH CAPACITY
T1Q j BLOWDOWN,

SECONDARY #I | I

TUBESHEET DRAIN 1
'- REDESIGNED FLOW

DISTRIBUTION
PERMANENTLY MARKED r '

| TONGUE AND GROOVE
TUBESHEET .,a' 2 DIVIDER PLATE |

Amendment B 7" y I

FLsrch 31, 1988 ~-

PRIMARY CIDE DRAIN \ NOZZLES PREPARED FOR
NOZZLE DAM INSTALLATION

Figun

STEAM GENER ATOR 5.4.2A

-.



. -

CESSAR !!ha

O
5.4.3 REACTOR COOLANT PIPING

5.4.3.1 Desian Basig

Applicable design codes are found in Table 5.2-1. The reactor '

coolant loop piping is designed and analyzed for all transients
specified in Section 3.9.1. In addition, those nozzles subjected
to local thermal transients, caused by fluid entering the Reactor
Coolant System from an auxiliary system, are analyzed to ensure
that the nozzles can accommodate the additional transients.

In addition to being specified as Seismic Category I, the piping
is designed to ensure that critical vibration frequencies are
well out of the range expected during normal operation and during
abnormal conditions. Additional presentations relating to
seismic and dynamic analysis and criteria for the reactor coolant
piping is contained in Sections 3.7.2 and 3.9.2, respectively.

5.4.3.2 Descriotion

Each of the two heat transfer loops contains five sections of
pipe: one 42-in. internal diameter pipe between the reactor
vessel outlet nozzle and steam generator inlet nozzle, two 30-in.

q internal diameter pipes from the steam generator's two outlet
V nozzles to the reactor coolant pumps suction nozzle, and two

30-in. internal diameter pipes from the pumps discharge nozzle to
the reactor vessel inlet nozzles. These pipes are referred to as
the hot leg, the suction legs, and the cold legs, respectively.
The other major pieces of reactor coolant piping are the surge
line, a 12-in. pipe between the pressurizer and the hot leg, and i

the spray line, a 4-inch pipe at the pressurizer end reduced to a
3-inch pipe and connected to two (2) cold legs.

The 42-in, and 30-in, pipe diameter are selected to obtain
coolant velocities which provide a reasonable balance between
erosion-corrosion, pressure drop, and r.ystem volume. The surge
line is sized to limit the frictional pressure loss through it
during the maximum in-surge so that the pressure differential
between the pressurizer and the heat transfer loops is no more
than 5 percent of the system design pressure. The spray line
sizing is discussed in Section 5.4.10.

To reduce the amount of field welding during plant fabrication, i

the 42-in. and 30-in, pipes are supplied in major pieces, j
complete with shop-installed instrumentation nozzles and I

connecting nozzles to the auxiliary systems. Where required, the i

nozzles are supplied with safe ends to facilitate field welding i

of the connecting piping.

O
5.4-14
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Flow restricting orifices (7/32" dia. x 1" long) are provided in
the nozzles for the RCS instrumentation and sampling lines to
limit flow in the event of a break downstream of a nozzle.

5.4.3.3 Materials

The materials used in the fabrication of the piping are listed in
Table 5.2-2. These materials are in accordance with the ASME
Code, Section III. The provisions taken to control those factors
that contribute to stress corrosion cracking are discussed in
Section 5.2.3.

Fracture toughness of the reactor coolant piping is discussed in
Section 5.2.3.

5.4.3.4 Tests and Inspections

Prior to, during and after fabrication of the reactor coolant
piping, nondestructive tests based upon Section III of the ASME
code were performed. In addition, the fully assembled reactor
coolant system is hydrostatically tested in accordance with the
Code.

Inservice inspection of the reactor coolant system piping isg
discussed in Section 5.2.4.y

5.4.4 MAIN STEAM LINE RESTRICTIONS

The steam generator outjet nozzles are one piece forgings with an
integral venturi type flow restrictor. The venturi section of
the nozzle is designed to reduce the flow area by 70%.

5.4.5 MAIN STEAM LINE ISOLATION SYSTEM

The main steam line isolation system is composed of portions of
the main steam system and the engineered safety features
actuation system. Discussed here are those portions of these
systems that respond to a Main Steam Isolation Signal, as defined
in Section 7.3. A discussion of radiological considerations is
provided in Section 12.3.

5.4.5.1 Desian Bases

A. The main steam line isolation valves are designed to isolate
the steam generators and the main steam lines in the event
of a main steam line rupture.

B. The main steam line isolation valves are designed to perform
containment isolation functions for the main steam lines in
the event of a design basis accident, as discussed in

n
U
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Section 6.2.4. In the event of a steam line break outside
the containment, the isolation function serves to reduce the
potential leakage of radioactivity to the environment.

C. The main steam isolation valves are designed to isolate the
main steam lines and the steam generators as required for
maintenance.

;

C-E interface requirements for the main steam isolation
valves are listed in Subsection 5.1.4.

5.4.5.2 system Desian

5.4.5.2.1 General Description

Each of the four main steam lines is provided with a
power-actuated main steam isolation valve designed to stop flow
from either direction when it is tripped closed. Each valve is ;

located outside containment and is provided with means of
actuation from the engineered safety features actuation system,
meeting the requirc.ments of IEEE Standard 279.

The logic circuitry required to isolate the main steam lines is
discussed in Section 7.3. The main steam system valves and

O errease eat 111 de ai ou a in ene ette- veotrio s^a-
5.4.5.2.2 Component Description

The main steam isolation system consists of the main steam
isolation valves and their associated controls and
instrumentation. The main steam irolation valves are remotely
operated valves designed to either fail closed or be guaranteed
to close upon receipt of Main Steam Isolation Signal. The main
steam isolation valves can be monitored and controlled locally .

and in the control room. |
I5.4.5.2.3 System Operation

The main steam isolation valves are designed to isolate the main |
steam lines and the steam generators as required during operation
and under accident conditions.

A steam line break inside containment would result in a pressure
rise in the containment. Reverse flow protection is also
achieved through the main steam isolation valves. To achieve
reverse flow protection in the case of the main steam pipe
rupture, the valvt is fully closed within 5.0 seconds from
receipt of the initiating signal. 1

O'

|
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The main steam line isolation system components are qualified to
serve in the environment specified in Section 3.11.

5.4.5.3 Desian Evaluation

Design evaluations are listed to correspond with the design bases
listing.

A. The main steam isolation valves are capable of isolating the
steam generators within 5.0 seconds after receiving a signal |B
from the er.gineered safety features actuation system. In
the event of a steam line break, this action prevents
continuous uncontrolled steam release from more than one
steam generator. Protection is offered for breaks inside or
outside the containment.

B. The main steam isolation valves, their operators, and
associated circuitry are Seismic Category I, and are
protected against missiles and the effect of high-energy
line breaks.

5.4.5.4 Tests and Inspections

All main steam isolation valves are designed, fabricated, tested,
7_'

(") and installed in accordance with the codes and standards
identified in the interface requirements described in Section
5.1.4. Assurance of operability is discussed in Section 3.9.3 of
the Applicant's SAR.

5.4.6 REACTOR CORE ISOLATION COOLING SYSTEM

This system is not applicable to a Pressurized Water Reactor.

5.4.7 SHUTDOWN COOLING SYSTEM (To Be Revised; Amendment C) B

5.4.7.1 Desia_n Bases |

5.4.7.1.1 Summary Description )

The Shutdown Cooling System (SCS) is used in conjunction with the
Main Steam and Main or Emergency Feedwater Systems (see Sections i

10.1 and 10.4.7) to reduce the temperature of the Reactor Coolant |

System (RCS) in post shutdown periods from normal operating
temperature to the refueling temperature. The initial phase of
the cooldown is accomplished by heat rejection from the steam
generators (SG) to the condenser or atmosphere. After the
reactor coolant temperature and pressure have been reduced to
approximately 350*F and 400 psia, the SCS is put into operation
to reduce the reactor coolant temperature to the refueling
temperature and to maintain this temperature during refueling.

Amendment B
5.4-17 March 31, 1988
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The Shutdown Cooling Heat Exchangers (SDCHX) are also used during
the recirculation mode following a Loss-Of-Coolant Accident
(LOCA) or Main Steam Line Break (MSLB) for containment spray
purposes as described in Section 6.3.

The SCS is used in addition to the S.G. atmospheric steam release
capability and the Emergency Feedwater System to cooldown the RCS
following a small break LOCA (see Section 6.3). The SCS would
also be used subsequent to steam and feedline breaks, steam
generator tube ruptures, and is used to maintain flow through the
core during plant startup.

5.4.7.1.2 Functional Design Bases

The following functional design bases apply to the Shutdown
Cooling System:

a. No single active failure prevents at least one complete
train of the SCS from being brought on line from the control
room, whether this is during normal plant cooldown or
following a Design Basis Event.

b. The functional requirements defined in Paragraph 5.4.7.1.1
are met assuming the failure of a single active component

I"m) during shutdown cooling or a single active or limited
leakage passive failure of a component during the
recirculation mode following a Design Basis Event.

c. No single failure allows the SCS to be overpressurized by
the RCS. Shutdown Cooling System components whose design
pressure is less than the Reactor Coolant System design
pressure are provided with overpressure protection by usa of
interlocks, valve arrangement, and relief valves (see
Section 5.4.7.2.3).

d. The SCS lowers the Reactor Coolant System Temperature as
follows:

1) Two Train Cooldown
212*F - approximately 5.5 hours after reactor shutdown;

135'F - < 27.5 hours after reactor shutdown.

2) One Train Cooldown
212'F - approximately 6.5 hours after reactor shutdown;

135'F - approximately 97 hours after reactor shutdown. |

.

n
U
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Typical cooldown curves are shown in Figures 5.4.7-1 and
5.4.7-2.

e. The components of the shutdown cooling system are designed
in accordance with Section 5.4.7.2.4.

f. Materials are selected to preclude system performance
degradation due to the effects of short and long term
corrosion.

g. The shutdown cooling heat exchangers are sized to remove
decay heat 27-1/2 hours after shutdown based upon a
refueling water truperature of 135'F and a component cooling
water temperature of 105'F with an average reactor core
burnup of two years.

5.4.7.1.3 Interface Requirements

Below are detailed the interface requirements that the Shutdown
Cooling System places on certain aspects of the BOP, listed by
categories. In addition, applicable GDC and Regulatory Guides
which C-E utilizes in its design of the SCS are presented. Thess
GDC and Regulatory Guides are listed only to show what C-E
considers to be relevant, and are not imposed as interfacen

(J requirements unless specifically called out as such in a
particular interface requirement.

Relevant GDC - 1, 2, 3, 4, 10, 34, 35, 36, 37, 38, 39, 40, 50,
54, 56, 57

Relevant Reg.
Guides - 1.1, 1.4, 1.26, 1.28, 1.29, 1.31, 1.34, 1.36,

1.44, 1.46, 1.37, 1.48, 1.50, 1.51, 1.61, 1.64,
1.68, 1.73, 1.74, 1.75, 1.79, 1.84, 1.85, 8.8.

A. Power

1. Electrical power requirements for the motor operated
valves in the Shutdown Cooling System are contained in
Table 8.3.1-1.

2. The electrical supplies for Shutdown Cooling System
pumps, valves and instruments shall be as follows:

a. The Shutdown Cooling System pumps and valves shall
be capable of being powered from the plant's
normal and emergency power sources. Power
connections shall be through independent power
trains so that in the event of a LOCA, in

,7
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conjunction with the loss of normal power and a
single failure in the emergency electrical supply,
the capability of initiating shutdown cooling with
a minimum of one subsystem exists.

b. An independent electrical bus shall supply one
LPSI pump and the valves in the associated heat
exchanger train,

c. The shutdown cooling suction line isolation valves
(SI-651 through SI-656 on Figure 6.3.2-1B) shall
receive electrical power such that no fault to a
single power supply could open the valves to
connect the RCS and Shutdown Cooling System
inadvertently, nor could a fault to a single power
supply prevent opening all the valves of at least
one suction line during initiation of shutdown
cooling.

d. Two independent instrument power supplies shall be
provided for the Shutdown Cooling System
Instrumentation.

B. Protection From the Effects of Natural Phenomena

1. The location, arrangement, and installation of the
Shutdown Cooling System components shall be such that
floods (and tsunami and seiches for applicable sites)
or the effects thereof per the requirements of
Criterion 2 of lOCFR50 will not prevent them from
performing their safety functions.

2. The location, arrangement, and installation of the SCS
components shall be such that winds and tornadoes or
the effects thereof per the requirements of Criterion 2
of 10CFR50 will not prevent them from performing their
safety functions.

3. The location, arrangement, and installation of the SCS
components shall be such that they will withstand the
effects of earthquakes per the requirements of
Criterion 2 of lOCFR50 without loss of the capability
to perform their safety functions.

Failure of non-seismic systems and structures shall not
cause loss of either SCS train.

|
I

o)
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C. Protection From Pipe Failure

1. Pipe Break Considerations

The Shutdown Cooling System both inside and outsido
containmont shall be protected from the effects of
postulated high and moderate energy pipe rupture.

2. Pipe Leakage Considerations

No limited leakage passive failure or the effects
thereof (such as flooding, spray impingement, steam,
temperature, pressure, radiation, or loss of NPSH) in a
connecting system (e.g., Safety Injection System or
Containment Spray System) shall preclude the
availability of minimum acceptable shutdown cooling
capability. Minimum acceptable shutdown cooling
capability is defined as that provided by one LPSI pump
and its associated heat exchanger train.

All SCS instruments and associated instrument lines,
root valves, and isolation valves, shall be designed to
maintain pressure boundary integrity following a
seismic event.

Il
'

3. Design Requirements

For all parts of the SCS appropriate design procedures
shall be employed to ensure that a postulated pipe
failure does not result in a loss of function of the
SCS.

a. Protection of the SCS from the consequences of a i

postulated pipe failure shall be by (3) separation i

via physical plant layout, (2) pipe restraints, i

(3) protective structures, (4) watertight rooms, |

(5) isolation capability, or (6) other suitable l

|means.

b. Isolation valves (system and/or containment) used
,

to contain leakage shall be protected from the
adverse effects of a pipe failure which might
preclude their operation when required.

D. Missiles

1. For the portion of the SCS located inside containment,
appropriate missile barrier design procedures shall be
used to insure that the impact of any potential missilo

n
U
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will not lead to a Loss-Of-Coolant Accident or preclude
the system from carrying out its specified safety
functions.

2. For the portion of the SCS located outside containment,
appropriate design procedures (e.g., proper turbine
orientation, physical separation, or missile barriers)
shall be used to insure that the impact of any
potential missile does not prevent the system or
equipment from carrying out its specified safety
functions.

3. Appropriate design procedures shall be used to insure
that the impact of any potential missile does not
prevent the conduct of a safe plant shutdown, or
prevent the plant from remaining in a safe shutdown
condition.

E. Separation

1. Concrete compartments within containment shall serve as
protection for that portion of the SCS which is inside
the containment and thus could be subjected to credible
dynamic effects originating within the containment_

(j under the conditions of accidents the SCS is required
to mitigate. Separation via physical plant layout, .

pipo restraints, isolation capability, or other
suitable means shall be provided as necessary to guard
against damage to the ccmponents of the SCS inside the
containment from these dynamic effects.

2. Containment isolation valves, operators, and associated
power and control systems located outside the
containment that are part of the SCS shall be protected
from dynamic effects and loss of function resulting
from equipment failures and pipe ruptures ori7inating
in adjacent areas. protection from such failure and
: 1pture effects shall be by separation, enclosure,
I.straint, water-tight rooms or other suitable means.

3. Adequate physical separation shall be maintained
between the redundant piping paths and containment

1penetrations of the Shutdown Cooling System such that
i

the Shutdown Cooling System will meet its functional I

requirements even with a single active failure or a
limited leakage passive failure.

( |
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F. Independence

1. Electrical - See 5.4.7.1.3 (A.2.b.)
2. Environmental - See 5.4.7.1.3 (Q)
3. Mechanical - See 5.4.7.1.3 (C, D, E)

G. Thermal Limitations

1. Component Ccoling Water - See 5.4.7.1.3 (P)

2. Environmental - See 5.4.7.1.3 (Q)
H. Monitoring

1. The safety related instrumentation of the SCS is
identified in Table 7.5-2.

I. Operational / Controls

1. The SCS components shall be powered such that the
operational and control requirements of 5.4.7.1.3 (A)
are met.,_

''
2. The SCS shall meet the operation and control

requirements of 5.4.7.1.2.

J. Inspectien and Testing

1. All SCS ASME, Section III components shall be arranged
to provide adequate clearances to permit inservice
inspection.

1

2. Manually operated valves which contain reactor coolant |or other potentially radioactive liquids during normal |
plant operations shall be provided with handwheel |
extensions and shielding, to allow periodic actuation. '

3. SCS components which contain reactor coolant or other
potentially radioactive liquids during normal plant
operations, and which require access for periodic
pressure tests and nondestructive examination, shall be
capable of being flushed prior to testing. The low
pressure safety injection pumps shall provide the
driving head for flushing.

5.4-23
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4. System components not designed to ASME, Section III,
should be located such that the accens for periodic I
visual inspection for leakage, structural distress, and I

corrosion is possible.

5. System and component arrangement shall allow adequate
clearances for performance of inspections identified in
Chapter 16.

K. Chemistry / Sampling

1. The component cooling water shall contain corrosion
inhibitors. The water shall not contain scale-forming
compounds. The pH shall be controlled between 8.3 and
10.5. Chloride concentration shall be less than 1.0
ppm.

2. The Sampling System shall provide a means of obtaining
remote liquid samples from the Shutdown Cooling System
for chemical and radiochemical laboratory analysis.

3. The sample lines in cor. tact with reactor coolant shall
be austenitic stainless steel that is compatible with

q the fluid chemistry.

V
4. The sample lines shall be sized such that the fluid

velocity allows a representative sample and the purge
flowrate is high enough to remove crud from the sample
lines.

L. Materials

1. Piping and all metallic parts in contact with the
system fluid, with the exception of some component
internals as required, shall be of austenitic stainless
steel.

Selection shall be on the basis of compatibility with
design pressure and temperature stress considerations
and with the chemistry of the system fluid.

Valve packing, gaskets, and diaphragm materials for
packless valves shall also be compatible with the
radiation dose and the chemistry of the system fluid.

2. Fabrication and erection of system materials shall be
consistent with the quality standards of General Design
Criteria 1 of lOCFRSO, Appendix A.
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3. Care shall be taken to prevent sensitization and to

control the delta ferrite content of (1) the welds
which join any system fabricated of austenitic
stainless steel to the SCS, and (2) the field welds of
the SCS.

4. Controls shall be exercised during system construction
to assure that contaminants do not significantly
contribute to strecs corrosion of stainless cteel.

M. System / Component Arrangement

1. The first isolation valve on the shutdown cooling
suction lines shall be located as close to the Reactor
Coolant System as practical. The volume of the
shutdown cooling suction piping between the RCS and the
first isolation valve shall be as small as possible.
This requirement minimizes the amount of piping exposed
to normal RCS pressure.

2. The maximum allowable distance of the low pressure
safety injection pump suctions below the pressurizer
upper pressure sensor nozzle shall be 115 feet. This
ensures that the SCS design pressures will not be73

Q exceeded.

3. The low pressure nafety injection pumps shall be
located as close as practical to the containment.

a. The elevation of these pumps shall be low enough
such that adequate NPSH is available during
shutdown cooling when the pumps take a suction on
the RCS. The required NPSH during shutdown
cooling is 20 feet,

b. The elevation of these pumps shall be low enough
such that adequate NPSH is available during the
recirculation mode of safety injection when the
pumps take a suction on the containment sump.

4. The Shutdown Cooling System piping and components shall
be arranged such that straight piping runs upstream and
downstream of the flow measurement device orifices are 4

provided of sufficient length to comply with: ASME |
Fluid Meters; their theory and application, Parts 1 & I

2. |

l.

|
|

O |O 1
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5. The SCS suction lines shall be arranged such that no portion
is physically above the lowest point of the RCS hot leg
piping.

6. If the shutdown cooling suction line overpressure
relief valves are located at a higher elevation than
the LPSIP suction centerline, their set pressure shall
be reduced to adequately compensate. An elevation
difference greater than 50 feet will invalidate the
valve setpoint.

7. Physical identification for safety related RCS
equipment shall be provided to allow recognition of
safety status by plant personnel.

8. The elevation difference from the bottom discharge
nozzle of the SIT's to the centerline of the LPSI pump
suctions shall not exceed 85 feet. This ensures that
the SCS design pressure will not be exceeded.

9. In the event of a limited leakage passive failure in
one SCS train during long term cooling, personnel
access to the intact train shall be possible.

O
V 10. Protection shall be provided from internally generated

flooding that could prevent performance of safety
related functions.

N. Radiological Waste

1. The containment sump shall be designed to accept relief
valve discharge from the shutdown cooling suction line
overpressure relief valves at temperatures up to 400*F
and at flows up to 4000 gpm.

O. Overpressure Protection

1. Thermal relief valves shall be provided in isolated
sections of piping in the system to prevent
overpressurization due to thermal transients.

P. Related Service
.

|

1. A fire protection system shall be provided to protect |
the SCS and shall include, as a minimum, the following
features:

a. Facilities for fire detection and alarming;

3(V
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b. Facilities or methods to minimize the probability
of fire and its associated effects;

c. Facilities for fire extinguishment;

d. Methods of fire prevention such as use of fire
resistant and non-combustible materials whenever
practical, and minimizing exposure of combustible i
materials to fire hazards;

e. Assurance that fire protection systems do not
adversely affect the functional and structural
integrity of safety related structures, systems, i

and components;
:

f. Assurance that fire protection systems are
designed to assure that their rupture or
inadvertent operation does not significantly
impair the capability of safety related
structures, systems, and components;

g. The fire protection system piping design and
arrangement shall be such as to assure that the
functional and structural integrity of the

(]' 9hutdown Cooling System is adequately protected
against the effects of pipe whip, jet impingement,
and environmental effects resulting from
postulated piping ruptures in the fire protection
system;

2. Cooling Water System Requirements

a. The cooling water system design shall be such that
cooling water consistent with the requirements of
b. below is available to supply the shutdown
cooling heat exchangers when an irradiated core is
present in the reactor vessel or the spent fuel
pool.

b. Cooling water shall be supplied at the following
temperatures and be able to remove the heat loads

,

listed for the given conditions. ;
i

|

|'
1
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SHUTDOWN COOLING HEAT EX0 HANGERS

Design Heat Load
cooling Weter (Million Btu / hour)

Inlet (includes both heat
Hitu_ation Temocrature exchancers)

Post-LOCA 65 - 120*F 290

Shutdown Cooling:

3-1/2 hours after Shutdown 65 - 120'F 247

27-1/2 hours after Shutdown 65 - 120*F 87.6

c. For all conditions, cooling water shall be
supplied as follows:

Required Value
Parameter Per Heat Exchancer

Normal Allowable Delivery Pressure 100 psig

Mr.ximum Allowable Delivery Prossure 150 psig

L> Required Flowrate 11,000 gpm

Maximum Allowable Flowrate 13,000 gpm

d. Cooling water piping supplying the shutdown
coolia; neat exchangers shall be designed and
fabricated in accordance with ASME B&PVC, Section
III, Class 3, as a minimum, and shall be designed
as Seismic Category I, Safety Class 3, as a
minimum.

e. The cooling water system which services the SCS
shall be designed with sufficient redundancy and
diversity such that one SCS heat exchanger train
will always be supplied cooling water.

f. The cooling water system which services the SCS
shall be designed consistent with the cooling
water chemistry.

1

l

l
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3. Containment Spray Syst6m (CSS)

a. The CSS shall be designed to allow use cf the
containment spray pumps can augment the SCS during
the later stage of plant cooldown when plant
temperature is less than 200'F. The spray system
shall provide 4000 gpm per train at a head which
can be set between 250-300 feet,

b. The CSS shall be designed such that the
containment spray pumps can be aligned for
automatic spray initiation concurrent with
shutdown cooling operation of the LPSI pumps.
When shutdown cooling is in operation and the
containment spray pumps are aligned for automatic
initiation, the containment spray alignment shall
bypass the shutdown cooling heat exchangers.

4. Reactor Coolant Gas Vent System (RCGVS)

The RCGVS shall be designed as safety grade and shall
meet the single failure criterion of IEEE 279.

g Q. Environmental
\ J"

1. The proper operating environmental conditions for the
equipment of one train of the SCS shall be maintained
independently of the environment of the other train of
the SCS, e.g., failure or isolation of the ventilation
capability to one train of the SCS shall not cause the
environmental limits of the other SCS train to be
exceeded.

2. The auxiliary building ventilation system shall control
ambient air conditions in the proximity of all C-E
supplied motor driven or diaphragm operated equipment
in the SCS in accordance with the requirements of
Section 3.11,

5.4.7.2 System Design

5.4.7.2.1 Systen Schematic

The SCS is shown on the RCS P&ID (Figure 5.1. 2-1) and on the SIS
P&ID (Figure 6.3.2-1A, IB). Figures 6.3.2-lI, IJ, 1K, and 1L,
and Tables 6.3.2-4d and 4e show flow rates at various locations
during system operation. The pressure and temperature of the RCS
system vary from 400 psia and 350'F at initiation of shutdown
cooling to atmospheric pressure and 135'F at refueling

n I

V l

|
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Jonditions. SCS design parameters are given in Table 5.4.7-1. !

The SCS suction side pressure and temperature follow RCS |
conditions. The discharge sido pressure is higher by an amount |

equal to the pump head and the temperature is lower at the
shutdown cooling heat exchanger outlet.

The SCS contains two shutdown cooling heat exchangers and employs
the two low pressure safety injection pumps throughout shutdown
cooling. The applicant may utilize the flow of the containment
spray pumps through the shutdown cooling heat exchangers to
achieve an increased cooldown rate during the latter stages of
shutdown coeling. During initial shutdown cooling, a portion of
the reactor coolant flows out the shutdown cooling nozzles
located on the reactor vessel outlet (hot leg) pipes and is
circulated through the shutdown cooling heat exchangers by the
LPSI pumps. The return to the RCS is through the four LPSI
lines.

The SCS suction line isolation valves are interlocked to prevent
over-pressurization of the SCS by the RCS. These interlocks are
described in Sections 5.4.7.2.3 and 7.6.

Shutdown cooling and LPSI flow are measured by orifice meters
installed in each LPSI header. The information provided by thesep) flow elements is used by the operator for flow control durings

"
shutdown cooling operation.

The cooldown rate is controlled by adjusting flow through the
heat exchangers with throttle valves on the discharge of each
heat exchanger. The operator maintains a constant total shutdown
cooling flow to the core by adjusting the heat exchanger bypass
flow to compensate for changes in flow through the heat
exchangers.

5.4.7.2.2 Component Description

1. Shutdown Cooling Heat Exchangers

The stutdown cooling heat exchangers are used to remove
decay, sensible and safeguards pump heat during cooldown,
and decay and pump heat during cold shutdown. The units are
sized to maintain a refueling water temperature of 135'F
with the design component cooling water temperature 105'F at
27-1/2 hours after shutdown following an assumed

bv
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reactor core average burnup of two years. A conserval.ive |
fouling resistance is assumed, resulting in an additional ;

area margin for the heat exchangers. j

Shutdown cooling heat exchanger characteristics are given in
Tablec 5.4.7-1 and 5.4.7-2.

The design pressure of the heat exchanger is based on the
suction line design pressure plus the shutoff head of the
LPSI pump.

The design temperatula is based upon the temperature of the
reactor coolant at the initiation of shutdown cooling plus a
design tolerance.

2. Instrumentation

The operation of the SCS is controlled and monitored through
the use of installed instrumentation. The instrumentation
provides the capability to determine heat removal, cooldown
rate, shutdown cooling flow, und the capability to detect
degradation in flow or heat removal capacity. The
instrumentation provided for the SCS is discussed in Section
6.3.5.-)

t'j
3. Piping

All SCS piping is austenitic stainless steel. All piping
joints and connections are welded, except for a minimum
number of flanged connections that are used to facilitate
equipment maintenance or accommodate component design.

4. Valves

The location of valves, along with the type and size, type
of operator, position (during the normal operating mode of
the plant), type of position indication, and failure
position is shown on Figures 6.3.2-1A and 6.3.2-1B.
Pressure design rating and code design classification are
also shown. SCS valves are included with the SIS valves in
Table 6.3.2-6.

Throttle valves (SI-306, 657, 307, 658) are provided for
remote control of the heat exchanger tube side and bypass
flow.

a. Relief Valves

Protection against overpressure of components within
the SCS is provided by conservative design of the

o system piping, appropriate valving between high
V
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pressure sources and low pressure piping, and by relief
valves. The shutdown cooling suction lines up to and
including SI-653 and SI-654 are designed for full RCS
pressure. Relief valves are provided as required by
the applicable codes. All relief valves are of the
totally enclosed, pressure tight type, with suitable
provisions for gagging. A tabulation of relief valves
is provided below:

1. SI-169 and 469

Shutdown cooling suction isolation valve thermal
relief valves. These valves are sized to protect
the piping between the shutdown cooling isolation
valves of each shutdown cooling suction line from
the pressure developed due to a temperature
increase. The valves are located inside the
containment and discharge into the reactor drain
tank. The sat pressure is 2485 psig with a
capacity of 15 gpm each.

2. SI-179 and 189

Shutdown cooling suction line relief valves.(q These valves are sized to protect the SCS from'j
operation of the pressurizer heaters, operation of
the HPSI pumps, and operation of the charging
pumps during shutdown cooling. The valves are
located inside the containment and discharge into
the containment sump. The set pressure is 435
psig with a capacity of 4000 gpm each.

3. SI-191 and 194

Shutdown cooling heat exchanger reliefs. These
valves are sized to protect an isolated heat
exchanger from the pressure developed due to a
component cooling water temperature increase. The
valves discharge into the equipment drain tank.
The set pressure is 650 psig with a capacity of
120 gpm each.

4. SI-161 and 193

Thermal relief valves. These valves are sized to
protect the isolated piping from the pressure
developed due to a temperature increase. The
valves discharge to the equipment drain tank. The
set pressure is 650 psig with a capacity of 10 gpm i

each. |

r8
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b. Actuator Operated Throttling and Stop Valves

The failure position of each valve on loss of actuating
signal or power supply is selected to ensure safe
operation. System redundancy is considered when
defining the failure position of any given valve.
Valve position indication is provided at the main
control panel, as indicated in Figures 6.3.2-1A and
6.3.2-1B. All actuator operated valves have stem
leakage controlled by a double packing with a lantern
ring leakoff connection.

5. Pumps Used During Shutdown Cooling

The LPSI pumps are used as part of the SCS.
During shutdown cooling, these pumps take suction
from the reactor hot leg pipes and discharge
through the shutdown cooling heat exchangers. The
flow is then returned to the RCS through the LPSI
header to the four cold legs. One LPSI pump is
T.ligned to each shutdown cooling heat exchanger.
At the start of shutdown cooling, both of the LPSI
pumps are in service. When the RCS temperature is
below 200'F, the containment spray pumps may be

(] realigned and started to provide additional flow
through the heat exchangers. The LPSI pumps are
described in Section 6.3.2.2.2.

5.4.7.2.3 Overpressure Prevention

a. Overpressurization of the SCS by the RCS is prevented in the
following ways:

1. The shutdown cooling suction isolation valves (SI-651,
652, 653, and 654) are powered by four independent !
power supplies such that a fault in one power supply or
valve will neither line up the RCS to either of the two
SCS trains inadvertently nor prevent the initiation of
shutdown cooling with at least one train when pressure
permits. |

2. Interlocks associated with the shutdown cooling suction
isolation valves prevent the valves from being opened i

if RCS pressure exceeds 400 psia, and close these I

valves automatically if RCS pressure should rise above I

the accumulation pressure of the shutdown cooling
suction line reliefs valves. This value is 700 psia.
The instrumentation and controls which implement this |

are discussed in Section 7.6.

O I
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3. The SCS suction valves inside the containment are

designed for full RCS pressure with the second valve
forming the pressure boundary and class change.

4. Alarms on SI-651, 652, 653 and 654 annunciate when the
shutdown cooling system suction isolation valves are
not fully closed. Also, if SI-651 and 653 or SI-652
and 654 valves are open and RCS pressure exceeds the
maximum pressure for SCS operation, an alarm will
notify the operator that a pressurization transient is
occurring during low temperature conditions.

5. Relief valves are provided as discussed in Section
5.4.7.2.2.

The effects of inadvertent operation are discussed in
Table 5.4.7-3.

5.4.7.2.4 Applicable Codes and Classifications

a. The SCS is a Safety Olsss 2 System, except for that portion
discussed in b. below, which is Safety Class 1.

b. The piping and valves from the RCS up to and including(q SI-653 and 654 are designed to ASME B&PVC Section III, Class,

1.

c. The piping, valves, and components of the SCS, with the
exception of those in Section 5.4.7.2.4 b. are
designed to ASME B&PVC Section III, Class 2.

d. The component cooling water side of the shutdown cooling
heat exchanger is designed to ASME B&PVC Section III, Class
3.

e. The power operated valves are designed to the applicable
IEEE Standards.

f. The SCS is a Seismic Category 1 System.

5.4.7.2.5 System Reliability Considerations

The SCS is designed to perform its design function assuming a
single failure, as described in Section 5.4.7.1.2.

To assure availability of the SCS when required, redundant
components and power supplies are utilized. The RCS can be
brought to refueling temperature utilizing one of the two
redundant SCS trains. However, with the design heat load, the
cooldown would be considerably longer than the specified 27- 1/2

m hour time period.

Gi
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A loss of instrument air to the shutdown cooling system will not
result in a loss of cooling ability.

Inadvertent overpressurization of the SCS is precluded by the use
of pressure relief valves and interlocks installed on the
shutdown cooling suction line isolation valves and safety
injection tank isolation valves (see Section 7.6 and 5.4.7.2.3).

The instrumentation, control, and electric equipment pertaining
to the SCS was designed to applicable portions of IEEE Standards
279 and 308.

In addition to normal offsite power sources, physically and
electrically separated and redundant emergency power supply
systems are provided to power safety-related components. See
Chapter 8 for further discussion.

Since the SCS is essential for a safe shutdown of the reactor, it
is a seismic category I system and designed to remain functional
in tho event of a design basis earthquake.

For long-term performance of the SCS without degradation due to
corrosion, only materials compatible with the pumped fluid are
used.73( )
Environmental conditions are specified for system components to"

ensure acceptable performance in normal and applicable accident
env!.ronments (see Section 3.11).
In the event of a limited leakage passive failure in one train of
the SCS, continued core cooling is assured by the two independent
train design of the SCS. Make-up of the leakage is provided by
the manual alignment of the SIS to the refueling water tank or by
opening the Safety Injection Tank isolation valves. The affected
SCS train can then be isolated and core cooling continued with
the other train.

A limited leakage passive f ailure is defined as the f ailure of a
pump seal or valve packing, whichever is greater. The maximum
leakage is expected to be from a failed LPSI pump seal.

This leakage to the pump compartment will normally drain to the
room sump. From there it is pumped to the water management
system. The sump pumps in each room will handle expected amounts
of leakage. If leakages are greater than the sump pump capacity,
the room will be isolated.

q'\.J

5.4-35



_ _ - .

CESSAR Jninemo:
_

v

5.4.7.2.6 Hanual Actions

1. Plant Cooldown

Plant cooldown is the series of manual operations which
bring the reactor from hot shutdown to cold shutdown.
Cooldown to approximately 350'F is accomplished by releasing
steam from the secondary side of the steam generators. When
the RCS pressure falls below 2150 psia, thn 7afety Injection
Actuation Signal (SIAS) setpoint can be mamaally decreased
as discussed in Section 7.2.1.1.1.6. When, RCS pressure
reaches 625 psig, the safety injection tank pressure is
reduced to 400 psig. When RCS pressure reaches 400 psig,
the safety injection tank isolation valves are closed.

When RCS temperature and pressure decrease below 350'F and
the maximum pressure for SCS operation, the SCS may be used.
If the SCS is not aligned to the RCS before cold leg
temperature is reduced to below the maximum RCS cold leg
temperature requiring LTOP, an alarm will notify the
operator to open the SCS isolation valves (SI-651, 652, 653,
654). The maximum temperature requiring LTOP is based upon
the evaluation of the applicable P-T curves. This operator
action requires that the RCS be depressurized to below thes

( ) maximum pressure for SCS operation, in order to clear the
" permissive SCS interlock (see paragraph 5.4.7.2.3, item

a.2). Interlocks associated with the six valves on the two
SCS suction lines prevent overpressurization of the SCS.
See Section 7.6 and 5.4.7.2.3 for details. Also, if SI-651
and 653 or SI-652 and 654 SCS suction isolation valves are
open and RCS pressure exceeds the maximum pressure for SCS
operation, an alarm vill notify the operator that a
pressurization transient is occurring during low temperature
conditions.

Shutdown cooling is initiated using only the LPSI pumps
( LPSI P) , with the CSS lined up for automatic initiation of
spray, bypassing the shutdown cooling heat exchanger. The
SCS is warmed up and placed in operation as follows (refer
to Figures 6.3.2-1A, 1B, II, IJ, 1K, and 1L):

a. The containment spray isolation valves for the shutdown
cooling heat exchangers (SI-684*, 687*, 689, 695) are
shut.

O
V
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b. The containment spray valves bypassing the shutdown
heat exchangers (SI-688*, 693) are opened.

c. The LPSI pump minimum flok recirculation isolation
valves (SI668, 669*) are shut.

d. The LPSI pump suction valves (SI-683*, 692) from the
RWT and containment sump are shut.

e. The shutdown cooling suction line isolation valves
(SI-651*, 652, 653*, 654, 655*, 656) in the two suction
lines are opened.

f. The crossover valves between the LPSI pump discharge
and the shutdown cooling heat exchangers (SI-685*, 694)
are opened,

g. The crossover valves between the shutdown cooling heat
exchanger outlet and the LPSI header (SI-686*, 696) are
opened and the shutdown cooling throttle valves
(SI-657*, 658) are cracked open.

h. The SCS warmup line isolation valves (SI-690, 691*) are
opened and the LPSI pumps are started to induce(,) r: circulation flow through the SCS (flow is limited to

\'' 5000 gpm per pump).

i. Once flow has been induced in the SCS, the LPSI
isolation valves (SI-615, 625, 635*, 645*) are cracked
open to allow a small amount of flow frcm the RCS to
heat up SCS valves and piping. |

j. The LPSI header isolation valves (SI-615, 625, 635*,
645*) are then gradurlly opened, while the warmup line !

!isolation valves (SI-690, 691*) are gradually closed to
maintain a constant flow of 5000 gpm per pump. When
the LPSI header isolation valves (SI615, 625, 635*,
645*) are open to their preset positions and the SCS
warmup line isolation valves (SI-690, 691*) are closed,
the SCS is aligned in its operating mode.

k. The shutdown cooling throttle valves (SI-657*, 658) and
the SCS bypass flow control valves (SI-306*, 307) are
adjusted as necessary to maintain the RCS cooldown rate
at 75'F/ hour or less, at a SCS flow of 5000 gpm through
each heat exchanger.

When reactor coolant temperature decreases below 200*F
(typically 170 * F) , the containment spray pumps are aligned

a
N)
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to provide additional shutdown cooling flow. The SCS is
realigned to the following line-up (refer to Figure
6.3.2-1A):

a. The containment spray pump suction valves (SI-104,
105*) from the RWT and containment sump are closed.

b. The containment spray pump minimum flow recirculation
line isolation valves (SI-664*, 665) are shut.

c. The containment spray bypass around the shutdown
cooling heat exchanger valves (SI-688*, 693) are shut,

d. The containment spray pump suction valves (SI-184*,
185) from shutdown cooling suction lines are opened.

e. The containment spray pump discharge to the shutdown
cooling heat exchanger valves (SI-684*, 689) are
opened.

f. The containment spray pump discharge valves (SI-678*,
679) are opened to the position determined by
preoperational testing.

( g. The CSS pumps are started, and the shutdown cooling
throttle valves (SI-657*, 658) are opened to give a
total shutdown cooling flow of 9000 gpm per train.

Shutdown cooling is then continued using the containment
spray pumps in parallel with the LPSI pumps until the
refueling temperature of 135'F is attained.

A maximum rate of cooldown (not to exceed 75'F/ hour) is
maintained by adjusting the flowrate of reactor coolant
through the shutdown cooling heat exchangers with the
throttle valves on the discharge of the heat exchangers.
With the shutdown cooling flow indicators, the operator
maintains a total shutdown cooling flowrate by adjusting the
amount of coolant which bypasses the shutdown cooling heat
exchangers.

When the system is first put into operation, the temperature
difference for heat transfer is large and only a portion of
the total flow from the LPSIP's is diverted through the heat
exchangers. As cooldown proceeds, the temperature
differential decreases and the flowrate through the heat
exchangers is increased to maintain the cooldown rate,

f3
L)
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The flow to the shutdown cooling heat exchangers is
increased periodically until full LPSIP flow through the
heat exchangers is reached, at which time the rate of
cooldown begins a decline, which continues until the RCS is
below 200*F (typically 17 0 ' F) . At this point, the
containment spray pumps (CSP) are realigned so provide
additional shutdown cooling flow. With the combined flow of
the LPSIP's and CSP's, the cooldown rate will rise. As
cooldown proceeds, the rate will again go into a decline
lasting until the RCS reaches refueling temperature at about
27-1/2 hours after shutdown.
A graph of RCS temp. vs. time af ter shutdown for a typical
cooldown is presented in Figure 5.4.7-1.

Shutdown cooling is continued throughout the entire period
of plant shutdown to maintain a refueling water temperature
of 135'F or less. Whenever shutdown cooling is in
operation, shutdown purification flow may be initiated to
purify the circulating coolant in the CVCS.

2. Plant Heatup

Plant heatup is a series of manual operations which bring,q
iy the RCS from cold shutdown to hot standby. The SCS is used

during cold shutdown to control reactor coolant temperature.
Prior to plant heatup above 200'F, the CSS is aligned for
automatic initiation. The SCS heat exchangers are bypassed
to maintain flow through the core without the heat removal
effect of the heat exchangers. Flow can be initiated to the
heat exchangers if necessary to control the heatup rate.
When the reactor coolant pumps can be run and prior to
reaching 350'F or 400 psia, the LPSI pumps are stopped and
the shutdown cooling heat exchangers are aligned for their
containment spray function.

3. Abnormal Operation

a. The shutcown cooli".g heat exchangers may be used to
supplement the spent fuel pool cooling heat exchangers
when more than one third of a spent core is stored in
the spent fuel pool. Normally this would be done
during refueling when both shutdown cooling heat
exchangers are no longer needed to maintain reactor
coolant at the refueling temperature. The SCS would be
aligned with one heat exchanger train lined up to the
spent fuel pool cooling system and the other shutdown |
cooling heat exchanger train lined up for shutdown

O |u
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cooling of the RCS. The SCS heat exchanger train
aligned to the spent fuel pool would be i* a normal
shutdown cooling lineup for use of both LFSI and CS
pumps, except the pumps take a suct'on on the spent
fuel pool vice the RCS, and the discharge of the
shutdown cooling heat exchanger gosi to the spent fuel
pool, vice the RCS.

b. Initiation of shutdown cooling with the most limiting
single failure (loss of one shutdown cooling train) cen
be accomplished using the procedure under plant
cooldown for the operable train (i.e., operating the
valves with (*) for train number 1 or the valves
without (*) for train number 2).

4. Design Bases Event Operations

Following certain Design Bases Events (fooowater line break,
small break LOCA, steam line break, or loss of offsite
power), it may become necessary to initiate shutdown cooling
with RCS hot leg conditions which exceed the normal shutdown
cooling initiation temperature (350'F). However, shutdown
cooling will never be initiated at conditions which exceed

p the design temperature of the SCS components (4 00 * F) .
c)

5.4.7.3 Performance Evaluation

The design point of the SCS is taken at 27-1/2 hours after plant
shutdown. At this point, the design bases is to maintain the
125'F refueling temperature with 105'F component cooling water.
Two shutdown cooling heat exchangers, two LPSI pumps, and two CS
pumps are assumed to be in operation at the design flow of 9000
gpm per heat exchanger train. The SDCHX size is determined at
this point, since it yields the greatest heat transfer area due
to the relatively small a? between primary fluid and component
cooling water.

The design input heat load at 27-1/2 hours is based on decay heat
at 27-1/2 hours, assuming an average reactor core burnup of two
years. Additional energy input to the RCS from two LPSI pumps
and two CS pumps running at design flowrate each was also
included; no credit is taken for component energy losses to the
external environment.

For the cooldown process from the shutdown cooling initiation
temperature of 350'F to the refueling temperature of 135'F, the
heat load utilized is comprised of the instantaneous decay heat,
LPSI and CS pump heat input, and the stored sensible heat of the

O
V
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/ )>s .'s prim ry and secondary liquid and metal masses. Metal mass is'

' ) i G9sumed to be steel with a specific heat of 0.12 Btu /lb *F. The,

9\ temperature of the component cooling water to the SDCHX is takenf

( ( r.ts 1M * F inf.tially , gradually decrearing to 105'F when 135*F
\. Lrefueling teuperature is attained.t

!' #

1, - | At eacle.. tir.ra , interval in the cooldown, an iterative process is
' utilized ~ toi , analyze transient performance, whereby the'

, ,'
!' , pe;/ mis sib.l e heat removal is established by balancing the
;, Y .availabid 6est load with the SDCHX heat removal capability. The

/
coo:.down rate is limited to a maximum of 75'F/ hour throughout the
coold:7wr,/ The normal two train cooldown curve is shown in Figure
5 . 4 . " - 1. i , j

4 .bhe most limiti'ig single active failure in the SCS, RCS
,

-

-

With-

tempdcturce can be brought to 212*F in approximately 6.5 hours- 1

'" and ta hi refueling temperature of 135'F in approximately 97
hours 1 kwia3| t hutdown using only one LPSI pump, one CS pump,
anc, ced SDCM ashuaing that the RCS pressure and temperature are,/

'

red ied to - SCS lhitiation .:on'zitions by other heat rejection
'

,, j
I meaih.in 3 5 heturs. The single ' train cooldown curve is shown in

,k F1.mj$ ,5 . 4. 7 -2 .,

't. 31di inodes and effectr;2dah cis (FMZA) for the SCS can bef

Q ' 'vand in Table 5.4.7-3. 3.ne avlysir demonatrates that the SCS
an nt'nstand any single' actid failure and still perform its''

,nsign function. The, .analysir is beed on the following*a p

r ,- /. ,, , \ ahumptions:
' < >

n .i t
-

' r
,

' A ., One activh tailsre o'f a component c,r e si.ngle operator error
, 'y) $s assumed to occur in thA r.ystem.I s

*
y ; .. . )

r < 8

,7f.''/2eliefandchecEvalve failures are no ensidered credible
' '

3(
L

d '' ' z'ailurcs .y ,

r.1 -) Failure respcarf o
'

an external signal is considered anto
active failure. %y

[ . t /
'
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'Precperational tes'es are conducted to weitv prop'.,r operation of
ltha FCS.' The "pNoperational tesW 'incluris calibration of/ \ ,

in veitfication of adequate c';ol. ing flow, andf | ve. trudent.ation,//

- rif of the operability SC ' all J.asoviated valves. In

i'
'

Iaddit.yticn9,. K preoperphional Fje "unctional' Terformance test is
,

- r

i,

made on the installed Phutdown coolirJ heat r xchangers as part of
the precore hot functhanal tegt: prcgram. See chapter 14 for
further details en these t9sts.'1' '
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The SCS also undergoes a series of preoperational hydrostatic I

tests. Preoperational hydrostatic tests are conducted in I
accordance with Section III of the ASME Boiler and Pressure 1

Vessel Code.
,,

.
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TABLE 5.4.7-1

SHUTDOWN COOLING DESIGN PARAMETERS

System Desian Parameters

Shutdown cooling system startup Approximately 3.5 hours
after reactor shutdown or
trip

Reactor coolant system maximum cooldown
rate (at initiation of shutdown cooling) 75'F/hr
Refueling water temperature 135'F
Nominal shutdown cooling flow 9000 gpm per HX

ComDonent Desian Parameters

Shutdown Coolina Heat Exchanaer Data

Quantity 2

Type Shell and tube, horizontal
U-tube

2
Service transfer rate,2 Btu /hr *F-ft 378.8
Heat Transfer area (ft /Hx) 7515

O Tube side
Fluid Reactor coolant
Design pressure, psig 650
Design temperature, 'F 450
Material Austenitic stainless steel
Code ASME Section III, Class 2

2Fouling resistance (hr ft 'F/ Btu) 0.00025

Shell Side
fluid Component cooling water
Design pressure, psig 150
Design temperature 'F 250
Material Carbon Steel
Code ASME Section III, Class 3
Fouling resistance (hr-ft.2 *F/ Btu) 0.0005-

At 27-1/2 hours after shutdown: (if containment spray pumps are used)

Tube Side
Flow, million lb/hr. 4.44
Inlet temperature, 'F 135.0
Outlet temperature, 'F 123.3

Shell Side
Flow,millionIb/hr 5.46
Inlet temparature, 'F 105.0
Outlet temperature, 'F 114.5
Heat load, million 8tu/hr 43.8

. - .. _ - _
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TABLE 5.4.7-2

SHUTDOWN COOLING SYSTEM

INTERFACE REOUIREMENTS FOR COMPONENT COOLING WATER

Shutdown Shutdown Recirculation
Cooling Cooling Following LOCA

Mode (3.5 hrs.) (27.5 hrs) (Larae Break)

Supply Temp 'F (Max)(I) 120 * 105' 120'

Outlet Temp 'F 144.6* 114.5* (No e 2)

Flow per SDCHX (gpm)(3) 11,000 min. 11,000 min. 11,000 min.

Total Heat Load (106 m) 268 87.6 (Note 2)
hr

For Both SDCHX

O
NOTES: (1) For maximum supply temperatures lower than those listed, the

minimum flow listed may be reduced provided that the heat
removal capability of the Shutdown Cooling System is not
adversely affected. Conversely, for Component Cooling Water
supply temperatures lower than those listed, it may be
necessary to reduce flow, so that the heat capacity of the
ultimate heat sink is not exceeded.

(2) This outlet temperature and heat load are dependent upon the
Applicant's containment design and are a function of sump water
temperature. For example, for shell side parameters of 11,000
gpm at 120'F, the heat load for a tube side temperature of 270'

6and flow rate of 3500 gpm is 164 x 10 Btu /hr per SDCHX. See
Applicant's SAR for details.

(3) Maximum allowable component cooling water flow through each
shutdown cooling heat exchanger is 13,000 gpm.

i
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TABLE 5.4.7-3

(Sheet 1 of 9)

SMUTDOWN C00tlNG SYSTEM FMEA

Symptoms and Local Effects Inherent Remarks and
& Name Failure Mode Cause includina Dependent Faltures Method of Detection * Compensatina Provision Other Effects

1. LPSI Pump Suc- a) Faits open Elect. Malf., Inability to double isolate Position indication Redundant SCS flow path,
tion Isolation Mech. binding pump suction from the RWT in controt room,

Valves during shutdown cooling Periodic testing

SI-683
SI-692

b) Falls Elect. Matf., None same as is None required Valve is required
closed Mech. binding to be closed during

shutdown cooling

2. LPSI Pumps Falls to pump Elect. Malf., No flow through one LPSI train No flow indication Redundant LPSI pump and Shutdown cooling

No. 1 or Searing fait- to RCS cold leg from F-307 or F-306. containment spray pump with one pump out
No. 2 ure Periodic testing, will permit shutdown of service ullt be

Puen "Run" light cooling although the extended from 24
cooling time will be hours to approxi-
extended mately 56 hours.

3. LPSI Pump Dis- a) Fails open Mech. binding None Periodic testing None required
charge Isole-
tion valves
SI-435
SI-447

b) Falls Mech. binding Same as 2 Same as 2 Redundant SCS train Vatve is normatty
closed locked open at

valve.

4. SCS pumps re- a) Falls open Ettct. Matf. Possible diversion of flow, Position Indication Redundant series mini- These valves are

circulation Mech. binding during shutdown cooling, to in control room, flow isolation valves closed during shut-

Isolation RWT Periodic testing (SI-659, ::I-660) prevent down cooling opera-

Valves flow to RWT during shut- tion

SI-664 down cooling operation
51-665
SI-668
SI-669

b) Falls Elect. Malf., Loss of min-flow protection Some as 4a Redundant SCS train wilt valve is normally

closed Mech. binding against operating one pump dead not be affected locked open in
headed during refueling opera- control room
tion

i
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TABLE 5.4.7-3 (Cont.) (Sheet 2 of 9)

SMUTDOWN COOLING SYSTEM FMEA

Symptoms and Local Effacts Inherent Remarks and
& Name Failure Mode Cause includine Dependent Faltures Method of Detection * Concensating Provision Other Effects

5. Mini-flow Isota- a) Fails open Mech. binding, None Position indicator SCS pumps recircu-
tion Valves contamination in controt room, tation valves (SI-
58-659 Periodic testing 664, SI-665, SI_
SI-660 668, SI-669) iso-

Late SCS from RWT

b) Falls Mech. binding, Loss of minimum-flow protection same as 5a Redundant SCS train will Valve is normatty
closed contamination against operating one LPSI pump not be affected locked open in

and one CS pump dead headed control room
during refueling operation.

6. CS Pump Suction a) Falls open Mech. binding No effect on shutdown cooling Periodic testing None required Valve is normally
Valves locked closed at
SI-184 valve
SI-185

b) Faits Mech. Dir. ding unable to use one CS pump for No flow indication The associated LPSI pump
closed shutdown cooling. See item 8. from F-348 or F-338, and redundant SCS train

Periodic testing will not be affected.

7. CS pump Isote- a) Falls open Mech. binding Inability to double isolate Periodic testing Redundant SCS subsystem Valve is normally
tion Valves pump suction from the RWT Locked open at
SI-104 during shutdown cooling valve
58-105

b) Falls Mech. binding None during shutdown cooling Same as 7e None required during
closed shutdown cooling. Redun-

dant train ulti not be
affected.

8. CS Pump No. 1 Faits to pump Elect. Matf., No flow from one CS Pump No flow indication Tendem LPSI pump and re- See item 2
or No. 2 Bearing through SCS from F-348 or F-338, dundant SDC train assure

falture Pump "Run" light, shutdown cooling although
Periodic testing cooling time will be ex-

tended.

9. CS Pump Dis- a) Falls open Elect. Malf., Mone during normat shutdown Position indication Redundant SCS and con- Valve is normally
charge to SDCMX Mech binding cooling. During post LOCA in control room, tainment spray flow tocked open in the
valves shutdown cooling, inability to Periodic testing paths. control room.
SI-684 isolate one SCS flow path from
SI-689 one containment spray flow path.

1

I

l
:
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TABLE 5.4.7-3 (Cont.) (Sheet 3 of 9)

$NUtDOWN COOLING SYSTEM FMEA

Symptoms and Local Effects Inherent Remarks and
& Name Failure Mode Cause Includine Deoendent Faltures Method of Detection * Comoensatine Provision Other Effects

b) Falls Elect. Matf., same as 8 Low flow indication Same as 9a
closed Mech. binding from F-306, F-307.

Periodic testing,
Position indication
in control room

10. SDCHE Flow a) Faits open Elect. Malf., During shutdown cooling, Position indicator Redundant SCS train
Regulator Mech. binding inability to operate CS in controt room, assures shutdown cooling
valve pump in parettet with the Periodic testing
SI-678 LPSI pump
SI-679

b) Falls Elect. Malf., Loss of flow from one CS pump Same as 10e LPSI pump and redundant Valve is normatty
closed Mech. binding during shutdown cooling SCS train assure shut- Locked open in the

down cooling control room
i

11. CS Pump sypass a) Falls open Elect. Malf., None during shutdown cooling Position indication Redundant series isota- Valve is normally
valves Mech. binding in control room, tion valves SI-671, locked open in the

'

SI-688 Periodic testing SI-672 (normatty closed control room.
SI-693 during ptant oper.) and

SI-687, SI-695 (normatty
closed during shutdown
cooling operation)

b) Falls Etict. Malf., None during normat shutdown Position indication Redundant Containment Valve is required
closed Meh. binding cooting. During post LOCA in control room, Spray and shutdown to be closed during

shutdown cooling, inability Periodic testing cooling subsystems. latter stages of
to align one CS subsystem to shutdown cooling
bypass SDCMM operation

12. Crossover a) faits open Elect. Matf., None Position indication None required Valve is normally
valves between Mech. binding in control room, tocked closed in
LPSI Pump Dis- Periodic testing control room
charge and
SDCMXX
SI-685
SI-694

b) Falls Elect. Matf., Inability to align one shut- Position indication Redundant shutdown cool-
closed Mech. binding down cooling train in control room, ing train will not be

Nigh temperature affected.
Indication from
T-351 or T-352,
Periodic testing

i
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TABLE 5.4.7-3 (Cont.) (Sheet 4 of 9)
,
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SHUTDOWN COOL!NG SYSTEM FMEA

Symptoms and Local Effects Inherent Remarks and
h Name Feiture Mode Cause includine Dependent Faltures Method of Detection * Compensatine Provision Other Effects

13. shutdown Coot- a) Loss of Insufficient Diminished ability of one sub- Nigh temperature in- Redundant heat exchanger
ing NE No. 1 Cooling Cooling Water system to provide RCS tempera- dication from T-303Y
or No. 2 Water ture reduction or T-303M, Periodic

testing

b) Cross Corrosion Leakage from SCS system to the Radiation and/or Leaking heat exchanger
Leakage Component Cooting System (CCS) levet indication in can be isolated. Redun-

CCS. See customer's dont shutdown cooling
SAR subsystea witL be un-4

! affected.

14. SCS sypass Flow a) Fails open Mech. binding, Reduced reactor coolant flow Abnormat temperature Redundant SCS subsystem
Controt Vatwes Elect. Malf. through one shutdown cooling indication from will assure shutdown cool-
SI-306 Nu T-357 or T-352, ing although cooling time
SI-307 Valve position indi- witt be extended.

cation, Periodic
testing

1

b) Falls Elect. Malf., During initial stage of shut- Same as 14a. Also, Operator can turn off the The valve is nor-4

closed Mech. binding down cooling, one SDC sub- Low temperature SCS subsystem. The RCS mally tocked open
system would pump excessively indication from is pre-borated to provide at control room
cooled water to the reactor T-351 or T-352 sufficient shutdown mar-
core. Reduction in shutdown gin.
margin.

15. LPSI pump a) Fails open Elect. Malf., Inability to regulate and main- Position indications same as 14b Valve is normally
Throttle Valves Mech. binding tain cooldown rate. See 14b. In control room, locked closed at

1 SI-657 Abnormal temperature control room
51-658 from T-352 or T-351

b) Falls Elect. Malf., No flow through one shutdown Position Indications Redundant shutd<,wn cool-
closed Mech. binding cooling NN. Reduced cooting in control room, Ing subsystem.

capability No Detta temperature
across SOCNN as indi-
cated by T-351 or
T-352

i

16. Shutdown Purifi- a) Faits open Corrosion, None during shutdown cooling Periodic testing None required Valve is normalLy
,

cation valves Mech. binding tocked closed at
51-418 valve,

i 51-419
' St-420
1,

51-421

i
l

__ _ . _ _ _ _ _ . - _ _ - _ . - _ _ _ . , , - , . - -- -
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TA9tE 5.4.7-3 (Cont.) { Sheet 5 of 9)

SHVTDOWN COOLING $YSTEM FMEA
.

Symptoms and Local Effects I nh er es.. Remarks and
& Name Feiture Mode Cause Including Dependent Faltures Method of Detection * Coseensatine Provision Other Effects

b) Faits Corrosion, Inability to remove contami- Same as 16a. The Redundant purification
closed Mech. binding nants from one SCS flow path failure to purify connections to other SCS

during long-term cooling would be detected subsystem
by periodic sampling

17. RWT Return Line a) Fails open Mech binding Mone Periodic testing Valves in series prevent
Isotation Valves inadvertent refilling of
SI-460 the RWT
51-464

b) Falls Mech. binding No effect on shutdown cooling. Same as 1Ta Redundant flow path Valve is normatty
closed Inability to return water to exists to return re- tocked closed at

the RWT untit a repair is made. fueling pool water to valve
RWT prior to startup

18. NX Crossover a) Falls open Elect. Malf., None Position indication None required Valve is normatty
Valves to LP Mech. binding in control room, locked closed in
Needers Periodic testing control room
SS-686
SI-696

b) Falls Elect. Matf., Isolation of one shutdown coot- Nigh temperature Redundant shutdown cool-
closed Mech. binding ing NX. Indication from ing subsystem wilt not

T-351 or T-352. be affected.
Also same as 18a.

19. Spray Needer a) Fails open Elect. Malf., Inability to align one shut- Position indication Redundant containment Valve is normally
Isolation b tves Mech. binding down cooling subsystem to pro- in control room spray subsystem and shut- Locked open in
for SOCNX vide entry into shutdoun coot- down cooling subsystem control rooma
St-687 ing white attowing for sinut- will not be affected.
SI-695 taneous operation of one con- Shutdown cooling opera-

tainment spray subsystem. tion in faulted train not
affected.

b) Falls Elect. Malf., No effect on shutdown cooling Position indication None required During shutdown
closed Mech. binding or refueling operations in control room cooling operations

these isolation
valves are closed.
Re6.andant contain-
ment spray sub-
system assures
adequate contain-
ment spray capa-
bility.

_ _ _ _ _ _ _ _ _
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TA8tE 5.4.7-3 (Cont.) (Sheet 6 of 9)

SHUTDOWN C00t!NG SYSTEM FMEA

Symptoms and Local Effects Inherent Remarks and
& Name Falture Mode Cause includine Dependent Faltures Method of Detection * Compensatine Provision other Effects

20. Containment a) Falls open Elect. Malf., No effect on shutdown cooling Position indication The header isolation Valve is opened by
Spray valves Mech. binding or refueling operations in control room, valves ($1-687 and CSAS
SI-671 Periodic testing St-695) prevent coolant
SI-672 from being blown through

CS nozzles.

b) Falls Elect. Malf. Same as 20a Same as 20e None required Valve is normally
closed Mech. binding tocked closed in

controt room and
is required to be
closed during shut-
down cooting opera-

. tion. Redundant
containment spray
subsystem assures
adequate contain-
ment spray capa-
bility.

21. LPSI Valves a) Falls open Elect. Malf., Inability to gradually were up Position indication Redundant shutdown the safety injec-
St-615 Mech, binding the shutdown cooling lines in control room, cooling subsystem will tion piping and
SI-625 during the shutdown cooling Periodic testing not be effected. nozzles are de-
SI-635 alignment procedure. signed for a
58-645 tialted number of

thernet cyctes
such as could
result from opera-
ting the Shutdown
Cooling subsystem
without prior were
UV-

b) Falls Elect. Matf., Inability to inject cooled Position indications Redundant SCS train
closed Mech. binding coolant into one of the RCS in control room,

cold tegn. Periodic testing

22. SCS Return a) Falls open Elect. Malf., Diversion of flow from dis- Position indication Redundant shutdown These valves are
Crossover Mech. binding charge leg to suction leg of in control room, cooling subsystem will gradually closed
Valves SCS without passing through Periodic testing not be affected once warmup and
51-690 the reactor core during shut- flow rate stability
SI-691 down cooling operations. have been reached.

b) Faits Elect. Malf., see 21a Position indication Same as 21a See 21s
closed Mech binding in control room,

Periodic testing
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taste 5.4.7-3 (Cont.) (Sheet 7 of 9)

SMUTDOWN COOLING SYSTEM FMEA

Symptoms and Local Effects Inherent Remarks and ,

h Name Falture Mode Cause includine Dependent Faltures Method of Detection * Comoer.satine Provision Other Effects
4

23. SCS Stop a) Faits open Elect. Malf., None Position indication The redundant series Interlocks asso-
Valves for Suc- Mech. binding in control room, valve ensures that clated with the
tion Line Periodic testing SCS is protected from valves prevent
SI-651 normat RCS pressure overpressurization.
SI-652 during power operation These interlocks

,

, SI-653 prevent the valves
1 SI-654 in the suction
l line of the SCS
; from being opened

if RCS pressure
exceeds 400 pala.
These valves auto-
matically close if
RCS pressure should.

rise above the
' accueutation

pressure of the
SCS suction line
retlef valves.
This pressure is'

700 psia.d

i b) Faits Elect. Malf., Prevention of decay heat re- Position indication Redundant shutdown cool-
! closed Mech. binding movat from core via one SCS in control room, ing subsystem assures

subsystem during normat shut- Periodic testing- adequate cooling although
down cooting or tong term cooling time will be ex-
cooling following a small LOCA tended.

s

!

! 24. SI Tank Isota- a) Falls open Elect. Malf., Unable to isolate one SI tank Position indication None required During shutdown
tion valves mech. binding from the RCS. In control room, cooling these
SI-614 Periodic testing valves are closed.

,

i SI-624 However, if a LOCA
SI-634 occurs a SIAS will

SI-644 automatically open
these valves. SCS
interlock prevents
initiation of shut- |

'

down cooling unless
SIT pressure is re-.

duced to a safe
]' level. SIT press-
' ure caa be towered

by bleeding off*

nitrogen.

_ __
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TABLE 5.4.7-3 (Cont.) (Sheet 8 of 9)

SMUTDOWN COOLING SYSTEM FMEA

Symptoms and Local Effect. Inherent Remarks and1

& Name Failure Mode Cause includine Dependent Faltures Method of Detection * Compensatine Provision Other Effects

b) Falls Elect. Malf., No effect during shutdown Valve position indi- None required
closed Mech. binding cooling cations in control

room, Periodic
testing

25. Shutdown Coot- a) Falls open Elect. Matf., No effect on shutdown cooling valve position indi- None required during Valve is normally
ing Line Isote- Mech. binding cation in control shutdown cooling locked closed in
tion Vatwes room, Periodic operations control room

; SI-655 testing

j SI-656

b) Faits Elect. Malf., InablLity to align one shut- Valve position indi- Redundant shutdown cool-
closed Mech. binding down cooling subsystem for cation in control ing subsystem i

shutdown cooling room, Periodic
testing

26. PCPS Crossover a) Falls open Mech. binding None Periodic testing Adjacent valve (SI-204, valve is normally
Valves to SCS SI-443, S1-450, St-454) locked closed at
SI-256 provides back-up isota- valve
$1-442 tion.
SI-455
SI-458

b) Falls Mech. binding None during shutdown cooling. See customer's SAR PCPS connection with re- One of the shut-
closed Isolation of the spent fuel for description of dundant SOCMX. down cooling MX

; poot cooling system from one PCPS. Periodic may be aligned to
'

train of the SCS prevents use testing the PCPS when no
of one SDCMX to assist in Longer needed to
cooling the spent fuel pool maintain reactor
when it contains 1-1/3 cores. coolant at re-

fueling tempera-
ture

27. Shutdown Cool- a) One Line Contaminants Effective toss of one shutdown Low flow indications Redundant shutdown cool- Periodic samplina
ing Line clogs cooling subsystem from F-307 or F-306, ing subsystem wiLL monitor build-

Periodic testing up of contaminants

b) Limited Seat failure Release of coolant and radio- Local teak detec- The leak can be isolated
Leakage in activity outside of contain- tion. See customer's without affecting the
one train ment. SAR redundant subsystem

28. Flow Indicator False indi- Elect. Malf. Inability to controt cool- Comparison with Redundant indicator
F-306, F-307 cetion down rate in affected train. redundant indicator,
F-338, F-348 with att other pro-

cess instrumentation
and valve position
indications consist-
ent.

_ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _
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j TABLE 5.4.7-3 (Cont.) (Sheet 9 of 9)
.

* SMUTDOWN COOLING SYSTEM FMEA

Symptoms and Local Effects Inherent Remarks and
& Name Falture Mode Cause includine Dependent Faltures Method of Detection * ConDensating Provision Other Effects

*

29. Pressure Indi- False indi- Elect. Malf. None Periodic testing. Redundant indicator

) cator cation Comparison with re-
P-307, P-306 dundant indicator.'

P-303X, P-303Y

) 30. Temperature False indi- Elect. Matf. Inability to control coot- Comparison with Redundant SCS train
Indicator cation down rate in effected train. redundant indicators,

I T-351, T-352 with att other pro-
j T-303X, T-303y cess instrumentation

and valve position
IMications consistent.

] Periodic testing.

! -

, *The Method of Detection column is used to show that it is possible to detect the failure during or before Shutdown Cooling System operation.
1
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5.4.8 REACTOR COOLANT CLEANUP SYSTEM

One function of the Chemical and Volume Control System (CVCS) is
to provide radiological and chemical cleanup of the Reactor
Coolant System. A description of the CVCS is given in Section
9.3.4. Radiological considerations are described in Chapters 11
and 12.

5.4.9 MAIN STEAM LINE AND FEEDWATER PIPING

See Chapter 10. |B
5.4.10 PRE 88URI2ER

5.4.10.1 Desica Bases

The pressurizer is designed to: 2

A. Maintain RCS operating pressure such that the minimum
pressure during operating transients is above the setpoint B
for the Safety Injection Actuation Signal and low pressure
reactor trip, and such that the maximum pressure is below
the high pressure reactor trip setpoint.

B. Meet the design transients specified in Subsection 3.9.1
except that the maximum allowable rate of change in
pressurizer temperature during plant heatup and cooldown is
200*F/hr.

C. Provide sufficient water volume in the pressurizer t
Bprevent uncovering the heaters as a result of a reactor

trip.

D. Provide sufficient water volume to prevent pressurizer
heaters from being uncovered by the outsurge following step *

load decreases of 10% starting from 100% to 25% or a 5% phe
minute ramp decrease from 100% to 15%.

i

|

E. Provide sufficient steam volume to avoid lifting the primary l
safety valves as a result of the most limiting events listed B '

in (LATER). I

F. Provide sufficient steam volume to allow acceptance of the
insurge resulting from any loss of load transient without
liquid or two-phase flow reaching the primary safety valve
nozzles.

G. Minimize the total reactor coolant mass change and
associated charging and letdown flow rates in order to
reduce the quantity of wastes generated by load follow
operations.

O Amendment B
5.4-43 March 31, 1988

|
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H. Provide sufficient pressurizer heater capacity to heat up

the pressurizer, filled with water at the zero power level,
at a rate that ensures a pressurizer temperature (and thus
pressure) which will maintain an adequate degree of
subcooling of the water in the reactor coolant loop as it is
heated by core decay heat and/or pump work from the reactor
coolant pumps.

I. Contain a total water volume that does not adversely affect
the total mass and energy released to the containment during
the maximum hypothetical accident.

J. Ensure that, in addition to being specified as Seisnic
Category I, the pressurizer vessel, including heaters,
baffles, and supports shall be designed such that no damage
to the equipment is caused by the frequency ranges of 19-20
cps and 95-100 cps. The lower frequency is defined as for
the reactor vessel. The design basis for the higher
frequency consists of a pressure pulse of 5 psi which
diminishes internally within the vessel.

K. The combination of maximum heat loss from the pressurizer
and the pressurizer heater capacity shall be such as to B
maintain the pressurizer at normal operatin; pressure during

O not teaadv coaattioa - rat c 9 di11tv *ne11 de 9roviaea
by redundant trains of heaters powered fr am off-site power
and Class 1E emergency power.

L. The total spray flows shall be sufficient to keep the
pressure below the reactor trip setpoint during an insurge
of water during the "Maneuvering and Load Follow" and "Loss
of Load" transients listed in (LATER).

M. The pressurizer size and spray capacity shall be adequate so
the pressurizer safety valves are not actuated by
overpressure transients described in (LATER).

5.4.10.2 Descrintion

The pressurizer, as shown in Figure 5.4.10-1, is a vertically
mounted, bottom supported, cylindrical pressure vessel.
Replaceable direct immersion electric heaters are vertically
mounted in the bottom head. The pressurizer is furnished with
nozzles for the spray, surge, and safety lines, and pressure and
level instrumentation. A manway is provided in the top head for
access for inspection of the pressurizer internals. The
pressurizer surge line is connected to one of the reactor coolant
hot legs and the spray lines are connected to two of the cela B

legs at the reactor coolant pump discharge. Heaters are |

O
Amendment B

5.4-44 March 31, 1988
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supported inside the pressurizer to preclude damage from

Bvibration and seismic loadings. Principal design parameters are
listed in Table 5.4.10-1.

The pressurizer is designed and fabricated in accordance with the
ASME Code listed in Table 5.2-1. The interior surface is clad
with weld deposited stainless steel.

The total volume of the pressurizer is established by
consideration of the factors given in Section 5.4.10.1. To
account for these factors and to provide adequate margin at all
power levels, the water level in the pressurizer is programmed as
a function of average coolant temperature as shown in Figure
5.4.10-2, in conjunction with Figure 5.4.10-3. High or low water
level error signals result in the control actions shown in Figure.

5.4.10-4. The pressurizer surge line is sized to accommodate the
flow rates associated with the RCS expansion and contraction due
to the transients specified in Section 3.9.1.

The pressurizer maintains Reactor Coolant System operating
pressure and, in conjunction with the Chemical and Volume control
system (CVCS), Section 9.3.4, compensates for changes in reactor
coolant volume during load changes, heatup, and cooldown. During
full-power operation, the pressurizer is about one-half full of

O eturetea tee - ae otor coo 1 eat sv te= pre ure v de
controlled automatically or manually by maintaining the
temperature of the pressurizer fluid at the saturation
temperature corresponding to the desired system pressure. A
small continuous spray flow is maintained to the pressurizer to
avoid stratification of pressurizer boron concentration and to
maintain the temperature in the surge and spray lines, thereby
reducing thermal shock as the spray control valves open. An
auxiliary spray line is provided from the charging pumps to
permit pressurizer spray during plant heatup, or to allow cooling
if the reactor coolant pumps are shut down.

During load changes, the pressurizer limits pressure variations
caused by expansion or contraction of the reactor coolant. The
average reactor coolant temperature is programmed to vary as a
function of load as shown in Figure 5.4.10-3. A reduction in
load is followed by a decrease in the average reactor coolant
temperature to the programmed value for the lower power level.
The resulting contraction of the coolant lowers the pressurizer.

water level, causing the reactor system pressure to decrease.
This pressure reduction is partially compensated by flashing of
pressurizer water into steam. All pressurizer heaters are
automatically energized on low system pressure, generating steam
and further limiting pressure decrease. Should the water level
in the pressurizer drop sufficiently below its setpoint, the
letdown control valves close to a minimum value, and the charging B

O Amendment B
5.4-45 March 31, 1988
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O
flow control valve (s) open in the chemical and volume control

Bsystem are automatically controlled to add coolant to the system
and restore pressurizer level.

When steam demand is increased, the average reactor coolant
temperature is raised in accordance with the coolant temperature
program. The expanding coolant from the reactor coolant piping
hot leg enters the bottom of the pressurizer through the surge
line, compressing the steam and raising system pressure. The
increase in pressure is moderated by the condensation of steam
during compression and by the decrease in bulk temperature in the
liquid phase. Should the pressure increase be large enough, the
pressurizer spray valves open, spraying coolant from the reactor
coolant pump discharge (cold leg) into the pressurizer steam
space. The relatively cold spray water condenses some of the
steam in the steam space, limiting the system pressure increase.
The programmed pressurizer water level is a temperature dependent
function. A high level error signal, produced by an in-surge,
causes the letdown control valves to modulate open, releasing
coolant to the chemical and volume control system, and the B

charging flow control valve is closed to a minimum value, thus
restoring the pressurizer to the programmed level. Small
pressure and primary coolant volume variations are accommodated
by the steam volumo that absorbs flow into the pressurizer and by

O ene weter vo1ume enet attow r1ow out or the ere==urizer.
The pressurizer heaters are single unit, direct immersion heaters
that protrude vertically into the pressurizer through sleeves
welded in the lower head. Each heater is internally restrained
from high amplitude vibrations and can be individually removed
for maintenance during plant shutdown.

A number of the heaters are connected to proportional
controllers, which adjust the heat input to account for
steady-state losses and to maintain the desired steam pressure in
the pressurizer. The remaining heaters are connected to on-off
controllers. These heaters are normally deenergized but are
automatically turned on by a low pressurizer pressure signal or a
high level error signal. This latter feature is provided since
load increases result in an in-surge of relatively cold coolant
into the pressurizer, thereby decreasing the bulk water
temperature. The CVCS acts to restore level, resulting in a
transient pressure below normal operating pressure. To minimize
the extent of this transient, the backup heaters are energized,
contributing more heat to the water. Backup heaters are
deenergized in the event of concurrent high-level error and
high-pressurizer pressure signals. A low-low pressurizer water
level signal deenergizes all heaters before they are uncovered to
prevent heater damage. The pressure control program is shown in
Figure 5.4.10-5.

O
Amendment B

5.4-46 March 31, 1988
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5.4.10.3 Evaluation

It is demonstrated by analysis in accordance with requirements l
for ASME Code, Section III, Class 1 vessels that the pressuriner
is adequate for all normal operating and transient conditions
expected during the life of the facility. Following completion

,

|
of fabrication, the pressurizer is subjected to the required ASME '

Code, Section III hydrostatic test and post-hydrostatic test
non-destructive testing.

During hot functional testing, the transient pe: Iormance of the
pressurizer is checked by determining its normal heat losses and
maximum depressurization rate. This information is used in
setting the pressure controllers.

Further assurance of the structural integrity of the pressurizer
during plant life will be obtained from the inservice inspections
performed in accordance with ASME Code, Section XI, and described
in Section 5.2.

Overpressure protection of the Reactor Coolant System is provided
bf four ASME Code spring-loaded safety valves. Refer to Section
5.4.12 and 5.4.13.

O s 4 1o 4 2 * aa r=== ==ie==

Prior to and during fabrication of the pressurizer,
non-destructive testing is performed in accordance with the
requirements of Section III of the ASME Boiler and Pressure
vessel Code. Table 5.4.10-2 summarizes the pressurizer
inspection program, which also includes tests not required by the
Code. Refer to Section 5.2.1 for inservice inspections of the
pressurizer.

|
!

l

!

!

l

O
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TABLE 5.4.10-1

PRESSURIZER PARAMETERS

Property Parameter

Design pressure, psia 2500

Design temperature, 'F 700

Normal operating pressure, psia 2250

Normal operating temperature, 'F 652.7

3
Internal free volume, ft 2400

3Normal (full power) operating water volume, ft 1200 B

3Normal (full power) steam volume, ft 1200

Installed heater capacity, KW 1800

Heater type Immersion

O Spray flow, minimum, gal / min 375

Spray flow, continuous, gal / min 1.5 |

Nozzles |
Surge, in. (nominal) 12, schedule 160
Spray, in. (nominal) 4, schedule 160
Safety valves, in. (nominal) (LATER) B

Instrument
Level, in. (nominal) 3/4, schedule 160
Temperature, in. (nominal) 1, schedule 160
Pressure,in.(nominal) 3/4, schedule 160

Heater, 0.D., in. 1-1/4
!

O Amendment B
March 31, 1988
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TABLE 5.4.10-2

PRESSURIZER TESTS

Component Tests (a)

Heads
Plates UT, MT
Cladding

Shell
Plates UT, MT
Cladding UT, PT

Heaters
Tubing UT, PT
Centering of elements RT
End Plug UT, PT

Nozzle (Forgings) UT, MT

Studs UT, MT

Welds
Shell, longitudinal RT, MT

O Shell, circumferential RT, MT
Cladding UT, PT
Nozzles RT, MT
Nozzle safe ends RT, PT

Instrument connections PT

Support Skirt MT, RT

Temporary attachment after removal MT

All welds after hydrostatic test MT or PT

Heater assembly, end plug weld PT

(a) Key:
UT = ultrasonic testing
MT magnetic particle testing
PT = dye-penetrant testing
RT = radiographic testing

I

O

_ _ _ _ .. _- . _ - - . _. . . _. _ _
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2500 ) SAFETY VALVES OPEN

,

2400 HIGH-HIGH PRESSURE ALARM

t

2375 BOTH SPRAY VALVES FULLY
j OPEN ABOVE 2375 PSIA

,

2350.
w HIGH PRESSURE ALARM

'

s
$
{2325

BOTH SPRAY VALVES FULLY
' CLOSED BELOW 2325 PSIA

5
E
@ 2275 PROPORTIONAL HE ATERm

GROUP 'OFF' + '3

2250 CONTROL SETPOINT

/
'

2225 I PROPORTIONAL HEATER GROUP 'ON' ALL {
BACKUP HEATERS 'OFF' ABOVE 2225 PSIA'p

2200 I ALL BACKUP HEATERU 'ON'
BELOW 2200 PSIA

.

2160 LOW PRESSURE ALARM <

r

/
,

NET HEAT IN NET HEAT OUT
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5.4.11 PRESSURISER RELIEF TANK

The defueling water storage tank is used as the pressurizer |
rdlief tank. The design and' description of this tank are given )
in (IlTER) . B I

'

l

5.4.12 VALVES I
\

\

5.4.12.1 Desi7n Basis

Thesafety-relatedfunctionsofvalveswithInthereactorcoolant
pressure boundary are to act as pressure retaining vessels and
leaktight barriers during normal plant operation, accidents and
seismic disturbances.<

.

These valves are designed in accordance with ASME Code, Section
III, Class.I requirements and must withstand the effects of the
system design transients (see Section 3.9.1) plus other
transients associated with each valves location or service
requiremients. The valves mee.t' Seismic Category I requirements.
Valve stem leakage control for reactor coolant pressure boundary
valves is accomplished through the use of double packings with a
leak-off connection at the lantern ring to provide ter collection
of leakage. Backseats are specified on manual and motor-operated

O gate and globe valves to further minimize potential leakage.

Materials of construction are specified to asaure compatibility
with the environment and contained fluids.

5.4.12.2 Desiqn_pescrintion
I

All valves in the reactor coolant system are constructed
primarily of stainless steel. Other materials in contact with
the coolant, such as hard facing and packing, are compatible
naterials. Fanteners, packing, gland assemblies, and yoke
fasteners are constructed of stainless steel to eliminate
corrosion problems. Valves not constructed with diaphragus, or
bellows, or not normally backseated, are provided with two
independent sets of packing, separated by a lantern ring and
leak-off connections piped to'a collection system to elininate
uncontrolled leakaya.

5.4.12.3 pasion Evaluation
'

| All valves within the reactor coolant pressure boundary are
stress analyzed in accordance with ASME Code, Section III, Class
I, taking into consideration cyclic loadings. 1

O
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'T 5.4.12.4 Tests and Inaucthu
The valves are hydrostatically tsst<d and leak tested across the
seats and a c".os s the packing in acGordance with the ASME B&PV
Code as specifivl in 'hable 5.2-1. /

, (/,s s,,7 s

5. 4.1) SAFL N NNb M U BP TALVES
'

* '

,

5.4.1b.1 pg_sh,LM1'C ',)s
\ \<

The safety valver on t?te pressurize: are designed to protect thei' Sect 10n III.system, as required t.y the ASME CAPE Cede,
. A

Q'The design basis for establishing the relieving capacity of the
preseu ;izer safety valven in preser ted in Ippendix 5A. For the'

j pontui.nted.''irans N nts . presented in Chapte.r 15, the resultsi

I .

/ in lica te Qat relieving capacicy of the safety valves is
! sufficient to provide overpressom brotection in accordance with,

Section III of the ASME Code. :S <

Safety ye$"as t "A the steen t. de of each staan generator are
c w igr+tt, tc4 prc':ect the ste.% system, as required by the ASME
Code, SectLen d 1 '. iThey are ' conservatively sized to pass a<

steady flo.s f egrtvalent to thq maximum expectert power level at theg
Q designp.;etfurdafthesteamsystam.

5.4.13.7 Macrip*)on'

The RCS has foul safet:t v a.'.v e s bo provide overpressure
protection. A typical safehy salve is illustrated in Figure
5.4.13-1. The design parameters are given in Table 5.4.13-1.
These valves are connected 'bv pipir.g to the top of the

fpressurizer. They are direct acting, spring-loaded safety valves.

meeting ASME Code. requirement.3. They have an enclosed bonnet and
'have a balanced bellows te; , compencato. for backpressure. The
safety valves pass suf ficket pressurizer steam to limit the
reactor coolant syttem pressure to 110% of design pressure (2750 |

' ' psig) following a complete loss of turoino generator load without
simultaneous reactor trip. A (elayM xactor trip is assumed on
o high-pressurizar pressure s ic,nal . To determine maximum steam
flow through the pressurizer safety u lves, the main steam safety
'[alves are assumed to be o'perationil. Values for the system
Jarztmeters, dels;,r times, ;an:t core r.oderator coefficient are given
in Chapter 15.

| |
, L Overpressure urotection for the 6, hell side of the steam

(> generacorr and the main steam line up to the inlet of the turbine
stop valve is provided by the secondary safety valves.

t

e,

'
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These valves are each sized to pass a steam flow of 945,292 lb/hr
at 1308 psia. This limits steam generator pressure to less than
110% of steam generator design pressure during worst case
transients. The aecondary safety valves consist of two banks of
10 valves with staggered set pressures. The valves. are
spring-loaded safety valves procured in accordance with ASME
Boiler and Pressure Vessel Code, Section III (see Table 5.2-1).
Parameters for the secondary safety valves are given in Table
5.4.13-2.

5.4.13.3 Evaluation

Overpressure protection is discussed in Section 5.2.2. The ASME
Code report on Overpressure Protection is included as Appendix
SA.

5.4.13.4 Tests and Insoections

The valves are inspected during fabrication in accordance with
ASME III Code requirements.

5.4.13.4.1 Pressurizer Safety Valves

The inlet and outlet portions of the valves are hydrostatically

) tested with water at the appropriate pressures required by the
applicable section of the ASME Code. Set pressure and seat
leakage tests can be performed with steam using a pro-rated
spring. Final set pressure tests are performed with the final
springs using either high pressure steam or low pressure steam
with an assist device. Final seat leakage tests are performed
prior to shipment with the final springs using either hot air or
hot nitrogen. Valve adjustment shall be made to a valve ring

thebasisoftheEPRISafetyValveTestProgramresults.giononsetting combination selected to provide stable valve ope

5.4.13.4.2 Main Steam Safety Valves !

The inlet portion of the valve is hydrostatically tested with
water in accordance with the ASME Code. Set pressure and set
leakage tests are performed using steam. Adjustment is made to
provide a valve bloudown meeting the requirement specified in l
Table 5.4.13-2. |

|

|
i

(1) CEN-227 "Summary Report on the Operability of Pressurizer
Safety Relief Valve in C-E Designed Plants", December 1982.

OO
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TABLE 5.4.13-1 |
|

PRESSURIZER SAFETY VALVE PARAMETERS |

Property Parameter

Design pressure, lb/in.2a 2500

Design temperature, 'F 700

Fluid Saturated Steam,
4400 ppm boron,
pH = 4.5 to 10.6

Set pressure, lb/in.2 a 2500 1%

Min. capacity, lb/h at, accumulation 460,000
pressure, each

Type Spring loaded safety-
balanced bellows.
Enclosed bonnet.

(] Orifice area, in.2 4,34

Accumulation, % 3

Backpressure

Max. buildup / max superimposed, lb/in.2g 700 /340
*

Blowdown, % 18.5

2Min. blowdown pressure, lb/in a 2040

Typical materials

Body ASME SA 182, GR. F316

Disc ASTM A637, GR. 688

Nozzle ASME SA 182, GR. 347

*
Maximum allowable back pressure.

O
Amendment B
March 31, 1988
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TABLE 5.4.13-2

MAIN STEAM SAFETY VALVE PARAMETERS

Property Parameter

Design pressure, lb/in.29 1375

Design temperature, 'F 575

Fluid Saturated Steam

Set pressure, 1b/in.29 1255, 1290, 1315

6Min. capacity, lb/h at accumulation pressure 19x10 Total (20 Valves)

Type Spring loaded

Orifice area, in.2 16

Accumulation, % 3

Backpressure
[,\

Max. buildup / max superimposed, Ib/in.2g 125/0
'v'

Approx. dry weight, lbs. 1545

Minimum blowdown pressure, psig 1175

Typical materials

Body ASME SA 105

Disc ASTM A565, GR. 616

Nozzle ASME SA 182, GR. F316

|
,

_
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5.4.14 COMPONENT SUPPORTS

5.4.14.1 Desion Basis

The criteria applied in the design of the Reactor Coolant System
supports are that the specific function of the supported
equipment be achieved during all normal, earthquake, safety valve
actuation and Branch Line Pipe Break (BLPB) conditions. (BLPB
includes feedwater line breaks and all loss-of-coolant accident B

conditions resulting from breaks not eliminated by
leak-before-break analysis in piping to branch nozzles of the
reactor coolant system.) Specifica.'s.ly, tuo supports are designed
to support and restrain the Reactor Coolant System components
under the combined Safe Shutdown Earthquake and Branch Line Pip

BBreak loadings in accordance with the stress and deflection
limits of Section III, ASME Code.

5.4.14.2 Description

Figure 5.4.14-1 illustrates the Reactor Coolant System support
points. A description of the supports for each supported
component follows:

a. Reactor Vessel Supports
3

(O The reactor vessel is supported by four vertical columns
located under the vessel inlet nozzles. These columns are
designed to flex in the direction of horizontal thermal
expansion and thus allow unrestrained heatup and cooldown.
They also act as holddown devices for the vessel.

Horizontal keyways located alongside the upper portion of
the column guide the vessel during thermal expansion and
contraction of the Reactor Coolant System and maintain the
vessel centerline.

Four horizontal keys are welded to the bottom vessel head.
The column base plate acts as a keyway for these keys to
restrain the bottom of the vessel.

The supports are designed to accept normal, seismic, and
Branch Line Pipe Break loads.

B |
!

Reactor vessel supports are shown in Figure 5.4.14-2. {

b. Steam Generator Supports

The steam generator is supported at the bottom by a sliding
base bolted to an integrally attached conical skirt. The
sliding base rests on low friction bearings which allow

G
t /'" Amendment B j
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unrestrained thermal expansion of the Reactor Coolant
System. Two keyweyG within the sliding base mate with

|embedded ceys to guide the movement of the steam generator |

during expansion and contraction of the Reactor Coolant
BSystem and limit movement of the bottom of the steam

generator during seismic events and Branch Line Pipe Breaks.

A system of keys and snubbers located on the steam drum
guide the top of the steam generator during expansion and
contraction of the Reactor Coolant System and provide
support during seismic events and following Branch Line Pipe g
Breaks.

Typical steam generator supports are shown in Figure
5.4.14-3.

c. Reactor Coolant Pump Supports

Each reactor coolant pump is provided with four vertical
support columns, four horizontal support columns, and two
horizontal snubbers. The rigid structural columns provide
support for the pumps during normal operation, earthquake
conditions, and Branch Line Pipe Breaks. An illustration of |B
the pump supports is shown in Figure 5.4.14-4.

d. Pressurizer Supports

The pressurizer is supported by a cylindrical skirt welded
to the pressurizer and bolted to the support structure. The
skirt is designed to withstand deadweight and normal
operating loads as well as the loads due to earthquakes,
safety valve actuation, and Branch Line Pipe Breaks. Four
keys welded to the upper shell provide additional restraint B
for earthquake, safety valve actuation, and Branch Line Pipe
Break conditions.

5.4.14.3 Evaluation

The structural integrity of the reactor coolant system support
components is ensured by quality assurance inspections in
accordance with Section III of the ASME Code during fabrication.
The non-integral supports are procured by individual equipment
specifications which impose appropriate quality assurance
requirements commensurate with the respective component's
functions.

During pre-operational testing of the Reactor Coolant System, the
support displacements will be monitored for concurrence with
calculated displacements and/or clearances. Subsequent
inspections of supports which are integral with Reactor Coolant

g System components will be in accordance with Section XI of the
; j ASME Code.

Amendment B
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9.2 WATER SYSTEM

9.2.1 STATION SERVICE WATER SYSTEM
B

(Standardized Functional Description - Later)

9.2.2 COOLING SYSTEM FOR REACTOR AUXILIARIES

(Standardized Functional Description - Later) B

9.2.3 DEMINERALI2ED WATER MAKEUP SYSTEM

9.2.3.1 Desian Bases

The Demineralized Water Makeup System supplies filtered
demineralized water to the Condensate Storage System for makeup
and to other systems throughout the plant that require high
quality water. This system serves no safety function and has no
safety design bases.

9.2.3.2 System Descriction

O The makeup demineralizer supply pumps take suction from the B
filtered water storage tanks and pump this water through a series'

of domineralizers to a vacuum degasifier for further "

purification. The resulting demineralized water provides ;

condensate quality water to the following: '

a. Condensate Storage System makeup

b. Chemical addition tank makeup

c. Generator stator cooling water makeup

d. Recirculated cooling water storage tank makeup

e. Demineralized water storage tank makeup

f. Reactor water storage tank makeup

g. Wet layup to the steam generators

! h. Auxiliary boiler feedwater

l 1. Chilled water system

j. Radwaste systemi

) k. Diesel generator cooling water systems

|
!

Amendment B
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1. Fuel Pool makeup

m. Miscellaneous other systems

The plant-specific design and layout of the Domineralized Water
Makeup System is described in the site-specific SAR. The
following functional requirements are to be met by that system in
order to provide a reliable system.

i

9.2.3.2.1 system Performance

1. The system provides domineralized makeup water of a quality
and quantity which is suitable for long-term plant
operation. This applies to all plant conditions including
power operation, startup, shutdown, extended outages, and
off-chemistry conditions.

2. The makeup water produced meets the chemistry requirements
of Table 9.2.3-1. .

3. The startup and off-chemistry conditions are evaluated
together with storage capacity and operating procedures to ,

ensure that makeup water capacity is not limited and does
not have to be supplied from off-site sources.

g

4. Raw water quality is reviewed for any additional
pre-treatment prior to entering the domineralized water
makeup system.

5. The demineralized water storage tank provides for holdup and I

sampling of water from the demineralizers prior to
discharge; it is designed to maintain water purity and
exclude oxygen.

6. The following demineralizer system features are included:

a. strainers in waste lines to eliminate resin carryover
during backwash

i

1 b. use of inert resin in mixed bed vessels

c. full-flow recirculation
'

d. resin regeneration

e. sight glasses for viewing resin levels in mixed bed
; vessels
:

f. resin traps downstream of each demineralizer vessel
O 7. The system utilizes two 100% capacity trains.

Amendment B
9.2-2 March 21, 1988
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9.2.3.2.2 Components r

-
,

'
9.2.3.2.2.1 Domineraliser

| 1. The domineralizer includes cation, anion, and, mixed bed

units. Depending on site-specific raw water quality,
different arrangements, including .decarbonators, .may be
necessary. '

;

2. The design of the domineralizer may be based on' either
cocurrent or countercurrent regeneratior,.

3. Recirculation capability around the mixed bed demineralizer ,

is provided.

4. The following materials are used:

Iten Material
9

Demineralizer vessels , Lined carbon steel.
Domineralizer skid piping 'Polypropylene lined

carbon steel
[}

Dilute acid piping Alloy 20
.

Domineralizer waste pipino Alloy 20 (or other '

l corrosion resistant
'

material)
In addition, the .smineralizer waste tank liner is able to
withstand the corrosive effects of the regenerate waste over
the complete range of expected pH values and chemical
concentrations. The tank also includes provisions for
chemical neutralization.

9.2.3.2.2.2 Vacuum Degasifier

1. The degasifier is a packed spray tower type with the makeup
water injected at the top of the bed through a distributor
system. Two vacuum pumps are provided to maintain system
vacuum.

! 2. Two pumps are provided for transferring the degasified water
j to the demineralized water storage tank.

,e

3. The degasifier vessel is constructed of rubber lined carbon
steel; all piping and fittings are Type 304 SS.

<
. i

();

'

Amendment B
'
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9.2.3.2.2.3 Domineralised Water Storage Tank,

1. The capacity of the Demineralized Water Storage Tank is
based on the design flow rate of the domineralizer and the
makeup requirements of the plant systems.

I

2. Two recirculation pumps are provided downstream of the DWST
for recycling water back to the degasifier.

3. The DWST is constructed out of stainless steelt a stainless
steel floating cover is provided to minimize air ingress.

9.2.3.3 Bafety Evaluation

The Makeup Demineralized Water System does not perform any safety
functions; failure of this system will not have any adv erse
effects on the safety analysis.

9.2.3.4 Tests and Insnectiong

Prior to startup, all piping is hydrostatically tested and
flushed to applicable codes and standards. System operability is'

,

O verific d ' by placing tho system into operation prior to fuele

loading. . After startup, routine visual inspection of the system
componente and instrumentation is adequate to verify system
operability.

9.2.3.5 Instrumentation Annlicatiogg
,

,

1. Instruments and controls are selected to provide the minimum
monitoring and control of the systems used to purify makeup
water. The system is controlled and monitored from local
control paneln; the number of panels is related to the
location of equipment. Every attempt is make to integrate
the controls ar.a indication into two or three panels, at
most, to maximize operator control of each subsystem. Each
panel contains a semigraphic display of the system or
subsystem controlled from that panel in simplified piping

'
and equipment format. The controls and indications are
grouped together near their respective sections of the
semigraphic display.

; 2. Manual controls for all steps of sequence control are
provided as backup to the automatic / semi-automatic control.

i 3. The demineralizer is denigned for automatic regeneration
following manual pushbutton initiation.

4. The parameters which are monitored throughout the

O ae=taerati=er =v te= are tedutacea ia raete $ 2 3-2- waere

Amendment B
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?, possible, sequential sampling is utilized to minimize the
number of process analyzey's.
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Q TABLE 9.2.3-1

PRIMARY AND SECONDARY MAKEUP WATER LIMITS

pH 6.0 to 8.0
B

Conductivity less than 0.2 pmhos
1

i

Chloride Less than 0.15 ppm C1 1

Fluoride Less than 0.10 ppm F

Suspended Solids less than 0.35 ppm

Silica (SiO ) Less than 0.01 ppm
2

O |

|

|

o
Amendment B
March 31, 1988
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O TAB's 9 2 3-2

PROCESS MONITORING PARAMETERS

Demin. Cation Decarbon. Anion Mixed Bed Degasi.
Parameter Inlet Efflu. Efflu. Efflu. Ef fl u. Efflu.

Sodium C C W

Chloride C C

Sulfate W W

Silica C C

pH C C

Conductivity C C W

Pressure C C B

Flow C

O 801ES:

1. All parameters listed above are either continuously monitored (C) or grab
sampled en a weekly basis (W).

2. Recorders are provided for all continuous parameters except pressure. A
flow totalizer is also provided.

3. Alarms are provided for mixed bed effluent chemistry parameters, low
demineralizer flow and degasifier effluent dissolved oxygen.

4. H decarbonators are utilized. ;

l
l

O
Amendment B
March 31, 1988
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9.2.4 POTABLE AND SANITARY WATER SYSTEMS

(Standardized Functional Description - Later)

9.2.5 ULTIMATE HEAT SINK

(Standardized Functional Description - Later)

9.2.6 CONDENSATE STORAGE SYSTEM

9.2.6.1 Desian Bases

1. The Condensate Storage System provides demineralized water
for initial fill of the condensate and feedwater systems.
As dictated by the Hotwell Level Control System, the
Condensate Storage System provides makeup or receives excess
condensate as necessary.

2. The Condensate Storage System, along with other condensate
volumes such as the condensate hotwell or the deaerator
storage tank, is designed to enable the RCS to be maintained B

,

at hot standby for four hours and then to be cooled down and '

depressurized to shutdown cooling system entry conditions in !

O the next twener hours. ,

3. The condensate Storage System is designed to maintain water
purity and exclude oxygen.

9.2.6.2 System Description

l

The Condensate Storage System provides a readily available source i
Iof deaerated condensate for makeup to the condenser and is one of

the condensate sources of startup feedwater for makeup to the
steam generators. It also serves to collect and store
miscellaneous system drains.

The plant specific layout of the condensate storage system is
described in the site-specific SAR. The following functional
requirements are met to provide a reliable system:

1. The minimum capacity of the condensate storage tanks is
based on the maximum condensate usage during startup (e.g.,
maximum steam generator blowdown level x startup duration)
plus a 100% margin.

O
Amendment B
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2. A minimum of two condensate storage tanks are provided.

3. Two pumps are provided for recycling back to the degasifier
located in the demineralized water makeup system.

4. The condensate storage tanks are to be constructed of
stainless steel.

5. Stainless steel floating covers are recommended to minimize
air ingress.

9.2.6.3 Safety Evaluation

The Condensate Storage System is not safety related because the B

assured source of water for the emergency feedwater system is
provided by the Emergency Feedwater Storage Tanks. The safety
analysis is, therefore, not affected by the design of the
Condensate Storage System.

9.2.6.4 Tests and Insooctions

Prior to startup, all piping is hydrostatically tested and
flushed to applicable codes and standards. System operability is

U^ verified by placing the system into operation prior to fuel
loading. After startup, routine visual inspection of tne system
components and instrumentation is adequate to verify system
operability.

9.2.6.5 Instrumentation Acolications

Sufficient instrumentation is provided to monitor system
performance. See the site-specific SAR for plant-specific )
instrumentation.

|
,

l
,

1
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9.3 PROCESS AUZILIARIES

9.3.1 COMPRESSED AIR SYSTEMS

B
(Standardized Functional Description - Later)

9.3.2 PROCESS SAMPLING SYSTEM

9.3.2.1 Desian Bases

The sampling system is designed to collect and deliver
representative samples of liquids and gases in various process
systems to sample stations for chemical and radiological
analysis. The system permits sampling during reactor operation,
cooldown and post-accident modes without requiring access to the
containment. Remote samples can be taken of fluids in high
radiation areas without requiring access to these areas. The
sample system performs no safety function.

9.3.2.1.1 Performance Design Criteria B

a. Collection Environment

OV The system permits sampling without requiring access to the
containment or entry into high radiation areas.

b. Flow to Continuous Monitors

The system provides a constant and continuous sample flow to
the on-line monitors or analyzers. In the event that a
system is removed from service, an alternative source of
water is provided to the monitors.

c. Grab Samples

Unless sampling is done for total dissolved gases, grab
sample (s) are provided at atmospheric pressure. For grab
samples of pure water systems for which pH and conductivity
measurements are made, a sample sink is provided to allow
for sample flow past portable measuring equipment.

d. Pressure / Temperature Reduction

Samples are reduced to a pressure that is compatible with
on-line monitors or analyzers and to atmospheric pressure
for grab samples not being analyzed for dissolved gases.
Samples are cooled to 25'C (77 ' F) for on-line monitors and
analyzers and to a maximum temperature of 49'C (120*F) for

n grab samples.

V

Amendment B
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e. Representative Samples
B

Samples are representative of the sampled stream. The
Isampling system provides isokinetic samples if a vapor or

gaseous phase may exist in the process fluid being sampled
(e.g., wet steam or fluid streams sampled for particulates).
For tanks, provisions are made to sample the recirculation
loop of the tank contents and to avoid sampling from low
points for from potential sediment traps. For process
stream samples, sample points are located in turbulent f1 6w
zones. Stagnant areas are avoided since these areas do not
have mixing. Gaseous samples of process streams and tanks
are in accordance with ANSI N13.1-1969.

f. Sample Segregation

Samples are segregated a that low conductivity equipment
drains and high conductivity, or high solid, samples are not
mixed for discharge to radwaste or return to downstream of
the point of origin. In addition, the effluent from
analyzers which add chemicals to the sample (e.g., sodium
and silica analyzers) are routed to a high conductivity
waste tank. Samplen that are radioactive or potentiallyp,

\_/ radioactive are segregated from non-radioactive samples.

g. Sample Flow Rate

The sample flow rate assures turbulent flow (e.g., Re >
4000) in the sample line up-stream of the sampling or
monitoring location. Sample flow rate capabilities are
selected based on sample line size, fluid temperature and
sample station location to assure that the turbulent flow
requirement is met,

h. Post-Accident Sampling

1. The design meets the requirements of Section II.B.3 of
NUREG-0737 and applicable sections of Regulatory Guide
1.97.

2. The design appropriately integrates the normal and
post-accident functions so as to maximize the
familiarity of plant operators with the operation of
systems that may be required after an accident.
However, long sample delay times for normal samples are ,

avoided. I

d
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3. Any function which is not performed during normal i

sampling operations has testing capability to enable B |

periodic verification of operability and ,

familiarization with system operation.

4. Provision is made for diluting liquid and gas samples
for subsequent radiological analysis.

5. Collection and dilution of the post-accident sample is
performed remotely to the maximum extent feasible.

6. Grab samples are utilized for specific laboratory
analyses, and on-line monitors are utilized for trends.
Utilizing grab samples for radioisotopic analysis is
preferred over on-line monitors.

7. All remotely operated valves required for post-accident
sampling have assured power supplies and system level
reset features which allow reopening of the valves
after containment isolation without clearing the
isolation signal for other containment isolation
valves. Individual valve reset features are provided
to allow opening of individual sampling valves afterO, system reset. Valves and operators which are
inaccessible during an accident are environmentally
qualified to ensure operability under accident
conditions.

8. Two independent non-lE sources are available to provide i

electrical power for post-accident sampling. After
loss of normal onsite power, power is automatically
supplied from offsite. During loss of offsite power,
an alternate backup power source, not necessarily the
vital lE bus, is available that can be energized in
sufficient time to meet the three-hour sampling and
analysis time limit of NUREG-0737.

9. Fire Protection

In the event of a fire, reactor coolant boron sampling
is available to verify shutdown margin.

9.3.2.2 System Descriction

l

9.3.2.2.1 General System Description

The process sampling system includes sampling lines, heat
exchangers, sample vessels, sample sinks or racks, analysis
equipment, and instrumentation. The sampling points have been

O ee1ectea to 9roviae the reautrea che=icet e#a reatoto9icet
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information while keeping the system simple for reliability and |
ease of maintenance. Table 9.3.2-1 shows the sample locations, '

types of samples and monitors required for normal and
post-accident sampling, respectively. Other sample points may be
provided and are listed in the site-specific SAR.

Chemical and radiochemical analyses are performed to determine
boron concentration, fission and corrosion product activity, crud
concentration, dissolved gas and corrosion product
concentrations, chloride concentration, coolant pH, conductivity
of the reactor coolant, and noncondensible gas concentration in
the pressurizer. The results of the analyses are used to
regulate the boron concentration, monitor the fuel cladding
integrity, evaluate ion exchanger and filter performance, specify
chemical additions to the various systems, and maintain the
proper hydrogen concentration in the reactor coolant systems.

A data management and surveillance system gives daily evaluation
of plant chemistry, and tracks and plots chemistry trends.

The seismic design classification and quality group
classification of sample lines and components conform to the
classification of the system to which each sampling line and

O convoaent is connected, out to such e goint where ete ificetion
to lower seismic and quality group classification is justified on B

the basis that adequate isolation valving or flow restriction is
provided.

Sample lines penetrating the containment are provided with
isolution valves in accordance with 10CFR50, Appendix A, General
Design Criteria 55 and 56.

The sampling system has the following system features:

1. Configuration |

The system configuration is such that, under normal
operation, samples are transported from a number of
d!.fferent locations to central sample racks, where samples
are cooled and depressurized as necessary. For samples |
containing dissolved gases, sample bombs are located at the
exit of each sample cooler to facilitate the collection of
samples. In addition, the system configuration is such
that, under post-accident conditions, samples of containment
atmosphere and containment liquids are transported to an
accessible location for grab sampling.

O
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2. Arrangement

B

a. Sample lines have continuous slope either toward or
away from the sample station, depending on the type of
sample (i.e., sloping toward sampling station for
liquid samples and sloping away from sampling station
for gaseous samples). Traps and pockets in which
condensate or sludge may settle, or in which gas
pockets form, are avoided.

b. A shut-off valve is placed in the sample line
immediately after the point from which the sample is
withdrawn.

c. If sample coolers / condensers are required, a valve,
capable of being locked wide open, is placed at the
sample cooler / condenser inlet. Throttling devices are
placed downstream of the sample cooler / condenser.

d. Sample station locations are selected to consolidate
samples within a location or locations consistent with:

o common building areas;

O
o Minimization of sample line lengths consistent

with other functional requirements, such as fluid
hold-up to allow decay of radioactivity;

o Minimization of travel time and distance for
sampling personnel;

o Accessibility to personnel;

o Area radiation as low as practicable to minimize
radiation doses to plant W rsonnel;

,

)
o Proximity of sample stations to the chemical

laboratories; and,

o Maintaining sufficient pressure head for turbulent
flow.

e. Sampling station components that retain potentially
radioactive fluids, such as sample coolers, isolation
valves, throttle valves, control valves, relief valves
and drain lines, are located behind a wall which
provides radiation shielding. |

O
U
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3. Overpressurization Protection
B

Relief valves are provided for overpressurization
protection. The discharge of the relief valves is routed to
an appropriate collection point. I

i

4. Exhaust-Ventilated, Hooded Enclosares

Sample points for radioactive samples are located within a
vented sampling hood. The hooded enclosure confines any
leakage or spillage of radioactive samples. The enclosure
allows any liquid .1eakage to be collected in a sink and
drained to an equipment drain header for processing through
the liquid radwaste system.

5. Purging of Sample Lines

a. Sample sinks, drained sumps and/or collection headers
are provided to allow flow of continuous samples
through on-line instrumentation and to allow purging of
sample lines and the sample bomb prior to the
collection of sanples.

O d. Seng1e suree co11eceion heedere ere routed decx to the
system of origin or radwaste consistent with process
parameters (e.g., reactor coolant grade water samples
are purged to the Volume Control Tank). If process
parameters do not permit this recycling, the purge flow
is directed to a collection tank consistent with the
chemistry and activity of the sample.

6. Materials

Sample system materials are selected so that the system does
not contribute to sample contamination via such mechanisms
as cobalt or corrosion product release.

7. Sample Lines

Sample line components and fittings are procured for 3000
psig at 600*F. Expansion loops or other means are provided
to prevent undue buckling and bending when large temperature
changes occur.

8. Isolation Valves

Remotely-controlled isolation valves fail in the closed
position.

O
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9. Sample Coolers

B

a. The sample cooler coil or tube (s) is made of material
resistant to corrosion by both the sample fluid on one
side and cooling water on the other.,

b. The tube (s) through ahich the sample flows is
continuous and extends completely through the cooling
jacket.

9.3.2.2.2 Detailed System Description

The plant-specific layout of the sampling system is described in
the site-specific SAR. The following detailed functional
requirements are to be met for a reliable system.

1. Reactor Coolant System Sample

a. The sampling system provides a means of obtaining
remote liquid samples from the Reactor Coolant System
for chemical and radiochemical laboratory analysis.
Typical analyses performed include corrosion product
activity levels, crud concentration, dissolved gas and,

corrosion product concentrations, chloride
concentration, coolant pH, conductivity levels and
boron concentration. The results of these tests are
used to verify the boron concentration, monitor the
fuel rod integrity, specify chemical additions and
maintain the proper hydrogen concentration in the
Reactor Coolant System.

b. Reactor Coolant System sample connections are provided
from one hot leg and the pressurizer surge line. A
sample connection is provided from the pressurizer
steam space via the pressurizer safety valve inlet
piping. Each of these sample lines contains a 7/32" x
1" orifice. This orifice functions as the Safety Class
1 to Safety class 2 boundary in the sample line per
ANSI N18.2a - 1975.

c. The high-pressure and high-temperature samples from the
pressurizer surge line, the pressurizer steam space and
the hot leg are individually routed to a sampling
station where they are first cooled in a sample heat
exchanger to 120'F or less, and then reduced in
pressure by a throttling valve to approximately 25
psig.

O
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d. The sample lines in contact with the reactor coolant B
are austenitic stainless steel or equivalent, such that
the material is compatible with the fluid chemistry.

e. Provisions are made to allow sampling of the Reactor
Coolant System during startup. For this moda of ,

operation it can be assuned that the Reactor Coolant
System pressure is approximately 250 psig.

f. Provisions are made to allow Reactor Coolant System
sampling during Shutdcwn Cooling System operation.

g. On-line monitoring is provided for boron concentration 4

and radiation level of the reactor coolant sample.
Continuous indication and recording of these parameters
is provided in the control room. The sample point (s)
for these monitors provides a representative sample for
a wide range of plant operating and accident
conditions, including low temperature and pressure in
the Reactor Coolant System. In addition, the sample
point location (s) and sample stream flow rate are
designed to have a response time of less than two
minutes. Alternate sample points, isolated by manualO valving are provided to allow monitoring of reactorv
coolant boron concentration with an RCS loop drained.

2. Main Steam System and Steam Generator Sample

a. Sampling lines are as short as possible and of the
smallest practicable bore to facilitate flushing and
reduce transport time.

b. Sample lines are 3/8" 18 BWG tubing or equivalent.
,

Material is stainless steel or equivalent that is at i

least as resistant to steam as 18 chromium, 8 nickel l
stainless. On high temperature lines which may present |
a personnel hazard, lagging is provided. I

1

c. As much as practicable, sample lines are pitched
downward at least 10 degrees to provide self drainage
so as to prevent settling or separation of solids |

contained by the water sample. Traps and pockets in I

which condensate or sludge may settle are avoided since
they may be partially emptied with changes in flow
conditions and may result in sample contamination.

d. Expansion loops or other means are provided to prevent
undue buckling and bending when large temperature
changes occcer.

Amendment B
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| e. Valves and fittings are made from materials similar to

those used in the sampling lines. A shutoff valve is B

provided immediately after the point from which the
sample is withdrawn. A valve capable of being locked
or wired wide open is placed at the sample cooler /
condenser inlet. Throttling devices (e.g., valves,

orifices) are placed downstream of the sample

cooler / condenser.

f. The sample cooler / condenser is constructed of material'

compatible with the chemistry of both the sample and
,

cooling media. It is designed to cool a sample at
sample flow rates compatible with the sample line size
and purge flow rates. The tube through which the
sample flows is continuous and extends completely
through the cooling jacket to avoid contamination or
dilution of the sample with cooling water. The tube
diameter is sized so as to minimize lag time through
the cooler. For steam samples, tubing is at least as
resistant to steam as 18 chromium, 8 nickel stainless
steel.

g. The steam sample nozzle is of multiport design (ports

O fecine unsereem) end destened for: sufficiene streneth
to eliminate the possibility of failure through
vibration or wear, isokinetic sampling, high velocity
beyond the inlet port, and of a material which will not :

contaminate the sample. The nozzle is not located )
immediately after a pipe bend or valve (unless valve i

aperture is concentric with the pipe). In order of |

preference, location is in:

vertical pipe, downward flow-

vertical pipe, upward flow-

horizontal pipe, vertical insertion-

1

horizontal pipe, horizontal insortion-

h. All probes are 90' to the pipe wall.

i. Three sample points are provided for each steam
generator: hot leg blowdown, cold leg blowdown and
recirculating (downcomer) water. Samples from the
blowdown lines originate as close to the blowdown
nozzles as possible. All three samples run outside
containment without headering to allow independent
simultaneous grab samples to be drawn and to allow the
sample to be continuously monitored for pH,

Amendment B
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conductivity and radiation. Two sample points are

Bcontinuously monitored for pH and conductivity and one 1
'

of the samples are continuously monitored for
radiation. Alarms are provided for all monitors to
alert operators of out of specification chemical
conditions.

j. Sufficient process instrumentation (temperature,
pressure, flow) are provided at tre sampling station to
monitor system performance. Rulief protection is
provided to protect the operator and low
pressure / temperature portion of the system from the
high temperature /high pressure sample fluid.

3. Safety Injection System Sample

a. Sample points for the SIS are located at the:

ESF Train 1 safety injection pump miniflow line.
ESF Train 2 safety injection pump miniflow line.

The above samples provide the operator with a remote
means of measuring sump pH and boron concentration. In

O order to allow sampling to be carried out, the operator
will be required to open one of the miniflow line
isolation valves between the sample point and the
safety injection discharge. These samples are at a
temperature of less than 350*F and a pressure of less
than 2050 psig. ;

b. Local sampling lines are provided on the safety |
injection tanks (four sample points, one per tank) and i

on the recirculation line to the refueling water tank. l
The samples from the safety injection tank will be at a
pressure of less than 700 psig and a temperature of
less than 200'F. The samples from the recirculation
line will be at a pressure of less than 2050 psig and a
temperature of less than 350*F. The valves on the
sample lines shall be sized to limit flow to an
acceptable level at the sample collection point.

c. The fluid velocity in the sample lines is selected to
obtain representative samples. The purge flow rate is

,

high enough to remove crud from lines. Based on 3/8 l

inch 0.D. sample lines, the following nominal values
are recommended:

1

Liquid purge flow rate - 1.0 gpm-

Liquid sample flow rate - 0.6 gpm i-

Amendment B
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d. Sample taps are located on vertical runs of pipe
B

whenever pessible. Where this cannot be done, it is
permissible to take samples from the top of horizontal
pipe runs. The safety injection tanks are provided
with sample nozzles.

,

l

e. The sample lines in contact with the reactor coolant
are austenitic stainless steel or equivalent, such that
the material is compatible with the fluid chemistry.

4. Shutdown Cooling System Sample

a. The Sampling System shall provide a means of obtaining
remote liquid samples from the Shutdown Cooling System
for chemical and radiochemical laboratory analysis.
The four sample points which must be sampled by the
Sampling System are:

Train #1 Safety Injection Pumps miniflow-

recirculation line, (2050 psig, 350*F)

Train #2 Safety Injection Pumps miniflow-

recirculation line, (2050 psig, 350*F)

Train #1 Shutdown cooling suction line, (435-

psig, 4 00 * F)

Train #2 Shutdown cooling suction line, (435-

psig, 400*F)

b. Local sample points shall be provided to obtain local
samples from the shutdown cooling heat exchanger
outlets (650 psig, 400*F).

c. The sample lines in contact with reactor coolant are
austenitic stainless steel, such that the material is
compatible with the fluid chemistry.

d. The sample lines are sized such that the fluid velocity
allows a representative sample and the purge flow rate
is high enough to remove crud from the sample lines.
Instrument lines connected to piping within the RCS
pressure boundary, and not isolable during normal
operations have flow restricting devices (7/32" x 1")
to limit the flow in the event of an instrument line
rupture.

O
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e. Sample taps are located on vertical runs of pipe
B

whenever possible. Where this cannot be done, it is
permissible to take samples from the top of horizontal
runs.

5. Gaseous Waste Management System Sample

a. The Gas Analyzer Sampling System is designed to sample
the gas spaces of the following plant components and
discharge the sampled gas to either the mixing header
(MH) or the gas collection header (GCH) as indicated:

Gas Decay Tanks, GWMS, (3), MH
Gas Surge Tank, GWMS, MH
Containment Vent Header, GWMS, MH
Volume Control Tank, CVCS, MH
Gas Stripper, CVCS, MH
Equipment Drain Tank, CVCS, MH
Holdup Tank, CVCS, GCH
Spent Resin Tank, SWMS, (3), GCH
Accumulator Tank, GWMS, MH

b. The following system requirements are met:

Influent to the Gas Analyzer-

Pressure 50 psig maximum
Temperature 140'F maximum

Influent to the accumulator tank (Gas Analyzer-

effluent)
Pressure 7-9 psig maximum
Temperature 140'F maximum
Flow 1 SCFM maximum

Influent to the Gas Collection Header (Gas-

Analyzer effluent)

Pressure 5-15 psig
Temperature 140*F maximum
Flow 1 SCFM maximum

c. All components exceeding 50 psig have the gas sample
regulated to 50 psig.

O l
|
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d. The gas decay tanks, gas surge tank, accumulator tank, B

and gas stripper have flow restricting orifices in the
gas sample lines. The maximum permissible orifice
sizes for the \ inch sample lines are:

GDT .0404 inch Diameter
Gas Stripper .0486 inch Diameter
GST & AT .0577 inch Diameter

e. The local sample points are located off the gas surge
header and GDT discharge header. Grab samples can be
taken from each point for radioactivity analysis. The
following gas effluent is expected from sample points:

Gas Surge Header-

Pressure (design / operating) 130/(1-15 psig)
Temperature (design / operating) 200/120*F
Fluid Nitrogen,

Hydrogen, and
traces of
oxygen gases

() Gas Discharge Header-

Pressure (design / operating) 40/(LATER)
Temperature (design / operating) 200/120*F
Fluid Same as above

f. The maximum available Ps for sample sources at minimum
source pressure:

P Available at
Minimum Source Minimum Source

Samole Sources Pressure (Dsic) Pressure (esi)

Gas decay tank 5 8

Accumulator tank, gas 0 3
surge tank

Gas stripper 2 5

Remaining samples 0 3

6. Chemical and Volume Control System Sample

O
Amendment B

,

9.3-13 March 31, 1988

- - .- _ -- . -. - __- - . . _ . _ . . . . _ _ - - - _ _ -



.

CESSAR nainemon
l

l

()
a. The Process Sampling System is capable of individually B

processing samples from the following points:

Purification filter influent-

Temperature 120 - 140*F
Pressure 60 - 200 psig
Activity (LATER)
Chemical Nature Primary water or

refueling water

Purification filter effluent-

Temperature 120 - 140*F
Pressure 58 - 200 psig
Activity (LATER)
Chemical Nature Primary water or

refueling water

Purification /deborating ion exchanger effluent-

Temperature 120 - 140*F
g Pressure 50 - 200 psig

V Activity (LATER)
Chemical Nature Primary water or

refueling water

b. The sample flow rates from each point are:

Sample flow rate 0.50 - 1.00 gpm
Purge flow rate 1.00 gpm

c. The process flow sample line purge flow enters the CVCS
at the following points:

1
1. Reactor coolant pump seal bleedoff return

Flow 1.5 gpm
Temperature 120 - 240*F
Pressure 50 - 70 psig
Activity (LATER)
Chemical Nature Primary water

2. Recycle drain header

Same flow conditions as above.

O
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The sampling system relief valves should relieve into the
equipment drain tank to minimize waste. The interface B

conditions for design of the relief valves are:

Pressure 0 - 3 psig normal )
50 psig maximum 1

Activity (LATER)
Chemical Nature Primary water

Sample lines and instrumentation lines, which are not
isolable from the RCS during normal system operations, have
flow restriction devices (7/32-inch I.D. by 1-inch) to limit
the flow in the event of a piping break.

9.3.2.3 Desian Evaluation

All sample lines have the required indicators, pressure
throttling valves, heat exchangers, and other components to *

ensure plant operator safety when collecting samples. The
sampling ' systems serve no emergency function. All sample lines
which penetrate the Containment are isolated on receipt of a
containment isolation signal. These valves are normally closed,
designed to fail closed, and can only be operated from the main

O control room. Also, all samples have the ability to be isolated
manually at the sample source or just prior to entering monitors
for continuous on-line samples.

The purification filter inlet sample serves as a backup for the
RCS hot leg sample.

Connections made to the RCS pressure boundary are fitted with
flow restriction devices to satisfy NRC General Design Criterion
33. Sample system piping, up to and including sne passive flow
restrictors, is designed and fabricated in accordance with the
same safety class and codes as the system that it is connected
to. The piping and components in proximity to the sample sink
are of low pressure design and provided with pressure relief for
protection of personnel.

The Sampling System has the following special safety features due
to handling primary loop samples:

1. Sample lines from the reactor coolant hot legs contain a
delay coil to provide a decay time for N-16.

2. Adequate shielding is provided to protect personnel when
taking a sample.

l

O ;
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3. Exhaust hoods are provided for each sample sink to ensure
that leakage of any gases will be exhausted from the sample
room.

4. Sample sinks are provided to collect all spillage.

The routing of high pressure and temperature sample lines outside
the reactor containment is not considered hazardous because of
the limited flow capacity.

9.3.2.4 Tests and Inspections

The sampling systems are fully tested and inspected before B

initial operation. Adequate operating performance monitoring
assures system integrity. containment isolation valves are
tested as described in Section 6.2.4.

9.3.2.5 Instrumentation Acolications

Local pressure, temperature, and flow indicators are provided to
facilitate manual operation and to verify sample conditions
before samples are drawn.

() Radiation monitors are provided for continuous monitoring of
reactor coolant and steam generatcr blowdown sample.

A boronometer is provided for continuous monitoring of the
reactor coolant sample boron concentration.

Continuous analyzers monitor specific water quality conditions in
the secondary plant.

|

() |
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TABLE 9.3.2-1

*
PROCESS SAMPLING REQUIREMENTS

@RMAL OPERATION
(Sheet 1 of 5)

Continuous
Pressurized On Line Mode of

Sample Analysis Sample
Samole Oriain Capability Provided Removal

Primary Samolina System

Hot Leg Loop 1 Yes Yes, Radio- Remote
activity & Boron

|
1

Pressurizer Steam Space Yes None Remote |

{
In-Containment Refueling Water i
Storage Tank No None Remote B

'

Shutdown Cooling Suction No None Remote
Lines 1 & 2

ESF A & B Train Safety No None Remote
Injection Pump Mini
Flow Line

Purification Filter Inlet No None Remote

Purification Filter Outlet, No None Remote I
lon Exchanger Inlet

Purification Ion Exchanger No None Remote
Outlet

Pressurizer Surge Line No None Remote

Reactor Drain Pump Discharge No None local
Before Filter

Reactor Drain Pump Discharge No None Local
After Filter

Pre-holdup lon Exchanger No None Local
Outlet

*

Additional
b3

sampling requirements may be necessary. See the site-specific
SAR.
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TABLE 9.3.2-1 (Cont'd)
*

PROCESS SAMPLING REQUIREMENTS
NORMAL OPERATION j

(Sheet 2 of 5) ;

Continuous
Pressurized On Line Mode of

Sample Analysis Sample
Samole Oricin Capability Provided Removal

Primary Samolina System (Cont #di

Holdup Tank Inlet No None Local

Boric Acid Condensate Ion No None Local
Exchanger Inlet

Boric Acid Condensate Ion No None Local B*
Exchanger Outlet

Reactor Makeup Water Pump No None Local,

Discharge

Reactor Makeup Water Pump No None Local
Recirculation

Boric Acid Makeup Pump No None local
Recirculation

Boric Acid Makeup Pump No None Local
Discharge

Boric Acid Batching Tank No None Local

Reactor Makeup Water to No None Local
Volume Control Tank

Volume Control Tank Orain No None Local
to Recycle Drain Header

Shutdown Cooling Heat No None local
Exchanger Outlet

Safety Injection Tanks No None Local

*

Additional sampling requirements may be necessary. See the site-specificO SAR.
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TABLE 9.3.2-1 (Cont'd)
*

PROCESS SAMPLING RE0VIREMENTS
NORMAL OPERATION

(Sheet 3 of 5)

Continuous
Pressurized On Line Mode of

Sample Analysis Sample
Sample Oriain Capability Provided Removal

Secondary Samole Points

Hotwell No Yes, cation Remote
conductivity
sodium

S/G 1 and 2 Hot Leg Blowdown No Yes, cation and Remote
specific conduc. B

tivity pH, radio-
activity sodium,

o sulfate
V

S/G 1 and 2 Cold leg Blowdown No Yes, cation and Remote
specific conduc-
tivity pH, radio-
activity sodium,
sulfate

S/G 1 and 2 Downcomer Blow- No Yes, cation and Remote
down specific conduc-

tivity pH, radio-
activity sodium,
sul f ate

Condensate Pump Discharge No Yes, specific Remote
conductivity,
cation conduc-
tivity, sodium, ;
oxygen

lCondensate Polishing No Yes, cation and Remote
Demineralizers specific conduc-

tivity, sodium

Heater Drains No None Local

Moisture Separator Drains No None Local

* Additional sampling requirements may be necessary. See the site-specific
SAR.
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TABLE 9.3.2-1 (Cont'd)
*

PROCESS SAMPLING RE0VIREMENTS

N_0RMAL OPERATION
(Sheet 4 of 5)

Continuous
Pressurized On Line Mode of

Sample Analysis Sample
Sample Oriain Capability Provided Removal

Secondary Samole Points (Cont'd)

Evaporator Drains No None Local

Secondary Steam S/G 1 & 2 No Yes, cation Remote B
conductivity

Feedwater No Yes, pH, oxygen Remotc
sodium, cation
and specific
conductivity

Emergency Feedwater Storage Tank No Yes, pH, oxygen, Remote
sodium, cation
and specific
conductivity

Makeup Effluent No See site-specifc See site-
SAR specific SAR

Demineralizer Water Tank No None Local

Condensate Storage Tanks No None local

Aux Boiler No See site-specific See site-
SAR specific SAR

Circulating Water No See site-specific See site-
SAR specific SAR

Closed Cooling Water No None Local
Systems

;

Emergency Service Water No None Local

Spent Fuel Pool No See site-specific See site-
SAR specific SAR

* Additional sampling requirements may be necessary. See the site-specific
SAR.
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TABLE 9.3.2-1 (Cont'd)

*
PROCESS SAMPLING REQUIREMENTS

NORMAL OPERATION

(Sheet 5 of 5)

Continuous
Pressurized On Line Mode of

Sample Analysis Sample
Sample Oriain Capability Provided Removal

Gas Samolina System (Cont'dl

Gas Surge Tank No H ,0 Remote2 2 g

Gas Decay Tank Yes H ,0 Remote2 2

Gas Stripper Yes H ,0 Remote2 2 ,

Volume Control Tank No H ,0 Remote2 2
Equipment Orain Tank No H ,0 Remote2 2

Reactor Drain Tank No H ,0 Remote2 2
Holdup Tank No H ,0 Remote2 2
Containment Atmosphere No Radioactivity Local

Containment Purge Exhaust No Radioactivity Local |

Plant Vent No Radioactivity Local

Radioactive and Conventional No See site-specific See site-
Waste System SAR specific SAR

Post-Accident Samolina
System

Hot leg Yes N/A Remote

Containment Sump No N/A Remote

Containment Air No N/A Remote

* Additional sampling requirements may be necessary. See the site-specific
SAR.
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9.3.3 EQUIPMENT AND FLOOR DRAINAGZ SYGTEM

(Standardized Functional Description - Le tor) |B
9.3.4 CHEMICAL AND VOLUME CONTROL-SYSTEM y

9.3.4.1 Desien Bases

9.3.4.1.1 Functional Requirements /

The Chemical and Volume Control Syster/ (CVCS) . is designed as a
non-safety grade system. As such, th's CVCS is nqt required to
perform any accident mitigation or safe shutdown function. In
particular, the CVCS is not required to function in order to
ensure the integrity of the reactor [ coolant pressure bouldary,
ensure the capability to shut down the r6 actor and maintain >it in
a safe shutdown condition, nor ensure 9.he capability to prevent
or mitigate the consequences of plant ' conditions. It is not
required to show acceptable results for safety analysis. Since
the CVCS is not required to perform such functions, all portions
of the CVCS outside of containment, with the exception of the
containment isolation valves and penetrations, are designated as

p non-nuclear safety or Safety Class 4.
O

Specific accident mitigation or safe shutdown functions performed
by the chemical and volume control system in earlier designs
included the, following: RCS pressure control via auxiliary spray
and RCS reactivity control via boration. For System 80+,_these B .

safety functions are performed by dedicated safety sistems. '

Specifically, the safety injection system is credited for RCS
inventory control and boration in Chapter 15 gnccident analyses,
Chapter 6 LOCA EJants, and safe shutdowns'. Pressure control
during these events is accomplished via the safety
depressurization and vent system.

Although not required to perform any accident mitigation or safe
shutdown functions, the chemical and vclume control system is
essential for the normal day-to-day operation of the plant. The
CVCS has therefore been provided with a high degree of i

reliability and redundancy and has 1 an designed in accordance
with accepted industry standards and qual Lty assurance
commensurate with its importance to plant operaticos.

The Chemical and Volume Control System is designed to perform the
following functions:

a. Maintain the chemistry and purity of the reactor coolant
during normal operation and during shutdowns;

O
'

.
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/ b. Main in the required volume of water in the Reactor Coolant ,

SystGc (RCS), compenshting for reactor coolant contraction
or expansion resulting from changes in reactor coolant
temperature and for other coolant losses or additions;

'

c. Receive, store and separate borated waste for reuse and/or
discharge to the Liquid Waste Management System (LWMS);'

,

d. Control tha boron concentration in the RCS to obtain optimum
Control Element Assembly (CEA) positioning, to compensate
for reactivity changes associated with major changes in

i reactor coolant temperature, core burnup, and xenon
variations, and to provide shutdown margin for maintenance
and refueling operations;

e. Provide auxiliary pressurizer spray for operator control of
pressurizer pressure during the final stages of shutdown and
to allow foz pressurizer cooling;

f. Provide a means for functionally testing the check valves
which isolate the Safety Injection System (SIS) from the
RCS;

OV g. Provide injection water at the proper temperature, pressure,
and purity for the reactor coolant pump seals, and collect*

the controlled bleedoff from the reactor ce61 ant pump seals;

h. Leak test the RCS;

i. Provide a reactor makeup water supply to various auxiliary
equipment;

j. Provide a means for sluicing ion exchanger resin to the
Solid Waste Management System (SWMS);

k. Prc ride a means for continuous removal of noble gases from
the F.CS;

1. Provide nakeup to the spent fuel pool;

m. Provide purification of shutdown cooling flow;

n. Provide makeup for losses from small leaks in RCS piping;

c. Prm ide a means.to purify contents of IRWST; and, B

p[ Prdvide a means to add makeup and adjust chemistry of IRWST.,

'

j
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9.3.4.1.2 Design Criteria ,,/

The CVCS:is designed in accordanca with the following criteria:
, i

a. The CVCS is designei to accupt RCS letd'own flow when the
reactor coolant is h $ted'at the maximum administrative rate

'he' required makeup using one ofof 75'F/hr and to prot 4e c
Bthetwochargingpumpsthenthereactorcoolantiscooledat

the maximum administ1Jati"4 rate of 75'F/hr.
b. The CVCS is designed teksu'pply makeup water or accept

letdown due to power decreases or increases:
) ,

1) The system is detigg.d for 10% ,sdep power increases
between 15% and 90% of full power and 10% step power
decreases between 100% and 25% ' full power, as well as
for ramp changes of iS% of full power per minute
between 15 and 100% power.

The Volume Control Tank is sized wit) sufficient2) capacity to accommodate the inventory chan)ge resulting
from a full to zero power decrease with, no makeup

p> system operation, assuming that the volume control Tank
level is initially in the normal operating level band.s

c. The CVCS provides a means for maintaining activity in the
RCS within the appropriate Technical Specification limit,
assuming a one percent failed fuel condition and continuous
full power operation.

d. The CVCS is designed to maintain the reactor coolant
chemistry within the limits specified in Table 9.3.4-1. |B

e. Letdown and charging portions of the CVCS are designed to
withstand the design transients defined in Table 9.3.4-2 |B )
without any adverse effects, as applicable. ;

f. The CVCS has the capacity to receive and process all excess ,

reactor coolant generated during all normal and anticipated |

modes of operation. Excess coolant generated during typical B l

plant operations is shown in Table 9.3.4-3. |

g. The CVCS is designed to provide 40 gpm of filtered flow to
the reactor coolant pump seals and to accept a 22 gpm
controlled bleedoff flow. I j

h. Ccmponents of the CVCS are designed in accordance with
applicable standards or codes as shown in Table 9.3.4-4. B

O
| - :
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Safety Class and Seismic Class are shown in Table 9.3.4-8.
The relationship between Safety Class and Code Class is
shown in Table 9.3.4-9.

i. The environmental design conditions of the CVCS active B
valves are given in Table 9.3.4-7 (refer also to Section
3.11) .

j. The CVCS is designed to operate with no boric acid
concentration above the point where precipitation could
occur. The boric acid batching tank and the boric acid
concentrator concentrate discharge line to the SWMS are the
only portions of the system requiring heat tracing to
preclude boric acid precipitation. These portions of the
system can contain fluid concentrated to 12 weight percent
boric acid. The remaining portions of the system contain a
lower boric acid concentration solution (less than 2.5 wt%),
and heat tracing to prevent precipitation is not required.

k. Safety Classes of components are shown in Figures 9.3-1
through 9.3-4. Safety Classes can be cross referenced to

B
seismic classifications using Table 9.3.4-8.

O 1. one chareine nume has a capacity sufficient to rentace the
flow lost to the containment due to leaks in small RCS
lines, such as instrument and sample lines. These lines
typically have 7/32 inch I.D. by 1 inch long flow
restricting devices,

m. The CVCS is designed to receive discharges from drains and
relief valves from the RCS, SIS and SCS.

n. The CVCS provides for boron concentration adjustment in the
Reactor Coolant System by feed and bleed. The maximum
possible rate of boren dilution is limited, such that the
operator has sufficient time to identify and terminate a '

boron dilution incident prior to reaching criticality during
,

any refueling operations. ;

i o. The CVCS concentrated boric acid reserve is sufficient to
make the reactor suberitical in the cold shutdown condition |

with the most reactive CEA withdrawn.

9.3.4.1.3 System Functions

| 9.3.4.1.3.1 Reactor Coolant I sry. The volume of water
i in the RCS is automatically controlled using level
; instrumentation located on the pressurizer. The pressurizer

level setpoint is programmed to vary as a function of RCS

Amendment B
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temperature in order to minimize the transfer of fluid between |B
the RCS and CVCS during power changes. This linear relationship
is shown in Figure 5.4.10-2. Reactor power is determined for
this situation using the average reactor coolant temperature
derived from hot and cold leg temperature measurements. A level
error signal is obtained by comparing the programmed setpoint
with the measured pressurizer water level. Volume control is
achieved by automatic control of the charging and letdown flow B

control valves in accordance with the pressurizer level control
program shown in Figure 5.4.10-4.

Two parallel charging pump flow control valves, two parallel
Bletdown flow control valves, and two parallel charging pumps are

provided. During normal operations, one charging pump is running
with one in standby. In addition, one of the letdown and one of
the charging pump flow control valves are selected for use. The
selected charging pump flow control valve is normally maintained
by the pressurizer level control program at a preset position
which gives a constant desired flow rate at normal operating
pressures. The position of the selected charging pump flow
control valve is maintained constant by the pressurizer level
control program, except in response to a high or low pressurizer
level condition as shown in Figure 5.4.10-4. Fine control ofq(; pressurizer level is accomplished via letdown control. The
position of the selected letdown flow control valve is varied by
the pressurizer level control program in response to the level
error in order to compensate for small changes in pressurizer
level and to keep it within the programmed level band.

The level in the Volume Control Tank is controlled automatically.
The letdown flow is diverted to the holdup tank via the
pre-holdup ion exchanger and gas stripper when the control band
high level is reached. The makeup system is normally set up for
the automatic mode of operation in which flow at a preset blend
of boric acid from the Boric Acid Storage Tank (BAST) and |0
domineralized water from the Reactor Makeup Water Tank (RMWT) is
initiated by the velume Control Tank low level signal. A low-low I
level aignal automatically closes the outlet valve on the Volume

Bcontrol Tank, opens the boric acid flow control bypass valve, and i

starts the boric acid makeup pumps.

9.3.4.1.3.2 Corrosion Control By Reactor Coolant System
Chemistry. Preoperational oxygen scavenging is accomplished by |
addition of hydrazine. During hot functional testing, 30 to 50 |

ppm of hydrazine is maintained in the reactor coolant whenever |
the reactor coolant temperature is below 150*F. This prevents

'

halide-induced attack, which could occur if significant
quantities of fluorides or chlorides and significant amounts of
dissolved oxygen are present. During heatup, any dissolved

; )
O'
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oxygen is scavenged by the hydrazine, eliminating the potential
for general corrosion. At higher temperatures, the hydrazine
decomposes, forming ammonia. The resultant increase in pH aids
in the development of passive oxide films on reactor coolant
system surfaces. It has been well established that the corrosion
rates of Ni-Cr-Fe Alloy-600 and 300 series stainicss steels
decrease with time when exposed to normal reactor coolant
chemistry conditions, approaching lcw steady state values within
approximately 200 days. The high pH condition produced by high
ammonia concentration (to 50 ppm) minimizes corrosion product
release and assists in the rapid development of the passive oxide
film. Most of the film is established within seven days at hot,
high pH conditions.

To aid in maintaining the pH during this passivation period,
lithium in the form of lithium hydroxide, is added to the coolant
and maintained within a 1-2 ppm lithium-7 range.

At power, oxygen concentration is liinited by maintaining excess
dissolved hydrogen gas in the coolant. The excess hydrogen
forces the water decomposition / synthesis reaction in the reactor
core toward water synthesis rather than hydrogen and oxygen

Q decomposition. Oxygen in the makeup water is removed in the same
V way.

In order to minimize the effect of crud deposition on the reactor
core heat transfer surfaces, lithium-7 hydroxide additions to the
reactor coolant are made. The lithium-7 hydroxide produces pH
conditions within the reactor coolant at operating temperature
that reduce the corrosion product solubility and, nence, the
dissolved crud inventory in the circulating reactor coolant. The
elevated pH promotes conditions within the coolant for selective
deposition of corrosion products on cooler surfaces (SG) rather
than hotter surfaces (core). An additional advantage is the
formation of a more stable and tenacious passive oxide layer on
out-of-core system surfaces. The lithium concentration is
maintained within a 0.2-2.3 ppm lithium-7 range during operation. |B

9.3.4.1.3.3 Reactivity Control. Boron concentration is

normally controlled by feed-and-bleed. To change concentration,
the makeup system supplies either reactor makeup water or boric
acid to the Volume Control Tank, and the letdown stream is
diverted to the holdup tank via the pre-holdup lon exchanger and
the gas stripper. Toward the end of a fuel cycle, with low boric
acid concentration in the coolant, feed-and-bleed becomes
inefficient, and the deborating ion exchanger is used to reduce
the RCS boron concentration. The ion exchanger contains an anion
resin initially in the hydroxyl form, which is converted to a
borate form as boron is removed from the reactor coolant,

v
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9.3.4.2 System Descrintion

9.3.4.2.1 System

The normal reactor coolant flow path through the CVCS is
indicated by the heavy lines on the Flow Diagrams, Figures 9.3-1
through 9. 3-4. Design parameters for the major components are
shown in Table 9.3.4-4. Normal operating parameters for the CVCS
are listed in Table 9.3.4-5. Process flow data are shown in
Table 9.3.4-6. Equipment seismic and safety classifications are
given in Table 9.3.4-8.

Letdown flow from the Reactor Coolant System passes through the
tube side of the Regenerative Heat Exchanger where an initial

i temperature reduction takes place via heat transfer to cooler
charging fluid on the shell side of the heat exchanger. The
regenerative heat exchanger is designed to cool letdown flow to a
maximum of 450'F for all normal operations and to heat the

B
charging flow by a minimum of 100'F. A final temperature
reduction to the purification subsystem operating temperature is
made by the letdown heat exchanger. The letdown heat exchanger
is sized to cool inlet water from the maximum regenerative heat
exchanger outlet temperature to 120*F (or lower) for most

J operating conditions. Both the letdown and the regenerative heat
exchangers are designed for full RCS pressure and both are
located inside containment.

Letdown fluid pressure is reduced from full system pressure to
the operating pressure of the purification subsystem in two
stages. The first pressure reduction occurs at the letdown
control valve and the second occurs at a letdown orifice '

downstream of the control valve. The letdown orifice is sized to
pass the maximum letdown flow at full RCS pressure with the
control valve full open. The orifice provides the back pressure
necessary to minimize erosion of the letdown control valve
seating surfaces during normal reactor coolant pressure ,

Ioperations. A bypass valve around the orifice is provided for
low pressure operations.

A Chemical Addition Tank and a Chemical Addition Metering Pump
are used to transfer chemical additives to the charging line
downstream of the seal injection takeoff connection. An excess
hydrogen inventory is provided by keeping a hydrogen overpressure
in the Volume Control Tank or by adding hydrogen directly to the
RCS via the charging line. Sufficient connections exist between

Bthe CVCS and the In-containment Refueling Water Storage Tank
(IRWST) to allow for purification, inventory adjustments, and
boron adjustments to the contents of that tank.

O
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The boron recovery portion of the CVCS accepts the letdown flow
diverted from the Volume Control Tank as a result of feed and
bleed operations for shutdowns, startups, and boron dilution over
core life. Reactor coolant quality water from valve and
equipment leakoffs, drains, and reliefs within the containment is
collected in the Reactor Drain Tank and scheduled for batch
processing. Recoverable reactor coolant quality water outside
the containment from various equipment and valve leakoffs,
reliefs, and drains is collected in the Equipment Drain Tank and
scheduled for batch processing.

Reactor coolant collected in the Reactor Drain and Equipment
Drain Tanks is periodically discharged by the Reactor Drain Pumps
through the reactor drain filter and pre-holdup ion exchanger.
The diverted letdown flow, which has been previously passed
through a purification filter and ion exchanger, also passes
through the pre-holdup lon exchanger. The pre-holdup ion
exchanger retains cesium, lithium, and other ionic radionuclides B

with high efficiency. The process flow then passes through the
gas stripper where hydrogen and fission gases are removed with
high efficiency, thus precluding the buildup of explosive gas
mixtures in the holdup tank and minimizing the release of
radioactive fission product gases via aerated vents and in any

pd liquid discharge. The degassed liquid is automatically pumped
from the gas stripper to the holdup tank. When a sufficient
volume accumulates in the holdup tank, it is pumped by the holdup
pump to the boric acid concentrator where the bottoms are
concentrated to within the range of 4000 to 4400 ppm boron.

The Boric Acid Concentrator bottoms are continuously monitored
for proper boron concentration. Normally, the concentrator
bottoms are pumped djrectly to the Boric Acid Storage Tank. In |B
the event that abnor.nal quantities of radionuclides are present,
the bottoms are concentrated to 12 weight percent boric acid and
are discharged to the Solid Waste Management System (SWMS).

The concentrator distillate passes through a boric acid
condensate ion exchanger, where boric acid carryover is removed.
The distillate is collected in the Reactor Makeup Water Tank for
reuse in the plant. If recycle is not desired, the condensate is

,

diverted to the Liquid Waste Management System (LWMS). |

The charging pumps normally take suction from the Volume Control
Tank and discharge to the RCS. During normal operations one
charging pump is running and the other is in standby. In B :

addition, one letdown and one charging pump flow control valve |
are selected for use. Seal injection water is supplied to the
Reactor Coolant Pumps by diverting a portion of the charging flow
at a point in the system just downstream of the charging pumps.
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This seal flow is then heated in a steam heater to approximately
125'F before filtering. Once the flow has been filtered the seal
injection fluid is distributed to the Reactor Coolant Pumps. The
undiverted charging fluid is sent to the regenerative heat
exchanger where it is heated before injection into the RCS. B

,

When the Shutdown Cooling System is operational, a flow path
through the CVCS can be established for purification. This is
accomplished by diverting a portion of the flow from the Shutdown
Cooling Heat Exchanger to the letdown line upstream of the
Letdown Heat Exchanger. The flow then passes through the
purification filter, purification ion exchanger, and letdown
strainer, and is returned to the suction of the Safety Injection B

Pumps.

A makeup subsystem of the CVCS provides for changes in reactor
coolant boron concentration. Boric acid solution is prepared
from boric acid powder and reactor makeup water in a batching
tank and is stored in the Boric Acid Storage Tank. Recovered

B
| boric acid from the Boric Acid Concentrator (concentrator

bottoms) is returned to the Boric Acid Storage Tank. The boric
acid makeup pumps are used to transfer the boric acid from the
BAST. The discharge of the Boric Acid Makeup Pumps is mixed withO reactor makeup water in a predetermined ratio to produce the
desired boron concentration. The boric acid solution is then
pumped either to the volume control Tank or directly into the
charging pump suction header via the volume control tank bypass
valve.

When continuous degasification of the RCS is desired, the letdown
flow is diverted from the inlet line of the Volume control Tank
to the Gas Stripper, bypassing the pre-holdup ion exchanger. The B

letdown flow is processed in the Gas Stripper and is then
returned to the Volume control Tank via the normal spray nozzle.
Sufficient hydrogen absorption occurs via the Volume Control Tank
hydrogen overpressure to replace the hydrogen removed during the
gas stripping process. The charging pumps take suction from the
Volume Control Tank and return the processed fluid to the RCS.

Boric acid solution stored in the Boric Acid Storage Tank is |B
supplied via the Boric Acid Makeup Pumps, while the reactor
makeup water stored in the Reactor Makeup Water Tank is supplied

i

via the Reactor Makeup Water Pumps. Four operational modes of
the makeup portion of the CVCS are provided. In the dilute mode,
a preset quantity of reactor makeup water is introduced into the

<

Volume control Tank or directly into the charging pump suction I
'

header via the Volume Control Tank Bypass Valve at a preset rate.
In the borate mode, a preset quantity of boric acid is introduced
into the Volume Control Tank or directly into the charging pump i

O i
!
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suction header via the Volume control Tank bypass valve at a
preset rate. In the manual mode, the flow rates of the reactor
makeup water and the boric acid can be preset to give any blended
boric acid solution between zero and the boric acid solution
concentration in the BAST (4000-4400 ppm). The manual mode is |B
primarily used for makeup to the Safety Injection Tanks. In the
automatic mode, a preset blended boric acid solution is
automatically introduced into the Volume control Tank upon demand
from the volume control tank level controller. The preset
solution concentration is adjusted periodically by the operator
to match the boric acid cencentration being maintained in the
RCS.

Boron is initially added to the CVCS using the boric acid
batching tank. Reactor makeup water is added to the Boric Acid,

Batching Tank via the Reactor Makeup Water Pumps, and the fluid
is heated by immersion heaters. Boric acid powder is added to
the heated fluid while the mixer agitates the fluid. A boric
acid concentration as high as 12 weight percent can bo prepared.
Electric immersion heaters maintain the temperature of the
solution in the boric acid batching tank high enough to preclude
precipitation. The boric acid is pumped into the BAST and
diluted by recirculating the contents of the Boric Acid Storage BO Tank via the Boric Acid Makeup Pumps. The Reactor Makeup Water
Pumps can also be used by taking suction from the Reactor Makeup
Water Tank and discharging to the Boric Acid Storage Tank. |g

'

9.3.4.2.2 Components

The major components of the CVCS are described in this section. .

The principal component data summary including component design
code is given in Table 9.3-4. Component seismic and safety
classification are discussed in Section 3.2.

a. Recenerative Heat Exchancer: The regenerative heat
exchanger is a vertically mounted, shell and tube (U-tube)

'

heat exchanger. The regenerative heat exchanger conserves4

RCS thermal energy by transferring heat from the letdown
flow to the charging flow. Heating the charging flow serves
to minimize the charging nozzle thermal transients. The
heat exchanger is designed to maintain a letdown outlet

i temperature below 450*F under all normal operating
! conditions.

|
b. Letdown Heat Exchancer: The letdown heat exchanger is a '

horizontally mounted, shell and tube heat exchanger. The
I letdown heat exchanger uses component cooling water to cool

the letdown flow from the outlet temperature of the

O'
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regenerative heat exchanger to a temperature suitable for
long term operation of the purification system. The letdown
heat exchanger is sized to cool the letdown flow from the
maximum outlet temperature of the regenerative heat
exchanger (450*F) to below the maximum allowable operating
temperature of the ion exchange resins.

c. Purification Filters: Each of the two purification filters
is designed to remove insoluble particulates from the
letdown flow. Each filter is designed to pass the maximum
letdown flow without exceeding the allowable differential
pressure across the filter elements in the maximum fouled
condition. Each filter is designed for efficient remote
removal of filter cartridges due to the buildup of high
activity levels during filter operation.

d. Purification Ion Exchancers: Each of the two purification
ion exchangers contains mixed bed resins and is provided
with the necessary connections to replace resins by
sluicing. Each ion exchanger is designed to pass the
maximum letdown flow and is identical in mechanical design. B

The volume of resin contained in one ion exchanger is

p sufficient to continuously remove impurities and
v radionuclides from normal letdown flows. The other

purification ion exchanger is used intermittently to control
the lithium concentration in the reactor coolant.

e. Deborad;itta Ion Exchancer: The deborating ion exchanger is
identical to the purification ion exchangers in mechanical
design. The deborating ion exchanger contains anion resin.
The deborating ion exchanger is sized to reduce the reactor
coolant boron concentration from 30 ppm to o ppm using two
charges of anion resin,

f. Volume Control Tank: The Volume Control Tank is designed to
accumulate letdown water from the RCS, to provide for
control of hydrogen concentration in the reactor coolant,
and to provide a reservoir of reactor coolant for the
charging pumps. The Volume Control Tank has sufficient
capacity below the normal operating band to accommodate full
charging flow for ten minutes without makeup addition plus a
reserve volume for vortex prevention. The Volume Control
Tank has sufficient capacity above the normal operating band B

to accommodate full makeup flow for five minutes with
charging secured plus an additional volume for a gas cushion
sized to preclude over or under pressure conditions. The
normal operating band is sized to accommodate the maximum
allowable RCS leakage for one hour without the need for |

makeup addition. The tank has hydrogen and nitrogen gas
(o) |v .
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supplies and a vent to the Gaseous Waste Management System
(GWMS) to enable venting of hydrogen, nitrogen, helium, and
fission gases,

g. Charaina Pumos: The two charging pumps are multi-stage g
centrifugal type pumps. Each pump is provided with vent,
drain, and flushing connections to minimize radiation levels
during maintenance operations.

h. Charaina Pumo Mini-flow Heat Exchancer: The charging pump g
mini-flow heat exchanger is a horizontally mounted, shell
and tube heat exchanger. The mini-flow heat exchanger uses
component cooling water to cool the recirculation flow from
an operating charging pump and the reactor coolant pump
controlled bleedoff.

i. Boric Acid Batchina Tank: The Boric Acid Batching Tank
allows the operator to conveniently mix boric acid. The
tank is designed to permit handling of up to 12 weight ,

percent boric acid. The tank is insulated and has a reactor |

makeup water supply. Sampling provisions, mixer,
temperature controller, and steam heaters are provided.

''; B
|(V j. Boric Acid Batchina Pumo and Associated Pinina: The Boric

Acid Batching pump is a small centrifugal type pump. It is
used to transfer fluid from the Batching Tank to the Boric |

'Acid Storage Tank recirculation line. A local flow
indicator and a strainer are provided in the discharge
piping.

k. Boric Acid Storace Tank: The Boric Acid Storage Tank is
sized to permit back-to-back shutdowns to cold shutdown,
followed by a shutdown for refueling at the most limiting |

time in core cycle with the most reactive control rod
,withdrawn. The maximum concentration of boric acid in the i

tank shall be 2.50 weight percent. |

1. Holduo Tank: The holdup tank is sized to store all
recoverable reactor coolant generated by back-to-back cold
shutdowns to five percent subcritical with the most reactive |

CEA withdrawn and subsequent startups at 90 percent core
life,

m. Reactor Makeue Water Tank: The Reactor Makeup Water Tank
capacity is based on providing dilution to allow total
recycle. The tank also provides dilution for two
back-to-back shutdowns and subsequent startups at 90 percent
core life.

(V3
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n. Boric Acid Makeue Pumga: The two Boric Acid Makeup Pumps
are single stage, centrifugal pumps. The pump motors are
induction, squirrel cage motors. The capacity of each boric
acid makeup pump is greater than the maximum charging
capacity.

o. Reactor Makeue Water Pumos: The two Reactor Makeup Water
Pumps are single stage, centrifugal pumps. The pump motors
are induction, squirrel cage motors.

p. Holduo Pumes: The two Holdup Pumps are single stage,
centrifugal pumps. The pump motors are induction, squirrel
cage motors.

q. Chemical Addition Packace: The chemical addition package
consists of a chemical Addition Tank, Chemical Addition
Pump, and a strainer. The capacity of the Chemical Addition
Tank is based upon the maximum anticipated amount of lithium
to be added in one batch. The chemical Addition Pump is a
positive displacement pump with a variable capacity.

r. Boric Acid Filter: The boric acid filter is designed to

O re=ove tasotue1e 9 retoutetes tro= the exsr aa xeuv ete - IB

s. Reactor Makeue Water Filter: The reactor makeup water
filter is designed to remove insoluble particulates from the
reactor makeup water supply to the resin sluice supply ,

header, makeup header, and makeup system.

t. Reactor Drain Pumos: The two Reactor Drain Pumps are single
stage, centrifugal pumps. The pump motors are induction, I
squirrel cage motors.

u. Reactor Drain Filter: The reactor drain filter is designed
to remove insoluble particulates from the contents of the i

Reactor Drain Tank, Equipment Drain Tank, and Holdup Tank. )

'

v. Reactor Drain Tank: The Reactor Drain Tank is designed to:
'

(a) receive thermal relief valve discharges from the B

Shutdown Cooling / Safety Injection System; (b) receive
gravity drains and leakage of reactor grade quality water
from components located within containment; and (c) receive
gravity drains from the RCS.

w. Eauioment Drain Tank: The Equipment Drain Tank receives
gravity drains from the recycle drain header and the ion
exchanger drain header. The equipment drain tank is also
sized to accept gas stripper bypass for 30 minutes and to

,

accept discharge from miscellaneous relief valves.

|
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x. Er.pholduo Ion Exchancer: The preholdup lon exchanger is
identical to the purification ion exchangers in mechanical
design. The preholdup lon exchanger contains mixed bed
resin and is designed to pass the maximum letdown flow. Tha
volume of resin contained in the preholdup ion exchanger is
sufficient to remove impurities and radionuclides from
normal letdown flows.

y. Gas Striceer: The Gas Stripper achieves efficient gas
stripping by heating the process fluid and passing it down
through a packed tower employing steam as a C.rippig
medium. The stripping steam is generated by heating the
degassed process fluid with auxiliary steam. The dogassed
process fluid is then cooled. The gas stripper package
includes pumps which transfer the degassed prleans fluid to
the holdup tank or to the VCT during continuou.1 degassing of
normal letdown flow. Noncondensable gases, along witl taace
quantities of fission gases and water vapor, flow to t.he
Gaseous Waste Management System.

z. Boric Acid Concentrator Packace: Tne Boric Acid
concentrator concentrates the procesp fliv boron

Q concentration by means of evaporation. The process flow
enters the concentrator and is heated via recttculaticn
through a steam heater. The vapor leaving the recit, alation
flow is stripped of entrained liquid by demis.cers,
condensed, and pumped to the Reactor Takeup Wacer Tarik. The .

concentrate (bottoms) is cooled and pumped to the Boric Acid j
Storage Tank. (g

aa. Boric Acid Condensate Ion Exchancer: Yhe boric acid
condensate ion exchanger contains anion resin of k1fficist |
volume to remove boron carryover from the boric acid '

concentrator distillate, and is designed to pass the maximum
flow when bypassing the boric acid concentrator,

bb. Seal Iniection Filters: These two redundant filters P.re
designed to remove insoluble particles from the seal
injection flow to the reactor coolant pumps. Each unit in ,

designed to pass the maximum anticipated flow without !
exceeding the allowable differential pressure across the )
element in the defined maximum fouled condition.

|

cc. Seal Iniection Heat Exchancer: The seal injection heat '

exchanger is a vertical heat exchanger which uses steas
(shell side) to heat the seal injection flow (tube sidy .
The seal injection heat exchanger functions to maintain a B

relatively constant fluid temperature to minimize thermal |,

transients to the RCP seals.

|
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9.3.4.2.3 System Operation

The Chemical and Volume Control System is designed to be operated
as follows:

a. Plant Startuo: Plant startup is the series of operations
which bring the plant from a cold shutdown condition to a-
hot standby condition at normal operating pressure and zero
power temperature with the reactor critical at a low power
level.

The charging pumps and letdown control valves are used
during initial phases of reactor coolant system heatup to
maintain the RCS pressure until the pressurizer steam bubble
is established. Prior to establishing a pressurizer steam
bubble, the RCS will be in a water solid condition with one B

charging pump, one letdown flow control valve, and one4

charging pump flew control valve in operation. The charging
pump flow control valve will be held in its minimum
automatic position by the pressuriker level control program.
The manual bypass around the letdown orifice will be full
open. RCS pressure will La automatically maintained by the

f]
letdown control valve in a pressure mode. In this mode, the
pressurizer level control system senses pressure at a
pressure controller just up stream of the letdown valve and
positions the letdown valve as necessary to maintain a
preset pressure value. Once a pressurizer steam bubble has
been established, pressurizer level and system pressure are
controlled by use of both pressurizer heaters and the
letdown control valves.

The Volume Control Tank is initially purged out nitrogen and
a hydrogen overpressure is established. The RCS boron
concentration may be reduced during heatup in accordance
with shutdown margin limitations. The makeup controller is
operated in the dilute mode to inject a predetermined amount
of reactor makeup water at a preset rate. Compliance with
the shutdown margin limitations is verified by sample
analysis and Boronometer indication.

b. Normal Oceration: Normal operation includes hot standby
operation and pova generation when the RCS is at normal
7 p e r d i n g p r e s s u r te and temperature. A description of normal
op nat106 is continued in Section 9.3.4.2.1.,

'

c. PlantLQ,gMpr: Plent shutdown is a series of operations
which brings the plant from a hot standby condition at

; normal gerating pressure and zero power temperature to a
cold shutdown co:'.dition for maintenance or refueling.
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Prior to plant cooldown, the gas space of the Volume Control
Tank is vented to reduce fission gas activity and hydrogen
concentration to less than 10 cc/kg, and the purification
rate may be increased to accelerate the degasification, ion
exchange, and filtration processes. Degassing the reactor
coolant is accomplished by diverting letdown flow to the gas
stripper and returning the process fluid to the Volume
control Tank. Addition of chemicals is not normally
required during a plant shutdown.

Boron concentration in the reactor coolant system is B

normally increased concurrently with cooldown by charging
from the Boric Acid Storage Tank as part of the inventory
required to make up for coolant contraction. Borating
concurrently with cooldown greatly reduces the amount of
liquid waste generated during the shutdown process.

Once the required RCS boron concentration has been reached,
charging pump suction is switched from the Boric Acid

'

Storage Tank to the Volume Control Tank. A low level
condition in the VCT will cause automatic makeup at the
required shutdown boron concentration. Pressurizer level ism

('~j maintained via positioning of the charging pump and letdown
flow control valves. All or part of the charging flow may
be used for auxiliary spray to cool the pressurizer and
increase its boron content when RCS pressure is below that
required to operate the reactor coolant pumps.

If the shutdown is to be for refueling, the boron
concentration in the refueling water tank is first verified
to be 2200 ppm. Any borating operations of this tank |B
required to meet the boron concentration criteria are to be
completed prior to the scheduled shutdown.

After the reactor vessel head is removed, the Shutdown
Cooling System Pumps take the borated water from the B

In-containment Refueling Water Storage Tank (IRWST) and
inject the water into the reactor coolant loops via the
normal flow paths thereby filling the refueling pool. The
resulting concentration of the refueling pool and the RCS is
above the lower operating boron concentration limitation of
2000 ppm but less than the refueling water tank maximum |B
operating concentration. Thus, the contents of the
refueling pool can be returned directly to the Refueling
Water Tank prior to plant startup without hindering plant
operations.

During refueling shutdown, the reactor makeup water supply
3 piping is monitored and alarned for flow to prevent dilution

(V of the refueling pool.
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9.3.4.3 Desien Evaluation

9.3.4.3.1 Availability and Reliability

A high degree of functional reliability is assured by providing
standby components and by assuring fail-safe responses to the
most probable modes of failure. Redundancy is provided as
follows:

Commonent Redundanov

Purification and Deborating Three identical components
,

Ion Exchangers

Charging Pumps One operating, one in standby
Charging Pump Flow Control Valve One parallel, standby valve B

Letdown control Valve One parallel, standby valve

Boric Acid Makeup Pump One parallel, standby pump

Gas Stripper The gas stripper package

O tac 1ua = reduaa at =teaadv
pumps.

Seal Injection Filter One parallel, standby filter
;

Purification Filter One parallel, standby filter
Reactor Makeup Water Pump One parallel, standby pump
Boric Acid Concentrator Package The concentrator package

includts redundant standby
pumps.

In addition to the component redundancy it is possible to operate
the CVCS in a manner such that some components are bypassed,4

While the normal charging path is through the regenerative heatd

exchanger, it is also possible to charge to the reactor vessel
B

via the normal safety injection system. It is possible to
transfer boric acid to the charging pump suction header by
bypassing the Volume control Tank or by bypassing the makeup flow

,

controls and the Volume control Tank. The letdown filter and !
'

purification and deborating ion exchangers can be bypassed. |
controlled bleedoff flow can be routed to the Reactor Drain Tank i

Brather than the charging pump suction.

An independent gravity feed line from the Boric Acid Storage Tank
to the charging pump suctions are provided to assure makeup. The,

4 charging pumps have an alternate source of borated water from the
i spent fuel pool which is maintained above 2000 ppm boron |B
i concentration.
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9.3.4.3.2 Accident Response

The letdown line is isolated on receipt of a Safety Injection
Actuation Signal (SIAS). A Containment Isolation Actuation
Signal (CIAS) isolates the letdown line, the Reactor Coolant Pump
controlled bleedoff line, the resin sluice supply header (RSSH)
supplying to the RDT, and the RDT suction line.

A CIAS (or SIAS) does not isolate the charging line or stop the
charging pumps. Maintaining charging flow following a CIAS
prevents the simultaneous loss of component cooling water and
seal injection flows to the reactor coolant pump seals. A
sufficient volume of fluid exists in the VCT to provide ample
time to manually align the gravity feed lines from the BAST to |B
the charging pump suction header.

9.3.4.3.3 overpressure Protection

In order to provide for safe operation of the CVCS, overpressure
protection is provided throughout the system. The following is a
description of the relief valves that are loc- xd in the CVCS.

a. Low Pressure Letdown Relief Valve: The relief valve
downstream of the letdown orifice protects the low pressure |B
piping, purification filters, ion exchangers, and letdown
strainer from overpressure. The valve capacity is equal to
the capacity of the letdown orifice with the control valve

B
full open at normal system pressure. The set pressure is
equal to the design pressure of the low pressure piping and
components.

b. Volume Control Tank Relief Valve: The relief valve on the !

Volume control. Tank is sized to pass a liquid flow rate
equal to the sum of the following flow rates: the maximum
letdown flow rate possible without actuating the high flow
alarn on the letdown flow indicator; the design purge flow
rate of the Sampling System (SS); and, the maximum flow rate
that the boric acid makeup system can produce with relief
pressure in the Volume control Tank. The set pressurc is
equal to the design pressure of the Volume Control Tank,

c. Volume Control Tank Gas Sueolv Relief Valve: The relief
valve is sized to excced the combined maximum capacity of

,

the nitrogen and hydrogen gas regulators. The set pressure |

is lower than the Volume Control Tank design pressure.

O
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d. Reactor Coolant Pumo Controlled Bleedoff Header Relief
Valve: The relief valve at the reactor coolant pump
controlled bleadoff header allows the controlled bleedoff
flow to continue to the Reactor Drain Tank in the event that
a valve in the line to the Charging Pump Mini-flow Heat g
Exchanger is closed. It does not serve an overpressure
protection function. The valve is sized to pass the flow
rate in the event of failure of the seals in one reactor
coolant pump plus the normal bleedoff from the other reactor
coolant pumps. The maximum relief valve opening pressure is
less than the controlled bleedoff high-high pressure alarm
setpoint.

e. Heat Traced Pinina Relief Valves: Relief valves are
provided for those portions of the boric acid system that
are heat traced and which can be individually isolated. The
set pressure is equal to the design pressure of the
corresponding portion of the system piping. Each valve is
sized to relieve the maximum fluid thermal expansion rate
that would occur' if maximum duplicate heat tracing power
were inadvertently applied to the isolated line.

O e- reui==e"t or i" re"x netier v 1ve: 2n rauiv=ent orata ranx
relief valve is sized to pass the liquid flow rate equal to
the flow of the shutdown cooling return relief valve. The
set pressure is equal to the design pressure of the
Equipment Drain Tank,

g. Reactor Drain Tank Relief Valve: A relief valve which vents g
to the containment sump is provided for the Reactor Drain
Tank. The relief valve is sized to pass the liquid flow
rate equal to the total flow of the possible flowing in the
Reactor Drain Tank. The set pressure is equal to the design
pressure of the Reactor Drain Tank,

h. Charcina Pumo Mini-flow Relief Valve: The relief valve down
stream of the charging pump mini-flow orifices protects the#

portions of the CBo piping outside containment from
overpressurization and portions of the charging pump piping
due to thermal expansion that might result from operating a
charging pump with its discharge isolation valve closed.
The valve is sized to pass the flow rate in the ever.t of a
failure of the seals in one reactor coolant pump plus the
normal bleedoff from the other pumps.

1. Seal Iniection Heat Exchancer Thermal Relief: The tube side
of the seal injection heat exchanger is protected by a
thermal relief valve. This relief valve is sized to protect

O
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the heater from overpressurization due to the thermal
expansion of trapped water or inadvertent closure of the
isolation valves with steam to the shall side.

j. Recanerative Heat Exchancer Thermal Relief: A spring loaded
check valve (CH-435) is provided downstream of the
regenerative heat exchanger to protect against overpressure
from continued letdown operation with both charging and
auxiliary spray isolated. Note that CH-435 is sized to pass B

full charging flow should CH-208 fail closed.

9.3.4.3.4 Chemistry And Purity Control

The chemistry and purity of the reactor coolant are controlled to
provide the following:

a. Minimize the corrosion of the system hardware, which,

includes minimizing the fouling of heat transfer surfaces;'

b. Adjust the chemical shim properly to control core reactivity
throughout the life of the core;

i

Q
'

'

c. Identify on a timely basis the occurrence of defective fuel
by measuring the fission products in the reactor coolant;

d. Ensure that the quality of the reactor coolant is being
maintained by the purification circuit.

j Table 9.3.4-1 describes the chemistry of the reactor coolant. g

The oxygen and chloride limits as presented in Table 9.3.4-1 of |g
0.10 ppm and 0.15 ppm respectively, were established from the |relationships between oxygen and chloride concentrations and the i

susceptibility to stress corrosion cracking of austenitic
stainless steel. Thit relationship is presented in References 2
and 3.

These data reveal that no chloride stress corrosion occurs at
oxygen concentrations below approximately 0.8 ppm. This oxygen
limit was reduced by a factor of 8 to give the conservative
concentrr. tion of 0.10 ppm oxygen. The maximum amount of oxygen I
from air dissolved in water at 25'c is approximately 8 ppm. At
this concentration, a chloride concentration of less than approx-
imately 1.50 ppm would preclude the possibility of chloride
stress corrosion. This limit was reduced by a factor of 10 to
provide a conservative chloride limit of 0.15 ppm. |

|
1,

i O
I

Amendment B
i 9.3-36 March 31, 1988



CESSAR EnWICATION

{

The fluoride limit of 0.10 ppm for reactor coolant is the result
of the fluoride ion being identified as causing intergranular
corrosion of sensitized austenitic stainless steels. This is
presented in Reference 4. Based on these data, it is essential
to minimize fluoride ions in the reactor coolant. Therefore, the
concentration chosen as the maximum limit is the lowest
concentration which can be readily detected in the bulk water and
which can easily be maintained by the action of the purification
ion exchanger.

Chemistry control of the reactor coolant consists of
preoperational removal of oxygen by hydrazine scavenging,
degasification via the gas stripper of makeup water if necessary
during startup, and control of oxygen concentration by
maintaining an excess hydrogen concentration and pH control by
maintaining lithium within a specific control band during normal
operation. A chemical addition tank and pump is used to transfer
hydrazine and/or lithium hydroxide to the discharge side of the
charging pumps for injection into the RCS. The hydrogen
concentration in th% reactor coolant is controlled by the
hydrogen overpressure in the Volume Control Tank or by direct
addition of hydrogen in the charging pump discharge line.

V
Lithium is generatg(n,n sigp;ificant quantities in the core regioni

by the reaction B a) Li therefore it is the logical choice
for a pH control agent. However, there exists a threshold for
accelerated attack of Zircaloy at approximately 35 ppm lithium.
Therefore, the lithium concentration limits are specified to
provide a wide margin between the upper operating limit and the
threshold for accelerated attack in the event any concentrating
phenomena exist. Early in core life, periodic removal of lithium
by ion exchange is required to control concentration below the
upper limit. One purification ion exchanger is used
intermittently to control the lithium concentration. Prior to
refueling shutdown, when large dilution operations are necessary,
lithium additions will be necessary to maintain the lithium
concentration within the control band. The lower limit on
lithium concentration ensures that sufficient lithium hydroxide
is present during operation to provide the benefits noted in
Section 9.3.4.1.3.2.

The control of other impurities is accomplished by the continuous
operation of the second purification ion exchanger which has been
converted to the lithium or ammonia lithium form and does not
remove lithium. The resin beds remove soluble nuclides by an ion
exchange mechanism and insoluble particles by the i=pingement of
these particles on the surface of the resin beads.

9.3-37
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The normal method of adjusting boron concentration is by feed and
bleed. To change concentration, the makeup portion of the CVCS
supplies either reactor makeup water or boric acid to the Volume
control Tank, and the letdown stream is diverted to the
pre-holdup ion exchanger. Toward the and of the core cycle, the
quantities of waste produced due to feed-and-bleed operations
become excessive and the deborating ion exchanger is used to
reduce the reactor coolant system boron concentration. An anion
resin, initially in the hydroxyl form, is converted to a borate
form as boron is removed.

Various reactions taking place within the reactor during
operation result in the production of tritium, which appears in
the reactor coolant as tritiated water. See Section 11.1.3 for a
discussion of tritium.

Boric acid recovery from the reactor coolant liquid waste is
accomplishtd by the boric acid concentrator package at a
processing rate of 20 gpm. Based on the vaste estimates
identified in Table 9.3.4-3, the concentrator once-through usage |B
factor is less than 10 percent, thus resulting in an adequate
opportunity for reprocessing of the Reactor Makeup Water Tank
contents, the RWT contents, or the BAST contents if necessary. 8

9.3.4.3.5 system Isolatien

9.3.4.3.5.1 Containment Isolation

There are seven penetrations through the containment structure to
accommodate CVCS piping. Four of these penetrations (charging
flow to RCS, purification stream from the shutdown cooling heat
exchanger to the letdown heat exchanger, seal injection flow to B
RCps, and resin sluice supply header flow to the RDT) allow flow
in the inward direction, and three of these penetrations (letdown ,

line flow to purification ion exchangers, RCp controlled j

bleed-off flow, and RDT flow to reactor drain pumps) allow flow
in the outward direction. |

The penetration for the charging piping to the RCS consists of a
Safety Class 2 motor operated valve (CH-524) outside containment
and a Safety Class 2 check valve (CH-303) inside containment.
CH-524 is operable from the control room with position indication
in the control room, and does not receive an automatic close
signal. The penetration for the purification stream from the SCS ,

heat exchanger to the letdown heat exchanger consists of a Safety |

Class 2 manual isolation valve (CH-307) outside containment and a
Safety Class 2 check valve (CH-304) inside containment. CH-307
is a normally closed, locked closed valve that is only opened
after the RCS has been shutdown and placed on shutdown cooling.
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The penetration for seal injection flow consists of a Safety
Class 2 motor operated valve (CH-255) located outside containment
and a Safety Class 2 check valve (CH-835) located inside
containment. CH-255 is operable from the control room with
position indication in the control room and does not receive an
automatic close signal. The penetration for the resin sluice
supply header flow to the RDT consists of a Safety Class 2
pneumatic valve (CH-580) located outside containment and a Safety
Class 2 check valve (CH-494) located inside containment. CH-580
is a failed close valve operable from the control room and
receives an automatic close signal on CIAS.

The penetration for the letdown line flow to the purification
system consists of a safety Class 2 pneumatic valve (CH-570)
located inside containment and a Safety Class 2 pneumatic valve
(CH-523) located outside containment. Both CH-523 and CH-570 are
fail-closed valves, operable from the control room with position
indication in the control room and both receive an automatic
close signal on CIAS. The penetration for RCP controlled
bleed-off flow consists of a Safety Class 2 pneumatic valve

f (CH-505) located outside containment and a Safety Class 2
pneumatic valve (CH-506) located inside containment. Both CH-506
and CH-505 are fail-closed valves, operable from the control room

O- with position indication in the control room and both receive an
automatic close signal on CIAS. The penetration for the RDT flow g
to the reactor drain pumps consists of a Safety Class 2 pneumatic
valve (CH-560) located inside containment and a Safety Class 2

' pneumatic valve (CH-561) located outside containment. Both
CH-560 and CH-561 are fail-closed valves operable from the
control room with position indication in the control room and
both receive an automatic close signal on CIAS.

9.3.4.3.5.2 Safety Class Transition Boundaries

i

As stated in Section 9.3.4.1, the CVCS has been designed as a
non-safety grade system and all portions of the CVCS outside of
containment are designed as non-nuclear safety. The containment
penetrations and valves discussed in the previous section are all
designed as Safety Class 2. The boundaries for the transition
between various safety classes (e.g., SC1 to SC4) for portions of
the CVCS located inside containment are indicated in Figures
9.3-1 to 9.3.4.

j 9.3.4.3.i Leakage Detection and Control

The components in the CVCS are provided with welded connections
wherever possible to minimize leakage to the atmosphere.
However, flanged connections are provided on all pump suction and

; discharge lines, on relief valve inlet and outlet connections and

!
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on some flow meters to permit removal for maintenance. All
valves larger than 2 inches and all actuator-operated valves are
provided with double-packing, lantern rings, and leakoff
connections, unless the valves are diaphragm (packless) valves.
Diaphragm valves are utilized around the Volume Control Tank gas
space. Thus, activity release due to valvo leakage is minimized.

The CVCS can also monitor the total RCS water inventory. If
there is no leakage throughout the plant, the level in the Volume
Control Tank should remain constant during steady state
operation. Therefore, a decreasing level in the Volume Control
Tank alerts the operator to a possible leak somewhere in the
system.

During refueling shutdown, the reactor makeup water piping is
monitored to detect leakage past isolation valve CH-195 (locked
shut during refueling shutdown). If leakage occurs, an alarm is
annunciated in the control room.

9.3.4.3.7 Failure Mode and Effects Analysis

Since the CVCS is not a safety grade system, a detailed Failure g

(] Mode and Effects Analysis is not performed.
V

9.3.4.3.8 Radiological Evaluation

Frequently used manually operated valves located in high
radiation or inaccessible areas are provided with extension stem
handwheels terminating in low radiation and accessible control
areas. Manually operated valves are provided with locking
provisions if unauthorized operation of the valve is considered a
potential hazard to plant operation or personnel safety. Refer
to Section 12.2 for further information.

9.3.4.4 Testina and Inspection Requirements

Each component is inspected and cleaned prior to installation
into the CVCS. A high velocity flush using demineralized water
will be used to flush particulate material and other potential
contamination from all lines in this system. |

i

Instruments will be calibrated during preoperational testing. 1

Automatic controls will be tested for actuatic.a at the proper i

setpoints and alarm functions will be checked for operability and '

'

proper setpoints. The relief valve settings will be checked and
adjusted as required. All sections of the CVCS will be operated

!and tested initially with regard to flow paths, flow capacity and
mechanical operability. Pumps will be tested to demonstrate head j

and capacity.
(o)

|

Amendment B i

|9.3-40 March 31, 1988

1



_ . .-

CESSARnnincm

O
,

|

The CVCS is tested for integrated operation with the RCS during !

hot functional testing. Heat exchanger perf'>rmance and proper
control of the letdown flow control valves an the charging pump
flow control valves by the pressurizer level control program will
be tested during hot functional testing. The charging line will ,

be checked to assure that the piping is free of excessive
vibration. Response of the makeup portion of the CVCS in the
automatic, dilute, and borate modes will be verified. Any
defects in operation that could affect plant safety are corrected'

before fuel loading.

As' part of normal plant operation, tests, inspections, data
tabulation and instrument calibrations are made to evaluate the
condition and performance of the CVCS equipment and

,

instrumentation. Data will be taken periodically during normal
plant operation to confirm heat transfer capabilities and
purification efficiency. Pump and valve leakage will be
monitored.

1

Appropriate vents, drains, and test connections are provided to
permit the site operator to perform inservice testing of valves.

9.3.4.5 Instrumentation j

; 9.3.4.5.1 Temperature Instrumentation

a. Holduo Tank and Reactor Makeue Water Tank Temeerature: The
1 temperature of the contents of these tanks is indicated in

the main control room. A low temperature alarm annunciates
| in the main control room to warn the operator of low

temperature of the tank contents.
'

b. Boric Acid Storace Tank Teneerature: Two instruments are
installed in the Boric Acid Storage Tank. One provides B

temperature indication in the control room, the other
provides indication locally. Annunciation in the control i

room warns the operator of low temperature of the tank,

'
a contents.

c. Boric Acid Batchina Tank Temeerature: The batching tank
;
~

temperature measurement channel controls the tank steam
B

supply. Local indication is provided to facilitate batching
operations,

d. Letdown Line Teneerature: The regenerative heat exchanger
letdown outlet temperature is indicated in the control room

'
and local indication is provided outside of containment. An
alarm is provided to alert the operator to abnormally high

;

| O
i
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letdown temperature. The instrument also provides a signal
that positions the letdown flow control valve to automatic B
minimum flow at a setpoint above the high temperature alarm.

,

The valve must be manually reset to restore nominal letdown '

flow.

e. Letdown Heat Exchancer outlet Temeerature: This channel is
used to control the Component Cooling System (CCS) flow
through the letdown heat exchanger to maintain the proper
letdown temperature for purification system operation. This
temperature is indicated in the control room.

f. Ion Exchancer Inlet Temeerature: This channel indicates
locally and actuates isolation valves to bypass flow around B

the purification and deborating ion exchangers if the
letdown temperature exceeds the highest permissible ion
exchanger operating temperature. A high temperature alarm
is provided in the control room. The instrument also
provides a signal that positions the letdown flow control
valve to automatic minimum flow on the high temperature
alarm, and shuts CH-517 on high-high temperature indication.,

; Flow to the ion exchangers must be manually restored when
the temperature decreases below the setpoint.

g. Volume control Tank Temeerature: The Volume Control Tank is
| provided with temperature indication in the control room. A

'

high temperature alarm is provided to alert the operator to
abnormally high water temperature in the Volume Control,

! Tank.

. h. Charcina Line Teneeratng: The regenerative heat exchanger
i charging outlet temperature is indicated in the control
I room. This indication is used to monitor heat exchanger

performance and verify that auxiliary spray initiation
conditions are satisfied.

i. Pre-holduo Ion Exchancer Inlet Temeerature: This channel
indicates gas stripper influent temperature in the control i

' room. A high temperature alarm annunciates in the control
! room. On high inlet temperature the flow is diverted to
| bypass the ion exchanger to preclude resin damage.

t

;' j. Reactor Drain Tcnk Tercerature: The Reactor Drain Tank is
provided with temperature indication in the control room. A
high temperature alarm is provided to alert the operator of
abnormally high water temperature and the need for cooling:

1 of the tank contents,

i O
'

Amendment B
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k. Seal Iniection Heat Exchancer Inlet and Outlet Temeerature:

A temperature controller on the inlet and on the outlet of B

the seal injection heat exchanger provides indication to the
seal injection temperature controller to maintain fluid
temperature within cceeptable limits. The seal injection

,

temperature controller positions CH-231 to regulate the flow
which bypasses the heat exchanger and thus regulate
temperature. Indication and alarms are provided in the
Control room.

1. Eculement Drain Tank Temeerature: The Equipment Drain Tank
is provided with temperature indication in the control room.
A high temperature alarm is provided to alert the operatori

of abnormally high water temperature and the need for
cooling of the tank contents.

9.3.4.5.2 Pressure Instrumentation

a. Purification Filter, Ion Exchancer and Letdown Strainer
Differential Pressures: Differential pressure indicators
are provided to indicate the pressure loss across the
purification filters and across the ion exchangers plus

; A letdown strainer. Both differential pressure indicators
U have local readouts and control room high differential

pressure alarms. ,

j b. Boric Acid 1:akeuo Pume Discharca Pressures: Discharge
pressure of each pump is indicated in the control room and
locally. Low pressure alarms, annunciating in the control

Broom, are provided. If the pump has been manually turned
: off by the operator, the discharge pressure alarm is

suppressed.

I c. Charaina Line Pressure: The charging line pressure is
indicated in the control room and at a location outside the
control room and a low pressure alarm is provided in the
control room. If the pump has been manually turned off by B

the operator, the discharge pressure alarm is suppressed.

d. Reactor Coolant Puro Controlled Bleedoff Header Prossure: A
: pressure measurement channel is provided to measure the I
j pressure at the reactor coolant pump controlled bleedoff |
4 header. Indication is provided in the control room, and the I

measvring device has overpressure protection for RCS design i.

pre Asure. A high alarm and a high-high alarm are

i annunciated in the control room. The high alarm indicates
'

that a valve in the line to the charging Pump Mini-flow Heat B

Exchanger has been closed. The high-high alarm indicates
that the controlled bleedoff flow has stopped.

- Oj

'

|
' Amendment B l
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O
e. charcina Pumo Suction Line Pressure Switches: A pressure

switch on each charging pump suction manifold stops the
associated charging pump on low suction line pressure thus
preventing damage due to cavitation. ;

.

f. Letdown Line Pressure: The letdown line pressure !

measuremesnt channel upstream of the letdown control valves B

controls letdown flow to maintain constant RCS pressure
during low system pressure operations. Indication and

,

alarms are provided in the control room.'

,

i ,

g. Ion Exchancer Drain Header Strainer Differential Pressure:
j A local differential pressure indicator is provided with a

local alarm. These instruments will indicate any'

progressive loading of the strainer.

h. Eculement Drain Tank Pressure: The Equipment Drain Tank
,

pressure is indicated in the control room and is provided
,

with a high-pressure alarm in the control room. This
channel also actuates valves to automatically isolate the
equipment drain tank from the gas analyzer, gaseous waste
management system, the recycle drain header, and the reactor

A drain pumps when the tank pressure exceeds the high-pressure-

1 U alarm setpoint.
'

i. Reactor Drain Pume Discharca Pressure: The pump discharge
pressures are indicated locally and in the control room.

,

'

j. Reactor Drain Filter, Pre-holduo Ion Exchancer and Strainer
j Differential Pressures: Differential pressure indicators

are provided to indicate the pressure loss across the
. components. Both differential pressures are indicated
! locally. High-pressure alarms are annunciated in the
' control room,

k. Reactor Drain Tank Pressure: This measurement channel I

provides a pressure indication in the control room and i
actuates a high-pressure alarm. This channel closes the :

isolation valve to the GWMS and the containment isolation !

valve (inside).
i

1. Holduo Pumos Discharce Pressure: The pump dischargei

pressures are indicated locally.4

:

! m. Boric Acid Condensate Ion Exchancer and Strainer
Differential Pressure: A local differential pressure
indicator with a high alarm is provided. Periodic reading

,

]
of this instrument will indicate any progressive loading.

' O |
|

Amendment B '
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n. Seal Iniection Filter Differential Pressure: Aidifferential
pressure indicator with local indication, and high
differential pressure annunciation in the control room s
provided to determine pressure loss across the seul
injection filters. periodic readings of this instrument
will indicato any progressive loading of the unit. f

o. Reactor Makeue Water Pumo Discharco Pressure: The reactor
makcup water pump discharge pressure is indicated leally
and in the control room. The low pressure alarm annunciates
in the control room. Low pressure on one pump stops that
pump and starts the standby pump. If the pump has been B

manually turned off by the operator, the discharge pressure
alarm is suppressed.

p. Volume control Tank Pressure: This channel indicates Volume
control Tank pressure in the control room. High and low
pressures are annunciated in the control room.

q. Beric Acid Filter Differential Pressure: A t!if f errintial
pressure indicator with local readout is provided to
indiccte the pressure loss across the Loric acid filter,

n The high pressure alarm is provided in the control room.
V

r. Reactor Makeue Water Filter Differential Pressure: A
differential pressure indicator with local readout and a
high differential pressure alarm in the control roon is
provided to indicate excessive loading causing high pressure
loss across the reactor makeup water filter.

9.3.4.5.3 Level Instrumentation

a. Holduo Tank and Reactor Makeuo Water Tank 14(M: Level
indication and alarms for these tanks ara indicated in the
control room. On low level in the Holdup Tank and low-low
level in the Reactor Makeup Water Tank, the holdup pumps and
reactor makeup water pumps are automatically ntopped. The
low level alarm for the Reactor Makeup Water Tank warns the
operator of entering the volume required for back to back
cold shutdowns at 90% core life. A high level a31rm in the i

Holdup Tank indicates that processing should be amaanced. !

The high level alarm in the Reactor Makeup Water Tank and
the high-high level alarm in the Holdup Tank ind.icates that
filling of the tanks should be secured.

!

b. Volume control Tank Level: A differential pressure type |
level instrument provides Volume control Tank level
indication in the control room and controls the starting and
stopping of the automatic makeup system. This channel also

O
Amendment B
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automatically diverts lo*.down flow on high level to the gas
stripper via, the pre-holdup lon exchanger. High, low and B

low-low leve3 alarms are provided in the control room.

c. Volume Control Tank Level: A differential pressure type
level Instrument on the Volume control Tank automatically
switches charging pump suction from the Volume control Tank
to the Boric Acid Storage Tank via the boric acid makeup B

pumps upon actuation of a low-low level alarm. High, low,
and low-low level alarms are provided in the control room.

f d. Ogipment Drain Tank and Reactor Drain Tank Level: A
d1f.ferential pressure typs level instrument indicates level
in the control room. The transmitter also activates high
and low level alarms in the control room and automatically
stops the reactor drain pumps on low level,

e. Boric Acid Storace Tank Level Two high level band
instruments are provided with indication and alarms in the g
control rcom. One transmitter also stops the boric acid
makeup pumps on low-low level,

t'3 9.3.4.3.4 Plow Instrumentation
V

a. Letdown Flow: An orifice-type flow meter indicates letdown
flow locally and in the control roes. This channel actuates
a high flow alarm in the control room.

b. E91 1pr Makeue Water Flow Switch: A flow switch located
downstreau of the makeup controller flow indicator F-210X is
used to indicate and alarm in thu control room if
deminerr,*'.ized water flow occurs during refueling operations.
During normal operations, the flow switch is not
operational,

c. Volume Control Tank Hydrocen and Nitrocen Gas Flow: Local
indications of nitrogen and hydrogen gas flow to the Volume
Control Tank are provided. The nitrogen flow meter is used
during VCT purging operations. The hydrogen flow meter is
used during operations where a hydrogen overprecsure is

desired in the VCT.

d. Concentrated Boric Acid Flow: An ultrasonic flow meter is
provided to measure the concentrated boric acid flow rate to
the blending tee. This channel controls the boric acid
control valve to obtain a preset flow rate. High and low
flow alarms are delayed after initiation of the makeup
signal to allow the set flow rate ,to become established. A

n
v

Amendment b
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high-high alarm is provided to avoid exceeding design flow
of the boric acid filter. The flow is' recorded, and' the
total quantity is indicated in the control room. '

e. Reactor Makeue Water Flow: An orifice-type flow meter is
provided to measure the reactor makeup water flow rate to
the blending tee. This channel controls the reactor makeup
water control valve to obtain a preset flow rate. High and
low flow alarms are delayed to allow the set flow rate to
become established. A high-high alarm is provided to avoid
exceeding design flow of the reactor makeup water filter.
The flow is recorded and the total quantity is indicated in
the control room.

f. Charcina Flow: Charging flow rate indication and low flow
annunciation are provided in the control room and at a
location outside the control room. If the pump is manually
turned off by the operator, the low flow alarm is B

suppressed.

g. Ion Exchancer Drain Header Flow Swj1gh: A flow switch is
provided with a local indicator of flow. The indicator

(VO
light is on whenever draining is in ' progress. The light
goes off when an ion exchanger draining operation is
complete. When refilling an ion exchanger -after charging
new resin, the light indicates overflow from the vent line
drain and therefore completion of the filling operation. |

h. Seal Iniection Flow Rate: Orifice-type flow meters indicate
seal inj ection supply flows to each reactor coolant pump.
This channel controls the sealjinjection flow control valves
to maintain the d2 sired flow. Control room indication of
high, high-high, and low flow annunciation is provided.

i. Charcina Hydrocen Iniection Flow: This instrument provide =
local indication of hydregen flow into the charging system.
High and low flow alarms are annunciated in the control
room. If the charging pump is manually turned off by the E

operator, the low flow alarm is suppressed,

j. Boric Acid Batchina Flow: This instrument indicates locally
the flow of boric acid from the boric acid batching tank to
the coric acid storage tank recirculation line. B,

k. Resin Sluice Sucolv Header Air Flow: This ' instrument
provides local indication of air flow to the resin sluice

'
supply header.

O
Amendment B
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1. Reactor Makeue Water Flow to Resin Sluice Sucolv Header:
This instrument provides local indication of reactor makeup
water flow to the resin sluice supply header.

9.3.4.5.5 Boron Measurement Instrumentation j
;

Continuous boron concentration measurements on the RCS are made
Bby a boronometer located in the process sample system (PSS -

Section 9.3.2).
9.3.4.5.6 Radiation Monitoring Instrumentation

9.3.4.5.6.1 Process Radiation Monitor. The process
radiation monitor (PRM) provides a continuous recording in the
control room of reactor coolant gross gamma radiation and
specific fission product gamma activity thus providing a measure
of fuel cladding integrity. The instrument is located in the g ,

process sample system (PSS - Section 9.3.2). |

9.3.4.5.6.2 Gas StriDDer Effluent Radiation Monitor. This
monitor provides a continuous recording in the control room of
the gross gamma activity leaving the gas strippet and entering

q the holdup tank. A high alarm indicates improper operation of
V upstream purification equipment. Normally, however, an

increasing activity trend will allow operators to take corrective
measures (replace ion exchanger resin or filter cartridge) before
significant activity increase occurs in the holdup tank. The
radiation monitor consists of a logarithmic ratemeter which
processes the pulses from the shielded scintillation detector.

1

9.3.4.6 Interface Recuirements j

I
A. Power

1

1. Normal Power Requirements

a. Two independent power sources shall be available
to provide electric power to the Chemical and
Volume Control System equipment. Power shall be
capable of being supplied from the main generator.
During startup or shutdown, power shall be
available from offsite.

b. Within the plant distribution system, redundant
Chemical and Volume Control System equipment loads
shall be supplied by separate buses or motor
control centers to minimize the effect of outages.

c. In the event of a failure of a bus, standby
O eauipment connected to other buees she11 be

capable of being placed into operation.

Amendment B
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2. Emergency Power Requirements

a. Charging Pumps - Each emergency power bus shall supply
one pump. The charging pumps shall not be
automatically sequenced on the emergency power buses.

b. The following are emergency power supply requirements
for CVCS instrumentation:

Location {1}
Contro

Emercency BusInstrument

L-200 (BAST level) A/C A B

L-201 (BAST level) A/C B
F-212 (Charging flow) A/C B
P-212 (Charging pressure) A/C A
L-226 (VCT level) A N1(2) B

L-227 (VCT level) A N2 (2)

c. The following are emergency power supply requirements
for CVCS valves:

Emergency Location {gContro
valve Bus

CH-501 A A g
CH-515 (receives SIAS) B A/C
CH-516 (receives CIAS & SIAS) A A/C
CH-517 B A/C
CH-523 (receives CIAS) A A
CH-524 B A
CH-570 (receives CIAS) B A
CH-255 B A
CH-208 A A/C
CH-205 A A/C ,

CH-505 (receives CIAS) A A/C '

CH-506 (receives CIAS) B A/C
CH-580 (receives CIAS) A A l

CH-560 (receives CIAS) B A I

CH-561 (receives CIAS) A A

Note (1): Location code is as follows; A-Control Room, B-Local,
C-Remote Shutdown Panel, D-Location outside Control |
Room.

(2): A Class II Uninterruptable Power Supply (Bus N1 and N2) g
will be used to provide power to non-1E CVCS
instrumentation.

O
Amendment B
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TABLE 9.3.4-1

(Sheet 1 of 2)

pfERATING LIMITS

1.0 REACTOR COOLANT MAKEUP WATER

Analysis Normal

Chloride (Cl) < 0.15 ppm

pH 6.0 - 8.0 B

Fluoride (F) < 0.1 ppm

Suspended
Solids < 0.35 ppm B

2.0 PRIMARY WATER

Pre Core Hot Initial Core Load Power
Analysis Functionals (1) and Criticality Operation

pH (77*) 3.8 - 10.4 4.5 - 10.2 4.5 - 10.2 B

Conductivity (2) (2) (2)

Hydrazine 30-50 ppm (3) 30-50 ppm (3) 1.5 x 0xygen ppm (4)
(max. 20 ppm)

Ammonia <50 ppm <50 ppm 0-2 ppm

Dissolved Gas (5)
1

Lithium 1-2 ppm 0.2-2,3 ppm 0.2-2.3 ppm

(6)Hydrogen 25-50 cc (STP)/kg
(H O) (7)2

I9)0xygen 10.1 ppm 50.1 ppm 10.1 ppm
|

!

Suspended Solids <0.35 ppm,(8) <0.35 ppm,(8) <0.35 ppm,(8)
2 ppm max. 2 ppm max. 2 ppm max.

|
,

Chloride 10.15 ppm 10.15 ppm 10.15 ppm

Fluoride 10.1 ppn 10.1 ppm <0.1 ppm

Boron f Refueling s Refueling
O Concentratioa Concentration

Amendment B
March 31, 1988
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TABLE 9.3.4-1 (Cont'd)
(Sheet 2 of 2)

Notes for Table No. 9.3-1

(1) Special hot conditioning limits:

Temperature >350*F for 7-10 days

(2) Consistent with pH additive concentration.

(3) Hydrazine is maintained at 30-50 ppm any time the RCS is less than 150*F.

(4) Prior to exceeding 150'F during heatup or below 400*F during cooldown.

(5) Prior to a depressurization shutdown, reduce total gas to <10cc(STP)/kg
(H O) to limit the possibility for explosive mixtures.

2

(6) During the transition from post-core to operating, hydrogen should be
maintained in the 15 to 25cc(STP)/kg (H 0) range to minimize degassing
requirements in case the reactor plant kust be shutdown and
depressurized.

O (7) nydrogen shouid be <5cc(S1g)/kg (H,0) before securing the reactor cooiaot
pumps.

(8) The abnormal condition of 0.35 to 2.0 ppm is permitted for up to 14 hours B

to allow for crud burst conditions.

(9) Not applicable during core load.

.

O
Amendment B
March 31, 1988
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TABLE 9.3.4-2
(Sheet 1 of 2)

DESIGN TRANSIENTS

CVCS Code Class 2* Components Which Are Part
Of The Reactor Coolant Pressure Boundary

Assumed number of
occurrences during (1)
the 60-year design Affected

Event life of the plant Component

1. Plant Startup 750 L,C

2. Step Power Change 3,000 L,C
(90 Percent to 100 Percent)

B3. Step Power Change 3,000 L,C
(100 Percent to 90 Percent)

4. Ramp Power Change 22,500 L,C

Q (15 Percent to 100 Percent)

5. Ramp Power Change 22,500 L,C
(100 Percent to 15 Percent
at -5 Percent / Minute)

6. Turbine Trip 180 L,C

7. Loss of Flow to the Core 60 L

8. Loss of Secondary Pressure 1 L,C

9. Switch from Normal Purifica- 1,500 L,C
tion to Maximum Purification

10. Low-Low Volume Control Tank 120 L,C,5
Response

11. Loss of Letdown Flow and 1,275 L,C B
Recovery

12. Loss of Charging Flow 150 L,C

13. Plant Cooldown 750 L,C

14. Reactor-Turbine Trip 350 L,C

Amendment B
March 31, 1988
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TABLE 9.3.4-2 (Cont'd)
(Sheet 2 of 2)

DESIGN TRANSIENTS

CVCS Code Class 2* Components Which Are Part
Of The Reactor Coolant Pressure Boundary

Assumed number of
occurrences during (1)
the 60-year design Affected

Event life of the olant Component

15. Inadvertent Actuation of 15 L,C
Pressurizer Heaters

16. Inadvertent Initiation of 8 C
BAuxiliary Spray at Full Power

17. Depressurization due to 8 L,C
Inadvertent Actuation of One
Pressurizer Safety Valve

18. Opening One Steam Bypass 60 L,C
Valve at Full Power

19. Excess Feedwater Flow Due to 60 L,C
Control System Malfunction
at Full Power

20. Loss of Feedwater Flow to 130 L,C
the Steam Generators

21. Pressurizer Level Control 150 L
Failure to Full letdown

22. Initiation of Auxiliary 750 C

Spray During Cooldown

NOTE (1): Code for symbols: L - Letdown line to and including CH-523.

C - Charging line from and including CH-524
S - Seal injection line from and including

CH-255

* Design transients for Code Class 1 components are listed in 3.9.1.1.

O

Amendment B
March 31, 1988
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TABLE 9.3.4-3

EXCESS REACTOR COOLANT GENERATED
DURING TYPICAL Pl. ANT OPERATIONS

PLANT OPERATION VOLUNE GENERATED

Plant shutdown to refueling at 90% core (later) gallons
cycle

Plant startup from refueling at (later) gallons
beginning of core cycle. B

Plant shutdown to cold shutdown and (later) gallons
startup at 50% core cycle.

Anticipated daily leakage to reactor (later) gallons / day
drain tank and equipment drain tank.

B

O

O
Amendment B
March 31, 1988
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TABLE 9.3.4-4 I

(Sheet 1 of 11) |

PRINCIPAL COMPONENT DATA SUMMARY

Recenerative Heat Exchancer )
Quantity 1

Type Shell and tube, vertical |

Code (tube and shell side) ASME VIII B |
'

Tube Side (Letdown)

Fluid Reactor coolant, 3.6 wt % boric acid, maximum
Design pressure 2485 psig .

Design temperature 650*F |
Materials Austenitic stainless steel |
tiormal flow 80 gpm

BDesign flow 200 gpm

Shell Side (Charging)

Fluid Reactor coolant, 3.6 wt % boric acid, maximum
n Design pressure 3025 psig

|BU Design temperature 550*F ,

Materials Austenitic stainless steel |
flormal flow 65 gpm |

BDesign flow 250 gpm |

Letdown Heat Exchanaer

Quantity 1

Type Shell and tube, vertical
Code (tube and shell side) ASME VIII B

Tube Side (Letdown)

Fluid Reactor coolant, 3.6 wt % boric acid, maximum
Design pressure 2485 psig |8Design temperature 550*F
Materials Austenitic stainless steel
flormal flow 80 gpm
Design flow 200 gpm B

Shell Side (Cooling Water)

Fluid Component cooling water
Design pressure 150 psig
Design temperature 250'F
Materials Carbon steel
Normal flow 950 gpm B

O oesi9a riow 24oo 99=
Pressure loss 15 psid 0 1500 gpm & 105'F

Amendment B
March 31, 1988
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TABLE 9.3.4-4 (Cont'd)
(Sheet 2 of 11)

Seal Injection Heat Exchanaer

Quantity 1

Type Shell and tube (steam heater)
Tube Side (Seal Injection)

Fluid Reactor coolant, 3.6 wt % boric acid, max.
Design pressure 3025 psi 9 |B
Design temperature 200'F
Materials Austenitic stainless steel
Pressure loss 10 psi 0 30 gpm & 120*F
Normal flow 30 gpm
Design flow 50 gpm B

Code ASME VIII

Shell Side (Steam)

Fluid Steam-saturated
Design pressure 110 psig

(~) Design temperature 360*F
v Materials C?^" steel

Design flow i% >m./hr. B
Code ' " "Il

Charaina Pumos

Quantity 2
BType Centrifugal

Design pressure 3025 psig
Design temperature 200*F
Design flow 200 gpm
Design head 6,228 ft. B

Normal suction pressure 38 psig
Normal temperature of pumped fluid 120*F
NPSH required 50 ft. IB
Materials in contact with pumped fluid Austenitic stainless steel
Fluid 3.6 wt % boric acid, maximum |BCode for fluid end None

O
Amendraent B
March 31, 1988
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TABLE 9.3.4-4 (Cont'd) l

(Sheet 3of11)

Charaina Pumo Mini-flow Heat Exchancer

Quantity 1

Type Shell and tube, horizontal
Tube Side (Charging)

Fluid Reactor coolant, 3.6 wt % boric acid, max.
Design Pressure 200 psig
Design temperature 200*F
Materials Austenitic stainless steel
Normal flow 35 gpm
Design Flow 100 gpm
Code ASME VIII

Shell Side (Cooling Water)
"

Fluid Component Cooling Water B
Design Pressure 150 psig
Design 200'F

O Materials Carbon Steel
Normal flow 2 gpm
Design Flow 200 gpm
Code ASME VIII

Boric Acid Makeuo Pumos

Quantity 2
Type Centrifugal
Design pressure 200 psig
Design temperature 200*F
Design head 300 ft
Design flow 240 gpm

BNormal operating temperature 120*F
NPSH required 30 ft

Fluid 3.6 wt % boric acid, maximum
Material in contact with liquid Austenitic stainless steel
Code None

3

|

O
Amendment B
March 31, 1988
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TABLE 9.3.4-4 (Cont'd)
(Sheet 4 of 11)

Reactor Makeuo Water Pumos

Quantity 2

Type Centrifugal
Design pressure 200 psig
Design temperature 200*F
Normal operating temperature 40-120*F
Normal design flow 200 gpm
Design Head 300 ft. B

NPSH required 30 ft

Material in contact with pumped fluid Austenitic stainless steel
Fluid Demineralized water
Code None

Holduo Pumos

Quantity 2
!

O Type Centrifugal ,

Design pressure 100 psig i

Design temperature 200*F
Normal operating temperature 40-120*F
Design flow 50 gpm
Design head 145 ft
NPSH required 17 ft B

Materials in contact with pumped fluid Austenitic stainless steel
Fluid 3.6 wt % boric acid, maximum
Code None

B

Reactor Drain Pumos

Quantity 2
Type Centrifugal
Design pressure 200 psig
Design temperature 200*F
Normal operating temperature 120*F
Design flow 50 gpm
Design head 145 ft

BNPSH required 20 ft

Materials in contact with pumped fluid Austenitic stainless steel
fluid 3.6 wt % boric acid, maximum
Code for fluid end None

B

O
Amendment B
March 31, 1988
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(Sheet 5 of 11)
'

Boric Acid Batchina Pumo i

Quantity 1

Type Centrifugal
Design pressure 200 psig B

Design temperature 200*F
Normal operating temperature 155'F
Design flow 50 gpm
Design head 145 ft.
NPSH required 20 ft.

Materials in contact with pumped fluid Austenitic stainless steel
Fluid 3.6 wt % boric acid, maximum
Code for fluid end None

Volume Control Tank

Quantity 1

Type Vertical, cylindrical

(7 Internal volume 5,800 gallons B

U Design pressure, internal 75 psig
Design pressure, external 15 psig
Normal operating temperature 120*F
Normal operating pressure 20 psig
Blanket gas (during plant operation) Hydrogen g
Code ASME VIII
Fluid 3.6 wt % boric acid, maximum
Material Austenitic stainless steel

Boric Acid Batchina Tank i
I

Quantity 1

Internal volume 630 gallons (minimum)
Design pressure Atmospheric l

Design temperature 200*F
Normal operating temperature 155'F
Type heater Steam-saturated (298'F)

BHeater capacity, minimum 600 lbm./hr.
Fluid 12 wt % boric acid, maximum
Material Austenitic stainless steel
Normal operating pressure Atmospheric
Code None

O
Amendment B
March 31, 1988
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TABLE 9.3.4-4 (Cont'd)

(Sheet 6 of 11)

Eauioment Drain Tank

Quantity 1

Type Horizontal, cylindrical
Internal volume 10,500 gallons (minimum)
Design pressure 60 psig internal,15 psig external
Design temperature 300'F
Normal operating pressure 3 psig
Normal operating temperature 120*F
Code ASME VIII B

Fluid 3.6 wt % boric acid, maximum
Material Austenitic stainless steel

Reactor Drain Tank

Type Horizontal, cylindrical
Quantity 1

*

Design pressure (internal) 130 psig
Design pressure (external) 60 psig B

r Design temperature 350*F psig
\ Normal operating pressure 3 psig

Normal operating temperature 120'F
Internal volume 2000 gallons |0
Blanket gas Nitrogen
Material Austenitic stainless steel
Code ASME VIII
Fluid 3.6 wt % boric acid, maximum

Holduo Tank

Quantity 1

Type Field Fabricated (vertical) ,

Internal volume 435,000 gallons !

Design pressure 1.5 psig i
Design temperature 200*F
Operating pressure Atmospheric
Operating temperature 40-120*F
Material (wetted) Austenitic stainless steel
Code API-650
Fluid 3.6 wt % boric acid, maximum

I

O
Amendment B
March 31, 1988
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TABLE 9.3.4-4 (Cont'd)
(Sheet 7 of 11)

Reactor Makeuo Water Tank

Quantity 1

Type Field Fabricated (vertical)
Internal volume 420,000 gallons
Design pressure 1.5 psig
Design temperature 200'F
Operating pressure Atmospheric
Operating temperature 40-120*F |

Material (wetted) Austenitic stainless steel
Code API-650
Fluid Demineralized water

Boric Acid Storace Tank

Quantity 1

Type Field fabricated (vertical)
Internal volume 180,000 gallons

B
'

Design pressure 1.5 psig

pV Operating pressure
Design temperature 200*F

Atmospheric
Operating temperature 60 120*F
Material (wetted) Austenitic stainless steel
Code API-650
Fluid 3.6 wt % boric acid, maximum

Purification and Deboratino Ion Exchancers

Quantity 3
Type Flushable
Design pressure 200 psig
Design temperature 200'F
Normal operating temperature 120'F

Resin volume, each (useful) 38.0 ft3 (minimum required)
Normal flow 80 gpm B

Maximum flow 200 gpm
Code for vessel ASME VIII
Retention screen size 80 U.S. mesh
Material Austenitic stainless steel
Resin Cation / anion

mixed bed for purification;
anion bed for deborating

Fluid 3.6 wt % boric acid, maximum

O
Amendment B
March 31, 1988
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TABLE 9.3.4-4 (Cont'd)

(Sheet 8 of 11)

Pre-holduo Ion Exchancer

Quantity 1

Type Flushable
Design pressure 200 psig
Design temperature 200*F
Normal operating temperature 120'F

Resin volume, each (useful) 38.0 ft3 (minimum required)
BNormal flow 80 gpm

Maximum flow 200 gpm
Code for vessei ASME VIII
Retention screen size 80 U.S. mesh
Material Austenitic stainless steel
Fluid 3.6 wt % boric acid, maximum
Resin Cation / anion mixed bed

Boric Acid Condensate Ion Exchancer

Quantity 1

Type Flushable'

Design pressure 200 psig
Design temperature 200*F
Normal operating temperature 120*F

Resin volume, (useful) 32 ft3 (minimum required)
Normal flow 20 gpm l
Maximum flow 100 gpm 1

Code for vessel ASME VIII
Retention screen size 80 U.S. mesh
Material Austenitic stainless steel
Fluid 10 ppm Boron, maximum

.

Resin anion l

Purification Filter

Quantity 2

Type elements Replaceable cartridge
Retention for 2 micron and 98% .

larger particles, % by wt |
'Normal operating temperature 120'F

Design pressure 200 psig
Design temperature 200'F
Design flow 200 gpm
Normal flow 80 gpm B

Code for vessel ASME VIII
OMaterial Austenitic stainiess itee,

Fluid 3.6 wt % boric acid, maximum

Amendment B
March 31, 1988
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TABLE 9.3.4-4 (Cont'd) 1

(Sheet 9 of 11)

Boric Acid Filter

Quantity 1

Type elements Replaceable cartridge
Retention for 2 micron and 98%
larger particles, % by wt
Normal operating temperature 60-120*F B

Design temperature 200*F
Design pressure 200 psig
Design flow 240 gpm
Code for vessel ASME VIII B

Materials, wetted Austenitic stainless steel
Fluid 3.6 wt % boric acid, maximum

Reactor Makeuo Water Filter
.

Quantity 1

Type elements Replaceable cartridge
Retention for 2 micron and 98%

P larger particles, % by wt
d Normal operating temperature 40-120'F

Design pressure 200 psig
Design flow 200 gpm
Code for vessel ASME VIII
Haterials, wetted Austenitic stainless steel
Fluid Demineralized water

Reactor Drain Filter I

Quantity 1

Retention for 2 micron and 98%
larger particles, % by wt
Type elements Replaceable cartridge
Normal operating temperature 120*F 1

Design temperature 200*F l
Design pressure 200 psig
Design flow 100 gpm
Code for vessel ASME VIII B

Materials, wetted Austenitic stainless steel
Fluid 3.6 wt % boric acid, maximum

O I
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March 31, 1988
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TABLE 9.3.4-4 (Cont'd) |

1 (Sheet 10 of 11)

Seal Injection Filter

Quantity 2
Type elements Replaceable cartridge
Retention for 5 micron and 957.
larger particles, Y. by wt
Normal operating temperature 125'F
Design pressure 2735 psig
Design temperature 200*F
Code for vessel ASME VIII |B
Materials, wetted Austenitic stainless steel

'

ti r al flow bg
B

Boric Acid Concentrator

Quantity 1
4Design 0F (Bottoms to Distillate) 10

Maximum distillate effluent concentration 10 ppm boron
Os Design flow 20 gpm

Cooling water flow 700 gpm (maximum)
Steam required at 50 psig 13,500 lb/hr per unit
Code ASME VIII/ ANSI B.31.1 |B

Gas StriDoer

Quantity 1
3Design DF 10

Design flow (process) 200 gpm
Cooling water flow 700 gpm (maximum)
Steam required at 30 psig 20,000 lb/hr per unit (maximum) B

Code ASME VIII

O
Amendment B
March 31, 1988



-- .. . . .

CESSAR uninCAHON

O

TABLE 9.3.4-4 (Cont'd)
(Sheet 11 of 11)

chemical Addition Package

Chemical Addition Tank:

Quantity 1

Internal volume 8 gallons (minimum)
Design pressure Atmospheric
Design temperature 150*F
Normal operating temperature 40-90*F

7 ,

Fluid N,H, or Li 0H solution |

Code NOne

Chemical Addition Pump:

Quantity 1

Type Positive aisplacement, variable capacity
Design pressure 2735 psig
Design temperature 150'F
Normal operating temperature 40-90*F <

() Capacity 0 25 GPH
v Design head 2735 psig 7

Fluid NH or Li OH solution9aMaterial in contact with fluid Austenitic stainless steel |
'

Code None

<

|

0
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TABLE 9.3.4-5

CHEMICAL AND VOLUME CONTROL SYSTEM PARAMETERS

Normal letdown and purification flow 100 gpm

Normal charging flow 130 gpm
B

Normal charging mini-recirculation flow 35 gpm

Nomal seal injection flow 30 gpm

Reactor coolant pump controlled bleedoff (4 pumps) 15 gpm

Nomal letdown temperature at loop 565'F

Normal charging temperature at loop 445'F |B ,

I

lon exchanger operating temperature 120*F {

|

O

O
Amendment B
March 31, 1988
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TABLE 9.3.4-6

(Sheet X of X)

CHEMICAL AND VOLUME CONTROL SYSTEM
PROCESS FLOW DATA #

.

(LATER)

O

B

O < tocat4 ens correspona to numbers in eliinses on risures 9.3-1
through 9.3 4.

'

Amendment B
March 31, 1988
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O
TABLE 9.3.4-7

CHEMICAL AND VOLUME CONTROL SYSTEM LIST OF ACTIVE VALVES
(Sheet 1 of 2)

Reference: Fiaure 9.3-1. Flow Diaaram

Yalve Flow Diagram Valve Line Actuator Environmental
Number Coordinates IyDe Size (in.) T_YDe Desian Criteria

CH-505 G-7 Globe 1.00 Pneumatic C (1)
Diaphragm

CH-506 G-7 Globe 1.00 Pneumatic A-1, A-2, B
Diaphragm

Reference: Ficure 9.3-2. Flow Diaoram

CH-494 H-7 Check 1.50 None A-1, A-2, B
CH-560 D-7 Globe 3.00 Pneumatic A-1, A-2, 8

Diaphragm
CH-561 0-7 Globe 3.00 Pneumatic C (1)

Diaphragm

O CH 58 H-6 1 be 15 Pneumatic C (1)
Diaphragm

Reference: Fiaure 9.3-4. Flow Diaaram

CH-205 H-7 Globe 2.00 Solenoid A-1, A-2, B
CH-208 G-7 Globe 2.50 Solenoid A-1, A-2, B
CH-241 H-1 Globe 1.00 Pneumatic A-1, A-2, B

B
Diaphragm

CH-242 G-1 Globe 1.00 Pneumatic A-1, A-2, 8
Diaphragm

CH-243 F-1 Globe 1.00 Pneumatic A-1, A-2, B
Diaphragm

CH-244 E-1 Globe 1.00 Pneumatic A-1, A-2, B ;

Diaphragm !
CH-255 F-3 Globe 1.50 Motor C (1)

'

CH-303 F-8 Check 2.50 None A-1, A-2, B
CH-304 F-8 Check 3.00 None A-1, A-2, B
CH-431 H-6 Check 2.00 None A-1, A-2, B
CH-433 G-6 Check 2.50 None A-1, A-2, B
CH-447 H-6 Check 2.00 None A-1, A-2, B
CH-448 G-6 Check 2.50 None A-1, A-2, B
CH-515 H-8 Globe 2.00 Pneumatic A-1, A-2, B

Diaphragm
CH 516 H-8 Globe 2.00 Pneumatic A-1, A-2, B

Diaphragm

O
Amendment B
March 31, 1988
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TABLE 9.3.4-7 (Cont'd)

CHEMICAL AND VOLUME CONTROL SYSTEM LIST OF ACTIVE VALVES
(Sheet 2 of 2)

Reference: Fiaure 9.3-4. Flow Diaaram (Cont'd)

Valve Flow Diagram Valve Line Actuator Environmental
Number Coordinates TYDe Size (in.) Type Desian Criteria

CH-517 H-7 Globe 2.00 Pneumatic A-1, A-2, B
Diaphragm

CH-523 E-7 Globe 2.00 Pneumatic C (1)
Diaphragm

CH-524 0-8 Globe 2.50 Motor C (1)
CH-570 F-7 Globe 2.00 Pneumatic A-1, A-2, 8

Diaphragm
CH-787 H-1 Check 1.00 None A-1, A-2, B
CH-802 G-1 Check 1.00 None A-1, A-2, B
CH 807 F-1 Check 1.00 None A-1, A-2, B
CH-812 E-1 Check 1.00 None A-1, A-2, B
CH-835 F-2 Check 1.50 None A-1, A-2, B
CH-866 H-1 Check 1.00 None A-1, A-2, 8

dgm CH 867 G-1 Check 1.00 None A-1, A-2, B
CH-868 F-1 Check 1.00 None A-1, A-2, B
CH 869 E-1 Check 1.00 None A-1, A-2, B

!

Environmental Design Criteria legend B l

Note (1): C, F, G required if valve in annulus building

Category "A-1" Environmental Conditions (LOCA: In-Containment)
Category "A-2" Environmental Conditions (MSLB: In-Containment)
Category "B" Environmental Conditions (Normal In-Containment)
Category "C" Environmental Conditions
Category "D" Eraironmental Conditions
Category "E" Environmental Conditions
Category "F" Environmental Conditions
Category "G" Environmental Conditions

O
Amendment B
March 31, 1988
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TABLE 9.3.4-8

CLASSIFICATION OF CVCS
STRUCTURES. SYSTEMS. AND COMPONENTS

(Sheet 1 of 3)

Safety Seismic Quality
Component Name (# of comocnents) Class CatecorY class

Regenerative heat exchanger 4/4 N/A 2*

Letdown heat exchanger 4/4, N/A 2*

Hini-flow heat exchanger 4/4, N/A 2*

Seal injection heat exchanger 4/4 N/A 2*

Purification ion exchangers (2) 4 N/A 2*

Deborating ion exchanger 4 N/A 2*

Pre-holdup lon exchanger 4 N/A 2*

Boric acid condensate 1sn exchanger 4 N/A 2*

* Volume control tank 4 N/A 2

Boric acid batching tank 4 N/A 2*

Reactor drain tank 4 N/A 2
*

Holdup tank 4 N/A 2*

Equipment drain tank 4 N/A 2*

O, Boric acid storage tank 4 N/A 2*

Reactor makeup water tank 4 N/A 2
*

Chemical addition package 4 N/A 2 B
*

* Boric acid concentrator 4 N/A 2
* Gas stripper 4 N/A 2

Charging pumps (2) 4 N/A 2
*

Boric acid makeup pumps (2) 4 N/A 2
*

Reactor makeup water pumps (2) 4 N/A 2
*

Reactor drain pumps (2) 4 N/A 2
*

Holdup pumps (2) 4 N/A 2
*

Boric Acid Batching Pump 4 N/A 2
*

Purification filters 4 N/A 2*

* Reactor drain filter 4 N/A 2
Seal injection filters 4 N/A 2

*

Reactor makeup filter 4 N/A 2
*
* Boric acid filter 4 N/A 2
* Letdown strainer 4 N/A 2

Pre-holdup strainer 4 N/A 2
*

* Boric acid condensate ion
exchanger strainer 4 N/A 2*

Ion exchanger drain header strainer 4 N/A 2
*

Boric acid batching strainer 4 N/A 2
*

* Chemical addition strainer 4 N/A 2

O
Amendment B
March 31, 1988
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TABLE 9.3.4-8 (Cont'd)

CLASSIFICATION OF CVCS
STRUCTURES. SYSTEMS. AND COMPONENTS

(Sheet 2 of 3)

Chemical Volume and Control System (CVCSN
Safety Class 1. 2 and 3 Valves:

Component Safety Seismic Quality
Identification Location /Descriotion Class Cateaory Class

CH-205 Auxiliary spray 1 I 1

CH-208 Charging line backpressure 1 I 1

CH-209 Charging bypass line 1 I 1

CH-241 Seal injection flow control (RCP 1A) 2 I 1

CH-242 Seal injection flow control (RCP 18) 2 I 1

CH-243 Seal injection flow control (RCP 2A) 2 I 1

CH-244 Seal injection flow control (RCP 28) 2 I 1

CH-255 Seal injection contain. isol. 2 I 1

CH-303 Charging line isolation check 2 I 1

CH-304 SDC Purification isol. check 2 I 1

p CH-307 SDC Purification contain, isol. 2 I 1

V CH-431 Auxiliary spray check 1 1 1

CH-433 Charging line check 1 I 1
B

CH-447 Auxiliary spray check 1 I 1

CH-448 Charging line check 1 I 1

CH-494 RSSH and RDP to RDH Check 2 1 1

CH-505 RCP CB0 contain, isol. 2 I 1

CH-506 RCP CB0 contain isol. 2 I 1

CH-515 Letdown isolation 1 I 1

CH 516 Letdown backup isolation 1 I 1

CH-517 RHX isolation 2 I 1

CH-523 Letdown contain, isol. 2 I 1

CH-524 Charging line contain isol. 2 I 1

CH-560 RDT suction isolation 2 I 1

CH-561 RDT isolation 2 I 1

CH-570 Letdown contain, isol. 2 I 1

CH-580 RMWS to RDT isolation 2 I 1

CH-787 Seal injection check (RCP 1A) 1 I 1

CH-802 Seal injection check (RCP IB) 1 I 1

CH-807 Seal injection check (RCP 2A) 1 I 1

CH-812 Seal injection check (RCP 28) 1 1 1

CH-835 Seal injection check contain, isol. 2 I 1

lO
!

Amendment B I
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TABLE 9.3.4-8 (Cont'd)

CLASSIFICATION OF CVCS
STRUCTURES. SYSTEMS. AND COMPONENTS

(Sheet 3 of 3)
Chemical Volume and Control System (CVCSP
Safety Class 1. 2 and 3 Valves:

Component Safety- Seismic Quality
Identification Location / Description Class Cateoory _ Class

_

CH-866 Seal injection check (RCP 1A) 1 I 1

CH-867 Seal injection check (RCP 18) 1 1 1

CH-868 Seal injection check (RCP 2A) 1 I 1

CH-869 Seal injection check (RCP 2B) 1 I 1

N/A - Not Applicable

Footnotes to this table are given at the end of the table.

including component supports down to (but not including)*

embedments.
O

NOTES: (+) Tube and shell sides safety classifications. B

(++) All containment isolation valves (and their
operators) within C-E's scope of supply - 1

including manual valves, check valves, and relief ;

valves which also serve as isolation valves will
be subject to the pertinent requirements of the
Quality Assurance Program.

.

1

O
Amendment B
March 31, 1988
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TABLE 9.3.4-9 /

-

7'
I

RELATIONSHIP 0F SAFETY CLASS TO CODE CLASS J

j>,

Code Class
Safety Class (ASME Section jilla

SC-1 . ['/1
SC-2 for fluid system '

>

components 2
< ' ,

BSC-3 3

NNS Industry Standards

1

/
kf

'

,<
-

|
'<

*O ' '
-

|
,

4

t

r y..

W

f
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/

/
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O
9.4 AIR CONDITIONING, HEATING, COOLING, AND VENTILATIJ2H

SYSTEMS

(Standardized Functional Description - Later) B

O

O

Amendment B
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