Duke Power Company
McGuire 1&2 and Catawba 1
Nuclear Generating Stations

Replacement Steam Generator
Topical Report



DUKE POWER COMPANY
MCGUIRE 1 & 2 AND CATAWBA 1
NUCLEAR GENERATING STATIONS

REPLACEMENT STEAM GENERATOR
TOPICAL REPORT

BABCOCK & WILCOX INTERNATIONAL
BWI-222-7693-LR-01

SEPTEMBER 1994

REV. 0
STATION: MNS/CNS
DPC SPECIFICATION: DPS-1201.01-00-0002
DPC PURCHASE ORDER: C23355-68
DPC DES. ENG. FILE NO.: MC/CN 1201.37
BWI CONTRACT NO: 222-7693/7700/7701

Prepared by: ) P7 : Date:
P Yy £
D. P. Reiter,
Project Engineer

Approved & w %/_
Verified by: // Date: S#g (L é/j:’
R. Klarner, P.Eng.,
Supervisor, Performance & Proposals Group

—

Approved b_v;":—[r\_!\_;"‘ tj«,\ BE | )\ Date: q/’ulq‘[

T. Boyd, P Fng., o I
Project Engineer

Approved by: /)//] (AL Date: ._M_/j -7_14

M. D. Lees,
Manager, Nuclear Engineering

LRILSET1. DUKE



DUKE POWER COMPANY
REPLACEMENT STEAM GENERATOR
TOPICAL REPORT

TABLE OF CONTENTS

LIST OF ACRONYMS AND GLOSSARY . . . * & B 8 5 o ¥ ¥

LI ST OF FIGURES . - . . - . - . . . . - - - - . - -

LIST OF TABLES . . . . . . . . . I P

EXECUTIVE SUMMARY . . . . . . . . * ® 5 4 5 4.2 = @

1.

INTRODUCTION AND PURPOSE . . . . . s & 5 = »

REPLACEMENT STEAM GENERATOR DESIGN s * & 4 8 ®

2.1

GENERAL DESCRIPTION . . . . . . . . . .

2.1.1 Qualifications of the Steam
Generator Supplier . . . . . . . .

2.1.2 Millstone 2 Replacement Steam
Senerator Design and Experience .

2.1.3 Comparison with Existing Design .
STEAM GENERATOR DESIGN HIGHLIGHTS . . . .
2:.2.1 Pressure Boundary Design . . .

2.2.1.1 Tubesheet Assembly and
Primary Divider F.iate . .

2.2.1.2 Closure Design . . . .
2.2.1.3 Shell and Nozzle Design .
2:8:2 Steam Generator Tube Design . . .
2.2.3 Tube-to-Tubesheet Joint . . . .
2.2.3.1 Tube~to~Tubesheet Welding
2.2.3.2 Hydraulic Expansion

2.2.3.3 1Inservice Inspection

2

Pages

. o i74iiid
. dv/v

o » » i

o o 'a L4

. . 1-1/2

1-1/2.9-1

. 2.1-1/3

o 2.1=2

2.1-3
2.1-2
2.2-1/37

¢ o 2.2=1

. 2.2-5/6



TABLE OF CONTENTS
(continued)

Pages

2.2.4 Tube Bundle Support System . . . . . . 2.2=7712
2.2.4.1 Lattice Grid Tube Supports . . 2.2-7/8

2.2.4.2 U-Bend Supports . . . . . . . 2.2-8/10

2.2.4.2.1 Design
Configuration . . . 2.2-8/9

2.2.4.2.2 Flow
Characteristics . . . 2.2-9

2.2.4.2.3 Flexibility and
Thermal Motions . 2.2-9/10

2.2.4.2.4 Support of FUR
Assembly . . . . . . 2.2-10

2.2.4.3 Design to Minimize Flow
Induced Vibration (FIV) . . . 2.2.10/12

2.2.4.3.1 Clearances . . . . 2.2=-10/11
2.2.4.3.2 Bar Width . . . . . 2.2-11

2.2.4.3.3 Fretting
Assessment . . . . 2.2-11/12

2:2.5 Internal Feedwater System . . . . . . 2.2=13/19

2.2.5.1 The Water Hammer Mechanism
in Feedwater Piping . . . . . 2.2-13/14

2.2.5.2 Design to Preclude Water
Hammer . . - . . . - . . . . 2.2-14/16

2.2.5.3 Thermal Stratification |
Mechanism . . . . . . . . . . . 2.2-16
|

2.2.9.4 Design to Minimize Stratification
Susceptibility . . . . . . . 2.2-16/17

2.2.5.5 Thermal Sleeve . . . . . . . . 2.2-17 |

2.2.5.6 Feedwater Distribution . . . . 2.2-18

2.2.5.7 Maintenance Features . . . . . 2.2-18

2.2.5.8 Auxiliary Feedwater System . . 2.2-18




2.2.6

TABLE OF CONTENTS
(continued)

Blowdown System . . . . . . . . . . .

2.2.7Moisture Separator System . . . . . . . .

2:.2,10

2.2.11

2.2,12

2.2.13

2.2.14

2.2.7.1 Primary Separators . . . . .
2.2.7.2 Secondary Separators . . . .
2.2.7.3 Separator Performance . . . .

2.2.7.4 Sensitivity to Operating
Pressure Fluctuations . . . .

2.2.7.5 Sensitivity to Water Flow
Fluctuations . . . . . . . .

2.2.7.6 Sensitivity to Water Level
Fluctuations . . . . . . . .

2.2.7.7 Steam Carryunder . . . . . .
2.2.7.8 Separator Design Life . . . .
Minimized Weld Design . . . . . . . .
Integral Flow Restrictor . . . . . .

Nozzle Dams . . . . . . . . &« v « + .
Provisions for Inspection . . . . . .
Electro-chemical Polishing . . . . . .
Provisions for ALARA . . . . . . . . .
2.2.13.1 Material Selection and Design

to Minimize Personnel

Exposure - - . - - - . . - -

2.2.13.2 Minimization of Inspected
Weldl . . . « o o v« & o % 5 &

2.2.13.3 Water Chemistry . . . . . . .

2.2.13.4 Minimization of Personnel
Exposure - - . - - - - - - -

Provisions for Chemical Cleaning . . .

Pages
2.2-20/21
2.2-22/25
2.2-22/23
. 2.2-23

2.2-23/24

. 2.2-24

- 2.2-24

. 2.2-24
2.2-24/25
. 2.2-25
. 2.2-26
. 2.2-27
. 2.2-28
2.2-29/30
2.2-31/32

2.2-33/35

2.2-33/34

. Z.2-34

2.2~34

2.3-34/35

.« 2:2=36



TABLE OF CONTENTS
(continued)

Pages

2.2.15 Water Level Stability and Control . . 2.2-37/38
STEAM GENERATOR MATERIALS . . . &+ + & & o + o . 2.3-1/5
- I % | Pressure Boundary Materials . . . . . . . 2.3=1
2.3.2 Critical-to-Function Materials . . . . . 2.3-1/3
2.3.2.1 RSG Tube Material . . . . . . . . 2.3=2

2.3.2.2 Tube Support Materials . . . . 2.3-2/3

2.3.2.3 Corrosion Resistant Cladding . . 2.3-3

2.3.2.4 Feedwater Headers . . . . . . . . 2.3-3

3:3.3 S5G Internals Materials . . . . . . . . . 2.3-3/4
2.3.4 Archive Samples . . . . . . . 4 v v . . . 2.3=5
RSG DESIGN BASES . . &+ 4 4 v 4 o o o o o o« o 2.4-1/12
2.4.1 Codes and Standards . . . . . . . . . . 2.4-1/2
2.4.1.1 Code Reconciliation o a e w4 a- Bulel

2.4.1.2 ASME Certified Design
Specification . . . . « + ¢ . ¢« . 2.842

2.4.1.3 Tests and Inspections . . . . . . 2.4-2
2:4:.1.4 N=BLaABP . s+ 4 2 s s 4 o 5 s 4 » o 2.8~2
2.4.2 Comparison to NRC Guidance . . . . . . 2.4-2/11
2.4.2.1 NRC Gereral Design Criteria . . 2.4-3/4
2.4.2.2 NRC Regulatory Guides . . . . . 2.4-4/8

2.4.2.3 Comparison to NRC Standard
Keview Plans . . . . . . . . 2.4-9/10

2.4.2.4 Generic Letters, Bulletins,
Notices and NUREGS . . . . . 2.4-10/12

2.4.3 Seismic Regquirements . . . . . . . . . . 2.4-13

?2.4.4 Performance Requirements . . . . . . . . 2.4-13



2.4.5

TABLE OF CONTENTS
(continued)

Accidents and Transients . . . . . .

DESIGN IMPROVEMENTS . . . . . & & 4 o + 4 .

2+8.:1

Minimization of Corrosion . . . . .

2.5.1.1 Materials Employed to
Minimize Corrosion . . . .

2.5.1.2 Design Features Employed to
Minimize Corrosion . . . .

Minimization of Loose Parts . . . .
RSG Performance Improvements . . . .

Maintenance and Reliability
Improvements . . . . ¢« + « ¢ « o« & &

Inservice Inspection Improvements .

CONFIRMATORY AMALYSIS AND TESTING . . . . .

2.6.1

2:,6.2

Flow-Induced Vibration . . . . . . .
Thermal-Hydraulic Performance . . .

2.6.2.1 Three~dimensional Thermal
Hydraulic Analysis . . . .

2.6.2.2 The ATHOS Computer Code . .

Tube~to-Tubesheet Joint
Qualification Program . . . . . . .

Separator Testing Experience . . . .

Chemical Cleaning Qualification
of Materials . . . . . « & o + & « &

OPERATING RESTRICTIONS WITH RSG DESIGN . . .

2.7.1

2.7.2

2: 7.3

Removal of Temporary U-Bend Shipping
RESEXaints . . . ¢ ¢ « s & « 2 5 o =

Primary Water Chemistry . . . . . .

Secondary Water Chemistry . . ., . .

Pages
2.4-14

2.5-1/9

2.5-2/6

2.5-2/4

. 2.5-5
. 2.5=7
2.5-3/4

o Do DB

2.6-1/11

2.6-1/3

2.6-3/7

2.6-4/5

2.6-5/7

2.6-7/10

2.6-10/11

2.6-11

2.7-172



2.9

P Y

TABLE OF CONTENTS
(continued)

Gasket Materials . .

RSG STRUCTURAL EVALUATION .

2.8.1

Tubing . . « . . . .

STARTUP TESTING REQUIREMENTS

. . -

REPLACEMENT STEAM GENERATOR FABRICATION

1R §

(29

QUALITY ASSUPANCE PROGRAM .

Design Control . . .
Document Control . .
Corrective Action .
Non-conforming Items
QA Records . . . . .

Audits . . . . . . .

FABRICATION CONTROL . . . .

Control of Purchased

Items

and

Services

Control of Manufacturing Processes .

Control of Consumables . .

Control of Specialized Processes . .

3.2.4.1 Tube-to-Tubesheet Welding .

3.2.4.2
3.2.4.3

Material Control . .

. - .

Electro-polishing . .

Shop Tests and Inspections . .

Hydraulic Tube Expansion .

. - .

3.2.6.1 Test and Inspection Equipment

3:2:8:.2
Forgings

Tests and Inspections of

. -

.« 2.

- 2.

Pages
2.7-2
8-1/4
8~2/4

2.9~-1

3.1-1/12

- 30

- 3.

- 3.

- 3-

1-1/4
1-1/2
3.1-2
1-2/3
3.1-3
3.1-3

1-3/4

3.2-1/12

3.2~%



TABLE OF CONTENTS
(continued)

3.2.6.3Tests and Inspection of
Tubing . . . . . .

JoRsBoh WRIAR 5 5 = % w5 % -5
3.2.6.5 Steam Generators . .

3.2.6.6 Baseline Eddy Current
Inspection . . . . .

Handling, Storage and Shipping
3.2.7.1 Cleanliness . . . . .
3.2.7.1.1 Procedures

3.2.7.1.2 Clean Room

Receipt Inspection Requirements

3.2.8.1 Preparation for 3shipment

3.2.8.2 Handling and Shipping
3.2.8.3 Inspection at Jobsite

3.2.8.4 Storage . . . « s . =

.

Pages

. 3.2-6/7
. . 3.2=7

s 0. Do &=F

. 3.2-7/8
3.2-8/10
. « 3.2-8
. 3.2-8/9
3.2-9/10
3.2-10/12
3.2-10/11
. 3.2-12

3.2-12

o . Be2=22



LIST OF ACRONYMS AND GLOSSARY

Terms and acronyms used in this report are defined the first time
they are used in the text. The more significant and widely used
acronyms and terms are defined below.

cronyms
ALARA As Low as Reasonably Achievable
ANS American National Standard
ANSI American National Standards Institute
ASME American Society of Mechanical Engineers
B&W Babcock & Wilcox
BTP NRC Branch Technical Position (appended to SRPs)
BWI Babcock & Wilcox Industries
CANDU Canadian Deterium Uranium heavy water reactor
design
CDS Certified Design Specification
CFR Code of Federal Regulations
CcG Center of Gravity
CMS Corrosion Monitoring System
DBE Design Basis Earthquake
ECT Eddy Current Test
EP Electro-chemical Polishing
EPRI Electric Power Research Institute
F Degrees Fahrenheit
FEI Fluid Elastic Instapility
FIV Flow Induced Vibration
FW Feedwater
FSAR Final Safety Analysis Report
FUR Flat bar U-bend restraint
GDC NRC General Design Criteria
GTAW Gas Tungsten Arc Welding
hr Hour
i.D. Inside Diameter
IGA Intergrannular Attack
181 In-Service Inspection
kips Thousand pounds (load)
ksi Thousand pounds per square inch
LBB Leak Before Break
LBLOCA Large Break LOCA
LOCA Loss Of Coolant Accident
MIG Metal Inert Gas welding process
MFW Main Feedwater systenm
MSLB Main Steam Line Break
MP2 Millstone Plant, unit 2
NRC United States Nuclear Regulatory Commission
OBE Operational Basis Earthquake
0.D. Outside Diameter
0SG Original Steam Generator
Owner Utility

psi Pounds per square inch

N
3



psia
psig
PWHT
PWSCC
QA

RA
RCS
RG
RSG
RUB
ScC
scfm
SBLCCA
SG
SMAW
SRP
SSE
Tech Spec
TFL
TS

UA

uT
USNRC

Pounds per square inch, absolute

Pounds per square inch, gauge

Post Weld Heat Treatment

Primary Water Stress Corrosion Cracking
Quality Assurance

Roughness Average, in micro-inches
Reactor Coclant System

NRC Regulatory Guide

Replacement Steam Generator

Reverse U-bend

Stress Corrosion Cracking

Standard cubic feet per minute

Small Break LOCA

Steam Generator

Shielded Metal Arc Welding

NRC Standard Review Plan (collected in NUREG 0800)
Safe Shutdown Earthquake

Technical Specification(s)

Tube Free Lane

Technical Specifications

Heat transfer capacity (BTU/hr °F)
Ultrasonic test

United States Nuclear Regulatory Commission
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Glossary

Circulation Ratio - the ratio of steam generator tube bundle
(riser) flow to steam flow.

Denting - steam generator tube deformation caused by corrosion
product interference at tube support plates.

Downcomer - the annular space between the tube bundle shroud and

shell that channels recirculated water to the base of the tube
bundle.

Moisture carryover - the percentage of steam mass flcw that is
entrained as liquid water.

Recirculation Ratio - the ratio of liquid flow separated from the
riser flow to steam flow (equal to circulation ratio minus one) .

Riser - the flow path through the steam generator tube bundle to
the steam separator inlets.

Steam carryunder - the percentage of downcomer mass flow that is
entrained steam.
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RSG TOPICAL REPORT

EXECUTIVE SUMMARY

The Replacement Steam Generator Topical Report describes the design
and manufacture of the BWI Replacement Steam Generators (RSGs) for
use in Duke Power Company’s McGuire 1 and 2 and Catawba 1 nuclear
stations. This report discusses aspects of the RSG design that
provide improved reliability from the existing design, addressing
failure modes normally found in steam generators and describes
features which eliminate or reduce the effects of the failure
modes. In addition, it provides general information related to the
RSGs describing design characteristics and discusses design
criteria including the analysis executed to address the specified
requirements.

The RSGs are manufactured by Babcock & Wilcox International (BWI)
in Cambridge, Ontario, Canada. The RSGs are designed, manufactured
and tested in accordance with the 1986 Edition (no addenda) of
Section IXI of the ASME Code, and will be N-stamped by BWI prior to
shipment. The design, procurement, and manufacturing process is
performec under a QA Frogram that complies with the requirements of
Appendix B to 10CFR50, and complies with current NRC requirements
that relate to steam generator design.

RSGs including the Millstone Unit 2 (MP2) RSGs have been
manufactured by BWI, successfully certified by the Authorized
Nuclear Agency and are performing satisfactorily. The stean
generators described in this report employ similar design features
and the same corrosion resistant materials as the MP2 design. The
success of the MP2 steam generator replacement confirms RSG design
methods and expected in situ operational performance.

The RSGs occupy the same physical envelope as the Original Steam
Generator. Differences between the O0SG and RSG designs are
identified in this report. There are no changes to interfaces with
the reactor coolant, main steam systems, or component or piping
supports with the exception of the RSG feedwater nozzle which has
been relocated to accommodate replacing the integral preheater of
the OSG with an internal feedwater header on the RSG and also
relocation of the sample taps and the auxiliary feedwater nozzle
for CNS. Normal operating conditions and plant transients have
been requalified for the RSG design, thus, associated design bases
are not affected.

vii



RSG Topical Report
- I INTRODUCTION AND PURPOSE

This Topical Report describes the McGuire 1 and 2 and the Catawba
1 replacement recirculating nuclear steam generators constructed by
Babcock and Wilcox International (BWI) of Ontario, Canada. It
describes the superiority of the BWI RSG design and manufacture
with respect to generic steam generator failure modes and
reliability. Modifications that may be performed during the steam
generator replacement outage or the replacement process itself are
beyond the scope of this report.

BWI has extensive nuclear steam generator design and fabrication
experience, founded on more than a hundred years of heavy-vessel
manufacturing capability and experience for the fossil power and
petroleum industries. The service record of BWI recirculating
steam generators has been excellent. These issues are addressed in
Section 2.1.1.

The RSG design is described in Sections 2.2, 2.3, and 2.4 of this
report. The RSGs incorporate many improvements. These are
discussed in Section 2.5 of this report. Confirmatory analyses and
tests, RSG operating restrictions, stress evaluations, and start-up
testing are discussed in Sections 2.6, 2.7, 2.8 and 2.9
respectively.

BWI controls RSG design and fabrication to maintain high quality
and to maintain the existing plant’s design and licensing bases.
The BWI RSG design and the quality assurance controls used in RSGC
construction conform to NRC requirements. The BWI quality plan is
described in Section 3 of this report.

The principal objectives of this report are to:

Describe BWI capability to design and build RSGs for
pressurized water reactors,

2. Describe RSG design features, materials, methods of analysis,
QA measures, fabrication controls, and demonstrate physical,
structural, and thermal-hydraulic compliance with the design
requirements,

3. Identify the RSG design criteria and standa.-ds employed,
including NRC guidance, and describe conformance to them,

4. Describe industry steam generator problems and issues
considered in RSG design and fabrication and discuss design
features that provide improved reliability considering failure
modes normally found in steam generators.

1~3



Section 2.1.2 discusses the Millstone 2 RSG design. These RSGs
were designed and fabricated by BWI (not the 0SG manufacturer),
installed under the provisions of 10CFR50.59 and 10CFR50.90, and
approve. by the NRC. The RSGs described in this report employ the
same corrosion-resistani materials, and similar design features to
the Millstone 2 steam generators.



2. REPLACEMENT STEAM GENERATOR DESIGN

2.1 GENERAL DESCRIPTION

The McGuire and cCatawba replacement steam generators (RSGs)
described in this report are of the recirculating non-preheater
U-tube design. They have the following design features:

1. Stainless steel (4108) lattice grid tube supports.

- Stainless steel (410S) flat bar U-bend supports.

3, High capacity primary and secondary cyclone separators.

4. Circulation ratio of 5.7.

5. Feedwater headers which minimize potential water hammer and
thermal stratification effects.

6. Minimum-radius tube U-bends of five times tube diameter or
more.

Triangular tube pitch.

8. Thermally treated Inconel 690 tubes.

These and other important aspects of the RSGs are described in the
following sections of this report. The BWI RSGs accommodate high
internal circulation flows with acceptable levels of tube vibration
and effective steam separator performance. High internal
circulation benefits steam generator performance and longevity by
promoting flow penetration across the tubesheet and reducing fluid
quality and zones of low velocity thereby reducing sludge
accumulations. Through fabrication of steam generators for
Canadian heavy water reactor (CANDU) plants and for Millstone 2,
and through performance of steam generator repairs and cleaning,
BWI has demonstrated its capability to design, manufacture, and
maintain steam generators with triangular pitch tube arrangement.

2.1.1 Qualifications of the Steam Generator Supplier
BABCOCK AND WILCOX INTERNATIONAL

Babcock & Wilcox International (BWI), 1located in Cambridge,
Ontario, Canada, has fabricated fossil-fueled boiler components for
over 100 years and has fabricated nuclear system components since
the late 1950’s. Although mcst of the nuclear system components
manufactured have been recirculating steam generators for CANDU
nuclear plants, the RSGs are comparable in materials, water
chemistry, and fabrication methods. As shown in Figure 2.1-1 the
size of these units is also comparable. Therefore, BWI’s
experience in supplying over 200 CANDU steam generators is directly
applicable to the RSGs described in this report.

BWI has strong Project Management, Engineering, Manufacturirg,
Production Control, Purchasing, and Quality Assurance Departments.
These provide close control of the gquality of replacement stean
generator design, procurement, fabrication, and documentation.

2.1-1



Continuous work in the nuclear industry has enabled BWI to maintain
a well gqualified steam generator design group. Engineers involved
with the design and analysis of steam generators have a thorough
knowledge of design by analysis methods and are familiar with the
application of the ASME code to nuclear pressure vessel design and
analysis. BWI holds ASME certificates of authorization for N, NA
and NPT symbol stamps. Subcontractors for material supply and
fabrication are all fully gualified under the regquirements of the
BWI Quality Assurance Program. The BWI quality assurance program
is described in Section 3.1.

BWI steam generator manufacturing experience to date includes:

a 3
Lattice Grid Type 82
Wolsong 3 and 4 South Korea (under construction) 2
Broached Plate Type 125
Total 209

WR_ St Generators:

Lattice Grid Type
Northeast Utilities (Millstone 2) 2
Duke Power Co. (under construction) 12
Florida Power & Light (under construction) 2
Rochester Gas & Electric (under construction) 2
Commonwealth Edison (under contract) _4
22

Total

BWI recirculating steam generators have more than 20 years of
operating history. The performance and reliability of BWI steam
generators has been excellent. In over 200 steam generators,
containing more than 600,000 tubes and having in excess of 6
million tube-years of operation, less than one percent of the tubes
had been plugged as of July, 1993.

Additional information on steam generator tube cpering experience
and BWI measures to preclude primary water stress corrosion
cracking, intergranular attack and sludge accumulation are
contained in Section 2.5.1.

2:.1.2 Millstone 2 Replacement Steam Generator Design and
Experience

Two BWI RSGs are in service at Millstone 2. The steam generators
described in this report have many fea‘ures in common with the
Millstone 2 design. These include Alloy 690 tubes and other
corrosion-resistant materials, weld overlay of all primary side

O B



carbon steel surfaces with stainless steel or Inconel, tight
packing of tubes, full depth hydraulic expansion of the tubes in
the tube sheet, and measures to minimize water hammer and
vibration. Unlike the Millstone 2 steam generators, the RSGs are
complete replacements, shipped intact to the plant. The Millstone
2 heat exchanger (lower) sections were shipped to the site for use
with the existing steam drums (upper sections).

Successful completion, licensing, installation and startup of the
Millstone 2 steam generators demonstrates BWI design and
fabrication capability, and the overall acceptability of the RSG
design.

2:1.3 Comparison with Existing Design

Parameter changes from the existing (0SG) design are provided in
Table 2.1-1 and include differences in steanm generator weight,
inventory, operating conditions, and major geometrical features.
The differences potentially affecting plant safety (water
inventories, primary side flow resistance, shell stiffnesses and
RSG weight) are beyond the scope of this report.

The RSG 1is designed, fabricated and analyzed to minimize
differences with respect to form, fit, and function as compared to
the existing steam generator. Physical comparison of the RSG and
OSG are discussed in this report. Compatibility of primary and
secondary side materials with the existing design is generally
demonstrated in Section 2.3.



TABLE 2.1-1
STEAM GENERATOR COMEF/.RISON

I PARAMETER

RSG DATA

0SG DATA

Primary side volume: no tubes plugged (nozzle 1229.1 See Note 1
dams in place) (ft")
Secondary side mass: # 0 % full power (1bm) 144.5 x 10° See Note |
@ full power (1bm) 124.6 x 10’
Full power steam flow 3.78 x 10° 1bm/hr Ser. Note 1
Pressure drop across divider plate (total) 28.5 psi See Note 1
Primary side design pressure psia 2500 2500
Secondary side design pressure psia 1200 1200
Primary side design temperature ( %) 650 650
Secondary side design temperature ( °F) 600 600
Primary side operating pressure (psia) 2250 See Note 1
Steam outlet conditions: pressure (psia) 1020 See Note !
maximan carryover 0.25% See Note |
k (Guarantee)
Feedwater temperature @ full power { F) 440 See Note 1
Heat transfer rate @ full power (MW) 857.5 857.5
Steam Outlet Flow restrictor flow area (ft*) 1,374 See Note 1
Primary side heat transfer surface area: 70,480 See Note 1
no tubes plugged (based on avg. 1.D.) (ft’)
Secondary side heat transfer surface area: 79,800 See Note |
no tubes plugged (based on avg. 0.0.) (ft*)
Number of tubes 6633 4674
Tube 0.0.: 0.6875" nom. 0.750"
upper tolerance +0.0"
lower tolerance -0. 005"
Tube wall thickness: nominal 0.040" 0.043"
tolerance £0.004" -
Tube material: SB-163, Code Case N-20 1690 1600
Tube thermal conductivity: @ 400 8.92 Btu/ft-hr-F | 10.1 Btu/ft-hr- F
@ 500%F .54 Btu/ft-hr-% | 10.6 Btu/ft-hr-F
g 600 10.167 _Btu/ft-hr- % btu/ft-hr-F




TABLE 2.1~1 (cont’d)
STERM GENERATOR COMPARISHN

RSG DATA

OSG DATA
Tube pitch 0,93 See Note 1
Tube minimum strength (per ASME Code and Code Case 40 ksi 35 ksi
N20): yield tensile B0 ksi 80 ksi
Secondary Head Thickness (min.) 3.125 3.82
Upper Secondary Inside Radius 168.5 168.5 |
Cylinder Thickness (min.) 4.0 3.82 !
Lower Secondary Inside Radius 129 129.38
Cylinder Thickness (min.) 3.56 3.25/3.00
Primary Head Inside Radius 61.81 62.81
(UNCLAD) Thickness 6.5 5.16
Dry wWeight (1bs) 768,800 679,000
C6 (in) W.R.T Support Pad 341.62 343
Normal Operating Weight (lbs) 948,000 825,000
C6 (in) W.R.T. Support Pad 342.62 338
Fiooded (Pri. + Sec.) Weight (1bs) 1,174,000 1,108,000
C6 (in) W.R.T. Support Pad 372.62 380
Steam Cutlet Nozzle Diameter {in) 29.469 29
Shell Side Manways (No. - Dia. 'in)) 1-21 2-16
Primery Side Manways (No. - Dia.(in)) 2-21 2-16
Primary Inlet Nozzles (No. - Dia.(in)) 1-31 1-31
Primary Outlet Nozzles (Ne. - Dia.(in)) 1-31 1=33
Feedwater Nozzle Diameter (Nom.) (in) 16 16
Auxiliary Feedwater Nozzle 1.D. (in) 5.25 5.3 McGuire
Bottom Blowdown Nozzles (No.-Dia.(in)) 2~3 2-2
Recirculation Nozzle (No.-Dia.(in)) 1-3 N/A
n water Level Taps (No. - Dia. (in.)) 14-% 8-3/4 H
Tubesheet Thickness {in) 26.63 21.03
UNCLAD
Handholes (No. - Dia.) (in) 10-6 2-6
Inspection Ports (No. - Dia.) (in) 12-2 4-2 H
n Divider Plate Thickness (Nom.) (in) 2 1.3}
e

Note 1: Information to be provided by owner.
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2.2 STEAM GENERATOR DESIGN HIGHLIGHTS

2.2:3 Pressure Boundary Design

The reactor coolant pressure boundary and secondary side pressure
boundary are critical to the safe and reliable operation of the
R5G. This section describes the key design features of the RSG
portions of these pressure boundaries except for the steam
generator tubes which are described in Section 2.2.2. The pressure
boundaries withstand internal pressure, seismic, loss of coolant
accident (LOCA), main steam line break (MSLB) loads and feedwater
break loads. In addition, cyclic loading during normal operation
Creates the potential for fatigue failures. The pressure boundary
components are designed and documented to be in accordance with
ASME Code requirements for Nuclear Pressure Vessels, Section III
Division 1. Applicable codes and standards are described in
Section 2.4.1. Pressure boundary materials are discussed in
Section 2.3.1.

Pressure boundary design is analyzed by employing work-station
based finite element software. Finite element analysis is used as
an analytical tool and a design tool. This permits optimization of
important pressure vessel design features while minimizing
stresses. Critical design features and dimensions can be reviewed
early in the design, accounting for time dependent loads such as
operational thermal transients.

Two types of corrosion allowance are considered for design.
Corrosion allowances for surfaces that are chemically cleaned
include allowances for normal operation and for chemical cleaning.
Corrosion allowances for surfaces that are not chemically cleaned
include allowances for normal operation only. Allowances vary from
zero to 0.0625 inches depending on material and application.
Analyses for structural loads, pressure, flow, and flow-induced
vibration were performed with corrosion allowances deducted. The
corrosion values are verified as part of the BWI Chemical Cleaning
Qualification Program. Key elements of this program are presented
in Section 2.6.5.

Preparation, revision and issue of design calculations and reports
are governed by the BWI Quality Assurance Manual (described in
Section 3.1). This ensures that all design and analysis
requirements are reviewed for adequacy and approved for release by
authorized personnel.

2.2.1.1 Tubesheet Assembly and Primary Divider Plate
The tubesheet/primary head assembly and primary divider plate

arrangement is shown in Figure 2.2.1-1. The divider plate is
machined from Alloy 690 and welded around its entire periphery to
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the tubesheet and primary head. At the tubesheet, the plate is
welded to a machined Alloy 600 weld build-up along the tube free
lane. Along the head, an Alloy 690 weld attaches the divider plate
directly to the head base metal rather than to the stainless steel
cladding. The stiffening effect of the divider plate is not taken
into account when sizing the tubesheet thickness.

2.2.1.2 Closure Design

The RSG is fitted with removable closures at manways, hand noles
and inspection ports located to provide access for inspection,
repair and maintenance of steam generator internals. Figures
2.2.1-2 and 2.2.1-3 show typical external and internal manway
closure designs. The external cover design provides metal-to-metal
contact with the gasket properly seated. This is achieved by
controlling the depth of the gasket groove in the inner diaphragm
plate. The metal-to-metal contact and use of long flexible bolts
reduces the fatigue loading on the bolts during operation. The
longer bolts also reduce bolt stress caused by pressure and thermal
distortion of the opening. This design can be readily adapted to
various stud tensioning systenms.

Figures 2.2.1-4 and 2.2.1-5 show typical locations of primary side
manways and secondary side manways, hand holes and inspection
ports. These provide access for inspection, maintenance and
repair.

2.2.1.3 Shell and Nozzle Design

The RSG shell is fabricated from forgings and plates. Forgings are
used for the steam drum head including integrally forged steam
outlet nozzle, the primary head including integrally forged primary
nozzles and manways, the tubesheet and the conical transition
section. Plate is used for the balance of the shell. By
maximizing the use of forgings, the RSG design reduces the guantity
of weld material requiring in-service inspection and the complexity
of in-service inspection. The RSG is supported on support pads
which are integrally forged into the primary head (channel head) .
The lower head and lower tube bundle shell sections are welded to
the tubesheet forging.

The RSG primary and secondary side nozzles are the same sizes as
those of the 0SG. Primary and secondary side manways, however are
twenty-one inches in diameter, considerably larger than those on
the 0SG. This allows easier access to the channel heads and
secondary side. The RSG primary nozzles are integrally forged into
the primary head. Safe ends are welded to the nozzles to
accommodate RSG fit-up to the existing plant piping. The primary
manways are integrally forged into the primary head. Stress
concentrations are reduced by contouring all discontinuities and

L:2=2



providing large blend radii in these areas. A similar design is
used for both the primary and secondary side manways.

The upper head is a single forging which includes the main steam
nozzle and an integral flow restrictor that limits internal RSG
fluid velocities in the event of a main steam line break. Typical

flow restrictor design and function are discussed further in
Section 2.2.9.
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2:2.2 Steam Generator Tube Design

The RSG tubes are fabricated from thermally treated Alloy 690.
This alloy has better overall corrosion resistance than Alloys 600
or 800 in nuclear steam generator environments. Details of the
Alloy 690 composition, heat treatment, and mechanical properties
are provided in Section 2.3.2. Qualification of the tube-to-
tubesheet joining processes are discussed in Section 2.6,3.

Pressure stress limits and tube plugging criteria are discussed in
Section 2.8.1.

The original and replacement t .be bundle designs are geometrically
compared. The comparison includes tube outside diameter, tube wall
thickness, tube material, average bundle surface area, number of

tubes and tube thermal conductivity. Differences exist for the
following reasons:

RSG bundle surface area is larger primarily due to the

replacement of the integral preheater 0OSG with a non-preheater
RSG.

- RSG tubes have lower thermal conductivity due to the change in
tubinc material from Alloy 600 to Alloy 690.

3. To facilitate more tubes and corresponding larger surface area
the tube 0.D. has decreased allowing a thinner wall.



- I P Tube-to-Tubesheet Joint

The RSG tubes are flush welded to the primary face of the tube
sheet and hydraulically expanded to maximize mechanical strength
and to seal the tube to tubesheet crevice. This precludes crevice
or stress corrosion in the tubesheet area. The tubes are installed
into the tubesheet after the RSG lower shell and primary head
assembly have been welded and received Post Weld Heat Treatment
(PWHT) . This precludes tube sensitization concerns. The tubes are
seal welded to the tubesheet and hydraulically expanded within the
full thickness of the tubesheet. Seal welding and expansion of the
tubes after PWHT avoids subjecting the tube to tubesheet joint to
thermal stresses from these operations and eliminates concern over
loosening of tubes or creation of crevices as a result of
relaxation of the expanded region.

The tube to tubesheet joint geometry at the secondary face of the
tubesheet is shown in Figure 2.2.3-1. The following paragraphs
provide further information of the tube to tubesheet joint.
Qualifications of the expansion processes are described in Section
2:.6.3.

2.2.3.1 Tube~-to-Tubesheet Welding

The flush tube-to-tubesheet weld has been applied successfully to
twelve steam generators for three 600 MWe power stations (Gentilly
and Point Lepreau in Canada and Embalse, Cordoba in Argentina).
The generators have been in service cince 1983 with no tube joint
problems reported. The smooth weld profile has a crown
approximately 0.025 in. high and negligible tube diameter
reduction. If necessary, the tube ends are sized by rolling to the
minimum expansion diameter to allow subsequent use of tube repair
or inspection equipment. The tube-to-tubesheet weld is designed,
analyzed, performed and examined in accordance with ASME Section
III criteria.

2.2.3.2 Hydraulic Expansion

RSG tubes are hydraulically expanded through essentially the entire
thickness of the tubesheet. The length of the expansion mandrel is
determined by the thickness of the tubesheet with hydraulic seals
positioned on the mandrel to control the length nf tube expanded.
The hydraulic seals are of elastomeric material and designed so
that no metal parts are impressed upon the inside surface of the
tube when the hydraulic pressure is applied. The position of the
seal at the secondary face of the tubesheet is controlled to ensure
that expansion of the tube is as close as pessible to the secondary
face of the tubesheet without going past the face. This is
detailed in Figure 2.2.3-1.
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For peripheral tubes, where access is limited by curvature of the
primary head, expansion is performed in two overlapping zones,
using a shorter expansion mandrel. The shorter mandrel can access
the peripheral tubes without interfering with the primary head.
The expansion zones overlap near the center of the tubesheet to
ensure full depth expansion.

To ensure that all tube-to-tubesheet joining operations can be
satisfactorily performed, a ten-tube sample is constructed. 3
simulates the full tubesheet thickness and uses materials identical
to those used in the steam generator. All processes, procedures
and inspections approved for use in manufacturing the tube-to-
tubesheet joint are performed. Prior to RSG fabrication, the
sample is examined by sectioning to verify that manufacturing
operations were correctly performed and results are satisfactory.

Tests on hydraulically expanded joints made with Alloy 6%0 tubes,
in closely fitted holes (the BWI practice) have shown that residual
stresses exist in the transition region between the expanded and
unexpanded tube. The hydraulic expansion process has been designed
and gqualified to minimize residual stresses while maintaining joint
integrity. Qualification of the hydraulic expansion processes is
discussed in Section 2.6.3. BWI has successfully hydraulically
expanded approximately 334,000 tubes in thirty-eight steam
generators. There has been no case where a tube required plugging
due to an expansion non-conformance.

After expansion the inside profile of each tube is measured through
the entire expanded area of the tubesheet (including the
transition) using an eddy current method and recorded. The
measurements indicate both the position and condition of the tube
expansion, and become a baseline for subsequent inservice
inspection. Section 3.2.6.6 describes the baseline inspection.
Test results are documented and supplied to the owner.

2.2.3.3 Inservice Inspection
The RSG design provides the capability to perform inservice

inspections in accordance with the requirements set forth in ASME
Section XI.

2.2+6
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Zsdod Tube Bundle Support System

This section describes the RSG lattice grid and U-bend supports,
and measures to minimize flow induced vibration.

2.2.4.1 Lattice Grid Tube Supports

The RSG design uses a Type 410S stainless steel lattice grid tube
support. BWI has experience with lattice grid and broached plate
tube support designs. From this experience BWI concludes that the
lattice grid is superior for a recirculating steam generator. The
lattice grid provides:

1. High circulation rates (through lower flow resistance).

- I Superior strength (capable of sustaining very high seismic
loads, does not require tie rods) .

. Superior vibration restraint.

4. Lower tendency to accumulate deporits than a broached plate
(line contact with the tube ratuer than "area" contact
provided by a broached plate).

Examples of the success of this design include Pickering A, with
lattice grids, 20 vyears operation, and tubesheet sludge
accumulation (the plant ran 3 years on phosphates) but no lattice
grid deposit buildup (determined by wvisual inspection) and no
under-deposit tube failures.

Figures 2.2.4~1 and 2.2.4-2 show the details of a typical lattice
grid. The lattice grid is made up of a series of high bars
(approximately 3 inches in width) oriented 30° and 150° to the tube
free lane and located every four to eight pitches, depending on the
size of the bundle and the particular steam generator loading
conditions. Low bars (approximately 1 inch width) are located at
every pitch location between the high bars. All low bars flush to
the top of the high bars are oriented at 30° to the tube free lane
and all low bars flush to the bottom plane of the high bars are
oriented 150° to the tube free lane. The bar ends are fitted into
precise slots of a specially designed peripheral support ring,
which is then sandwiched by two outer retainer rings held together
by lock welded studs and nuts. To further enhance stability of the
grid, tube free lane support beams and span-breaker bars are
secured on the upper and lower surfaces of the grid.

Lattice supports are positioned within the steam generator shroud
at elevations selected to prevent flow induced vibraticn as
discussed below. The tubes are held in position within the
diamond-shaped bar cpening which provide 1line support rontact.

2:.2=7



This minimizes the area of "crevices" between the tubes and bars
which could trap corrosion products and eliminates any stagnant
spots responsible for "dry-out" caused by local superheat.

All of the lattice supports are identical except that the lowermost
lattice incorporates a differential resistance lattice grid (Figure
2.2.4-3) which resembles that of a regular grid. However, the low
bars located toward the bundle periphery are replaced by medium
bars (approximately 2" in width). As a result, the flow passages
through these regions offers more resistance to flow and the fluid
is preferentially directed to penetrate into the central region of
the tube bundle. A drilled flow distribution baffle is not used.
Since a distribution plate is simply a drilled plate with slightly
oversized holes, it may accumulate deposits and possibly become
plugged.

Tests conducted by BWI have shown that the in-plane strength of
lattice grid supports is higher than that of broached plate
supports. This is important to seismic, shipping and handling
requirements. Extensive laboratory testing and computer modelling
have confirmed that the out-of-plane load handling capability of
the BWI lattice grid is superior to the broached plate design.

The tube bundle is analyzed to determine tube vibration
characteristics and the effectiveness of lattice grids in
suppressing vibration. The results show that lattice grids are the
best support system for damping tube vibration and minimizing tube
wear due to fretting. Flow-induced vibration modelling is
discussed in Section 2.6.1. BWI has refined the grid manufacturing
processes to allow very close tube-to-grid clearances so that tube
vibration and wear potential are further reduced.

2.2.4.2 U-Bend Supports

Like the lattice grid tube supports, the Type 4108 stainless steel
Flat bar U-bend Restraint (FUR) system provides effective, close
clearance supports of the upper regions of the RSG tubes to prevent
flow-induced vibration. The potential for fretting is reduced by
compatibility with the tube material and longer contact length than
is provided by an AVB support system. All tubes are supported by
FURs. The FURs provide open flow paths and line contact support at
all locations in the bundle, reducing the potential for sludge
build-up.

2.2.4.2.1 Design Configuration

The FURs typically incorporate five sets of flat bars on each side
of the bundle (10 total). The bars are arranged in four-fingered
fan sets positioned between each layer of tubes as shown in Figure

2.2.4-4. The fans are positioned so that all U-bends are supported
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at close intervals. Four bars are at diagonal positions and
connect at their lower ends to a nearly horizontal bar by full
penetration, heat treated welds. The nearly horizontal bar
provides support for the smallest radius U~bends.

All U~-bends are supported by the flat bars. The innermost tubes
are installed with their U-bends in a plane that is skewed with
respect to the channel head divider and tube-free lane (TFL).
This permits larger radius bends than if these tubes were
installed perpendicular to the TFL. The FURs do not pass through
this part of the tube bundle because of the skewed tube plane. The
small~-radius tubes are supported below their bend tangent points by
the inner ends of the nearly-horizontal bars.

The FURs are made of Type 4108 precision cold rolled steel that
provides high resistance to fretting wear, excellent strength and
high resistance to corrosion-related tube denting. Further
information on selection of support system materials appears in
Section 2.3.2. The wide FURs distribute contact force to minimize
the possibility of fretting.

Bs8c8.2.2 Flow Characteristics

The FURs are designed with all spaces oriented with an upward
slope. This promotes continuous sweeping during operation. FURs
do not cross the bundle centerline. This avoids creation of spaces
where deposits might collect.

Tubes are supported by line contact and bars are offset within each
row to provide more flow area than would exist with in~line bar
placement. Bar array position generally follows the pattern of
unobstructed U-bend flow. A typical flow diagram of an
unobstructed U-bend and FUR array is shown in Figure 2.2.4-5.
Cross flow is low and the FURs do not significantly impede or
disrupt flow.

2.2.4.2.3 Flexibility and Thermal Motions

Free expansion of the U-bend during operation is essential in order
to avoid tube stress and potential tube damage. The FUR system
allows free expansion of the U-bend tubes without sliding between
the bars. The FUR assembly is supported by, and moves with the
outermost layer of tubes rather than being anchored to the upper
lattice support. The FUR and tube bundle move up and down together
during heatup and cooldown. During power operation the tube hot-
and cold legs have slightly unequal leg temperatures that create a
slight angularity, shown (exaggerated) in Figure 2.2.4~6. Analyses
show that for a typical U-bend assempbly under the worst case
conditions, tube~to-support angularity is easily accommodated by
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the lattice supports without risk of tube damage or less of tube
fixity at the top support.

2:2:4.2.4 Support of FUR Assembly

The weight of the fan assemblies is supported by arch bar
assemblies which transfer the weight to the outermost layer of
tubes (see Figure 2.2.4-7). The FUR fan finger bars (a) are
notchad at their upper ends. These bars are collected by a slotted
clamping bar (b) which is attached by welded pins to the arch bar
(e). The arch bars thereby collect all the weight of the fan
assemblies. The weight of the fan assemblies is transferred to the
outermost layer of the tubes by "J" tabs (d) installed after
completion of the U-bend assembly and positioned to uniformly
contact the completed tube assembly. Tube stress resulting from
this weight is small. This is confirmed by a tube bundle/FUR
interaction analysis.

The arch bar/fan finger assemblies are prevented from splaying
apart under dead weight loads during operation by tie tubes that
maintain arch bar spacing.

The arrangement described above accommodates all operating loads
and motions. Assembly, handling and shipping loads are supported
by temporary restraints that are removed at the site by
construction personnel after RSG installation, and prior to closing
the ®3G. Seismic tube bundle loads are supported by the FURs and
lattice support. As there 1is no connection between the FUR
assembly and the shroud, U-bend deflections during earthquake will
not damage the tubing. The flat bars do not absorb the full
seismic load, but moderate the deflection of the tubes relative to
each other. Main steam line break loads are insufficient to lift
the FUR assembly.

2+2:%4:3 Design to Minimize Flow Induced Vibration (FIV)

Prevention of excessive FIV and fretting wear is achieved by a
combination of design, analysis and testing. The FURs are arranged
to meet the design limits established for Fluid Elastic Instability
(FEI) and for response to turbulence. These analysis methods and
criteria are discussed further in Section 2.6.1.

2.2.4.3.1 Clearances

Small U-bend support clearances are maintained while avoiding
tube/bar interference problems (marking of the tubes by the bars,
splaying of the bundle due to bar tolerance accumulation, or
buildup of bundle thickness) as tubing progresses. The optimum
range of flat bar U-bend support clearance was verified by an air
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Selection of Type 4105 as the support material in combination with
Alloy 600 (or 690) tubes provides a high degree of fretting
resistance. The Alloy 600/410 combination has the lowest wear rate
of any of the available combinations. Preliminary fretting wear
test results from AECL indicates that the fretting wear rate for
the Alloy 690/410S8 combination is essentially the same as that for
Alloy 600/410.

The mean diametral U-bend support clearance has been set at a very
low value. This clearance was selected based on comparative U-bend
air flow testing (Reference 1) which indicated that flat bar U-bend
supports with small clearances (0.003" to 0.010") provided good
"pinned" support conditions and that the effectiveness of such a
support was better than that of a scalloped bar support with a
0.020" clearance (even though the scalloped bar provided a 360°
drilled support configuration). This mean clearance provides a
snug overall design while still permitting thermal motions.

The RSG design provides substantial contact length compared to
about 0.40" in other designs. This contact length reduces the
contact stresses which result from ongoing turbulent excitation.
Comparative autoclave tests have shown that the wear rate is
substantially reduced with a greater bar width (Reference 2).

The parameters noted above are the same or better than those used
for the Millstone 2 RSG which is operating successfully.

Re ce Sectio 2.4

1. "The Effects of Flat Bar Supports on the Crossflow Induced
Response of Heat Exchanger U-Tubes", D, 8. Weaver,
W. Schneider, Journal of Engineering for Power, October, 1983.

2 Third Keswick International Conference of Vibration in Nuclear
Power Plants, England, May 1982, "Heat Exchanger Tube Fretting
Wear: Review of Application to Design", P. L. Ko, PhD.
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2:.2.5 Internal Feedwater Systenm

This section describes the RSG feedwater distribution system and
design measures to preclude damage from water hammer, thermal
stratification, erosion and internal feedwater header collapse.
Water hammer has affected more than half of the operational PWR
plants in the U.S. Thermal stratification has caused fatigue
cracks on the inner surfaces of thermal sleeves, feedwater nozzles
and feedwater piping. High flow velocities and abrupt changes in
flow direction have caused erosion where the feedwater flow splits
to enter the header rings, and in the feedwater discharge tubes
located along the header. Feedwater headers have collapsed due to
external pressure. The RSG feedwater distribution system design
recognizes these potential problems and includes features to
address themn.

The RSG feedwater distribution system (shown in Figures 2.2.5-1,
2.2.5-2 and 2.2.5-3) is a split ring design connected via a T-
section to a "goose neck" assembly attached to the thermal sleeve
in the feedwater piping. The feedwater header is supported by the
thermal sleeve/feedwater piping weld interface, and by supporting
lugs around the ring circumference attached to the internal shroud.
Support lugs are located on the header pipe at approximately 90° to
the fecdwater nozzle, and at the header ends (near the split in the
header ring) opposite the feedwater nozzle. The header 1lugs are
vertical plate structures which have elongated holes through which
the header passes. This provides support to restrain motion in the
vertical direction, while allowing thermal growth in the horizontal
plane. Lateral stability of the feedwater ring is accomplished by
restricting motion at the split location in the direction
perpendicular to the feedwater nozzle leg. This design provides a
support system that accommodates thermal motions and potential
loads due to water hammer or system pump pressure pulses.

The RSG feedwater distribution system satisfies all current NRC
recommendations with respect to water hammer, provides flow
stratification mitigation and addresses industry concerns regarding
corrosion, corrosion cracking, thermal fatigue and material
erosion.

axzs»B.1 The Water Hammer Mechanism

Water hammer in steam generators results fronm rapid condensation
and collapse of steam pockets in the feedwater system. These can
cause potentially damaging pressure pulses in feedwater piping.
Water hammer can occur under various combinations of operating
conditions and piping geometry. Most steam generator water hammer
events have involved feedwater headers that discharge downward from
a header. During certain plant transients, steam generator water
level dropped below the feedwater header, and allowed the header to
become partially filled with steam. Increased feedwater flow
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condensed the steam at the steam-water interface. This caused a
counter-flow of steam above the level of the feedwater. Turkulence
trapped steam pockets which were condensed. 8lugs of water driven
by pressure accelerated upstream to fill the void. This sequence
is termed "steam-water slugging", and is generally accepted as the
initiating mechanism of feedwater header water hammer events.

A total of 27 water hammer events were reported between 1969 and
1982 (Reference 1). 1In 1977, all recirculating steam generator PWR
licensees were requested to submit hardware and procedural
proposals to reduce steam generator water hammer susceptibility.
The NRC declared water hammer to be an Unresolved Safety Issue in
1978. Design change recommendations were made and implemented, and
on-site testing of the new designs was documented for 38 operating
plants. In 1982, the NRC considered the top~-feeding steam
generator water hammer issue to be resolved (Reference 2). Design
recommendations addressing steam generator water hammer are
described in NRC Branch Technical Position ASB 10-2 (Reference 3).
These are addressed in Section 2.2.5.2. The following section
discusses these recommendations relative to the RSG design and
describes features of the RSG that reduce or eliminate the
potential for water hammer.

2.2.5.2 Design to Preclude Water Hammer

NRC Branch Technical Position ASB~10-2, "Design Guidelines for
Avoiding Water Hammers in Steanm Generators", (Reference 3), for
reviews of top-feed steam generator designs identifies four items
which serve "to reduce or eliminate the potential for water hammer
in the feedwater system:

a) Prevent or delay water draining from the feed ring following
a drop in steam generator water level by means such as top
discharge J-Tubes and limiting feed ring seal assembly
leakage.

b) Minimize the volume of feedwater pPiping external to the steam
generator which could pocket steam using the shortest possible
(less than seven feet) horizontal run of inlet piping to the
steam generator feed ring.

) Perform tests acceptable to NRC to verify that unacceptable
feedwater hammer will not occur using the plant operating
procedures for normal and emergency restoration of steam
generator water level following loss of normal feedwater and
possible draining of the feed ring. Provide the procedures
for these tests for approval before conducting the tests and
submit the results from such tests.

d) Implement pipe refill flow limits where practical."
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Items (a) and (b) address steam generator and piping design, while
items (c) and (d) address operating and test procedures. These
items have been resolved (see Reference 2). The RSG feedwater
header design incorporates J-tubes connected on top of the header
to help prevent header draining and formation of steam pockets.
This design implements the guidance of item (a).

Figure 2.2.5-1 shows the steam drum internals and the feedwater
piping. Operating water levels and the primary separator deck
locations are also shown. Design improvements include lowering the
primary separator deck (below the normal water level) and the
feedwater sparger ring, a "goose neck" inlet design (detail shown
in Figure 2.2.5-2), a schedule 80 header and schedule 160 J-tubes
(detail shown in Figure 2.2.5-3).

To show that the RSG design reduces the potential for water hammer
damage, both the frequency and consequences of water hammer events
must be considered. For water hammer to occur, there must be steam
in the feedwater piping. This can occur if the steam drum water
level falls below a point of discharge or if a leak exists in the
internal feedwater piping system. The potential for these
conditions i3 minimized by:

1. Reducing the chance of uncovering the feedwater header by:
a. Positioning the header as low in the steam drum as
possible.
b. Providing a design that maximizes steam drum water
inventory above the header.
c. Avoidance of the transients that uncover the header.
2. Minimizing drainage of the header once it is uncovered by:
a. Utilizing top discharge header with J-tube:-.
b. Maintaining feedwater flow to keep the header full.
. Eliminating leakage throughout the header assembly

(except at the J-tube discharge) .

The BWI feedwater header design incorporates J-tubes, internals
with maximum secondary side water inventory between the header and
the normal water level, and an all-welded thermal sleeve/header
assembly from the thermal sleeve/feedwater pipe interface to the J-
tube exit. This eliminates the possibility of steam leakage into
the feed ring through header joints.

Because evaporation from the feedwater header during steam
generator depressurization can cause steam accumulation, potential
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header dry-out cannot be totally precluded. If a steam pocket does
form, the BWI design is less prone to serious consequences because
the feedwater pipe goose neck will retard rapid condensation and
water-slug acceleration better than a long, thin steam pocket.
Additionally, the feedwater header is designed to prevent collapse
if a large steam pocket were to condense and create a near vacuum.

Operating BWI recirculating steam generators have not experienced
water hammer problems because the BWI feedwater header design meets
NRC guidance and improves upon previous designs with respect to
prevention of the occurrence and prevention of damage from water
hammer events.

2.2.5.3 Thermal Stratification Mechanism

At low flow rates, thermal stratification of the feedwater may
occur in the horizontal section of pipe through the feedwater
nozzle. This has caused fatigue cracks on the inside surface of
the nozzle and feedwater pipe in some steam generators
(Reference 4). Thermal stratification occurs at low power levels,
when cold, incoming feedwater flows underneath a warmer, less dense
stagnant layer of water. With the low degree of mixing at these
low flows, the division between cold and warm feedwater remains
well defined. A feedwater flow of approximately 600 gpm of
feedwater flow at 70°F is typical for hot standby. This flow is
low enoughk to cause an uneven flow distribution across the
horizontal portion of the feedwater pipe (Reference 4).

Changes in local pipe wall temperatures associated with a
fluctuvating thermal layer cause stress cycles that could lead to
fatigue failure. NRC Bulletin 79-13 and Information Notice 91-28
describe thermally induced cracks found in many feedwater nozzle-
to-pipe welds. A similar concern exists for any horizontal
sections of the external feedwater piping system.

2.2.5.4 Design to Minimize Stratification Susceptibility

The potential for flow stratification exists in any horizontal
section of feedwater pipe, including the nozzle. Mixing devices in
these sections could reduce stratification, but could cause
erosion/corrosion or loose parts at higher flow rates. The
potential for flow stratification can be reduced procedurally by
preventing the introduction of cold feedwater. At CNS reverse
purge is employed to continually draw water out of the generator
through the main feedwater nozzle during hot standby and low power
operation, at which time flow is routed through the auxiliary
nozzle. This procedure eliminates extreme shocks of cold
feedwater, since when switching from the auxiliary to the main
feedwater nozzle and stagnant slugs of cold water have been
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eliminated at an intermediate power, the feed flow has already been
warmed.

The RSG incorporates a "goose neck" between the feedwater pipe and
header (Figures 2.2.5-1 and 2.2.5-2). The goose neck limits the
volume of pipe that can be filled with cold water. This design
minimizes the time to fill the horizontal runs of external
feedwater piping resulting in a rapid rise in the hot/cold dividing
layer. This rise occurs quickly enough to prevent establishment of
severe temperature distributions in the pipe wall. Figure 2.2.5-4
shows the effect of increasing the fill rate on stress intensity
with Braschel, et al.’s graph of normalized stress intensity versus
rate of elevation of the thermal dividing layer (Reference 4). The
vertical velocity of the thermal interface is an important factor
in stress intensification. The faster rate of rise of the thermal
interface afforded by the RSG design reduces stress intensity.

The BWI internal feedwater distribution design has considered the
potential for thermal stratification and incorporates features
which minimize the risk of thermal stratification damage. The main
feedwater distribution system goose neck design operates
effectively to alleviate thermal stratification.

2:.2.5.5 Thermal Sleeve

The BWI feedwater distribution design is an all-welded design. The
thermal slieeve (shown on Figure 2.2.5-2) is welded to the feedwater
piping at the goose neck. The goose neck is welded to a Tee that
is welded to the feedwater split ring header components. This
provides leak tight joints that protect against header drainage.
The attachment point is located away from any pressure boundary
thermal or geometric discontinuities to avoid stress concentration.
To prevent the attachment point between the thermal sleeve and
pressure boundary from thermal shock, an inner thermal sleeve
attached to the feedwater header downstream of the nozzle is
employed. This double thermal sleeve design further protects the
feedwater nozzle, the nozzle to shell juncture and the cuter sleevso
te nozzle juncture from any detrimental effects due to cold
feedwateir impingement, or other feedwater thermal variations.

Careful positioning of the attachment of the thermal sleeve to the
feedwater piping allows for a design which does not interfere with
nozzle or pipe UT examinations. Placement of the feedwater
distribution system within the downcomer at the relatively open
conical elevation, and the inclusion of access panels in the shroud
cone, provide access for examination and inspection of the
feedwater distribution header, goose neck and thermal sleeve
conponents.
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2:2:8.6 Feedwater Distribution

The J-tube discharge is below the gap between the feedwater header
and the internal shroud and oriented to avoid impingement of
feedwater on internal surfaces. This reduces the possibility of
erosion. J-tube arrangemert is shown in Figures 2.2.5-2 and 2.2.5-

3. Feedwater distribution system materials are selected to
optimize resistance to erosion/corrosion, thermal fatigue and
corrosion cracking. The Alloy 690 J-tubes provide erosion

resistance and resist thermal gradients and thermal cycles.
Feedwater is distributed axisymmetrically around the downcomer to
provide a homogeneous temperature fluid to the bundle riser.

2e2.5.7 Maintenance Features

The BWI steam drum arrangement provides internal access to the
feedwater header region. Access tunnels, complete with ladders,
are incorporated at each steam drum manway location, providing
access down through the primary separator deck to both the riser
and the downcomer regions at the bundle U-bend elevation. In
addition, access doors are located in the conical shroud wrapper,
providing inspection accessibility to the thermal sleeve, goose
neck and header/J-tube areas.

Access to the feedwater header for remote inspection is also
provided via a penetration through the pressure boundary. This
inspection port is located at the elevation of the feedwater header
and oriented approximately 180° to the feedwater nozzle, at the
header split location. Access into the header for inspection is
made through the J-tube located at each end of the header ring
sections (at the header split). The combination of these access
ports allows for remote fiber optic or camera inspection of the
entire header system from inside the header. This allows visual
monitoring of any internal erosion of the header system,
particularly at the sensitive J-tube and Tee areas.

2.2.5.8 Auxiliary Feedwater System

An auxiliary feedwater system is used for cooling water during
upset emergency or faulted conditions. In addition, during normal
operation feedwater may be introduced through the auxiliary feed
system at less than 25% power in order to relieve thermal stresses
on the main feedwater nozzle. The auxiliary feedwater system uses
many features similar to the main such as a welded thermal sleeve,
erosion-corrosion resistant material and an upturn in the header to
prevent stratified flow. Unlike the main feedwater header, there
are no J-tubes and fluid exits out the end of the header in an
elevated section. The auxiliary feedwater arrangement is
illustrated in Figure 2.2.5.5.
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2:.2.6 Blowdown System

The RSG’s design for blowdown is through tubesheet holes and radial
passages drilled in the tube-free lane. These are connected to
nozzles at the tubesheet periphery. The RSG blowdown configuration
is shown in Figure 2.2.6-1. This arrangement provides the
capability for complete RSG drainage and does not obstruct the
tubesheet or hinder steam generator recirculation flow. Inspection
operations are not hampered by internal blowdown piping or
supports. The effectiveness of blowdown is increased by the RSG
configuration and by high RSG recirculation and blowdown flow
rates.

Corrosion product transport measurements (Reference 1) were made at
Point Lepreau Generating Station during steady state operation with
blowdown rates of 0.1 to 0.2% (of steam flow by weight). These
tests showed that 29% to 45% of incoming iron corrosion products
were removed via blowdown. This was at a plant with a high
circulation rate and a well designed blowdown system but with a
relatively low blowdown rate.

The RSG is designed to have a continuous blowdown rate of at least
1% of full load of steam flow without reducing steaming capacity
below the specified value. This rate is nearly an order of
magnitude greater than that of the Point Lepreau studies.

Blowdown effectiveness may be enhanced by SG design and by rate of
flow. Blowdown enhancement design features are as follows:

- Blowdown is at the lowest point in the SG i.e. at the
tubesheet level.

2 Blowdown is via holes drilled down into the tubesheet and
connected via radial passages drilled into the tube free lane
(TFL) to nozzles at the tubesheet periphery. This provides
for the lowest possible takeoff point. It also provides for
complete drainage of the SG for maintenance work, etc.

3. Provieion of the above blowdown connections accommodates high
rates of blowdown without exceeding erosion limits on the
takeoff holes in the tubesheet. At a blowdown rate of 3%, the
velocity in the two three-inch Schedule 160 blowdown lines is
well below carbon steel erosion limits.

The design of the blowdown systerm incorporates features that
preclude blockage. These include:

1. Recommendation that the plant operate using continuous
blowdown. This helps prevent sludge build-up on the tubesheet
face and over the blowdown holes.




- I The blowdown holes on the tubesheet face are accessible and
can be cleaned.

3. The system can accommodate sparging by reverse flow.
Reference for Section 2.2.6
5 i i , G. Plume,

W. Schneider, C. Stauffer, CNS Water Chemistry and Materials
Conference, October 1986.
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2:.2.7 Moisture Separator System

The RSG moisture separators are located in the steam drum. They
separate steam from the circulating steam/water mixture from the
heat exchanger section. The RSG moisture separator assembly (shown
in Figure 2.2.7~1) consists of a "curved-arm" primary stage and a
secondary "cyclone" stage. Both are centrifugal type separators
and operate with the high steam generator recirculation rates to
produce relatively moisture-free steam at the steam generator
cutlet. Design maximum moisture carryover is 0.25% (by weight), as
specified by the contract specifications.

Most of the water is removed from the steam/water mixture in the
primary stage, resulting in an exiting quality greater than 90% to
the secondary cyclone separators. The remaining water is then
removed in the secondary stage. The compact separator design
distributes flow more evenly over a larger number of separators,
minimizing the potential for overload of any single separator.
Their small size allows full-scale testing of a single separator
pair, facilitating design optimization and confirmation testing at
prototypic conditions.

2:2:7.% Primary Separators

The p.imary separator (Figure 2.2.7-2) consis*s of a riser, four
sets of curved-arms, and a return cylinder. The return cylinder
extends above the top of the curved-arms where there are several
perforations and a retaining lip, which are used to improve the
water removal capabilities of the separator at high steam and water
flows. The perforations are oriented to accommodate arranging the
separators in a square pattern within the steam drum.

The steam/water mixture exiting the tube bundle enters the primary
riser at the bottom of the support deck. The mixture erters the
curved-arms where a film of water develops on the inner wall of the
return cylinder and spirals downward for recirculation. The steam
exits the top of the primary separators into the inter-stage
region, which distributes the steam prior to the secondary
cyclones.

The RSG primary separator provides a steam/water mixture to the
secondary separator at greater than 90% quality. Separation of
liguid and steam occurs in the region of the curved arms, above the
drum water level and minimizes the potential for steam entrainment
in the steam drum water inventory. The small inter-stage region
and localized separation allow the primary separators to be
positioned relatively high in the steam drum. This allows a higher
water level and higher driving nead in the downcomer, increases
circulation ratio, reduces the chance of feedwater header draining,
and reduces the chance of uncovering the tubes. The relatively
large flow area through the curved-arms eliminates the need for
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periodic cleaning. The absence of narrow flow passages which could
collect deposits reduces pressure drop and lengthens service life.

2:.2.7.2 Secondary Separators

The secondary separator (Figure 2.2.7-2) also operates on the
principal of centrifugal separation. The cyclone separator does
not have the flow velocity limitations of a scrubber separator.
This allows much higher steam flow per unit area. The steam enters
the cyclone through tangential inlet vanes at the bottom of the
cyclone which spin the steam. The liquid in the steam is forced to
the cyclone wall where it passes through exit vanes and drains back
to the main steam drum for recirculation. Flow holes in the top
plate of the secondary compartment provide a small steam flow
through the secondary skimmer slots, improving separator
performance.

The secondary separators are arranged with each separator in its
own compartrent and with its own drain tube. If unequal separator
flow and inlet quality occur, steam exiting each separator is
precluded from adversely affecting the performance of the others.
This arrangement best matches the BWI separator test
configurations. Preliminary moisture carryover information from
Millstone 2 RSG has verified the adequacy of this design.

2:2+7.3 Separator Performance

The primary and secondary scparator have been extensively evaluated
at the B&W Alliance Research Center. The results of these
evaluations show the BWI RSG design to produce relatively dry steam
over a range of operating conditions.

Steam generator circulation ratio is defined as the mass of mixture
entering the steam separators (riser flow) divided by the mass of
steam exiting the steam generator (steam flow). High circulation
ratio improves water level stability by maintaining a lower void
fraction in the steam generator inventory. High circulation ratio
also minimizes deposit build-up and tube corrosion. Circulation
ratio is increased in the BWI design by raising downcomer head and

reducing flow losses. The low primary separator pressure drop
increases circulation in the BWI steam generators. Figure 2.2.7-3
shows the relation of circulation flow to steam flow. RSG

circulation ratio is highest at low steam flow and decreases as
steam flow increases. Riser flow is low at low loads and increases
with increasing steam flow, becoming approximately constant between
one-thir . and full load.

Moisture carryover is the amount of liquid exiting the secondary
cyclone expressed as a percentage of steam flow by weight. RSG
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specifications typically require moisture carryover to be less than
0.25%.

Figure 2.2.7-4 illustrates moisture carryover performance versus
steam flow for a BWI separator pair at a saturation pressure of 880
psia. The moisture carryover is shown to remain well below 0.25%
by weight over the range of tested flows. The following
subsections describe the effect of operating pressure, water flow,
and water level fluctuations on RSG performance, the effect of
steam carryunder, and the design life of the BWI steam separators.

2.2.7.4 Sensitivity to Operating Pressure Fluctuations

Test results show BWI steam separators to be insensitive to
operational pressure fluctuations (Reference 1). Figure 2.2.7-5
shows moisture carryover to be insensitive to operating pressure
changes for one pair of BWI separators operating at a (high)
circulation ratio of 6.0 for three nominal steam flows.

2.2.7.5 Sensitivity to Water Flow Fluctuations

Test results show BWI steam separators to be insensitive to water
flow fluctuations, and therefore insensitive to steam drum flow
imbalances (Reference 1) Figure 2.2.7-6 shows that moisture
carryover remained insensitive to flow increases up to
approximately 160% of full flow.

2,2.7.6 Sensitivity to Water Level Fluctuations

Figure 2.2.7-7 shows moisture carryover versus water level at two
different steam flows, and shows the steam separators to be
insensitive to changes in water level below the primary separator
curved arms (Reference 1). This allows latitude for water level
changes.

2.2.7.7 Steam Carryunder

Steam carryunder is steam that becomes entrained in downcomer flow.
It is due to ineffective separation of the steam~water mixture from
the separators allowing the return of water with entrained steam to
drain from the separator back into the downcomer. This reduces the
downcomer fliid density by increasing the downcomer void fraction
and results in a reduced driving head for circulation. It
contributes to the swelling potential of the steam drum water
inventory and can adversely affect water level control. Carryunder
can also increase the downconmer temperature and cause the primary
to secondary differential temperature to be reduced. This can

impact the steam generator performance.
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Under normal operating conditions, the BWI separators have been
shown to produce insignificant carryunder. They are highly
efficient and configured such that the separation of the steam-
water mixture remains above the water level of the steam drum
during normal operation. This minimizes the potential for steam
entrainment and swelling in the steam drum water inventory. Thus,
it improves water level control of the RSG.

2.2.7.8 Separator Design Life

BWI steam primary and secondary separators are designed to last for
the life of the steam generator without maintenance or periodic
cleaning. The primary separators have large flow passages that
preclude plugging even if denosition occurs. The secondary
separator inlet body and outlet passages are also large. The
relatively small skimmer and vent hole passages of the secondary
separators are swept by flcw during operation. 1In the unlikely
event of skimmer or vent hole pluggage, they can be cleaned by
water lancing. Access is provided from above the secondary
separator deck without separator disassembly. Separator design,
sizing, material selection and water chemistry control minimize thc
potential for corrosion to help ensure that the separators will
function without maintenance or replacement for the life of the
steam generator.

Reference for Section 2.2.7

1. "High~Efficiency Separator Equipment for Use in Fecirculating
Steam Generator", M. J. Reed, W. P. Prueter, P. Caple, T.
Boyd, ASME Winter Annual Meeting, New Orleans, LA, November 18
- December 3, 1993.
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B&W Separator Performance
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B&W Separator Performance
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B&W Separator Performance
Water Flow Sensitivity Test Results
Saturation Pressure = 880 psia
Nominal Steam Flow = 41,640 Ibm/hr

0.5

=
(X}

&
€0
S .1 Cusiomer Specified Maximum (. 25%y weight)
-
D
53
= 0.05 +‘
o
> ~
°
E‘ 0.02 T \\ﬂf—-—“‘"’
8 L-_..Waw Flow Margin
e 00
2
Z
< 0.005

0.002

0.001 ¢

S0s 1003 2003

PERCENT WATER FLOW

SEPARATOR PERFURMANCE FOR WATER FLOW SENSITIVITY TESTING

FIGURE 2.2.7-6



B&W Separator Performance
Water Level Sensitivity Test Results
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2.2.8 Minimized Weld Design

Pressure boundary welds that must be inspected during plant
operation are minimized in RSG design and fabrication. This
reduces personnel exposure and contributes to plant availability by
reducing required outage activities. Design objectives to minimize
welds that require in-service inspection include reduction in the
number and length of pressure boundary welds, and reduction in the
complexity and volume of such welds. Examples of veld reduction in
the RSG design are:

. Use of one piece forged steel conical section. This
eliminates the longitudinal weld in the conical shell.

- Use of one piece forged steam drum head with integral nozzle
and flow restrictor.
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2.2.9 Integral Flow Restrictor

Certain plant designs include flow restrictors in each main steam
line near the steam generator. Their function is to limit steam
line break flow for breaks downstream of the flow restrictor and to
provide a flow measurement signal. The RSGs typically include
steam flow restrictors as an integral part of the steam generator
outlet nozzle to limit steam flow during any steam line break
accident, but are not used for flow measurement. The original flow
measurement device is retained for that purpose.

1f a double ended rupture of the main steam line were to occur,
steam flow would become choked at the flow restrictor rather than
at the break location. Under this condition, steam flow depends on
flow restrictor area rather than break area. Reduction in steam
line break flow limits piping loads and energy release rates. BWI
designs the flow restrictor to limit internal mass flow rates to
four times their normal full load value. The flow restrictor is
designed to minimize normal operating pressure drop while
fulfilling its flow-limiting function. Steam generator internal
pressure differentials during a postulated steam line break are
limited to acceptable levels.

2+ 2%27



2:.2:.10 Nozzle Dans

The RSG design includes nozzle dams which isolate the RSGs from the
hot and cold leg piping to permit maintenance and inspection within
the primary head during refuelling operations. The nozzle dams are
held in place by locking devices that engage the nozzle dam
retention ring. Figure 2.2.10-1 shows RSG nozzle dam details.

The RSG nozzle dams are similar to those in use on the 0SG. The
nozzle dams are designed so that primary seal failure does not
result in catastrophic dam failure. They are designed and
fabricated according to the requirements of an owner approved
nozzle dam technical specification which provides details of the
dams’ design, service and test loadings as well as requirements for
materials, fabrication, Q.A., cleanliness, and packaginy. Although
the nozzle dams and rings are not ASME Section III components,
their design generally follows Code design philosophy. The nozzle
dam vendor provides a design report that details nozzle dam
structural design calculaticns.

The nozzle dam rings are manufactured from Alloy 690 material in
accordance with ASME SB-166. They are welded to the head cladding
surface concentric with the nozzle by full penetration welds that
comply with the requirements of the ASME Code for Section III Class
1 vessel attachment welds. A structural analysis of the weld is
performed according to Section III and included in the RSG Code
stress report.
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2:%.23 Provisions for Inspection

Adequate provisions for RSG inspection for maintenance and repair
are provided. These include primary side manways, secondary side
manways, hand holes, inspection ports, internal access hatches and
ladders. The number and location of primary manways, secondary
manways, hand holes and inspection ports are described below and
shown on Figures 2.2.1~5 and 6. Internal RSG access is provided by
access hatches in the primary and secondary separator decks and
access ladders.

Twenty-one inch manways are provided in the hot and cold leg
channel heads to provide access to the primary side of the
tubesheet. Covers for these manways use a stud design compatible
with efficient simultaneous multi-stud hydraulic tensioners,
enhancing accessibility to the channel heads. One manway is
provided on the secondary side in the steam drum head to provide
access to the RSG internals.

The channel head manway covers are provided with a manipulator to
ease the handling of covers after stud de-tensioning.

A total of ten(10) six inch handholes provide access to the
secondary side of the RSG. Eight of these are located in the shell
between the tubesheet and the lowest lattice grid providing access
to the ends of the tube free lane, at 90° to the tube free lane and
at four other circumferential locations. The internal shroud
separating the downcomer and riser sections terminates above the
secondary face of the tube sheet, and the blowdown system is
completely contained within the tube sheet thickness. This
provides unobstructed access to the entire tube bundle at the tube
sheet elevation and eases inspection and maintenance. One (1)
handhole provides access to the steam drum and is located at the
approximate elevation of the lifting trunnions. One(1) handhole is
located in the conical shell section and provides access to the
feedwater header in the vicinity of the header split location.

Access to the tube bundle is provided by a total of twelve(12) two
inch inspection ports located at the ends of the tube free lane at

the intermediate tube support grids. There are no internal
obstructions such as shroud feet, tie rods, lane blockers or
blowdown header. This maximizes access for inspection and
maintenance.

The two inch inspection ports and hand holes allow inspection of
the lattices. These access ports allow fiber-optic lane~by-lane
inspection and direct lane-by-lane water lancing of supports.
Fiber-optic and water lancing equipment reaches the tubes through
the inspection holes at the ends of the tube free lane. Since
there are no tie rods or other obstructions within the bundle, one
90° tool can access the intertube lanes on the hot and cold leg
sides of the lattice supports.
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The internal steam separating subassembly is an all welded design
constructed with permanent manway tunnels to the top of the tube
bundle and to the steam drum head. Internal hinged doors are
secured by a captured, bolted clasp arrangement during generator
operation. Steam separation equipment removal is not required for
access.

The RSG is designed to accommodate accessibility for ASME Code ISI.

Lugs and insulation brackets are arranged to avoid interference
with pre-service and in-service inspection and ultrasonic scanning.
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2:2:42 Electro-chemical Polishing

A major source of radiation exposure during inspection and service
of nuclear steam generators is caused by radioactive nuclides on
the internal primary side surfaces. Particles of radioactive
material are incorporated into the metal surface oxide films. They
are also trapped in the asperities of the metal surfaces. RSG
contamination build-up is reduced by polishing the channel head
surfaces to a very fine finish. A chemical process, termed
electro-chemical polishing, or electropolishing, preduces micro-
smooth channel head surfaces.

Tests have proven that this is an effective way to reduce
occupational exposure (Reference 1). In these tests, manway seal
plates showed a contact dose rate reduction by a factor of 7 when
the surfaces were electro-polished prior to insertion into the
primary system. French steam generator channel heads are routinely
electro-polished prior to being put into service as new or
replacement units. In France all new or replacement steam
generators have electropolished channel head surfaces. In the
United States, Palisades, Millstone 2 and other RSGs have
electropolished channel head surfaces.

A fine surface is first produced by mechanical polishing. Electro-
chemical polishing is then performed to reduce surface "micro-
roughness". This process reduces surface asperities by applying an
electric current to the metal surface through an electrolyte.
Since the surfaces are finished to 63RA (roughness average in
micro-inches) by mechanical polishing before electropelishing, the
electropolishing does not appreciably alter surface roughness. It
does, however, reduce microscopic roughness. The process removes
very little material, typically 0.001 to 0.003 inch. The surface
layers of metal are removed in a predictable and controllable
manner. Electropolished surfaces contain less total surface area,
and less tendency to accumulate contamination.

The entire surface of the divider plate and primary head including
nozzles and manways are electropolished. Because of the complex
geometry, the exposed tubesheet clad face and tube welds are not
electropolished. Particular attention is given to manway cladding
to minimize personnel exposure. Qualification of the
electropolishing process complies with EPRI-NP-6617 and 6618. This
is further discussed in Section 3.2.4.3.
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