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FPOREWORD

This Technical Evaluation Report was prepared by Franklin Research Center
under a contract with the U.S. Nuclear Regulatory Commission (Office of
Nuclear Reactor Regulation, Division of Operating Reactors) for technical

assistance in support of NRC operating reactor licensing actions. The

technical evaluation was conducted in accordance with criteria established by
the NRC.

Mr. L. Berkowitz contributed to the technical preparation of this report
through a subcontract with Innovation Technology, Inc.
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1. INTRODUCTION

Systems and components in nuclear power plants should be designed,
fabricatad, installed, and tested to quality standards that reflect the
importance of their safety functions. This is the concern addressed by the
U.S. Nuclear Regulatory Commission (NRC) Requlatory Guide 1.26 (1], "Quality
Group Classifications and Standards for Water-, Steam-, and Radiocactive-Waste-
Containing Components of Nuclear Power Plants," which classifies components
into four Quality Groups, #, B, C, and D, and gives the standards applicable
to each group.

The rystems and comnponents of plants being reviewed as part of the
Systematic Evaluation Program (SEP) were designed, fabricated, installed, and
tested to standards different from those applied today. This report is the
result of work that addresses the safety margins of these systems and

components in light of the changes that have taken place in licensing criteria.

The work is part of SEP Topic III-l, “"Classification of Structures,
Systems, and Components (Seismic and Quality)." NRC has divided this topic
into two technical areas: (1) Seismic review, which will be performed by the
NRC, and (2) Quality Group review, which this report addresses for the Haddam

Neck Nuclear Power Plant.

This report was prepared by the Pranklin Research Center (FRC) under NRC
Contract No. NRC-03-79-118.
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2. SCOPE OF THE EVALUATION

The SEP concerns a review and assessment of the safety of older nuclear

plants on the basis of current licensing criteria.

Topic III-1l is one of 137

SEP topi~s. Of the 1l SEP plants, the following 10 are being reviewed-

Plant Name Docket No. FRC Task No.
Palisades 50-255 17428
Ginna 50-244 17429
Dresden Unit 2 50-237 17430
Oyster Creek 50-219 17431
Millstone Unit 1 50-245 17432
San Onofre Unit 1 50~-206 17433
Big Rock Point 50~155 17434
Haddam Neck 50-213 17435 ‘)
Yankee Rowe 50-29 17436
LaCrosse 50-409 17437

Specifically, Topic III-l entails a review of standards in effect from

1955 to 1965 used in the design of systems and components in older plants, and
the 1977 American Society of Mechanical Engineers (ASME) Boiler and Pressure

Vessel (B&PV) Code as supplemented through the Summer 1978 Addenda (2,3]. The

. objective of the present evaluation is to assess the ability of systems and

W s S

components in the Haddam Neck plant to perform their safety functions as
judged by current standards. This involves two steps: (1) ccmparison of
current codes and standards with those used in the design, fabrication,
installation, and testing of the plant's systems and components to identify
significant differences that might affect structural integrity, and (2)
assessment of the effect of these differences on the safety margins of the

systems and components.

l. Plant discussed in this report.
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The scope of this evaluation is limited by or to the following:

l. Table of Systems and Components (including updates and revisions) (4],
compiled by the NRC, corrected and completed by Connecticut Yankee
Atomic Power Company. This table contains the gquality group
classification, the current code, and the code used for the listed
systems and components when the plant was designea. When the
information in the table was incomplete, it was completed as well as
possible (see Table 4-1).

2. Information in the Final Safety Analysis Report (FSAR) or a similar
document [5].

3. NRC Regulatory Guide 1.26, Revision 3 (1].
4. Standard Review Plan 3.2.2 [6].

5. Major older codes and standards: American Standards Association
(ASA) B3l.1 (1955), "Code for Pressure Piping®™ [7] and ASME 1962
Boiler and Pressure Vessel Code, Section VIII, "Unfired Pressure
Vessels" (8] and applicable code cases.

6. Current code: 1977 ASME Boiler and Pressure Vessel (B&PV) Code,
Section III, Division 1, to include the General Requirements
{articles with "NA" subscript), Subsection NB, NC, and ND, and
Appendices, supplemented through the 1978 Summer Addenda (2].

7. Quality Group D components are not considered in this evaluation.

8. Although discussed in this report, quality assurance for design and
construction is outside the scope of the sep. (1)

Also, the following subjects are explicitly excluded because they have

been addressed under other SEP topics:

Topi Description
III-5.A Effects c¢f Pipe Break on Structures,

Systems and Components Inside Containment
III-5.B Pipe Break OQutside Containment

I1I-6 Seismic Design Consideration

l. Letter from S. Bajwa to S. Carfagno dated December 10, 1981.

P i
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Description

Inservice Inspection, Including
Prestressed Concrete Containments with
Either Grouted or Ungrouted Tendons
Dilign Codes, Design Criteria, Load
Combinations, and Reactor Cavity Design
Criteria

Containment Structural Integrity Tests
Support Integrity

Overpressurization Protection

Reactor Vessel Integrity

Steam Generator Integrity

Fire Protection

e
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3. METHOD OF REVIEW

To accomplish the objective of this evaluation, a review was performed as
follows:
1. Components from the Table cf Systems and Components (Table 4-1)
referred to in Section 2 were listed in three tables according to
Quality Group. For example, all Quality Group A vessels, piping,
valves, pumps, and stcorage tanks are listed in one table. Table
4-2(a) contains Quality Group A components, Table 4-2(b) Quality

Group B components, and Table 4-2(c) Quality Group C components.
Within each table, the components are arranged according to type.

j 2. Major older codes identified in Table 4-1 were compared against the
‘ current code. Results of the review are given in Appendix A.

3. The results in Appendix A were used for a comparative analysis which
formed the basis for an engineering judgment of the safety margins
exhibited by the systems and components by current quality require-
ments. Details are given in Section 5.

Appendix A lists all the requirements of the current code, the 1977 ASME
B&PV Code, Section III with Addenda (2], and indicates which requirements are
considered applicable and significant for structural integrity (designated as
"A®); which are not considered significant (designated as "-"); and which are
outside the scope of this review (designated as "O"). For each significant
requirement in the current code, a similar requirement was sought in thie older
codes. The major older codes for the San Onofre Nuclear Plant are ASA B31l.l1
(1955) [7]) and ASME B&PV Code, Section VIII (1962) (8). Differences between

significant requirements, such as additions to the older cr... were reviewed,
and recommendations were made for assessing their impac’ on the safety margin

of the particular component.

Knowledge of the historical development of the codes and the reasons for
i the changes was an important element in making effective comparisons. A
; literature survey, supported by consultation with experts in the field, helped

i to identify certain changes for special attention, e.g., changes in design

j Criteria, analytical methods, load combinations, quality assurance regquire-

ments, fabrication techniques, and testing requirements.

[;;\ =5=
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4. QUALITY CLASSIFICATION OF SYSTEMS AND COMPONENTS

Systems and components are Quality Group classified according to the
safety functions to be performed. Table 4-1 contains the systems and
components for the Haddam Neck Plant, the Code required for current licensing
criteria, based on NRC Regulatory Guide 1.26 [l] and Section 50.55a of the
Code of Federal Regulations (3], and the codes and standards used when the
systems and components were originally built. The table also contains
information regarding the Seismic Classification of the systems and components.

The following systems are listed in Table 4-1 with their respective
components:

Reactor Coolant System

Safety Injection System
Containment Spray System

Chemical and Volume Control System
Sampling System

Residual Heat Removal System
Component Cooling System

Service Water System

Main Steam System

Feedwater System

Auxiliary Feed System

Containment Purge System
Containment Cooling System
Containment Isolation System

Spent Fuel Pit Cooling System
Structures (for information only, not in the scope of this review).

Table 4-2(a) lists all Quality Group A components, Table 4-2(b) lists all
Quality Group B components, and Table 4-2(c) lists all Quality Group C
components. Components in Table 4-2 are grouped as pressure vessels, piping,
pumps, vaives, and storage tanks. The major code used when the component was

built is also provided. Table 4-2(d) provides an index of the abbreviations
used for the systems and their definitions.

Additional information on the review procedure for System Quality Group
Classification can be obtained from Section 3.2.2 of the Standard Review Plan
(6].

- ~-6=
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Table 4-1
Classification of Structuree, Sys s
Haddam Neck Nuclear Power Plant

Quality Classification

':n Codes and Codes and Seismic Classification
o Structures, Systems, Standards Standards Used Used in
E and Components RG 1.26(1) in Plant Design RG 1.29 Plant Design Remarks
e>
?z’ REACTOR EQUIPMENT
"
="
35 Fuel Assemblies NA - ' Category 1 Class I NA(2)
- 3
é,‘n Control Element Assem— NA e -- Category I Class I NA
= blies
2
Control Element NA - Cateaory I Class I NA
Drive Mechanisms
Core Support Structure ASME 111 -— Category I Class I NA
Subsection NG
Reactor Vessels Inter- NA e Category I Class I NA
' nals Other Than Above

REACTOR COOLANT SYSTEM

Reactor Vessel ASME II1I - Category I Class I NA
Class 1
Reactor Vessel Supports ASME 111 - Category I Class 1 NA
Subsection NF
Steam Generators - ASME 111 ASME VIII (1962) Category I Class I NA
Tube Side Class 1 and Code Cases
1270N and 1273N
Stean Senerators - ASME IIX ASME VIII (1962) Category 1 Class I NA
Shell Side Class 2 ard Code Cases

12708 and 1273N

1. ASME IIT stands for the Boller and Pressure Vessel Code Section III Division I, published by the American
Soclety of Mechanical Engineers, 1977 Edition with Addenda through the Summer 1978 Addenda. When Class A, B, or
C is listed in this column for a system or component, these components should be designed, fabricated, erected,
and tested to quality standards commensurate with the safety function to be performed [1].

2. NA stands for additional information provided in this table that is outside the scope of this report.

* The edition of the code 18 an assumption because this information was not provided at this time. Confirmation
of code edition is required.

SEP-LSTSO-¥AL
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Structures, Systems,

and Components

Pressurizer

Reactor Coolant
Pumps (RCP)

Reactor Coolant

System Piping: Hot and

Cold Leg

Interconnecting
Piping of Systems
That Form Part of
Reactor Coolant
Pressure Boundary
(RCPB)

Interconnecting
Piping of Systems That
Form Part of Reactor

Coolant Pressure Boundary

Pressurizer Surge
and Spray

Piping 3/4 Inch and
Smaller Within
RCPB

Pressurizer Rellef
Discharge Piping
Upstream of Safety
Valves

Table 4-1 (Cont,)

Quality Classification

Codes and Codes and
Standaid« Standards Used
RG 1.26(1) in Plant Design
ASME 111 ?
Class 1
ASME 111 ASME VIII (1962)
Class 1
ASME 111 ASA B31.1 (1955)
Class 1
ASME I1I ASA B3l.1 (1955)
Class 1
ASME III ASA B31.1 (1955)
Class 2
ASME I11I ?
Class 1
ASME 111 ASA B3l.1 (1955)
Class 2
ASME I1I ASA B31.1 (1955)
Class 1 and Nuclear

Code Cases(?)

3. Nuclear code case not specified. This information is required.

Se

RG 1.29

Category I

Category I

Category 1

Category 1

Category I

Category I

Category I

Category 1

c

fication
Used in

Plant Design
Class 1

Class 1

Class I

Class 1

Class I

Class 1

Class I

Class I

Remarks

SEP-LSTSO-¥EAL
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Table 4-1 (Cont.)

=t

.-“,
§ g
= Quality Classificatiop
@3 Codes and Codes and Selsmic Classification
?éo Btructures, Systems, Standards . Standards Used Used in
hd
gg and Components ___ﬁ_hgg‘ ) in Plant Design RG 1.29 Plant Design Remarks
n
{:’; Pressurizer Safety ASME II1 ? Category 1 Class I
§';‘, and Relief Valves Class 1 - :
*2 k
> Power-Operated ASME III ? Category 1 Class I
Relief Valves Class 1 ¢
Block Valves ASME 111 ? Category I Class I E
Class 1 . :
Other Valves Within ASME ITI ? Category 1 Class . 3
Quality Group A Class 1 %
'L Portions of RCPB ¥
i
Other Valves Within ASME 111 ? .
Quality Group B Class 2 Category 1 Class I E
pPortions of RCPB :
SAFETY INJECTION SYSTEM
(EMERGENCY COKE OCOOLING SYSTEM)
Refueling Water ASME 111 ? Category I Class I
Storage Tank Class 2
High and Low Pressure ASME 111 ASME VIII (1962) Category I Class I
Safety Injection Class 2 .
Pumps ;-
Boron Injection Tank ASME I1I ? Category I Class I
Class 2
Accumulators ASME II1I ? Category I Class I ¢
Class 2 "

SEP-LGTSO-¥AL
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Structures, Systems,
and Components

Table 4-1 (Cont.)

Quality Classificat:op

Interconnecting
Piping and Valves
Required to Perform
Safety Injection
Function

Boron Injection
Recirculation Tank

Boron Injection
Recirculation Pump

Interconnecting
Piping and Valves
Required to Perform

Recirculation Function

CONTAINMENT SPRAY SYSTEM

Pumps

Heat Exchanger -
Tube Side

Heat Exchanger -
Shell Side

Spray Nozzles

Codes and
Standards

RG 1.26(1)

ASME 111
Class 2

ASME 111
Class 3

ASME I11I
Class 3

ASME 111
Class 3

ASME 111
Class 2

ASME 111
Class 2

ASME 111
Class 3

ASME III
Class 2

Co%es and
Stanc ards Used

in Plant Design

ASA B31.1 (1955)
and Nuclear
Code Cases(3)

Seismic Claasification

Used in

RG 1.29 Plant Design

Category 1

Category I

Category I

Category 1

Category I

Category I

Category I

Category 1

Class I

Class 1

Class I

Class I

Class 1

Class 1

Class 1

Class 1

Remarks
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Structures, Systems,
and Components

Interconnecting
Piping and valves
Required to Perform
Spray Function

Spray Chemical
Storage Tank

Chemical Storage
Test Pump

Interconnecting
Piping and Valves
Required to Perform
Test Function

CHEMICAL AND VOLUME
CONTROL_SYSTEM

Regenerative Heat
Exchanger

Drain Cooler Heat
Excharnger - Tube Side

Drain Cooler Heat

Exchanger - Shell Side

Reactor Coolant Filter

Table 4-1 (Cont.)

Quality Classificatiop

Codes and
Standards
RG 1.26(1)

ASME 111
Class 2

ASME 111
Class 3

ASME 111
Class 3

ASME 111
Class 3

ASME II1I
Class 2

ASME 111
Class 1

ASME 111

Class 2

ASME III
Class 2

Codes and
Standards Used
in Plant Design

ASA B3l.1 (1955)

ASME VIII (19€2)
and Code Cases
1270N and 1273N

ASME VIITI (1962)
and Code Case
12708

ASME VIIT (1962)

Selsmic Classific o

RG 1.29

Category I

Category I

Category I

Category I

Category I

Category I

Category 1

Category I

" -

pY
s
8
Used in .f
Plant Design Remarks 'i
Class 1
Class I ¥
g
Class I ,%
Class I %
j
3
i
Class I i
Class I r
4
Class 1 &
X
Class 1

SEP-LSTSO-¥AL
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Structures, Systems,
and Components

Volume Control Tank

Charging Pumps

Letdown Orifices

Non-Regenerative Heat
Exchanger - Tube Side

Non-Regenerative Heat
Exchanger - Shell Side
Seal Water Injection

Tilter

Seal Water Heat
Exchanger - Tube Side

Seal Water Heat
Exchanger ~ Shell Side

Seal Water Filter

Boric Acid Tanks

Table 4-1 (Cont.)

Quality Classification

Codes and
Standards

+ RG 1.26(1)

ASME 111
Class 2

ASME 111
Class 2

ASME 111
Class 2

ASME I1I
Class 2
ASME 11X
Class 3
ASME III
Class 2

ASME II1I
Class 2

ASME III

Class 3

ASME II11I
Class 2

ASME III
Class 3

Codes and
Standards Used
in Plant Design

Seismic Classification

RG 1.29

ASME VIII (1962)
and Code Case
1270N

ASME VIII (1962)
and SBtandards of
Hydraulic

Institute (1961)

?
ASME VIII (1962)
and Code Case
12708
ASME VIII (1962)
ASME VIII (1962)
and Code Case
12708
ASME VIII (1962)
and Code Case’
1270N

ASME VIII (1962)

ASME VIII (1962)

ASME VIII (1962)

Category 1

Catecory I

Category 1

Category I

Category I

Category I

Category I

Category 1

Category I

Category I

Used in
Plant Design

Class 1

Class I

Class I

Class I

Class 1

Class 1

Class I

Class I

Class 1

Class 1

Remarks

SEY-LSTSO-¥AL
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Structures, Systems,
and Components

Boric Acid Filter

Boric Acid Transfer
Pumps

Boric Acid Blender

Boric Acid Strainer

Piping (lLoop 1) Letdown
via Regenerative

Heat Exchanger and
Letdown Valves to and
Including Letdown
Isolation Valves

Interconnecting

Piping and Valves

from Pump Discharge to
and Including Valves
399 and 296 to

Reactor Coolant System

Pilping and Valves from
Pump Discharge to
Containment Isolation
Valves 399 and 296

4. It seems more likely that a vessel or tank code would have been used in the design of the boric acid blender.

Table 4-1 (Cont.)

o Quality Classification

Codes and
Standards
RG 1.26(1)

ASME I71
Class 3

ASME III
Class 3

ASME I11
Class 3

ASME 111
Class 3

ASME 111
Class 1

ASME I11I
Class 1

ASME 111
Class 2

Zodes and
Standards Used
in Plant Design

Seiemic Classification

RG 1.29

ASME VIII (1962)

ASA B3l.1 (1955) (4)

ASME VIIT (1962)

ASA B3l.1 (1955)

ASA B31.1 (1955)

ASA B31.1 (1955)
and Nuclear
Code Cases(3)

Category 1

Category 1

Category I

Category I

Category I

Category I

Category 1

Used ip
Plant Design
Class I
Clasa I
Class I

Class 1

Class 1

Class I

Class 1

Remarks

SEP-LSTSO-¥AL
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Structures, Systems,
and Components

Piping and Valves
from Pump Discharge
via Reactor Coolant
Pumps and from TV-1847
to Seal Water Heat
Exchanger

Piping and Valves
Downstream of Letdown
Isolation Valves to
the Volume Control
Tank (VCT) and Other
Interconnecting Piping
and Valves of the VCT

Mixed Bed Demineralizer

Interconnecting

Piping and Valves
Required to Perform
Demineralizer Function

Boric Acid Tank
Connecting Piping
and Valves

SAMPLING SYSTEM

Piping and Valves

Table 4-1 (Cont.)

Quality Classification
Codes and

Btandards
RG 1.26(1)

ASME 111
Class 2

ASME 111
Class 2

ASME 111
Class 3

ASME 111
Class 1

Codes and
Standards Used
in Plant Design

Seismic Classification

RG 1.29

ASA B31.1 (1955)
and Nuclear
Code Cases(3)

ASA B31.1 (1955)
and Nuclear
Code Cases(3)

ASME VIII (1962)
and Code Case
1270N

ASA Bil.1 (1955)

ASA B31.1 (1955)
and Nuclear
Code Cases(3

ASA B31.1 (1955)
and Nuclear
Code Cases(3)

Category I

Category I

Used in
Plant Design

Class 1

SEP-LSZSO-¥AL
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Structures, Systems,

and Components
Piping and Valves

RESIDUAL WEAT
REMOVAI SYSTEM

Residual Heat Removal/

Low Pressure

Safety Injection Pumps

Heat Exchanger -
Tube Side

Heat Exchanger -
Shell Side

Interconnecting
Piping and “alves
Required to Perform
Reslidual Heat
Removal Function

COMPONENT COOLING
SYSTEM

Pumps

Table 4-1 (Cont.)

. Quality Classification

Codes and
Standards

RG 1.26(1)

ASME II1
Class 2

ASME 111
Class 2

ASME III
Class 2

ASME 111
Class 3

ASME 111
Class 2

ASME 111
Class 3

tio
Codes and
Standards Used
in Plant Design

ASA B3l.1 (1955)
«wnd Nuclear
Code Cases(3)

ASME VIII (1962)

ASME VIII (1962)
and Code Case
12708

ASME VIII (1962)
and Code Case
12708

ASA B31.1 (1955)
and Nuclear
Code Cases(3)

__Selsmic Classification

RG 1.29

Category I

Category I

Category I

Category I

Category I

Category 1

Used in
Plant Design

Class I

Remarks

Class I

Class I

Class I

Class 1

Class 1

SEP-LSTSO-¥AL
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» 3\[1 Table 4-1 (Cont.)
-
{2
23
P-4 ality Clas catio
w2 Codes and Codes and Seismic Classification
;g Structures, Systems, Btandards Standards Used Used in
S and Components BG 1.26(1) in Plant Design RG 1.29 Plant Design Remarks
's)
g::':. Heat Exchanger - ASME 111 ASME VIII (1962) Category I Class I
L 4 Tube Side Class 3 and Code Case
. 12708
Heat Exchanger - ASME III ASME VIII (1962) Category I Class 1
Shell Side Class 3 and Code Case
1270N
Surge Tank ASME 11X ASME VIII (1962) Category I Class I
' Class 3 and Code Case
g 1270N
Interconnecting Piping ASME IIX ASA B31.1 (1955) Category I Class I
and Valves Required to Class 3
Service Quality Groups B
and C System Components
SERVICE WATER SYSTEM !
Pumps ASME 111 Industry Category 1 Class 1
Class 3 Standaras(5)
Strainers ASME I11 ? Category I Class I
Class 3

5. Standards not providea for review.

SEP=-LSTSO-¥aL




Table 4-1 (Cont.)

Quality Classification
Codes and Codes and Seismic Classification

Structures, Systems, Standards Standards Used Used in
and Components RG 1.26(") in Plant Design Plant Design

Interconnecting Piping and ASME II1I ASA B31.1 (1955) Class 1
Valves Required to Service Class 3

Quality Group C Syr*em

Components

<

AT VIR ¢ B O UOBIAK)

IBUID) Y2JBAsaN UINURI4 77"

MAIN STEAM SYSTEM

Interconnecting Piping ASA B3l.1 (1955)

and Valves Comprising

Maln Steam Lines

Extending From the

Secondary Side of the

Steam Generators up to

and Including the Outer-

most Containment Isola-

tion Valve in Each Main

Steam Line and Connected

Piping up to and Includ-

ing the First Valve That

is Normally Closed or

Capable of Automatic

Closure During All Modes

of Normal Reactor

Operation .

Rellef Valves ASME III ASME VIIT (1962) (6) category I Class I
Class 2

Safety Valves (16) ASME III ASME VIIT (1962) (6) category I Class I
Class 2

6. Safety and relief valves are mentioned in SBection VIII in reference to capacity requirements, not design
requirements. It s more likely that ASA B3l.l and code cases would have been used in the design of safety
and relief valves.
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Structures, Sysiems,

and Componeits

Piping and Valves
(Blow-off) from Steam
Generators to and
Including Blow-off
Valve TV-1312-1
through 4 and 506,
515, 522, and 529.
Piping from Valves
PICV-1206A, B to
Auxiliary Feed Pumps
Including Valves
SV-1216A, B

FEEDWATER SYSTEM

Interconnecting Piping
and Valves Comprising
Feedwater Lines
Extending From the
Secondary Side of the
Steam Generators up
to and Including the
Outermost Contalnment
Isolation Valve In
Each Feedwater Line
and Connected Piping
up to and Including
the First Valve That
is Normally Closed

or Capable of Auto—-
matic Closure During
All Modes of Normal
Reactor Operation

Table 4-1 (Cont.)

Quality Classification

Codes and Codes and
Standards Standards Used
®G 1.26(1) in Plant Design

ASME III ASA B31.1 (1955)
Class 3
ASME 111 ASA B3l.1 (1955)
“lass 2

jgc € fic
Used in
RG 1.29 Plant Design
Category 1 Class 1
Category I Class 1

Remarks

SEY-LSTSO-¥AL
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Structures, Systems,
and Components

AUXILIARY FEED SYSTEM

Pumps - Turbine Driven

Demineralizer SBtorage
Tank

Piping and Valves
from and Including
Valves 156-1 through
156-4, 182 and

Main Feed Valves

MOV-11, 12, 13, 14, and

135-1 through 135-4
to Steam Generators

Piping and Valves to
Suction of Auxiliary
Feed System Pumps
from Demineralizer
Water Storage Tank

Plping and Valves from
Pump Discharge to
Valves 156-1 through
156-A and 182

7. It is noted that pump design 18 not covered under ASA B3l.1.

Table 4-1 (Cont.)

Quality Classification

Codes and
Standards
___RG 1.26'1)

ASME 111
Class 3

ASME III
Class 3

ASME 111
Class 2

ASME 111
Class 3

ASME 11X
Class 3

Codes and
Standards Used
in Plant Design

Selsmic Classification

RG 1.29

ASA B31.1 (1955) (7) category I

USAS B96.1 (1967)*

ASA B3l.1 (1955)

ASA B3l.1 (1955)

ASA B3l.1 (195%)

Category I

Category I

Category I

Category I

Used in

Plant Design

Class I

Class I

Class I

Class I

Class 1

Clarification of this discrepancy 18 required.
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St .cturees Systems,
and Components

CONTA INMENT PURGE SYSTEM

Interconnecting Piping
And Valves That Form
an kxteiasion of the
Contsinment Boundary up
to and Including the
Ou! etmost Containment
Ieolation Yalve

CONTA INENT CDOLING & ¥GTEM

Contalnment Fan Coolers
(Fans and Cooling Colis)

systea Loctwork and
Dampers

OCONTATEMENT 1SOLATION SYSTEM

Interconnecting Piping and
Valves of the Reactor
Coolant Pressure Boundary
That Penetrate the Con-
talnment up to and
Including the Outermnst
Contalnment Isolation
Valve

Interconnecting Piping and
Valves of the Reactor
Coolant Pressure Soundary
That Penetrate the Con-
tainment up to and
Including the Cutermost
{outainment Jeolation
valye

Table 4-1 (Cont.)

— . Quality Classification

Codes and
Standards
rG 1.26(1)

ASME 111
Cio 8 2

Class B

Class B

ASME II11I
Clsgs !

ASME II1
Class 2

Col=ss and
Standards Used

ASA B31.1 (1953

Seismic Classification

RG 1.29

Category I

Category I

Category I

Category I

Category I

Used in

Plant Design Remarks

Class I

Class I NA

Class 1 NA

Class T

Class I

SEP=-LSZSO-¥EL
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Table 4-1 (Cont.)

by
-~

Quality Classification

Codes and Codes and Seismic Classification
Structures, Systems, Standards Standards Used Used in
and Components RG 1.26(1) in Plant Design RG 1,29 Plant Design Remarks
Interconnecting Piping and ASME III = ? Category I Class 1

Valves of Quality Groups B, Class 2
C, or D System That Pene-

trate the Containment From

the First Isolation Valve

Inslde Containment up to

and Including the Outer-

most Contalnment Isola-

tion Valve

AU VIS A 1O WO v

JURD) Ydieasay UpuRI4 1T

T TR

SPENT FUEL PIT

' COOLING SYSTEM
N }
| Spent Fuel Pit ASME II1 ASME VIII (1962) Category I Class I 1
Heat Exchanger Class 3 and Code Case i
12708 i
Spent Fuel Pit Pumps ASME IIT ? Category I Class I j
Class 3
Spent Fuel Pit Filter ASME 111 ASME VIIT (1962) Category I Class 1 t
Clase 3 and Code Case f
1270N :
Piping and Valves ASME 111 ASA B31.1 (1955) Category I Class I ;
Class 3
STRUCTURES :
Primary Auxiliary Building NA ACT 318 (1963) (8)  Category 1 0.179 NA (%
(Including Pipe Gallery) AISC (6th Edition) 2 ;
- :
~
i ;
B. ACY stands for American Concrete Institute. AISC stands for American Institute of Steel Construction. g i

'
¢
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Structures, Systems,
and Components

Service Building: Control
Room and Switchgear Room
Portions Only

New and Spent Fuel Bullding

Waste Disposal Building

Diesel Generator
Building

Service Water Intake
(Screenwell House)
Pumphouse Discharge
Structure

Refueling Water
Storage Tank (RWST)
Foundation

Demineralized Water Storage
Tank Foundation

Primary Water
Storage Tank (PWST)
Foundation

Containment

Table 4-1 (Cont.)

Quality Classification

Codes and
Standards

RG 1.26(4)

NA

HA

NA

Codes and
Standards Used

in Plant Design
ACT 318 (1963) (8)
AISC (6th Edition)

ACI 318 (1963)
AISC (6th Edition)

ACI 318 (1963)
AISC (6th Edition)

ACI 318 (1963)
AISC (6th Edition)

ACI 318 (1963)
AISC (6th Edition)

ACI 318 (1963)
AISC (6th Edition)

ACI 318 (1963)
AISC (6th Edition)
ACY 318 (1963)
AISC (6th Edition)

ACI 318 (1963)
AISC (6th Edition)

ism

RG 1.29

Category 1

Category 1

Category 1

Category I

Category I

Category 1

Category I

Category I

Category 1

cation
Used in

Plant Design
0.17%

0.17g

0.17%9

0.17g

0.03g

0.03g

0.17g

Remarks

SEP=-LSZSO-¥EL
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Table 4-2(a)
ity Group A n 1)

Code: ASME III-Class 1(2)

Pressure Vessels Code
Pressurizer (RCS) ?
Drain Cocler Heat ASME VIII (1962)
Exchanger - Tube Side (CVCS) and Code Case 1270N
Pipin
Reactor Coolant System Piping: ASA B3l.1 (1955)
Hot and Cold Legs (RCS)
Interconnecting Piping of Systems That Form Part of ASA B31l.1 (1955)
Reactor Coolant Pressure Boundary (RCS)
Pressurizer Surge and Spray (RCS) ?
Pressurizer Relief Discharge Piping ASA B31l.1 (1955)
Upstream of Safety Valves (RCS) and Nuclear

Code Cases (3)

Piping (Loop 1) Letdown via Regenerative ASA B3l.1 (1955)
Heat Exchanger and Letdown Valves to Letdown
Isolation Valves (CVCS)

Interconnecting Piping from Pump Discharge Via ASA B3l.1 (1955)
Valves 399 and 296 to Reactor Coolant System (CVCS)

Sampling System Piping (SS) ASA B3l.1 (1955)
and Nuclear
Code Cases(3)

Interconnecting Piping of tl.e Reactor Coolant ?
Pressure Boundary That Penetrate the Containment
Up to the Outermost Containment Isolaticn Valve (CIS)

l. See Table 4-2(d) for abbreviations.

2. American Society of Mechanical Engineers, Boiler and Pressure Vessel Code,
Section III Division 1, Subsection NB, 1977 Edition and Addenda through
the Summer 1978 Addenda.

3. Nuclear code cases not specified. This information is required.

| ..Ul Franklin Research Center
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Table 4-2(a) (Cocnt.)

Pumps Code
Reactor Coolant Pumps (RCS) ASME VIII (1962)
Va s
Pressurizer Safety ?
and Relief Valves (RCS)
Power-Operated Relief Valves (RCS) ?
Block Valves (RCS) ?
Other Valves Within Quality Group A ?
Portions of RCPB (RCS)
Letdown Valves and Letdown Isolation Valves ASA B3l.1l (1955)
in Loop 1 (CVGCS)
Valves from Pump Discharge to and ASA B3l.1 (1955)
Including Valves 399 and 296 (CVCS)
Sampling System Valves (SS; ASA B3l.1 (1955)
and Nuclear
Code Cases (™'
Interconnecting Valves of the Reactor Coolant ?

Pressure Boundary That Penetrate the Containment
up to and Including the Outermost Containment
Isclation Valve (CIS)

Storage Tanks (Atmospheric and 0-15 psig)

None

/..:l—\-i\ -2‘-

J.uu Franklin Research Center
A Division of The Frankiin institute
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Table 4-2(b)

Quality Group B Componentsil)
Code: ASME III-Class 2(2)

Pressure Vi s Code
Accumulators (SIS) ?

Containment Spray System
Heat Exchanger - Tube Side (CSS) ?

Regenerative Heat Exchanger (CVCS) ASME VIII (1962) and
Code Cases 1270N, 1273N

Drain Cooler Heat ASME VIII (1962)

Exchanger - Shell Side (CVCS)

Reactor Coolant Filter (CVCS) ?

Volume Control Tank (CVCS) ASME VIII (1962) and
Code Case 1270N

Non-Regenerative Heat ASME VIII (1962) and

Exchanger - Tube Side (CVCS) Code Case 1270N

Seal Water Injection Filter (CVCS) ASME VIII (1962) and
Code Case 1270N

Seal Water Heat Exchanger =~ ASME VIII (1962) and

Tube Side (CVCS) Code Case 1270N

Seal water Filter (CVCs) . ASME VIII (1962)

Residual Heat Removal Heat Exchanger = ACME VIII (1962) and

Tube Side (RHRS) Code Case 1270N

Piping
Interconnecting Piping of Systems That Form Part of ASA B3l.1 (1955)

Reactor Coolant Pressure Boundary (RCS)

Piping 3/4-Inch and Smaller Within RCPB (RCS) ASA B3l.1 (1955)

l. See Table 4-2(d) for abbreviations.

2. American Society of Mechanical Engineers, Boiler and Pressure Vessel Code,
Section III Division 1, Subsection NC, 1977 Edition and Addenda through
the Summer 1978 Addenda.

S =25
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Table 4-2(b) (Cont.)

Piping (Cont.)
Interconnecting Piping and Valves Required to
Perform Safety Injection Function {(SIS)
Spray Nozzles (CSS)

Interconnecting Piping Required to Perform
Spray Function (CSS)

Letdown Orifices (CVCs)
Piping from Pump Discharge to Containment
Isolation Valves 399 and 296 (CVCs)

Piping from Pump Discharge via Reactor Coolant Pumps
and from TV-1847 to Seal Water Heat Exchanger (CVCS)

Piping Downstream of Letdown Isolation Valves
to the Volume Control Tank (VCT) and Other
Interconnecting Piping of the VCT (CVCS)

Sampling System Piping (SS)

Interconnecting Piping Required to Perform
Residual Heat Removal Function (RHRS)

Interconnecting Piping Comprising Main Steam Lines
Extending From the Secondary Side of the Steam
Generators up to the Outermost Containment

Isolation Valve in Each Main Steam Line and Connected

Piping up to First Valve That is Normally Closed or
Capable of Automatic Closure During All Modes of
Normal Reactor Operacion (MSS)

& s ] eiinisicon oAsiMioe, & S A

TER-C5257-435

Code
ASA B3l.l (1955)
and Nuclear
Code Case (3)

?

ASA B3l.1 (1955)

?
ASA B3l.1l (1955)
and Nuclear
Code Cases (3)

ASA B3l.1l (1955)

.and Nuclear

Code Cases (3)

ASA B3l.1 (1955)
and Nuclear
Code Cases (3)

ASA B3l.1 (1955)
and Nuclear
Code Cases (3)

ASA B3l.1 (1955)
and Nuclear
Code Cases (3)

ASA B3l.l (1955)

3. Nuclear code cases not specified. This information is required.

- -26-

JULL Franklin Research Center
A Dvsion of The Franmin institute
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Table 4-2(b) (Cont.)

Piping (Cont.)

Interconnecting Piping Comprising PFPeedwater Lines
Extending FProm the Secondary Side of the Steam
Generators up to the Outermost Containment Isolation
Valve in Each Feedwater Line and Connected Piping up to
the First Valve That is Normally Closed or Capable of
Automatic Closure During all Modes of Normal Reactor
Operation (FWS)

Piping from Valves 156~-1 through 156-4 and 182, and
Main Feed Valves MOV-ll, 12, 13, 14, and 135-1 through
135~-4 to Steam Generators (AFS)

Interconnecting Piping That Form an Extension of the
Containment Boundary up to the Outermost Containment
Isolation Valve (CPS)

Interconnecting Piping of the Reactor Coolant Pressure
Boundary That Penetrate the Containment up to the
Qutermost Containment Isolation Valve (CIS)
Interconnecting Piping of Quality Groups B, C, or D
System That Penetrate the Containment From the First

Isolation Valve Inside Containment up to the Outermost
Containment Isolation Valve (CIS)

Pumps
High and Low Pressure Safety Injection Pumps (SIS)
Containment Spray System Pumps (CSS)

Charging Pumps (CVCS)

Residual Heat Removal/ Low Pressure
Safety Injection Pumps (RHRS)

Valves

Other Valves Within Quality Group B
Portions of RCPB (RCS)

J.u. Franklin Research Center

TER-C5257-435

Code

ASA B3l.1 (1955)

ASA B31l.1 (1955)

ASA B3l.1l (1955)

ASME VIII (1962)
?

ASME VIII (1962)

ASME VIII (1962)

and Standards of

Hydraulic Institute
(1961)




e e

Ly el

. e Nt TV e ew TTe e

Foge - =3 - S R R e L - o~ 4 T

TER-C5257-435

Table 4-2(b) (Cont.)

Valves (Cont.) Code
Inte.cunnecting Valves Required to Perform ASA B3l.l (1955)
Safety Injection Function (SIS) and Nuclear

Code Cases (3
Interconnecting Valves Required to ASA B3l.l (1955)
Perform Spray Function (CSS)
Valves From Pump Discharge to ASA B3l.1 (1955)
Containment Isolation Valves 399 and 296 (CVCS) and Nuclear
Code Cases (3)
Valves from Pump Discharge via Reactor Coolant Pumps ASA B3l.1 (1955)
and from TV-1847 to Seal Water Heat Exchanger (CVCS) and Nuclear
Code Cases (3)
Valves Downstream of Letdown Isolation Valves to ASA B3l.1l (1955)
Volume Control Tank (VCT) and Other Valves of and Nuclear
the VCT (CVCs) Code Cases (3)
Sampling System Valves (SS) ASA B3l.1l (1955)

and Nuclear
Code Cases(3)

Interconnecting Valves Required to Perform ASA B3l.l (1955)
Residual Heat Removal Function (RHKS) and Nuclear

Code Czaes(3)

Interconnecting Valves Comprising Main Steam Lines ASA B3l.l (1955)
Extending From the Secondary Side of the Steam

Generators up to and Including the Outermost Contain-

ment Isolation Valve in Each Main Steam Line and up to

the First Valve That is Normally Closed or Capable of

Automatic Closure During All Modes of Normal Reactor
Operation (MSS)

Relief Valves (MSS) ASME VIII (1962) (4)

Safety Valves (MSS) ASME VIII (1962) (4)

4. Safety and relief valves are mentioned in Section VIII in reference to

Ccapacity requirements, not design requirements. It is more likely that
ASA B3l.l and code cases would have been used for the design of safety and
relief valves.

— =28
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TER-C5257-435
Table 4-2(b) (Cont.)

Valves (Cont.) Code
Interconnecting Valves Comprising Feedwater Lines ASA B3l.1 (1955)
Extending From tue Secondary Side of the Steam
Generators up to and Including the Outermost
Containment Isolation Valve in Each Feedwater Line
Including The First Valve That is Normally Closed
or Capable of Automatic Closure During All Modes
of Normal Reactor Operation (FWS)

Valves From and Including Valves 156-~1 through ASA B3l.1 (1955)
156~4, 182 and Main Feed Valves MOV-11l, 12, 13, 14, and

135-1 through 135-4 to Steam Generators (AFS)

Interconnecting Valves That Form an Extension of the ASA B3l.1 (1955)

Containment Boundary up to and Including the Outermost
Containment Isolation Valve (CPS)

Interconnecting Valves of the Reactor Coolant Pressure ?
Boundary That Penetrate the Containment up to and
Including the Outermost Containment Isolation Valve (CIS)

Interconnecting Valves of Quality Groups B, C, or D ?
System That Penetrate the Containment From the First

Isolation Valve Inside Containment up to and Including

the Outermost Containment Isclation Valve (CIS)

Storage Tanks (Atmospheric and 0-15 psig)

Refueling Water Storage Tanks (SIS) ?
Boron Injecticn Tank (SIS) ?

..u. Franklin Research Center
A Drvsion of The Frankiin institute



Table 4-2(c)

Quality Group C Componentsil)
Code: ASME III-Class 3(2)

Pressure Vessels

Containment Sp:ay System
Heat Exchanger - Shell Side (CSS)

Non~Regenerative Heat Exchanger - Shell Side (CVCS)
Seal Water Heat Exchanger - Shell Side (CVCS)

Boric Acid Tanks (CVCS)

Boric Acid Filter (CVCS)

Boric Acid Strainer (CVCS)

Mixed Bed Demineralizer (CVCS)

Residual Heat Renoval System

Heat Exchanger - Shell Side (RHRS)

Component Cooling System
Heat Exchanger - Tube Side (CCS)

Component Cooling -System
Heat Exchanger - Shell Side (CCS)

Surge Tank (CCS)

Service Water System Strainers (SWS)

l. See Table 4.2(d) for abbreviations.

the Summer 1978 Addenda.

! -30=
y ... Franklin Research Center
3 A Dvision of The Frankiin insttute

TER-C5457-435

Code

?

ASME VIII

ASME VIII

ASME VIII

ASME VIII

ASME VIII

ASME VIII

and Code Case 1270N

ASME VIII

and Code Case 1270N

ASME VIII

and Code Case 1270N

ASME VIII

and Code Case 1270N

ASME VIII

and Code Case 1270N

?

(1962)
(1962)
(1962)
(1962)
(1962)

(1962)

(1962)

(1962)

(1962)

(1962)

2. American Society of Mechanical Engineers, Boiler and Pressure Vessel Code,
Section III Division 1, Subsection ND, 1977 Edition and Addenda through the

SRR SR LTRSS



Pressure Vessels (Cont.)

Spent Fuel Pit Heat Exchanger (SPCS)

Spent Fuel Pit Filter (SPCS)

Piping

Interconnecting Fiping Required
to Perform Recirculation Function (SIS)

Interconnecting Piping Required
to Perform Test Function (CSS)

Boric Acid Blender (CVCS)

Interconnecting Piping Required
to Perform Demineralizer Functicn (CVCS)

Boric Acid Tank Connecting Piping (CVCS)

Interconnecting Piping Required to Service
Quality Groups B and C System Components (CCS)

Interconnecting Piping Required to Service
Quality Group C System Components (SWS)

Piping from Steam Generators to Blow-off Valve
TV-1312-1 through 4 and 506, 515, 522, and 529.
Piping from Valves PICV-1206A and B to Auxiliary

Feed Pumps (MSS)

Piping to Suction of Auxiliary Peed
System Pumps from Demineralizer
Water Storage Tank (AFS)

Table 4-2(c)

= (R ¢ séems more likely that a vessel or tank code would have been used in the
design of the boric acid blender.
4. DNuclear code cases not specified.

-

J..J Franklin Research Center
A Dvision of The Franxdin insttute

TER-C5257-435

Code

ASMF. VIII (1962) and

Code Case 1270N

ASME VIII (1962) and

Code Case 1270N

ASA B31.1 (1955) (3)

ASA B3l.1l (1953)

ASA B3l.1l (1955)
and Nuclear
Code Cases (4)
ASA B3l.1 (1955)
ASA B3l.1l (1955)

ASA B3l.1 (1955)

ASA B3l.1l (1955)

This information is required.
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Table 4-2(c)

Piping (Cont.)

Piping from Pump Discharge to
Valves 156-1 through 156-A and 182 (AFS)

Spent Fuel Pit Cooling System Piping (SFPCS)

Pumps

Boron Injection Recirculation Pump (SIS)
Chemical Storage Test Pump (CSS)

Boric Acid Transfer Pumps (CCS)
Component Cooling System Pumps (CCS)
Service Water System Pumps (SWS)

Pumps - Turbine Driven (AFS)

Spent Fuel Pit Pumps (SFPCS)

Valves

Interconnecting Vdlves Required
to Perform Recirculation Function (SIS)

Interconnecting Valves Required
to Perform Test Function (CSS)

Interconnecting Valves Required
to Perform Demineralizer PFunction (CVCS)

Boric Acid Tank Connecting Valves (CVCS)

Interconnecting Valves Required to
Service Quality Groups B and C
System Components (CCS)

5. Standards not provided for review.

TER-C5257-435

Code
ASA B3l.1 (1955)

ASA B3l.1l (1955)

?

?
Industry Standards (3)
ASA B31.1 (1955) (6)

?

ASA B3l.1l (1955)

ASA B3l.l1 (1955)
and Nuclear

Code Cases(3)

ASA B831.1 (1955)

6. It is noted that pump design is not covered under ASA B3l.l.

P =32
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Table 4-2(c)

Valves (Cont.)

Interconnecting Valves Required to
Service Quality Group C System Components (SWS)

Valves (Blow-off) from Steam Generators

to and Including Blow—-off Valve TV-1312-1
through 4 and 56, 515, 522, and 529.
Valves PICV-1206A ard B to Auxiliary Feed
Pumps Including Valves SV-1216A and B (MSS)

Valves to Suction of Auxiliary Feed System
from Demineralizer Water Storage Tank (AFS)

Valves from Pump Discharge to
Valves 156~1 through 156-A and 182 (AFS)

Spent Fuel Pit Cooling System Valves (SFPCS)

Storage Tanks (Atmosphere and 0-15 psig)
Boron Injection Recirculation Tank (SIS)

Spray Chemical Storage Tank (CSS)

Demineralizer Storage Tank (AFS)

TER-C5257-435

Code

ASA B3l.1l (1955)

ASA B31l.1l (1955)

ASA B3l.l (1955)

ASA B3l.1l (1955)

ASA B3l.1l (1955)

?

?

USAS B96.1 (1967) (7)

7. The edition of the code is an assumption because this information was not
provided at this time. Confirmation of code edition is required.
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Table 4-2(d)

Index of Abbreviations for Systems

Abbreviation

AFS
CcCs
CIs
CPS
Css
cves

s

..Lu Franklin Research Center
A Dvision of The Frankin insutute
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Definition

Auxiliary Feed System
Component Cocling System
Containment Isolation System
Containment Purge Systen
Containment Spray System
Chemical and Volume Control System
Feedwater System

Main Steam System

Reactor Coclant System
Residual Heat Removal System
Spent Fuel Pit Cooling System
Safety Injection System
Sampling System

Service Water System
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5. EVALUATION CF SPECIFIC COMPONENTS

5.1 GENERAL REQUIREMENTS

The purpose of this section is to evaluate, for the specific components
of the Haddam Neck Plant, how the general code requirements of the current
code affect the safety margin to which these components were originally
designed.

General code requirements are those requirements that apply to all the
components discussed in this report (i.e., piping, pressure vessels, valves,
pumps, and tanks). The following topics were identified in Section 4.1 of
Appendix A to be general requirements that have changed from older codes to

(1)

the current code: fracture toughness, quality assurance, quality group

classification, and code stress limits. They will be discussed herein.

5.1.1 Fracture Toughness

As indicated in Section 4.l1.1 of Apperduix A, the current code (2]
requires that pressure retaining materia) be impact tested, but there are

exemptions from this requirement. Tables A4-4 through A4-6, developed in

Appendix A, are used as a guideline in evaluating if it is necessary or not to

impact-test the material used for each specific component of the Haddam Neck

Plant. The results of this evaluation are compiled in Table 5-1. Data on nil

ductility transition temperature (TRDT) of the different materials can be
found in References 9, 10, and 1l1l.

Of 87 items reviewed in Table 5-1:
Thirty-six items (41%) do not require impact testing
Material used was not specified for 39 components (45%)

O More data are required in order to assess 12 components (14%).

1. Although discussed in this repor%, quality assurance is outside the scope
of the SEP according to a letter from S. Bajwa to S. P. Carfagno
dated December 10, 1981.
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Structures, Systems,
and Components

HEACTUOR QUOLANT SYSTEM

Pressurl zer

Reactor Coolant
Pumps Casing

Reactor Coolant
System: Hot and
Cold Leg

Interconnecting

Piping of Systems

That Form Part of
Reactor Coolant
Pressure Boundary (RCPB)

Interconnecting Piping
of Systems That Form
Part of Reactor Coolant
Pressure Boundary

Pressurlzer Surge
and Spray

Piping 3/4 Inch and
Smaller Within RCPB

Pressurizer Relief
bDischarge Piping
Upstream of Safety
Valves

Review of Fracture Toughness Requirements

Table 5-1

Haddam Neck Nuclear Power Plant

Quality Group
Classification

Material

Carbon Steel
(Thickness -
5-1/16 in)
A-351, Gr CFBM

5A-430, Type 316

Not Given

Not Glven

Not Given

Not Given

Impact Test
Reguired?

inluttlctent
Data

No

No

Reason for

Exemption (1)

1. Refer to Table Ad4-4 through Ad4-6 of Appendix A for explanation of exemptions.

No information

on Tnpr
available

Not discussed in
FSAR

Not discussed in
FSAR

Not discussed in
FSAR

Not discussed in
FSAK

Not discussed in
FSAR
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Structures, Systems,
_and Components

Pressurizer Safety
and Relief Valves

Power-Uperated
Relief Valves

Block Valves

Other Valves Within
Quality Group A
Portions of KCPB
Other Valves Within
Quality Group B

Portions of RCPB

SAFETY INJECTION SYSTEM

Quality Group

Table 5-1 (Cont.)

(EMERGENCY CORE QCOOLING SYSTEM)

Hefueling Water
Storayge Tank

High and Low Pressure
Safety Injection Pumps

Boron Injection Tank

Accumulators

Classification Material
Class A * Not Glven
Class A Not Given
Class A Not Given
Class A Stainless Steel
Class B Not Given
Class B Aluminum
Class B Stainless Steel
Class B Austenitic
Stainless Steel
Class B Not Given

Impact Test Reason for
Required? Exemption (1)

Insufficient

Data

No 8t

Insufficient

Data

No Be

Remarks

Not discussed in
FSAR

Not discussed in
FSAR

Not discussed in
FSAR

Probably
Austenitic
Stainless Steel

Not discussed in
FSAR

Probably
Austenitic
Stainless Steel

Not discussed in
FSAR
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Table 5-1 (Cont.)

_—

Structures, Systems, Quality Group Impact Test Keason for

and Components Classification Material Required? Exemption (1) Remarks
Interconnecting Piping Class B _ hustenitic No de
and Valves Required Stainless Steel

to Perform Safety
Injection Function

NS VINURL 4 Y] O WOISAIQ)
JBURD) Y2Jeasay uipuRIg N00n

Boron Injection Class C Not Given Not discussed
Recirculation Tank FSAR
Boron Injection Class C Not Given Not discussed
Recirculation Pump FSAR
Interconnecting Class C Not Given Not dl.ocu-ood
Piping and Valves FSAR

Reqguired to Pertorm
Recirculation Function

-8€-

CONTAINMENT SPRAY SYSTEM

Pumps Class B Not Given Not discussed
FSAR

Heat Exchamger - Class B Not Given Not discussed

Tube Side FSAR

Heat Excha.ger - Class C Not Given Not discussed

Shell Side FSAR

Spray Nozzles Class B Not Given Not discussed
FSAR

Interconnecting Class B Not Given Not discussed

Pipiag and Valves FSAR

Keguired to Perform
Spray Function

SEY-LSTSO-¥IL
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Structures, Systems,
and Components

Spray Chemical
Storage Tank

Chemical Storage
Test Pump

Interconnecting
Piping and Valves
Required to Perform
Test Function

CHEMICAL AND VOLUME
CUNTROL SYSTEM

Kegenerative Heat
Exchanger

Drain Cooler Heat
kExchanger - Tube Side

Drain Cooler Heat
Exchanger - Shell Side
Reactor Coolant Filter

Volume Control Tank

Charging Pumps

Table 5-1 (Cont.)

Reason for
Exemption (1)

Quality Group Impact Test
Classification Material Required?
Class C Not Given
Class C Not Given
Class C Not Given
Class B Austenitic No
Stainless Steel

Class A Austenitic No
Stainless Steel

Class B Carbon Steel Insufficient

Data

Class B Not Given

Class B Austenitic No
Stainless Steel

Class B Austenitic No

Stainless Steel

Remarks

Not discussed in
FSAR

Not discussed in
FSAR

Not discussed in
FSAR

Material thickness
not glven

Not discussed in
FSAR
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Structures, Systems,
and Components

Letdown Orifices
Non-Regenerat ive Heat
Exchanger - Tube Side
Non-Regenerat ive Heat
Exchanger - Shell Side
Seal Water Injection
Filter

Seal Water Heat
Exchanger - Tube Side

Seal Water Heat
Exchanger - Shell Side
Seal Water Filter
Boric Acid Tanks

Boric Acid Filter
Boric Acid Transfer
Punps

Boric Acid Blender

Boric Acid Strainer

Quality Group

Table 5-1 (Cont.)

Classification Material
Class B Austenitic
Stainless Steel
Class B Austenitic
Stainless Steel
Class C Carbon Steel
Class B Austenitic
Stainless Steel
Class B Austenitic
Stainless Steel
Class C Carbon Steel
Class B Austenitic
Stainless Steel
Class C Austenitic
Stainless Steel
Class C Austenitic
Stainless Steel
Class C Austenitic
Stainless Steel
Class C Austeritic
Stainless Steel
Class C Not Given

Impact Test
Required?

No

Insufficient
Data

Insufficient
Data

Reason for

Exemption (1)
Be

Remarks

Material
thickness not
given

Material
thickness not
given

Not discussed in
FSAR
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Table 5-1 (Cont.)

=

Structures, Systems, Quality Group Impact Test Reason for

and Components Classification Material Required? Exemption (1) Remarks
Piping (woop 1) Letdown Class A : Austenitic No de
via Kegenerative Stainless Steel

Heat Exchanger and
Letdown Valves to and
Including Letdown
Isoclation Valves

NS UIDIIEL 4 B 10 VORI

JNUID) Y24easay UIPURI4 N1

Interconnecting Class A Austenitic No Be
Piping and Valves Stainless Steel
trom Pump bischarge to
and Including Valves
399 and 296 to
[} Reactor Coolant System

Piping and Valves from Class B Austenitic No Be
Pump Discharge to Stainless Steel

Containment Isolation

Valves 399 and 296

Piping and Valves Class B Austenitic No Be
from Pump Discharge Stainless Steel

via Reactor Coolant

Pumps and from TV-1847

to Seal Water Heat

Exchanger
Piping and Valves Class B Austenitic No de
Downstream ot Letdown Stainless Ste

Isolation Valves to
the Volume Control
Tank (VCT) and Other
Interconnecting Piping
and Valves of the VCT

&
w
~
w
~)
|
£
w
w




\:r:“,

HTUNEY; VINURL 4 3 1O VoI

INUID) YOIRIsSIY UIPjURI NNNT

-Th=

Structures, Systems,
and Components

Mixed Bed Demineralizer

Interconnecting

Piping and Valves
Required to Perform
Demineralizer Function

Boric Acid Tank
Connecting Piping
and Yalven

SAMPLING SYSTEM

Piping and Valves

Piping and Valves

RESIDUAL HEAT
KREMOVAL SYSTEM

Residual Heat Removal/
Low Pressure

Satety Injection Pumps

Heat Exchanger -
Tube Side

Heat Exchanger -
Shell Side

Quality Group

Table 5-1 (Cont.)

Classification Material
Class C Austenitic
Stainless Steel
Class C Austenitic
Stainless Steel
Class C Austenitic
Stainless Steel
Class A Austenitic
Stainless Steel
Class B Austenitic
Stainless Steel
Class B Austenitic
Stainless Steel
Class B Austenitic
Stainless Steel
(lass C Carbon Steel

WP SRR YRR R SRR < S

Impact Test Reason for
Required? Exemption (1) Remacks
No de
No Be
No Be
No Be
No Be
No Be
No be
Insufficient Material
Data thickness not
given
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Structures, Systems,
and Components

Interconnecting
Piping and Valves
Required to Perform
Residual Heat
Removal Function

COMPONENT COOLING
SYSTEM

Punps
Heat Exchamger -
Tube Side

Heat Exchanger -
Shell Side

Surge Tank

Interconnecting Piping
and Valves Required to

Service Quality Groups B
and C System Components

SERVICE WATER SYSTEM

Pumps

Strainers

(uality Group

Table 5-1 (Cont.)

Ciassification Muterial
Class B Austenitic
Stainless Steel
Class C Cast Iron
Class C Admiralty Brass
Class C Carbon Steel
Class C Carbon Steel
Class C Carbon Steel

Class C

Class C

Not Given

Not Given

Impact Test
_Required?

No

Insufficient
Data

No
Insufficient
Data

Insufficlent
Data

Insufficient
Data

Reason for
Exemption (1)

Remarks

Be

8f

Sizes and steel
type not given

Bizes and steel
type not given

Sizes and steel
type not given

Bizes and steel
type not given

-

Not discussed in

FSAR

Not discussed in

FSAR
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Structures, Systems,

and Components

Interconnecting Piping
and Valves Required to
Service Quality Group C
System Components

MAIN STEAM SYSTEM

Inconnecting Piping

and Valves Comprising
Main Steam Lines
Extending From the
Secondary Side of the
Steam Generator up to
and Including the Outer-
most Containment Isola-
tion Valve in Each Main
Steam Line and Connected
Piping up to and Includ-
ing the First Valve That
1s Normally Closed or
Capable of Automatic
Closure During All Modes
of Normal Reactor
Operation

Kellief Valves

Satety Valves (l6)

Quality Group
Classification

Class C

Class B

Class B

Class B

Table 5-1 (Cont.

Material

Not Given

Carbon Steel

Not Given

Not Given

Impact Test
Required?

Insufficlent
Data

Reason for

Exemption (1)

Remarks

Not discussed in
FSAR

No information on
Tnpy available

Not discussed in
FSAR

Not discussed in
FSAR
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Structures, Systems,
and Components

Piping and Valves
(Blow-off) from Steam
Generators to and
Including Blow-off
Valve TV-1312-1
through 4 and 506,
515, 522, and 529.
Piping from Valves
PICV~1206A, B to
Auxiliary Feed Pumps
Including Valves
SV-1216A, B

FELDWATER SYSTEM

Interconnecting Piping
and Valves Comprising
Feedwater Lines
Extending From the
Secondary Side of the
Steam Generators up
to and Including the
Outermost Contailnment
Isolation Valves in
Each Feedwater Line
and Connected Piping
up to and Including
the First Valve That
is Normally Closed

or Capable of Auto-
matic Closure During
All Modges of Normal
Keactor Operation

Quality Group
Classification

Table 5-1 (Cont.)

Impact Test
Required?

Matertal

Class C

Class B

" Not Given

Not Given

Keason for

Exemption (1)

Remarks

Not discussed in
FSAR

Not discussed in
FSAR
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Structures,  ystems, Quality Group

Table 5-1 (Cont.)

and Components Classification

AUXTLIARY FEED SYSTEM

Pumps - Turbine Driven

Demineralizer Storage
Yank

Fiping ana Valves

frog wnd Including
Yalves 1561 through
156 4, 18: and

Main Feed Valves
MOv-11, 12, 13, 14, and
135-1L through 135-4

Lo Steam Generators

Piping and Valves to
Suction of Auxiliary
Feed System Pumps
trom Demineralizer
Water Storage Tank

Piping and Valves trom
pump Discharge to
Valves 156~1 through
156-A and 182

. Material

nor Given

Not Given

Not Given

Not Givan

Not Given

Impact Test
Required?

Reason for

Exemption (1)

Not discussed in
FSAR

Not discussed in
FSAR

Not discussed in
FSAR

Not discussed in
FSAR

Not discussed in
FSAR
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Structures, Systems,
and Components

Quality Group
Classification

Table 5~1 (Cont.)

. Material

CONTA INMENT PURGE SYSTEM :

Interconnecting ping Class B
and Valves That Form

an Extension of the

Containment Boundary up

to and Including the

Outermost Containment

Isolation Valve

CONTA INMENT ISOLATION SYSTEM

Interconnecting Piping Class A
and Valves of the Reactor

Coolant Fressure Boundary

That Penetrate the Con-

tainment up to and

Including the Outermost
Containment Isolation

Valve

Interconnecting Piping Class B
and Valves of the Reactor

Coolant Pressure Boundary

That Penetrate the Con-

tainment up to and

Including the Outermost
Containment Isolation

Valve

Not Given

Not Given

Not Given

Impact Test Reason ror
kequired? Exemption (1)

Remarks

Not discussed in
FSAR

Not discussed in
FSAR

Not discussed in
FSAR
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Siructures, Systeus, Quality Group Impact Test resson for

__and Compinents Classiticzaiion Material Requireds Excapiion (1) Remarks
Intecrconnect ing Piping Class 8 Not Civen Not discussew in
Vasves of Quality FSAR

Grouvps d, C, or P Systenm
That Punetrate the Con-
tairment From the First
isciation Vaive Inside
Containment uvc to and
Including the Outermost
Contalnment Isolation
Valve

-8p-

SPENT PFUEL PIT
QOOLING SYSTEM

Svent Fuel Pit Class C Inconel No 14
Heal Exchanger

Speat Fuel Pii Pumps Class C Austenitic No be
Stainless Steel

Spent Fuel Pit Filter Class C Austenitic No de
Stainless Steel

Piping and Valves Claus C Austenitic No Be
Stainless Steel

SEP-LSTSO-¥AL
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5.1.2 Quality Assuzgnco(l)

The quality assurance requirements for the design and construction of Class
1, Class 2, and Class 3 components as per the current code [2] are outlined in
Section 4.1.2 of Appendix A. Most of these requirements were not considered in
past codes (7, 8, 14j. Quality assurance requirements for the design, and
construction, fabrication, and .nstallation of components at the Haddam Neck
Plant are addressed in Section 13 of the FSAR [5].

5.1.3 Quality Group Classification

As indicated in Section 4.1.3 of Appendix A under the title "Quality Group
Classification,"” classification of components was not considered in the old
piping code (7] or in the ASME B&PV Code, Section VIII, 1962 Edition [8].

The ASME B&PV Code Section VIII (8] in conjunction with Code Case 1270N
classifies vessels in two different categories, primary ve~sels and secondary
vessels. Primary vessels were defined as vessels which contain reactor coolant
and are equivalent to current Class 1 vessels. Secondary vessels do not contain
reactor coolant and are not subject to irradiation and are equivalent to current

Class 2 and 3 vessels.

Note in Table 4-2(a) that the drain cooler heat exchanger-tube side,
currently classiti;d as a Class 1 pressure vessel, was designed to Section
VIII [8] with Code Case 1270N invoked. The design code used for the
pressurizer has not been provided. Note in Table 4-2(b) that current Class 2
pressure vessels were constructed to ASME B&PV Code Section VIII [8] with Code
Case 1270N invoked, except for accumulators, containment spray system heat
exchangers-tube side, and the reactor coolant filter, for which the design
code was not provided. Code Case 1270N was not invoked for the drain cooler

heat exchanger-shell side.

1. Although discussed in this report, quality assurance is outside the scope of
the SEP as indicated in a letter dated December 10, 1981 from S. Bajwa to
S. P. Carfagno.

p —— ~49-

Jull Franklin Research Center
A Dvision of The Frannin insutute



- R APTNREA VR T H

TER-C5257-435

Similarly, in Table 4-2(c), all current Class 3 pressure vessels were
designed to ASME Section VIII [8]. Code Case 1270N was invoked for the mixed
bed demineralizer, residual heat removal system heat exchanger-shell side,
component cooling system heat exchanger-shell and tube sides, surge tank,
spent fuel pit heat exchanger, and spent fuel pit filter. Codes used in
designing containment spray system heat exchanger-shell side and service water
system strainers have not been provided. Currently =lassified Class 1, 2, and
3 pressure vessels, if previously classified as secondary vessels, siould be
evaluated against current radiography requirements (see discussion on full
radiography in Section 5.2 of this report). Class 1 pressure vessels should
be evaluated against current fatigue analysis requirements (Section 5.2 of
this report).

5.1.4 Code Stress Limits

Methods of calculating stress limits have changed in two major respects:
the use of different strength theories, and the additional consideration of

service levels C and D as possible loading conditions with different stress
limits.

Design based on the old piping code [7] and the ASME B&PV Code, Section
VIII (8], was based con the maximum normal stress theory of failure as compared
to design based on the maximum shear stress theory of failure of the current
code (2] for Class 1 components. The maximum shear stress theory currently
used is advantageous for analysis because it is less conservative and it

facilitates a more precise fatigue analysis. The current code for Class 2 and
Class 3 components uses the same theory of failure as past codes.

Consideration of stress limits for equivalents of service levels C and D

is not mentioned in the Haddam Neck FSAR ([5].

Although discussed in the previous paragraph, the seismic portion of this
topic is outside the scope of this report. The seismic review of systems and

components is performed by the NRC.
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5.2 PRESSURE VESSELS

As discussed in Appendix A, Section 4.3, major differences between current
requirements (2] and old requirements (8] for the construction of pressure
vessels appear in four areas: fracture toughness, quality group classifica-

tion, design, and full radiography requirements.

Practure toughness is discussed in Section 5.1.1 of this report. Quality
group classification is discussed in Section 5.1.3. The basic difference in
design requirements concerns stress limits and consideration of service level
C and D loading conditions. This topic is addressed in Section 5.1.4 of this
report.

Full raaiography requirements for pressure vessels are discussed in
Sectior 4.3 of Appendix A. The conclusion to be drawn is that, in general,
past full radiography requirements were dependent on material of construction,
total plate thickness of the vessels, code cases invoked for design purpose,
and whether or not the vessel contained lethal radiocactive substances.

Section VIII (l1962) required that all joints whose material thickness exceeded
1-1/2 inches be fully radiographed. All longitudinal and circumferential
welaed joints with material thickness less than 1-1/2 inches should be fully
radiographed as described in Paragraphs UCS-57, VHA-33, and UCL-35 of

Reference 8.

Presently classified Class 1 vessels were referred to as primary vessels
(containing radiocactive lethal substances) when constructed to Section VIII
(1962) [8] and Code Case 1270N. All longitudinal and circumferential welded
joints of primary vessels were fully radiographed when designed to Section
VIII (8] with Code Cases 1270N and 1273N invoked. Information :zegarding the
radiography requirements imposed on drain cooler heat exchanger-tube side and
the pressurizer should be provided tor review against current radiography
requirements (see Table 4-2(a)). A primary vessel (Code Case 1270N) designed
to Section VIII (1962) requirements with Code Case 1273N invoked would meet

current full radiography requirements.

Fatigue analysis was not required for vessels built according to Section

VIII. All vessels currently classified as Class 1 should be evaluated for

S =51~
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current fatigue analysis requirements. Discussion on current fatigue analysis
requirements is provided in Section 5.4 of this report. For the pressurizer
and drain cooler heat exchanger-tube side, the Licensee should provide the
following:

a. proof that the five conditions outlined in Section 5.4 of this report

were met and, therefore, analysis for cyclic loading is not required,
or

b. if the five conditions were not met, calculations showing compliance
with the current requirements for analysis for cyclic loading as
described in Section NB-3222.4 of Reference 2.

Vessels built according to Section VIII (8] with Code Case 1270N invoked
and formerly classified as secondary vessels (not containing radioactive
letha. substances) are currently categorized as Class 2 and 3 vessels. All
longitudinal and circumferential welded joints of secondary vessels with
material thickness exceeding 1-1/2 inches were fully radiographed when designed
to Section VIII (8]. All longitudinal and circumferential welded joints with
material thickness less than 1-1/2 inches should be fully radiographed as
described in Paragraphs UCS-57, VHA-33, and UCL-35 of Reference 8.

Information regarding the radiography requirements imposed on the all
Class 2 and 3 vessels should be provided for review against current
radiography requirements.

5.3 PIPING

In addition to the general requirements previously discussed, the follow-
ing items are considered in the design of Class 1 piping for fatigue stresses
based on the current code [2] but were not considered or were considered

differently in the past code [7]:
O Gross discontinuities in the piping systems are accounted for

0 Loading due to the thermal gradient through the thickness of the pipe
is considered

o Indices used in calculating secondary stresses are equal to or less

than twice the corresponding stress intensification factors in the
past code.
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The last two items pose no problem as far as the structural integrity of the

system 1is concerned and are discussed in detail in Section 4.2 of Appendix A.

When considering gross discontinuities of piping systems, two loading
cases can prove to be potentially unconservative designs when evaluated to
current code requirements. Two examples are given in Section 4.2 of Appendix
A in order to assess the potential problems of temperature loading for a large
number of cycles and temperature loading for a medium range number of cycles.
From Figure 7.2-1 of the PSAR (5], the drop in average reactor coolant
temperature is 29.3°F tqt 100% to 0% power variation. Stress calculations for
the Haddam Neck plant that are similar to two examples given in Section 4.2 of
Appendix A for the Palisades plant [12] will indicate that no problem exists

for medium and large numbers of cyclic loads.

Specific code cases invoked for piping systems designed to ASA B3l.l
(1955) [7] should be specified in Table 4-). This information is required in
order to perform a more comprehensive assessment of the piping systems.
Discussion of coje cases used in conjunction with ASA B31l.1 (1955) is provided
in Section 4.2 of the appendix. In general, piping designed to ASA B3l.1
(1955) ([7] with Code Case N-l(l) invoked had safety requirements imposed for
loss of radiocactive fluid. If Code . ase N-7(1) was invoked for piping made
from austenitic stainless steel, full radiography requirements and allowable
stress values up to a temperature of 650°F would meet current reguirements.
Coae Case N-S(l) provided guidelines for centrifugally cast austenitic steel
for nuclear service and required fully radiographed welded joints. Code Case
N-lo(l) permitted the use of cast austenitic butt-welded fittings for
nuclear service and required full radiography. Stress allowables for Code
Cases N-9 and N-10 meet current stress allowables for a temperature range up
to 650°F.

Por Class 1 and 2 piping systems designed to ASA B31l.1 (1955),
information on the radiography requirements imposed should be provided in

order to determine if the systems meet the current requirements.

l. Mechanical Engineering, August 1962 (Cod2 Cases N-1, N-7), December 1960
and October 1964 (N-9), and April 1960 (N-=10).

A‘\ -53-
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5.4 PUMPS

Table 4-2(a) shows that Class 1 pumps (recirculation system pumps) were
designed to ASME VIII [8]. Table 4-2(b) shows that Class 2 pumps were
designed to ASME VIII (8], except the containment spray system pumps, for
which no design code was specified. Table 4-2(c) shows that the turbine-
driven pumps were designed to ASA B3l.l1 (1955) ([7]. It is noted that pump
design is not covered under the piping code; therefore, clarification of this
discrepancy should be provided by the Licensee. No information was provided
regarding design codes used for the remaining pumps listed in Table 4-2(c).
The Licensee should provide additional design information with reference to

the current requirements imposed on these pumps. |

Items to be reviewed regarding pumps are general requirements as discussed
in Section 5.1 of this report and full radiography requirements discussed in
Section 5.2 of this report, and the fatigue analysis discussed herein.
Information on the radiography requirements imposed on the welds of Class 1
and 2 pumps listed in Tables 4-2(a) and 4-2(b) should be provided and compared
with current requirements given in Section 4.2 of Appendix A.

The recirculation system pumps are currently classified as Class 1
pumps. <Class 1 requirements specify fatigue analysis if a set of conditions
are not met (see NB-3222-4(d) of Reference 2).

If any one of the following conditions is not met, the recirculation

system pumps should be analyzed for cyclic loads:

(1) Pressure Fluctuations: the specified full range of pressure
fluctuations during normal service does not exceed:

(1/3) (Design Pressure) (S,/Sp)

where:
S, = alternating stress from fatigue curves corresponding to the
number of pressure fluctuations
Sp = allowable stress intensity at the service temperature
T =54~
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(2) Atmospheric to Service Pressure Cycle
N2 < N(3Sp)
where:

Ny = the maximum number of atmospheric to service pressure cycles

N(3Sp) = numbe- of cycles from design fatigue curve for S, = 3S,

(3) Temperature differences between adjacent points, i.e., two points
along the meridian of a vessel, nozzle, or flange closer than

2(Rt) (4/2) where R is the mean radius and t is the mean thickness
between the two points:

ATj < S5/(2Ba) (i = 1,2)
where:
AT; = temperature differences between two adjacent points
i = 1l: startup and shutdown
i= 2: normal service
E = modulus of elasticity at mean temperature between points

a * instantaneous coefficient of expansion, mean value (see Table
I-5.0 of Reference 2)

S, = alternat.ng stress from design fatigue curve corresponding to
the number of startups and shutdowns, Nys and the number of
significant temperature difference fluctuations during normal
service, N;. A significant number of temperature fluctuations
are greater than S/(2Ea) where S is the endurance limit, i.e.,
the value cf S, from the fatigue curve at 10% cycles.

(4) Tewperature difference - dissimilar materials -~ see paragraph
NB~3222.4(d) (4) of Reference 2

(5) Mechanical loads - stresses due to mechanical load fluctuations
(excluding pressure) such as pipe loads on nc izles less than the
value of S; from the design fatigue curve corresponding to the
number of load fluctuations.

The Licensee should provide the following:

a. proof that the five conditions previously outlined were met;
therefore, analy-is for cyclic loading is not required, or

.... Franklin Research Center
A Dvision of The Franiin insttute
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b. 1if the five conditions were not met, calculations showing compliance

with the current requirements for analysis for cyclic loading as
described in Section NB-3222.4 of Reference 2.

Of the twelve pumps reviewed in this report, four were desigred to ASME
VIII. Information is needed on theé pumps that were not designed to ASME B&PV
Code, in order to determine if they meet current standards: codes, code

classes, editions, code cases, design calculations, and radiography
requirements should be provided. Information on the radiography requirements

imposed on Class 1 and 2 pumps should be provided in order to determine
whether they meet the current requirements.

5.5 VALVES

Major differences between current requirements (2] and past requirements

[7] for valves are discussed in Section 4.5 of Appendix A.

Class 1 valves designed in accordance with past requirements should be

adequate when judged by current standards except for:

l. fracture toughness requirements

2. stress limits might not be satisfied for valves that differ
significantly from the body shapes described in the current code
(2, 13]

3. stress limits for service level C might be satisfied
4. full radiography requirements (Class 1 and Class 2).

The following recommendations should be followed in order to evaluate the

adequacy of Class 1 valves (see Table 4-2(a)) in the Haddam Neck plant:
l. See Table 5-1 for the fracture toughness requirements evaluation.

2. Compare actual body shape of valves with body shape rules of Section
NB-3544 [(2]. If significantly different, the Licensee should provide
calculations based on alternative rules in order to prove the
adequacy of the valve.

3. Show that the valve has been subjected to service level C conditions

and no replacement was necessary. If this is true, the previous item
need not be investigated.

P =56~
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The followi.g recommendation should be followed in order to evaluate
Class 2 and 3 valves:

The pressure-temperature rating of Class 2 and 3 valves in the Haddam

Neck plant (see Table 4-2(b) and 4-2(c)) should be compared with the

current pressure-temperature rating (13].

Full radiography requirements for piping, valves, and pumps are discussed
in Section 4.2 of Appendix A. The conclusion to be drawn from this discussion
is that, currently, full radiography is required for Class 1 and Class 2 welded
jJoints, whereas it was not required in the past code [7]. However, Code Case

N-l in combination with coces caces N-7, N-9, or N-lo(l’

to Reference 7
required full radiography for circumferential and longitudinal welds. If these
code cases were applied, then current full radiography requirements are met.
Using Table 4-1, the Licensee should provide information indicating which code

cases were invoked.

5.6 STURAGE TANKS

As discussed in Section 4.7 of Appendix A, atmospheric storage tanks
designed to USAS B96.l1 (1967) [1l4] for welded aluminum alloy field-erected
storage tanks should be evaluated to determine if the current design
requirements are met. Welded aluminum alloy tank shells are currently
permittea for Class 3 storage tanks only. Shells cdesigned to USAS B96.1
specifications may be overstressed by as much as 20% above the current
allowables. Calculations and specifications for the demineralizer storage
tank which is designed to USAS B96.1 (1967) and currently classified as a
Class 3 storage tank should be provided to determine whether they meet current

standards.

Information on codes, calculatiors, and specifications used for the
design of the following tanks should be provided: refueling water storage
tank, beoron injection tank, boron injection recirculation tank, and spray

chemical storage tank.

l. Mechanical Engineering, August 1962 (Code Case N-1, N-7), December 1960
and October 1964 (N-9), and April 1960 (N-10).

/ -57=
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6. CONCLUSIONS AND RECOMMENDATIONS

A comparison of the design standards in effect during the design and
construction of the Haddam Neck Plant against current standards indicates
ditferences in the following areas: fracture toughness requirements,
quality assurance rcquitononts,(l) quality group classification, code stress
limits, full radiography requirements, and fatigue analysis of Class 1 piping

systems, pressur~ vessels, and pumps.

Although the requirements for code stress limits and fatigue analysis of
Piping systems have changed throughout the historical development of the
current code, the changes in these areas have not significantly affected the
safety functions of the systews and components reviewed in this report. In
many instances, information provided by the Licensee in the table of quality
group classification of systems and components and the FSAR is not sufficient
or clear enough to enable FRC to make a proper judgment on the safety functions
of the systems and components reviewed in this report. Recommendations are
given in Section 5 of this report with regard to the necessity for additional
information o permit an adequate assessment of the impact of the new or
Changec requirements of the current code {2] on the safety functions of the

systems and corponents reviewed in this report.
A summary of conclusions and recommendations is as follows:

l. Practure toughness - Eighty-seven items in Table 5-1 were reviewed to

determine if impact testing was required. From the information in
this table, it can be concluded:

© Thirty=-six items (41%) do not require impact testing
O Material used was not specified for 39 components (45%)
© More data are required in order to assess 12 components (14%).

2. Full radiography requirements - Informaticn should be provided on the
radiography requirements imposed on Class 1 vessels not designed as

1. Although discussed in this report, quality assurance is ocutside the scope
of the SEP as indicated in the December 10, 1981 letter from S. Bajwa to
S. P. Carfagno.

/‘\ & -58=
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Primary vessels (Code Case 1270N) and for which Code Case 1273N was
not invoked. Information on the radiography requirements imposed on
Class 2 and 3 vessels for which Code Case 1273N was not invoked and
with welaed joint thicknesses less than 1-1/2 in should be provided.
Piping systems designed to ASA B31l.1 (7] and Code Case N-1, in
combination with Code Cases N-7, N-9, and N-10, meet current full
radiography requirements. Information on the radiography
requirements imposed on Class 1 and 2 Piping and valves designed only
to ASA B3l.l (1955) should be provided in order to determine if these
components meet current radiography requirements. Information on the
radiography requirements imposed on Class 1 and 2 pumps should be
provided in order to determine whether the pumps meet current
radiography requirements. Tables 4-2(a), (b), and (c) should be used
in providing the required information.

Pressure vessels - Information regarding the radiography requirements
imposed on all Class 1, 2, and 3 pressure vessels is required.
Additional data on the materials of construction are needed for the
fracture toughness evaluation. Proof of compliance with current
fatigue analysis requirements for Class 1 vessels (Table 4-2(a))
should be provided as per the discussion in Section 5.4 of this
report.

Piping = In addition to the impact tes.ing and full radiography
requirements previously dizcussed, information on the code cases

invoked for the piping system designed tc ASA B3l.l (1935) [7] should
be provided.

Valves - In addition to the impact testing and full radiography
requirements previously discussed, information should be provided by
the Licensee, on a sampie basis, regarding tne desiyn of valves in
order to evaluate if they meet current body shape and pressure-~

temperature rating requirements as discussed in Section 5.5 of this
report.

Pumps - Of the 12 pumps reviewed in this report, four were designed
to Section VIII of the ASME B&PV Code. Information is needed on the
eight remaining pumps in order to evaluate if the current
requirements are met. Codes, code classes, editions, codes cases,
design calculations, and radiography requirements should be provided
for these pumps in the Haddam Neck Plant. Proof of compliance with
current fatigue analysis fequirements, as discussed in Section 5.4 of
tnis report, for current Class 1 pumps (the recirculation system
pumps) should be provided. Information on the radiography
requirements imposed on Class 1 and 2 pumps should be provided.

Storage tanks - (i) Calculations and specifications for the
demineralizer storage tank designed to USAS B96.1 (1967) (14]) should
be proviged in order to determine whether they meet current standards;

.... Franklin Research Centar -59-
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(11) information on codes, calculations, and specifications for the
R four remaining tanks reviewed in this report should be provided in
o order to determine if they meet current standards.

; 8. Missing information - The. following information, which is incomplete
g or missing from Table 4-1 or Tables 4-2(a), (b), and (c) of this
& report, should be provided:

P

g i. Information on codes, class, and code cases used in the design

3 of 56 out of 114 components (Table 4-2)
§ ii. Any specifications or calculations used in designing pumps,

! valves, and tanks that may assist in conducting this evaluation
‘ iii. Confirmation of assumptions made regarding code editions (Table
& 4-1)

4

: iv. Clarification or additional information on notes 3, 4, 6, and 7
3 in Table 4-1.

i
B
‘,"i
d

;

i
1
4
F

B
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1. INTRODUCTION

The purpose of this appendix is to compare the code currently used in the
design, fabrication, erection, and testing of systems and components for
nuclear power plants against the codes and standards used in the design of
plants being reviewed under the Systematic Evaluation Program (SEP). The
current code is the American Society of Mechanical Engineers' Boiler and
Pressure Vessel Code (B&PV), Section III, 1977 Edition as supplemented by the
Summer 1978 Addenda (1, 2]. The three major older codes(l) being compared
against the current code are the B&PV Code, Section VIII, 1962 Edition (3] for
vessels and the "Code for Pressure Piping," American Standard Association
B3l.l, 1955 Edition (4] and/or the B&PV Code, Section I, 1962 Edition (5] for
piping.

Taole Al-l groups the SEP plants according to the major codes used to
design them. In order to take advantage of the similarities in each group,
this appendix applies only to the Group II plants: LaCrosse, San Onofre, and
Haddam Necx glants.

The older requirements are evaluated to identify differences from the
current code requirements and to assess the impact of these differences on the
structural integrity of the systems anc components. The current code require-
ments are discussed in Section 2. The major identified differences are

discussed in Sectiqn 4.

The scope of this comparison is limited to quality classification of
systems and components as discussed in Regulatory Guide 1.26 [6] and Section
3.2.2 of the Standard Review Plan [7]. The reactor vessel, steam generators,
and supports are outside the scope of this appendix, as is the seismic
classification of systems and components. All these subjects are addressed in

1. Together witn Code Cases 1270N, 1271N, 1272N, and 1273N for vessels and/or
Code Cases N-1, N-2, N-4, N-7, N-9, N-10, N-11, and N-12 for piping, when
invoked.

f\'\'
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other SEP topics. Quality assurance has . .0 been determined toc be outside

P P T

the scope of this comparison, but has been included for informational purposes
only. (2)
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4. Letter from S. Bajwa to S. Carfagno dated December 10, 1981.
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Table Al-l

Major Codes and Standards Used in Design of Systems

Plant
Group I (1969-1971)
Palisades

Millstone 1

Girna

Dresden 2

Oyster Creek

Group Il (1968)

LaCrogse

San Onofre

Haddam Neck

Group III (1961-1963)

Big Rock Point

Yankee Rowe

A.\
—

JULL Franklin Research Center
A Devision of The Franwin insutute

and Components of SEP Flants

Commercial

Operation

Dec. 1971

March 1971

July 1970

July 1970

Dec. 1969

Jan. 1968

Jan. 1968

March 1963

July 1961

L

Major Codes

ASME III (19653)

ASA B31l.1 (1955)
and Code Cases

ASME VIII (1965)
and Code Cases

ASME I (1965)
(Oyster Creek,
Millstone 1,
Dresden 2)

ASME I & VIIY (1962)
and Code Cases
1270N, 1271N, 1272N,
1273N, 1273N-4,
1274N, auid 1275N

ASA B21l.1 (1855)

and Code Cases N-1,
N-2, N-4, N~-7, N=-9,
N-10, N-11, and N-12

ASME I & VIII (1959)
and Code Cases

ASA B3l.1 (1955)
and Code Cases

ASME I & VIII (1956)
and Code Cases

ASA B3l.1 (1955)
and Code Cases

R R R R A B U R L
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2. SUMMARY OF RESULTS OF CODE COMPARISON ‘

2.1 GENERAL

The current code requirements for the construction of nuclear power plant
components (1] are outlined in Table A2-1l. For each article or subarticle,
the applicability to Code Class 1, 2, or 3, corresponding to Quality Class A,
B, or C, respectively, is noted. Requirements considered especially signifi-
cant from the viewpoint of pressure boundary integrity are indicated by an "A"
in the "Significant" column. The basis for selecting significant items is

discussed in Section 5 of this appendix.

2.2 PIPING

Table A2-2 presents a comparison of tnhe current and past code requirements
for the materials, design, fabrication, examination, and testing of piping
systems and components for nuclear power plants. The past codes for piping are
the B31l.l (1955) power piping code and Section I of ASME B&PV Code (1962) (3],
"power Boilers,® for piping between the reactor vessel up to and including the
valve or valves required by ASME I. A comparison of significant past and
current piping requirements may be found in Sections 4.1 and 4.2 of this

appendix.

2.3 PRESSURE VESSELS

Table A2-3 compares the current code [l] requirements for the materials,
design, fabrication, examination, and testing of pressure vessels for nuclear

power plants against ASME B&VP Code Section VIII (1962) [3].

el B O

A comparison of significant past and current pressure vessel requirements

2.4 PUMPS

ERER A

See Section 4.4 of this appendix.

N s

3 .... Franklin Research Center
A Dwvision of The Frankiin institute

may be found in Section 4.3 of this appendix.
E Cotaf s - gl TR IR A L L TN LT R T T A, U T Y BT T



el S Liven Bt v et 31 e W

Vsl iive " i

2.5 VALVES

See Section 4.5 of this appendix.

2.6 HEAT EXCHANGERS

Heat exchangers were usually designed to the ASME Boiler and Pressure
Vessel Code, Section VIII (3], which is discussed in Sections 2.3 and 4.3 of
this appendix, and possibly to the Standards of the Tubular Exchanger
Manufacturers Association (TEMA), 1959 Edition [8). Discussions regarding
TEMA may be found in Section 4.6 of this appendix.

2.7 STORAGE TANKS

Storage tanks that must withstand pressures above atmospheric may have
been designed to the ASME Boiler and Pressure Vessel Code, Section VIII, 1962
Edition (3], which is discussed in Sections 2.3 and 4.3 of this appendix.
Aluminum tanks might have been designed to "USA Standard Specification for
Welded Aluminum=-Alloy Field-Erected Storage Tanks," USAS B96.1-1967 [9].
Storage tanks were also designed to the American Petroleum Institute (API)
Standard 650 [l10], 1964 Edition. USAS B96.1 2nd API-650 are discussed in
Section 4.7 of this appendix.
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Table A2-1

. Current Code Requirements [1]
Article*
or Class Class Class Signi-
Subarticle Description - 2 3 ficant Remarks
NA-1000 SCOPE OF SECTION III A A A -
NA-2000 CLASSIFICATION OF COMPONENTS A A A A
NA-3000 RESPONSIBILITIES AND DUTIES A A A -
NA-4000 QUALITY ASSURANCE
NA-4100 Quality Assurance Requirements A A NA A
NA-5000 INSPECTION
NA-5100 General Requirements for Authorized A A A A
Inspection Agencies and Inspectors
NA-5200 Duties of Inspectors A A A A
NA-6000 QUALITY CONTROL SYSTEMS FOK CLASS 3
CONSTRUCTION
NA-6100 General Requirements NA NA A A
NA-6200 Organization and Responsibilities NA NA A A
NA-6300 Control of Operations NA NA A A
NA-6400 Records and Forms NA NA A A
NA-8000 CERTIFICATES OF AUTHORIZATION, A A A -
NAMEPLATES, STAMPING, AND REPONTS
1000 INTRODUCTION
1100 Scope A A A A
2000 MATERIAL
2100 General A A A A
2200 Material Test Coupons and Specimens A A A -

for Ferritic Steel Materials

A Addressed in the Code for the specified class or considered significant for this review.

- Not considered significant for this review.

O Outside

NA Not applicable to tnis review or not addressed in the Code for the specified class.
* Article number in current Code will be preceded by NB for Class 1 component,

Class 3

the scope of this review.

component .

NC for Class 2 component, and ND for
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Table A2-1

Article*
or Class Class Class Signi-

Subarticle Description 1 2 3 ficant

2300 Fracture Toughness Requirement A A A A
for Material

2400 Welding and Brazing A A A A

2500 Examination and Repair of Pressure A A A -
Retaining Materials

2600 Material Manufacturers' Quality A A A A
System Program

2700 Dimensional Standard A A A -

3000 DES IGN

ilo0 General A A A A

3200 Design by Analysis (Cl. 1); Alternate A A NA A
Design Rules for Vessels (Cl. 2)

3300 Vessel Design A A A A

3400 Pump Design A A A A

3500 Valve Design A A A A

3600 Piping Design A A A A

3700 Electrical and Mechanical Penetration NA A A A
Assemblies

3800 Design of Atmospheric Storage Tanks NA = A A

3900 0-15 psi (0-103 kPa) Storage Tank NA A A A
Design

4000 FABRICATION AND INSTALLATION

4100 General A A A -

4200 Forming, Fitting, and Aligning A A A -

4300 Welding Qualifications A “ A A

4400 Rules Governing Making, Examiring, A A A -
and Repairing Welds

4500 Brazing A A A -
Heat Treatment A A A -
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Table A2-1 (Cont.)

R

Article*
or Class Class Class Signi-
Subarticle Description 1 o e 3 ficant Remarks
4700 Mechanical Joints . A A A - ’
4800 Expansion Joints NA A A - ¥
5000 EXAMINATION o
5100 General Requirements A A A A i
5200 Required Examination of Welds A A A A -
(Cl. 1)) Examination of wWelds é
(€1. 2 and Cl. 3)
5300 Acceptance Standard A A A A -
5400 Final Examination of Items (Cl. 1); A NA A A 3
Spot Examination of welded Joints
(Cl. 3)
5500 Qualifications of Nondestructive A A A A
Examination Personnel
5600 NA NA NA -
5700 Examination Requirement of HA A A - 5
Expansion Joints 4
6000 TESTING 2
6100 General A . i - b
6200 Hydrostatic A B A - 3
6300 Pneumatic A A A - g
6400 Pressure Test Gages A A A - i
6500 Atmospheric and 0-15 psig NA A A -
Storage Tanks
6600 Hyarostatic Testing of Vessels NA A NA -
Designed to NC-3200
6700 Pneumatic Testing of Vessels NA A NA -
Designed to NC-3200
0800 i
6900 Proof Tests to Establish NA A A - -4

Design Pressure
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Table Ai-1 (Cont.)

74, repame g

A Loas s

Article*
or Class Class Class Signi-
Subarticle Description 1 2 3 ficant Remarks
7000 PROTECTION AGAINST OVERPRESSUKE
7100 General A A A -
7200 Definitions Applicable to A A A -
Overpressure Protection Devices
7300 Overpressure Protection Report A A NA -
(Cl. 1); Analysis (Cl. 2)
7400 Relieving Capacity Requirements A A A -

and Acceptable Types of
Overpressure Protection Devices

7500 Set Pressures of Pressure Relief A A A -
Devices

7600 Operating Design Requirements for A A A -
Pressure Relief Valves

7700 Requirements for Nonreclosing A A A -
Pressure Relief Devices

7800 Certification Requirements A A A -

7900 Marking, Stamping, and Reports A A A -

8000 NAMEPLATES, STAMPING, AND REPORTS

8100 General A A A -

MANDATORY APPENDICES

1 Design Stress Intensity Values, A A A A
Allowable Stresses, Material
Properties, and Design Fatigue
Curves
It Experimental Stress Analysis A A A -
I1r Basis for Establishing Design A A A A

Stress Intensity Values and
Allowable Stress Values

TINESETTE R R T

T

g

-
A,

R e S N AN b L e PR 3

¢

s

RGP, o e

A

R T Sy S T



-

SISV VINURI 4 By O VORAG)

JaiuaD) yoseasay UipjuRl 4 007

0T~-¥

Table A2-1 (Cont.)

Article*
or Class Class Class Signi-
Subarticle Description * 1 . 3 ficant Revurks y e L,
v Approval of New Materials Under A A A -

the ASME Boller and Pressuce Vessel A
Code for Section III Application L

v Certificate Holder's Data Report A A A - .
Forms and Application Forms for I
Certificates of Authorization for
Use of Code Symbol Stamps

vI Rounded Indications Charts A A A - . .

vII Charts for Determining Shell A A A - E
Thickness of Cylindrical and
Spherical Components Under
External Pressure

X1 Rules Lor Bolted Flange NA A A -
Connections for Class 2 and 3
Components and Class MC Vessels

X111 Design Considerations for Bolted A A A B
Flange Connections

Xirt Design Based on Stress Analysis NA A NA -
for Vessels Designed in Accordance
with NC-3200

Xiv Design Based on Fatigue Analysis NA A NA -
for Vessels Designed in Accordance
with NC-3200

xvi Nondestructive Examination A A A 0
Methods Applicable to Core
Support Structures

XVIl Design of Linear Type Supports by A A B 0
Linear Elastic and Plastic Analysis

]
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Table A2-1 (Cont.)

)
Article* 3
or Class Class Class Signi-
Subarticle Description i 2 3 ficant Rem. rks 5
FIONMANDATORY APPENDICES 3
A A NA NA - -
] Owner's Design Specification A A B - A
> c Certificate Holder's Stress Report A NA NA -
.L D Nonmandatory Preheat Procedures A A A -
- E Minimum Bolt Cross-Sectional Area A NA NA -
¥ Rules for Evaluation ot Level D A A A A
Service Limits F
G Protection Against Nonduc'ile Failure A A # A
H Capacity Conversions for Class 3 NA NA A -
Safety Valves §
J Owner's Design Specifications for A NA NA (4]
Core Support Structure
K Recommended Maximum Deviations and A A A [+]

Tolerances tor Component Supports




Pr——

IMNSU) VIR, § B JO UOISIAK] ¥
49D YoJeasay uipueig 1t

o
o

At 4

Talsle A2-2

Compagison of B3l.1 (1955) [4] Agazinst ASME Section IIi (1977) ([!]

Article*

or

Subai .icle

. Descrijrion -

NA-10060

NA-2000

NA-3000

NA-4000
NA-4100

NA-5000
NA-5100

NA-5200
NA-6000
NA-6100
NA-6200
NA-6310¢
NA-6400

NA-8000

SCOPE OF SECTION 111
CLASSIFICATION OF COMPCNENTS
RESPONSIBILITIES AND DUTIES

QUALITY ASSURMNCE
Quality Assurance Requirements

INSPECTION

General Requirements for Authorized
Inspection Agencies and Inspectors
Duties of Inspectors

QUALITY CONTROL SYSTEMS FL. CLASS 3
CONSTRUCTION

General Requirements

Oiganization and Kesponsibilities
Control of Operations

records and Forms

CERTIFICATES OF AUTHORIZATION,
NAMEPLATES, STAMYING, ANG REPORTS

Class Class
1 -
A A
A A
A A
A A
A A
A EY
NA NA
A N&
NA NP
NA NA
A A

Class

- N
.

A

> > >

>

B31.1 (1955) _Remark:

Corresponding
Sign!- Arzicle in
ficaat
A Not Addressed
A Not Addressed
A Notl Addressed
A Not Addressed
a Not Addressed
B Not Addressed
A Not Addressed
A Not Addressed

A Addressed in the Code for the specified class or considered significant for this review.

- Not considered significant for this review.

O Outside the scope of this review.

NA Not applicable to this review or not addressed in the Code for the specified class.

* Article number in current Code will be preceded by NB for Class 1 component, NC for Class 2 component, and ND for
Class 3 component.
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Table A2-2 (Cont.)
Article* Corresponding
or Class Class Class Signi- Article in
Subarticle Description 1 2 3 ficant B3l.1 (1955) Remarks
1000 INTRODUCTION
1100 Scope A A A A i0l1, Table 2a,
Note 2
2000 MATERIAL
2100 General A A A A 105, Table 1, See Sevt. 6
Sect. 7
2200 Material Test Coupons and Specimens s A A - -
for Ferritic Steel Materials
2300 Fracture Toughness Requirement A A A A Not Addressed
for Material
2400 Welding and Brazing A A A A Sect. 6: Chapter
4 and Appendices
2500 Examination and Repair of Pressure A A A - -
Retaining Materlials
2600 Material Manufacturers' Quality A A A A Not Addressed
System Program
2700 Dimensional Standard A A A - -
3000 DESIGN
3100 General A A A A Not Addressed
3200 Design by Analysis (Cl. 1); Alternate A A NA A NA
Design Rules tor Vessels (Cl. 2)
3306 Vessel Design A 3 A A NA E
3400 Pump Design A A A A NA v :
3500 Valve Design A A A A 107,108,124, i
129,134,139 E’
Je00 Piping Design A A A A Sect. 1 ;
3700 Electrical and Mechanicai Penetration NA A A A NA .
Assemblies 4
3800 Design of Atmospheric Storage Tanks NA A A A NA :
39%00 0-15 psi (0-103 kPa) Storage "ank NA A A A NA

Design




o SRRSO T e T e SR SN TR S T SRR

—

’j;ﬂ! Table A2-2 (Cont.)
3
gg Article* Corresponding
g‘; or Class Class Cilass Signi- Article in
gg Subarticle Description 1 2 3 ficant B31.1 (1955) Remarks
o
§§ 4000 FABRICATION AND INSTALLATION Sect. 6
in 4100 General A A A - Not Addressed
3 4200 Forming, Fitting, and Aligning A N A - -
@ 4300 Welding Qualifications A A A - Appendix A to
Sect. 6
4400 Rules Governing Making, Examining, A A 3 - -
and Repairing Welds
4500 Brazing A A A - -
4600 Heat Treatment A A A - -
4700 Mechanical Joints A A A - Chapter 2 of
Sect. 6
? 4800 Expansion Joints NA A A - Not Addressed
- 5000 EXAMINATION
5100 General Requirements A A A A Not Addressed
5200 Required Examination of wWelds A A A A Not Addressed
(Cl. 1)) Examination of Welds
(Cl. 2 and Cl. 3)
5300 Acceptance Standard A A A A Not Addressed
5400 Final Examination of Items (Cl. 1); A NA A A Not Addressed
Spot Examination of Welded Joints
{Cl. 3)
5500 Qualifications of Nondestructive A A A A Not Addressed
Examination Personnel
5600 NA NA NA - -
5700 Examination Requirements of NA A A - -
Expansion Joints
6000 TESTING
6100 General A A A - -
6200 Hydrostatic A A A - -
6300 Pneumatic A A A - -
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Tavle A2-2 (Cont.)

Article* Corresponding
or Class Class Class Signi- Article in

Subarticle Descr 4ption 1 2 3 ficant B3l.1 (1955)

6400 Pressure Test Gages . A A A - -

6500 Atmospheric and 0-15 psig NA A - - -
Storage Tanks

6600 Hydrostatic Testing of Vessels NA A NA - -
Designed to NC-3200

6700 Pnevnatic Testing of Vessels NA = NA - -
Designed to NC-3200

6800 -

63500 Proof Tests to Establish NA A A - NA
Design Pressure

7000 PROTECTION AGAINST OVERPRESSURE

7100 General A A B - NA

7200 Definitions Applicable to A A A - NA
Overpressuvre Protection Devices

7300 Overpressure Protection Report A A NA - NA
(Cl. 1); Analysis (Cl. 2)

7400 Relieving Capacity Requirements = A A - NA
and Acceptable Types of
Overpressure Protection Devices

7500 Set Pressures of Pressure Relief ~ A A - NA
Devices

7600 Operating Design Requirements for A A A - NA
Pressure Relief Valves

7700 Requirements for Nonreclosing A A K - NA
Pressure Relief Devices

7800 Certification Requirements A A A - NA

79¢0 Marking, Stamping, and Reports A A A - NA

8000 NAMEPLATES, STAMPING, AND REPORTS

8100 General A A A
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Article*

Subarticle

Description

Table A2-2

Class
1

Class
2

{Cont.)

Class
3

Signi-
ficant

Corresponding
Article in

B3il.1 (1955) Remarks

11
11X

v

vl
VIl

X1

Xil

XIII

Xiv

MANDATORY APPENDICES

Design Stress Intensity Values,
Allowable Stresses, Material
Properties, and Design Fatigque
Curves

Experimental Stress Analysis
Basis for Establishing Design
Stress Intensity Values and
Allowable Stress Values

Approval of New Materials Under
the ASME Boiler and Pressure Vessel
Code for Section III Application
Certificate Holder's Data Report
Forms and Application Forms for
Certificates of Authorization for
Use of Code Symbol Stamps

Rounded Indications Charts

Charts for Determining Shell
Thickness of Cylindrical and
Spherical Components Under
External Pressure

Hules for Bolted Flange
Connections for Class 2 apd 3
Components and Class MC Vessels
Desi¢ . Considerations for Bolted
Flange Connections

Design Based on Stress Analysis
tor Vessels Designed in Accordance
with NC-3200

Design Based on Fatigue Analysis
tor Vessels Designed in Accordance
with NC-3200

Tables 1 and 2,
Sect. 1

Not Addressed

122

106,111,138,
143

Not Addressed




Talkle A2-2 (Cont.)

AU VIS § 3] 1O UOBAG
BB Youeasay UIpjuRI4 00"

Acticle* . Corresponding f
or Class Class Class Sigri- Acticle in -
Subarticle Description 1 2 3 ficant B31.1 (1955) Remarks
xVI Nondestructive Examination I3 A A o NA

Methods Applicable to Core
Support Structures

AVII Design of Linear Type Supports by A A A o NA
Linear Elastic and Plastic Analysis
NONMANDATORY APPENDICES
)i' A A NA NA - -
- B Owner's Design Specification A A A - -
-4 c Certificate Holaer's Stress Report A NA NA - -
D Nonmandatory Preheat Procedures A A A - -
E Minimum Bolt Cross-Sectional Area A NA NA - -
¥ Rules for Evaluation of Level D A A A A
Service Limits
G Protection Against Nonductile Failure A A A A
H Capacity Conversions for Class 3 NA NA A - -
Safety Valves
J Owner's Design Speclifications for A NA NA 0 NA
Core Support Structure
K Recommended Maximum Deviations and A A A 0 NA

Tolerances for Component Supports
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Table A2-3
Comparison of ASME VIII (1962) [3] with ASME 111 (1977) (1]
Article* Corresponding
or Class Class Class Signi- Article in

Subarticle Description 1 2 3 ficant ASME VIII (1962) Remarks
NA-1000 SCOPE OF SECTION III A A A -
NA-2000 CLASSIFICATION OF COMPONENTS A A A A NA
NA-3000 RESPONSIBILITIES AND DUTIES A A A -
NA-4000 QUALITY ASSURANCE
NA-4100 Quality Assurance Requirements A A NA A NA
NA-5000 INSPECTION
NA-5100 General Requirements for Author i zed A A A A UG-90

Inspection Agencies and Inspectors
NA-5200 Duties of Inspectors A A A A UG-90(c) & VG-93
NA-6000 QUALITY CONTROL SYSTEMS FOR CLASS 3

CONSTRUCTION
NA-6100 General Reguirements NA NA A A NA
NA-6200 Organization and Responsibilities NA NA A A NA
NA-6300 Control of Operations NA NA A A NA
NA-6400 Records and Forms NA NA A A NA
NA-8000 CERTIFICATES OF AUTHORIZATION, A A A - UG-115 through

NAMEPLATES , STAMPING, AND REPORTS UG~-120
1000 INTRODUCTION
1100 Scope A A A A U-1

A Addressed in the Code for the spec
=~ Not considered significant for thi

O Outside the scope of this review.

NA Not applicable to this review or not
* Article number in current Code will

Class 3 component.

ified class or considered significant for this review.
8 review.

addressed in the Code for the specified class.
be nreceded by NB for Class 1 component. ,

NC for Class 2 component, and ND for
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Table A2-3 (Cont.)

-

,S'”/ Article* Corresponding
;’_. or Class Class Class Signi- Article in
% Subarticle Description 1 2 3 ficant ASME VIII (1962) Remarks
2
gﬁ 2000  MATERIAL
Ef’-; 2100 General . A A = - UG-5
- 3 2200 Material Test Coupons and Specimens A A~ I3 -
EQ for Ferritic Steel Materials
3 2300 Fracture Toughness Requirement A A A A UG-84
L for Material
2400 Welding and Brazing A A A A UW & UB
2500 Examination and Repair of Pressure A A A -
Retaining Materials
2600 Material Manufacturers' Quality A A A A UG-93
System Program
2700 Dimensional Standard A A A -
> 3000 DESIGN
o~ 3100 General A A A A NA
3200 Design by Analysis (Cl. 1); Alternate A A NA A
Design Rules for Vessels (Cl. 2)
3300 Vessel Design A A A A Uw-8, UF-12,
UG-16 through UG-55
3400 Pump Design A A A A NA
3500 Valve Design A A A A NA
3600 Piping Design A A A A NA
3700 Electrical and Mechanical Penetration NA A A A NA
Assenblies
3soc Design of Atmospheric Storace Tanks NA A A A NA
3900 0-15 psi (0-103 kPa) Storage Tank NA A A A NA
Design
4000 FABRICATION AND INSTALLATION
4100 General A A A A UG-75
4200 Forming, Fitting, and Aligning A A B -
4300 Welding Qualifications A A A A UW-28, UW-29
400 Rules Governing Making, Examining, A A A -
and Repairing Welds
4500 Brazing A A A -
4600 Heat Treatment A A A -
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Table A2-3 (Cont.)
Article* Corresponding
or Class Class Class Signi- Article in
Subarticle Description 1 2 3 ficant ASME VIII (1962) Remarks
4700 Mechanical Joints A A A - UR-19
4800 Expansion Joints NA A A - NA
5000 EXAMINATION
5100 General Requirements A A A A UG-90
5200 Required Fxamination of Welds A A A A UwW-46
(Cl. 1)3 Examination of Welds
(Cl. 2 and Cl. 3)
5300 Acceptance Standard A A A A UW-51 (m)
5400 Final Examination of Items A NA A A UG-99(g), UW-50 UG-99(g) requires
(Cl. 1) Spot Examination of inspection after
Welded Joints (Cl. 3) hydrostatic but does
not specify liquid
penetrant or
magnetic particle
inspection; UW-50
regquires LPE or
magnetic particle
inspection before
pneumatic testing.
UG-91 gives
requirements for
gualification of
inspectors, but not
NDE personnel
5500 Qualifications of Nondestructive A A A A NA
Examination Personnel
5600 NA NA NA - -
5700 Examination Requirements of NA A A - -
Expansion Joints
6000 TESTING
6100 General A A A -
6200 Hydrostatic A A A -
6300 Pneumatic A A A -
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Table A2-3 (Cont.)
Article* Corresponding
or Class Class Class Signi- Article in
Subarticle Deacription 1 2 3 ficant ASME VIII (1962) Remarks
6400 Pressure Test Gages A A A -
6500 Atmospheric anc 0-15 psig NA A A -
Storage Tanks i
6600 Hydrostatic Testing of Vessels NA A NA -
Designed to NC-3200
6800 Pneumatic Testing of Vesscls NA A NA -
Designed ©~ NC-3200
6800
6900 Proof Tests to Establish NA A A A UG-101
Design Pressure
7000 PROTECTION AGAINST OVERPRESSURE
7100 General A A A -
7200 Definitions Applicable to A A A -
Overpressure Protection Devices
7300 Overpressure Protection Report A A NA -
(Cl. 1) Analysis (Cl. 2)
7400 Relieving Capacity Requirements A A A -
and Acceptable Types of
(verpressure Protection Devices
7500 Set Pressures of Pressure Relief A A A -
Devices
7600 Operating Design Requirements for A A A -
Pressure Rellef Valves
1700 Requirements for Nonreclosing A A A -
Pressure Rellef Devices
7800 Certification Requirements A A A -
7900 Marking, Stamping, and Reports A A A -
8000 NAMEPLATES, STAMPING, AND REPOKRTS
8100 General A A A -
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Article® .
or
Subarticle Description

Table A2-3

Class
1

Class
2

(Cont.)

Class
3

Signi-
ficant

Corresponding
Article in
ASME VIII (1962) Remarks

MANDATORY APPENDICES

1 Design Stress Intensity Values,
Allowable Stresses, Material
Properties, and Design Fatigue
Curves

11 Experimental Stress Analysis

I1I Basis for Establishing Design
Stress Intensity Values and
Allowable Stress Values

v Approval of New Materials Under
the ASME Boiler and Pressure Vessel
Code for Section I1I1 Application

v Certificate Holder's Data Report
Forms and Application Forms for
Certificates of Authorization for
Use of Code Symbol Stamps

VI Rounded Indications Charts

VII Charts for Determining Shell
Thickness of Cylindrical and
Spherical Components Under
External Pressure

X1 Rules for Bolted Flange
Connections for Class 2 and 3
Components and Class MC Vessels

XI11 Design Considerations for Bolted
Flange Connections

XII1x Design Based on Stress Analysis
for Vessels Designed in Accordance
with NC-3200

Xiv Design Based on Fatigue Analysis
for Vessels Designed in Accordance
with NC-3200

Subsection C Fatigue Curves
not included in
Sect. VIII

Appendices P&Q

UG-28 & Appendix V

Appendix 11




Table A2-3 (Cont.)

Article* Corresponding

Class Class Class Signi- Article in

or
Subarticle Description 1 2 } ficant ASME VIII (1962) Remarks

XVI Nondestructive Examination A
Methods Applicable to Core
Support Structures
Design of Linear Type Supports by
Linear Elastic and Plastic Analysis

NONMANDATORY APPENDICES

Owner's Design Specification
Certificate Holder's Stress Report
Nonmandatory Preheat Procedures
Minimum Bolt Cross-Section Area
Rules for Evaluation of Level D
Service Limits

Protection Against Nonductile Fallure
Capacity Conversions for Class )}
Satety Valves

Owner's Design Specifications for
Core Support Structure

Recommended Maximum Deviations and

Tolerances for Component Supports
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3. CONCLUSIONS AND RECOMMENDATIONS

Nuclear components and systems for SEP "Group II" plants may have been

4 designed in accordance with the following codes: (1)

s l.
i 2.
; 3.
4.

3 5n
! 6.
s 7.
s 8.
- 9.
1 10.
: 11.

ASME I (1962) - piping and valves

ASME VIII (1962, 1974) - vessels

ASME III (1963) - vessels

B3l.1 (1955) - piping and valves

TEMA (1959) - heat exchangers

ASA Bl6.5 (1961, 1953) - steel pipe flanges and flanged fittings
Hydraulic Institute Standards (1965) - punps

USAS B96.1 (1967) ~ aluminum field erected storage tanks

API 650 (1964) - welded steel tanks for oil storage

Bl6.10 (1957) - valves and Bl6.9 (1958) - fittings

USAS B3l.1 (1967), ANSI B3l.l1 (1973), USAS B31.7 (1968 Draft),
Draft ASME Code for Pumps and Valves for Nuclear Power (1968).

Current requirements are contained in the following:

12.
13.

ASME III (1977) = Div. 1 nuclear components
ANSI B16.34 (1977) - steel valves.

The following broad conclusions can be made regarding components built to

past codes and evaluated against current requirements:

1.

Components currently classified as Class 3 would satisfy basic current
requirements, except for full radiography requirements for welded
vessel joints less than 1-1/2 in thick for some materials as noted in
Section 4.3 of this appendix.

Components currently classified as Class 1 or Class 2 may not satisfy
current fracture toughness and full radiography requirements.

Piping currently classified as Class 1 satisfies current requirements
except possibly high cycle fatigue, fracture toughness, and full
radiography requirements. Piping currently classified as Class 2 may
not satisfy current fracture toughness and full radiography
requirements.

Vessels and pumps currently classified as Class 1 may not satisfy
current fatigue analysis requirements.

Vessels previously classified as "primary vessels® by Code Case 1270N
would currently be categorized as Class 1 vessels. Vessels

previously classified as "secondary vessels" by Code Case 1270N may
currently be regarded as Class 2 or Class 3 vessels.

l. Modified for nuclear components by code cases for vessels and piping when
i invoked.

s A-24

2 ...l Franklin Research Center

A

of The Franwiin Insutute
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1. Component materials should be evaluated for fracture toughness as
described in Section 4.1.1 of this appendix.

2. Standard class rated valves should be carefully checked against
current pressure-temperature ratings.

3. Atmospheric and 0 to 15 psig storage tanks should be carefully
reviewed against current requirements.

4. Unless Code Case N-l1 together with either N-2, N-7, N-9, or N-1l0 has
been invoked when designing to B3l.l requirements, Class 1 and 2
piping should be checked to see if full radiography of welded joints

was specified.

5. Past full radiography past requirements for Class 2 and Class 3
welded vessel joints less than 1 1/2 in thick should be reviewed in
light of Section 4.3 of this appendix.

6. Currently classified Class 1 vessels and pumps should be evaluated
for fatigue analysis requirements.

Ju.. Franklin Research Center
A Dwvision of The Franiiin insttute




4. COMPARISON OF SIGNIFICANT CURRENT CODE REQUIREMENTS
AND PAST REQUIREMENTS

4.1 GENERAL REQUIREMENTS

Section 4.1 compares the significant general requirements of the current
code [l] with past requirements. In addition, where feasible, an approach is
formulated which facilitates the review of nuclear components and systems
designed and built in accordance with past requirements to be evaluated from
the viewpoint of current requirements. The general requirements discussed
herein are fracture toughness, quality assurance, quality group classification,

and code stress limits.

4.1.1 Fracture Toughness Requirements

Class 1 Components

The current code requires that pressure-retaining materials for Class 1
components shall be impact tested to determine TNDT' by the drop weight test
and RTNDT. by the Charpy V-Notch test, except for materials whose nominal
thickness is 7/8 in or less; boits 1 in or less; bars with nominal sectional
area 1 sq in or less; pipes, fittings, pumps, and valves with nominal pipe
size 6 in or less; austenitic stainless steels; and non-ferrous materials.
Drop weight tests are not required for martensitic high alloy chromium (Series
4xx) ana precipitation-hardening steels listed in Appendix I [le]; however,

other requirements of NB-2332 (lb] do apply.

Class 2 Compcnents

Pressure-retaining materials for Class 2 ccmponents are required to be
impact tested with exceptions as outlined for Class 1 components. Also
exempted are commonly used plate, forging, and casting materials listed in
Table NC-231l(a)-1 of Reference lc when used in Class 2 components whose
lowest service temperature (LST)* exceeds the tabulated nil ductility

transition temperature (TNDT) by at least the thickness-dependent value A,

* See Table A4-1 for definitions of commonly used terms and symbols.

A-26
ST

.... Frankiin Research Center
A Dvision of The Frankiin insutute




TCV

LST

I

Table A4-1

Definition of Commonly Used Fracturr. Toughness

Terms and Symbols

Definition

A temperature at or above the nil ductility temperature as
determined by a "break, no-break" drop weight test in
accordance with ASTM E208. (The nil ductility temperature is
that temperature above which cleavage fracture ¢ 1 be
initiated only after appreciable plastic flow at the base of
che notch and below which cleavage will be initiated with
little evidence of notch ductility.) Typp is 10°F below

the temperature at which at least two specimens show no-break
performance.

The higher of Typp or (Tgy = 60°F).

A temperature above Typp at which three specimens made and
tested in accordance with SA-370 Charpy V-Notch testing
exhibit at least 35 mils lateral expansion and not less than
50 ft-lb absorbed energy.

Lowest Service Temperature: the minimum temperature of the
fluid retained by the component or the calculated minimum
me*tal temperature expected during normal operation whenever
the pressure within the component exceeds 20% of the
preoperational system hydrostatic test pressure.
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determined from the curve in Figure NC-231ll(a)-l from Reference lc. For

convenience, the table and the figure are reproduced as Table A4-2 and Figure

A4-1, respectively. Materials for components whose LST exceeds 150°F are also
exempt from impact testing.

Drop weight tests are not required for martensitic high alloy (Series
4xx) and precipitation-hardening steels listed in Appendix I of Reference le.
Charpy V-Notch testing or alternative testing as described in NC-2331 [lc]
applies for these steels in all thicknesses. For nominal wall thicknesses
greater than 2.5 in, the reguired Cv values shall be 40 mils lateral

expansion.

Class 3 Components

Pressure-retaining materials for Class 3 components are required to be
tested, except as outlined for Class 1 components and the materials listed in
Table ND-2311-1 [ld] in the thicknesses shown when the LST for the component
1s at or above the tabulated temperature. For convenience, Table ND-2311-1
has been reproduced as Table A4-3. In addition, materials for components for

which the LST exceeds l00°F are exempt from impact testing.

The evaluation of materials based on past codes for which fracture
toughness requirements may not have been specified or limited is facilitated
Dy the survey forms shown as Tables A4-4, A4-5, and A4-6 for Class 1,

Class 2, and Class 3 components or systems, respectively.

Example

Tables A4-2 through A4-6 and Figure A4-1 will be used to evaluate the
resistance to brittle fracture of components whose design is based on
past codes for which impact testing may not have been required. The

following is an example of how the tables and the figure will be used.

Consider the 42-in primary pipe line between the reactor vessel and steam
generator in the Palisades plant. These pipes were fabricated from
3.75-in-thick ASTM 516, Grade 70 plate with a rolled bond 1/4-in nominal
cladding of 304L stainless steel. The design temperature is 650°F. The
safety injection system is designed to cool the primary system to 130°F
in 24 hours with a maximum pressure of 270 psig as noted in Reference

11. The LST is taken as 130°F. From Table A4-3, Typp = 0°F for SA-516
Grade 70.
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Table A4-2

TABLE NC-2311(a)-1
EXEMPTIONS FROM IMPACT TESTING UNDER

NC-2311(a)-8
Material
Material' Condition? Tor deg. F
SA-537-Class 1 N -30
SA-516-Grade 70 Q&T -10
SA-516-Grade 70 N 0
SA-508-Class 1 Q4&T +10
SA-533-Grade 8 Q&T +10
SA-299¢ N +20
SA-216, Grades Q&T +30
wCB, wcC

SA-36 (Plate) HR +40
SA-508-Class 2 Q&T +40
NOTES:

(1) These materials are exempt ‘rom toughness testing when A
or LST — Tooris above the curve in Fig. NC-2311(a)-1, for the
thickness as defired in NC-2331 or NC-2332.

(2) Material Conditicn letters refer to:

N - Normalize
Q & T - Quench and Temper
HR - Hot Rolled

(3) These values for T.or were estabiished from data on heavy
section steel (thickness greater than 2%z in.). Values for sections
less than 2V; in. thick are heid constant until additional data is
obtained.

(4) Materials made to a fine grain meiting practice.
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Table A4-3

. TABLE ND-2311.1
3 EXEMPTIONS FROM IMPACT TESTING UNDER ND-2311(a)(8)

Lowest Service Temperature for the Thickness Shown

Over % in. Over % in. Over 1 in. Over 1'4 in,
to % in., incl. to 1 in., incl. to 1%4 in., incl to 2'4 in., incl,
Material (Over 16 mm (Over 19 mm (Over 25 mm (Over 28 mm
Material Condition' to 19 mm, incl.) to 25 mm, incl.) to 38 mm, incl.) to 64 mm, incl)
SA-516 Grace 70 N -30 F (-34 ©) 20 F (29 O) 0F(-18 0 0 F(-18 C)
SA-537 Class 1 N -40 F (40 O) -30 F (-34 C) -30 F (-34 0) -30 F (-34 C)
SA-516 Grade 70 Q&T (2) (2) (2) 10 F(-22 0
SA.508 Class 1 Q&T (2) (2) (2) 10 F (-12 ©)
SA-508 Class 2 Q4T (2) (2 (2) WF 40
SA-533 Grade 8° Q4T (2) (2) (2) 10 F (-12 ©)
Class 1
SA-216 Grades Q4T (2 2) 2 3F (19
WCB, wCC
SA- 2993 N (2) 2) (€3] 20 F (-7 ©)
NOTES:

(1) Material Condition letters refer to:

N — Normalize

Q& T — Quench and Temper
(2) The iowest service temperature shown in the column “Over 1'4 in. to 2'4 in.” may be used for these thicknesses.
(3) Material made to a fine grain meiting practice.
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Table A4-4

Evaluation for Fracture Toughness of Pressure-Retainin

Material for Class 1 Component/System
Nuclear Power Plant

FSAR Page

I. Component/System Data

1.
2.
3.
4.
3.
6.
1.

Description of Component/System:

Material Description and Thickness: P No.
Design Temperature: i

Design Pressure: psi

Lowest Service Tenperatutc(l) (LST) : °F

Pressure at LST: psi

Fracture Toughness Requirement? Yes No

I1. Evaluation

8. Material is cxcmpt(2'3)

from impact testing because:

(a) Nominal thickness 5/8 in or less

(b) Bolts 1 in or thinner

(c) Bars with nominal 1 sq in cross section or less

(d) Pipes, fittings, pumps, and valves, nominal pipe size of
6-in diameter or smaller

NOTES:

Lowest Service Temperature (LST) is the minimum temperature of the
fluid retained by the component or, alternatively, the calculated
minimum metal temperature whenever the pressure within the component

exceeds 20% of the preoperatiocnal system hydrostatic test pressure
£1l.

Welding material used to join materials with P Nos. 1, 3, 4, 5, 6, 7,
9, and 11, which are exempt from impact testing because of 8(a)
through 8(f), is likewise exempt from impact testing. However,
exemption 9 does not exempt either the weld metal (NB-2430) or the
welding procedure qualification (NB-4335) from impact testing. See
paragraph NB-2431 of Reference lb.

The current code does not exempt Class 1 components from impact
testing on the basis of tabulated Tnpr and A values as it does
Class 2 components. Item 9 is not an exemption listed in paragraph
NB-2311 but a conservative adaptation of NC-2311(a) (8) for Class 2
components to facilitate the SEP review.
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Table A4-4 (Cont.)

(e) Austenitic stainless steel
(f) Non-ferrous material

Fracture toughness of matezial(3)

appears
does not appear

to be adequate on the basis of the following evaluation:

(a) for material other than bolting and up to 2-1/2 in thick:

L —
(See Table NC-23ll(a)=-1)
(___ Other reference used F )
| and'
' (LST - TypT) = i 4 which exceeds 90°F

which does not exceed 90°F

(b) for material other than bolting in excess of 2-1/2 in thick:

RTypr = ______°F
(Reference used (%) ; )
and,
(LST - RTypp) = °F which exceeds 120°F
which does not exceed 120°F
10. For ?2%ting material in excess of l-in diameter, reference
gata :

has been available

nas not been available
and found to

satisfy
not satisfy
the requirements of NB-2333 (4(b)]

ll. Fracture toughness cannot be evaluated because of

insufficient information.

12. Material is not exempt from impact testing.

NOTE:

4. When using references other than the current code to obtain Typy and
RTypp+ De sure that the data have been obtained from specimens whose
condition matcnes the material being evaluated (e.g., normalized or
quenched and tempered) and that have designation such as "SA-516 Gr. 70".
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III.

Table A4-4 (Cont.)

Conclusions

Fracture toughness appears to be adequate.

Adequacy of fracture toughness not established; request supplemental
test data and supporting documents.

Welding material is -is not exempt from impact testing on
the basis of foregoing data and Note 2.
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Table A4-5

Evaluation for Fracture Toughness of Pressute-aetainigg
Material for Class 2 Component/System

Nuclear Power Plant

FSAR Page
I. Component/System Data

i. Description of Component/System:
2. Material Description and Thickness: P No.
3. Design Temperature: bt 4

4. Design Pressure: psi

(1)

5. Lowest Service Temperature (LST) : it 4

6. Pressure at LST: psi

7. Fracture Toughness Requirement? Yes No

II. Evaluation

Material is exempt(z) from impact testing because:

(a) Nominal thickness 5/8 in or less

(b) Bolts 1 in or thinner

(¢c) Bars with nominal 1 sq in cross section or less

(d) Pipes, fittings, pumps, and valves, nominal pipe size of
6-in diameter or smaller

(e} Austenitic stainless steel

(£) Non-ferrous material

NOTES:

1. Lowest Service Temperature (LST) is the minimum temperature of the
fluid retained by the component or, alternatively, the calculated
minimum metal temperature whenever the pressure within the component

exceeds 20% of the precperational system hydrostatic test pressure
(1].

2. Welding material used to join materials witnh P Nos. 1, 3, 4, 5, 6, 7,
9, and 11, which are exempt from impact testing because of 8(a)
through 8(f), or 8(h), is likewise exempt from testing. However,
8(g) exemption does not exempt either the weld metal (NC-2430) or the
weld procedure qualification (NC-4335) from impact testing. See
paragraph NC-2431 of Reference lc.
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i Table A4-5 (Cont.)

i

j (g) LST of material listed in Table NC-2311l(a)-l (see Table

: A4-2) cxceedg TypT DY at least "A" (A depends on

& thickness). (4)

i LST ______ °F (from FSAR)

& TnDT °F (Table NC-2311l(a)-1l, Summer 1977 Adcdenda)
i A °F (Figure NC-23ll(a)=-1l, Summer 1977 Addenda)

} (Reproduced on p. )

! LST - Typr = °F is is not greater than A.
(h) LST exceeds 150°F.

9. PFracture toughness cannot be evaluated because of insufficient
information.

10. Material is not exempt from impact testing.

III. Conclusions

d
| )
i
$
1
8
t

— Fracture toughness appears to be adequate.

— Adequacy of fracture toughness not established; request
supplemental test data and supporting documents.

___ Welding material is is not exempt from impact testing
on the basis of foregoing data and Note 2.
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Table A4-6

Evaluation for Fracture Toughness of Pressure-Retaining

Material for Class 3 Component/System
Nuclear Power Plant

FSAR Page

I. Component/System Data

1.
2.
3.
4.
5.
6.
7.

Description of Component/System:
Material Description and Thickness: P No.
Design Temperature: 4

Design Pressure: psi

Lowest Service Tempezatute(l)

(LsT):_____°F
Pressure at LST: psi

Fracture Toughness Requirement? Yes No

II. Evaluation

8. Material is exempt(Z)

from impact testing because:

(a) Nominal thickness 5/8 in or less

(b) Bolts 1 in or thinner

(c) Bars with nominal 1 sq in cross section or less ;

(d) Pipes, fittings, pumps, and valves, nominal pipe size of
6-in diameter or smaller

(e) Austenitic stainless steel

(£) Non-ferrous material

NOTES:

~

[

- Lowest Service Temperature (LST) is the minimum temperature of
the fluid retained by the component or, alternatively, the
calculated minimum metal temperature whenever the pressure within
the component exceeds 20% of the preoperational system
hydrostatic test pressure [1].

2. Welding material used to join materials with P Nos. 1, 3, 4, 5,
6, 7, 9, and 11, which are exempt from impact testing because of
8(a) through 8(f), or 8(h), is likewise exempt from testing.
However, exemption 8(g) does not exempt either the weld metal
(NC-2430) or the weld procedure qualification (NC-4335) from
impact testing. See paragraph NC-2431 of Reference ld.
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Table A4-6 (Cont.)

g (3) LST equals or exceeds Typp in Table NC-231l(a)-1 for the
material and thickness being evaluated. (%)
! (n) LST exceeds 1l00°F.

9. Fracture toughness cannot be evaluated because of insufficient
information.

10. Material is not exempt from impact testing.

III. Conclusions

Fracture toughness appears to be adequate.
Adequacy of fracture tougnness not established; request
supplemental test data and supporting documents.
3 Welding material is is not exempt from impact testing
g on the basis of foregoing data and Note 2.
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From Figure A4-1l, A = 48° for material 3.75 in thick:
(LST = Typyp) = 130° = 0° = 130°F > 48°F = A

so that this material, if it were a Class 2 or 3 compcnent, would be

exempt from impact testing. The fact that the primary coolant piping is
Class 1 would not exempt it from impact testing based on present code

requirements. However, the fact that the LST exceecs the Typy by more
than 150% of A allows us to conclude that the primary coolant piping

material used in the construction of the Palisades plant is adequate,

provided that exposure to radiation does not induce an increase of the
Typr sufficient to require the fracture mechanics approach outlined in
Appendix G [4e]. In this regard, note that paragraph NB-2332(b) [1b]

indicates that if the LST exceeds the reference nil ductility transition
temperature (RTypp) by 100°F, then the fracture mechanics approach of
Appendix G is not required. In this example:

(LST - Typy) = 130°F > 100°F

so that the material for the Palisades primary coolant piping is
considered adequate.

4.1.2 Quality Assurance ggguirements(l)

The current code [l] requires that activities in connection with the
design and consttuction(z) of ASME III nuclear power plant components and
systems be performed in accordance with a quality assurance program that
provides adequate confidence in compliance with the rules of Section III. The
program is to be planned, documented, controlled, managed, and evaluated in
accordance with Article NCA-4000(3) for Class 1 and 2 items, and in
accordance with NCA-4135(3) and NCA-8122(3)

quality assurance program is to be established and documented prior to the

for Class 3 items. The

issuance of a Certificate of Authorization by the American Society of
Mechanical Engineers after the program has been evaluated and accepted by the

society.

l. Quality assurance requirements have been determined to be outside the scope
of SEP Topic III-l according to the letter from S. Bajwa to S. Carfagno
dated December 10, 198l. This discussion is provided as general
information.

2. Construction under Division 1 includes materials, design, fabrication,
examination, testing, installation, inspection, and certification.

3. See Summer 1977 and Summer 1978 Addenda to ASME III (1977) General
Requirements.
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For Class 1 and ¢ items, the program is to be documented in detail in a

quality assurance manual which should include policies, procedures, and
instructions which demunstrate provisions for:

a. an organization with sufficient authority, freedom, and independence
from ccst and schedule considerations to:

l. 1identify quality problems
2. initiate, recommend, or provide solutions
3. verify implementation of solutions

4. limit and control further work on nonconforming items until
proper disposition, and with direct access to appropriate levels
of management to assure proper execution of the program

b. indoctrination and training of qualified personnel

¢c. notification of the authorized inspection agency cof significant
changes in the program

d. control of tne design to assure compliance with the design
specification of Section III

¢. design review and checking by individuals or groups other than those
who performed the original design

f. dJdocumentation for procurement of materials and subcontracted services
requiring compliance with Section III

g. documenti control with provisions for review of chbnges
4. 1dentification and traceability of materials

l« the control of construction processes

J. examination, testing, and inspections verifying the quality of work
; by perscns independent from supervisors immediately responsible for
4 the work being inspected, and using measuring and test equipment
calibrated against measurement standards traceable to national
standards (wnere such standards exist) at intervals sufficient to

3 maintain accuracy within necessary limits
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proper handling, storage, shipping, and preservation of materials and
components

identification of items with suitable marking to indicate the status
of examinations and tests, including conformance or non-conformance
to the examination and test reguirements

prompt identification and corrective action of significant conditions
adverse to quality, with documented measures to preclude repetition

maintenance of quality assurance records as specified in NCA-4134.17
of Reference 1, including maintaining for the life of the plant as a
minimum, the following: a permanent record file, certified design
and construction specifications, drawings and reports, data reports,
Certified stress reports, certified as built drawings, material test
reports, non-destructive examination reports, and test treatment
reports

a comprehensive system of planned and periodic audits with

documentation of results, follow-up action, and re-audit of deficient
areas.

Class 3 items are to be designed and constructed in accordance with the

qQuality control requirements of NCA-4135 of Reference 1, which include:

b.

an organization chart which reflects the actual organization

a quality control system suitable to the complexity of the work and
size of the organization

persons who perform quality control functions with sufficient
responsiblity, authority, and independence to implement the quality
control system, identify problems, and initiate, recommend, and
provide solutions.

The quality control system for Class 3 construction is evaluated for

compliance with the requirements of Section III {1] by the authorized

inspection agency and either a representative of the American Society of

Mechanical Engineers or the jurisdictional authority at the construction site

as required by NCA-8122. 1If the jurisdictional authority also performs duties

as an authorized inspection agency, a representative of the National Board of

Boiler and Pressure Vessel Inspectors or a representative of the facility will

participate in the evaluation.

If jurisdictional laws do not require inspection or permit inspection

personnel to participate in the evaluation of the gquality control system, then
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the evaluation will be performed by a representative of the National Board or
the Society.

Past codes did not provide for a quality assurance program for Class 1
and 2 construction, nor for a quality assurance system for Class 3 construc-
tion, as required by the current code. Although an integrated program or
System was not required by past codes, many quality assurance features were

required.

Although the program or system was not specifically required, neverthe-
less, construction organizations typically did operate under "in-house"
quality assurance programs which provided for the inspection, testing, and

surveillance of components and construction activities.

Design organizations did not typically operate under an integrated
program. Two nuclear plants were reviewed by the author as part of the design
adequacy task of the Reactor Safety Study.* Approximately 20% of the items
reviewed for one plant either did not fully comply with the FSAR criteria or
were not adequately documented for assessment. Similarly. 40% of the items
examined for the other plants could not demonstrate full compliance with FSAR

criteria.

It is recommended that the gquality assurance program used in both the
design and construction phases for each SEP plant Class 1 and 2 item should be
compared with the current requirements previously outlined. If the comparison
shows a weak or non-existent program with design and/or construction phases,
then the operating history of the plant should be examined to determine the
frequency and origin of incidents in which the pressure boundary has been
breached. If subsequent repairs or replacement of the breached boundary have
nct provided a permanent fix, then it is reasonable to conclude that a design

deficiency exists. The following would then be recommended:

*Appendix X to the "Reactor Safety Study - An Assessment of Accident Risks in
U.S. Commercial Nuclear Power Plants," WASH-1400, USAEC, Draft August 1974.
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, l. a design review of the deficient area with design change
1 recommendations

2. a technical audit to determine design adequacy of selected Class 1
and Class 2 items for the complete plant. =

4.1.3 guality Group Classifications (6]

Nuclear power plant components are currently classified as Class 1, 2, 3,
MC, or CS. Class MC and CS are for metal containment vessels and core support
structures and are outside the scope of this study. Current classification

standards are as follows:

Quality Group A (Class 1)

A component of the reactor coolant pressure boundary is currently

designated as a Class 1 componen..

Quality Group E (Class 2)

Components are currently designated as Class 2 provided that:

1. They are not part of the reactor coolant pressure boundary, but part
of:

a. emergency core cooling systems, post-accident heat removal
systems, post-accident fission product removal

b. reactor shutdown or residual heat removal systems
C. BWR main steam components described in Reference 2:

o main steam line from second isolation valve to turbine stop
valve

O main steam line branch lines to first valve
© main turbine bypass line to bypass valve

o first valve in branch lines connected to either main steam
lines or turbine bypass lines

d. PWR steam generator steam and feedwater systems up to and
including outermost containment isolation valves and connected
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piping up to and including the first valve that is normally
closed or capable of automatic closure during normal reactor
operation

e. systems connected to the reactor coolant pressure poundary not
capable of being isolated from the boundary by two valves
normally closed or capable of automatic closure during normal
reactor operation.

They are part of the reactor ccolant pressure boundary, but are not
designated as Class 1 because either the component is not needed for
safe shutdown of the reactor in the event of an accident or the
component can be 1solated by two valves as described in footnote (2)
of Section 50.55a of Reference 2.

Quality Group C (Class 3)

Class 3 components are not part of the reactor coolant pressure boundary,

nor aesignated Class 2. but are part of:

1.

2.

cooling water and auxiliary feedwater systems important to safety,
such as emergency core cooling or post-accident heat removal

cooling water and seal water systems that are designed for
functioning of components important to safety, such as cooling water
systems for reactor coolant pumps, diesels, and control room

systems connected to the reactor coolant pressure boundary that are
capable of being isolated from the boundary by two valves normally
closed or capable of automatic closure during normal operation

systems not previously defined, other than radiocactive waste
management systems that contain or may contain radioactive material,
and wnose postulated failure would potentially result in off-site
aoses that exceed 0.5 rem.

Comparison with Past Codes

The past B3l.l (1955) piping code and ASME I (1962) do not designate

quality classes for piping or valves. Comparison of the component classifica-

tion designations in the FSAR with the standards previously described for each

SEP j.ant 1s required before a comparison with current code requirements can

be initiated.
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Piping built to ASME I (1962 Edition) and for which Code Class 1270N was

invoked would currently be designated as Class 1 piping.

Piping built to B31l.1 (1955) for which Code Case N-1 was invoked would be
classified in one of the two following categories:

1. Nuclear piping designed to contain a fluid "whose loss from the system

could result in a radiation hazard either to the plant personnel or to
the general public"”

2. Conventional steam and service non-nuclear piping.

Nuclear piping can currently be designated as Class 1 or Class 2. Code
Cases N-7, N-9, and N-10, when invoked for nuclear piping, together with ASA
B3l.l requirements, have been evaluated in Section 4.2 of this appendix to
determine whether piping built to these requirements codes satisfies current

Class 1 or Class 2 requirements,

Past ASME B&VP Code Sections I and VIII, 1962 editions, did not classify
vessels for nuclear service. Code Case 1270N, when invoked, did classify

vessels for nuclear service as follows:
a. Reactor vessel (outside scope of this study)

b. Primary vessels, other than reactor and containment vessels designed
to contain reactor coolant

C. Secondary vessels which do not contain reactor coolant or are
otherwise subject to irradiation

d. Containment vessels (outside scope of this study)

Note that a vessel previously designated as a primary vessel under Code
Case 1270N would currently be designated as a Class 1 vessel. A vessel
previously designated as a secondary vessel could be designated as a Class 2
or Class 3 vessel under current rules.

Secondary vessels currently designated as Class 2 or Class 3 should be
carefully reviewed for possible non-compliance with current full radiography

requirements.
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4.1.4 Code Stress Limits

Strength Theories

Past codes (3, 4, 5], have been based on the assumption that inelastic
behavior begins when the maximum principal stress reaches the yield point of
the material, Sy. It has been commonly accepted that both the maximum shear
stress theory (Tresca criterion) and the maximum distortion energy theory
(Mises criterion) are much better than the maximum principal stress assumption
in predicting ylelding and fatigue failure in ductile metals. Although most
experiments show that the Mises criterion is more accurate than the maximum
shear stress tneory, the present code (l] uses tho maximum shear stress theory
of strength for Class 1 components because (1) it is more conservative, (2) it
is easier to apply, and (3) it facilitates fatigue analysis. Class 2(1) and
Class 3 components continue to be designed in accordance with the maximum
principal stress assumption.

If the principal stresses at a point are gy > 93 > O3, then
ylelding occurs when:

me = (1/2) (ol -03) = (1/2) Sy
according to the maximum shear stress theory. For convenience, the present
code uses the term "stress intensity,” which is defined as:

2Tpax = the largest algebraic difference between any of
two of the three principal stresses.

Example: Consider a thin-wallad cylindrical pressure vessel or pipe,
away from any discontinuities and subjected to an irternal pressure, p,
which induces a hoop stress ¢ and an axial stress &2. The three
principal stresses in descending magnitude would be:

Ol = 0
o = (V2)0
03 = -p

According to the current code, the "stress intensity” is:

(Ol = 03) = (0 + p)

1. Except for Class 2 vessels designed in accordance with the alternative
rules of NC-3200.

A=46

T

UuUU Franklin Research Center
A Dvsion of The Franiiin insutute




which together with the stress limit controls the design. According to past
codes, the design would be controlled by the maximum stress together with the
stress limits used in the past codes.

Stress Categories

The current code recognizes the advances in computer-aided structural

analysis capability which enable a more comprehensive and detailed determina-

tion of stress and strain fields, in both the elastic and plastic states due

to thermal as well as mechanical loads, gross structural discontinuities, and

local structural discontinuities such as small holes and fillet radii.

Accordingly, the current code recognizes various stress categories defined in

NB-3213 of Reference lb and briefly summarized as follows:(l)

1. Primary Stresses

Any normal or shear stress induced by an imposed load which is
necessary to satisfy equilibrium petween the external and internal
forces and moments. A primary stress 1is not self-limiting. The
existence of primary stresses in excess of the yield strength across
tne thickness of the material will result in failure due to gross
distortion or rupture, inhibited only by the strain hardening
characteristics of the material. Primary stresses are further
categorized as: .

a. General Membrane Stress. The average primary stress across a
solid section excluding the effects of gross and local
discontinuities. The six stress components associated with a
primary general membrane stress are symbolized by Pp.

b. Local Membrane Stress. The average stress across any solid
section induced by a combination of mechanical loading and gross
discontinuity which may produce excessive distortion when
transferring the load from one portion of the structure to
another, e.g., in the crotch region of a piping tee due to
internal pressure. The stress components associated with a
primary local membrane stress are symbolized by Pyp.

¢c. Bending Stress. That component of a primary stress which is
proportional to the distance from the centroid of a solid
section, excluding effects of gross and local structural
discontinuities, e.g., the bendingstress across the thickness of

l. See Figure NB-3222-1 [lb].
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the central region of a flat head of a vessel due to internal
pressure. The stress components associated with a primary
bending stress are symbolized by Py.

2. Secondary Stresses

Secondary stress is a normal or shear stress induced by an imposed
strain field necessary to satisfy compatibility and continuity
requirements within the structure. Secondary stresses are
"self-equilibrating™ and limited by local yielding and minor
distortions so that failure due to secondary stresses induced by the
application of one load will not occur. Secondary stresses are
further categorized as follows:

a. Secondary Expansion Stresses. Induced by the constraint of free
end displacements due to gross structural discontinuities, such
as the stresses in a piping element of hot piping system whose
ends are constrained; does not apply to vessels. The stress
components of the expansicn stress are symbolized by Pg.

b. Secondary Membrane and Bending Stress. Occurring at gross
structural discontinuities and caused by mechanical loads,
pressure, or differential thermal expansion, symbolized by Q.

3. Peak Stresses

Peak stresses are induced by local discontinuities such as notches or
thermal loads in which the expansion is completely suppressed, such
as the local thermal expansion coefficient of the austenitic steel
cladding of a carbon steel component.

Cocge Stress Limits for Material Other Than Bolting Class 1 Components

Current code ;tress limits depend on the code class and service levels
being considered. Design stress intensity values, Sm, for Class 1 components
are given in Tables I-1.l1 and I-1.2 of Appendix I of Reference le for ferritic
and austenitic steels, respectively. For materials other than bolting, the

design stress intensity value Sm is essentially the lower of 1/3 (UTS) or 2/3

. e 1 -p
(YS) at design temperature for ferritic steels.( ) For austenitic steels,

-

S is the lower of 1/3 (UTS) or 0.9 ¥YS at design temperature or 2/3 (¥S) at

room temperature. (2)

l. See III-2110(a) of Reference le.
2. See III-2110(b) of Reference le.
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Assuming that s“l is essentially the lower of 1/3 (UTS) or 2/3 (¥YS),
then the stress limits for the various service level loads and stress category

combinatione for materials other than bolting may be summarized as follows:

1. Design Condition (See Figure NB-3221-1 [1lb])

Stress Category Limit of Stress Intensity
Primary Stresses Tabulated YS UTS
sm < 2/3 (¥S) < 1/3 (UTs)
PL 1.8 Sm <YS <1l/2 (UTS)
PL - Pb 1.5 sm <YS <1/2 (UTs)

2. Level A and B Service (Operating and Upset Conditions)
(See Fig. NB-3222-1 [1lb])

Stress Cateqgory Limit of Stress Intensity
(a) Expansion Stress Intensity Tabulated YS UTS

Pe (not for vessels) 3 Sp <2 YS < uTs
(b) Primary and Secondary (1)

P + Pp + P+ Q 3 Sp < ¥YS < urs
(c) Peak Stresses(?) (3)

P+ Pp+Pag+Q+F Sa (See fatigue curves,

Fig. I-9.0, Reference le)

3. Level A and B Service Limits for Cyclic Operation (NB-3222.4)

Unless the analysis for cyclic service is not required by NB-3222.4(d) (1)
through NB-3222-4(d) (6) [1], the ability of the component to withstand cylic
service without fatique failure shall be demonstrated by satisfying the
requirements of NB-3222.4(e) as follows:

a. Determine the stress difference and the alternating stress intensity,
Sa, for each condition of normal service.

1. 3 S, may be exceeded provided the conditions of NB-3228.3 are satisfied.
2. For cyclic operation.
3. 2 S, for full range of fluctuation.
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Use stress concentration factors to account for local structural

discontinuities, as determined by theoretical, experimental,

photoelastic, or numerical stress analysis technigues.

Experimental

methods shall comply with Appendix II-1600, except for high strength

alloy steel bolting, for which NB-3232.3(c) shall apply.

The fatigue
strength reduction factor shall not exceed 5, except for crack-like

defects and for specified piping geometries given in NB-3680.

Design fatigue curves in Figure I-9.0 for the various materials shall

be used to determined the number of cycles N; for a given alterna-

ting stress value (S314)4 The alternating stress determined
from the analysis should be multiplied by the ratio of the modulus of

elasticity given on the design fatigue curve divided by the modulus
of elasticity used in the analysis before entering the design fatigue
curve.

where “1

curve.

4.

Stre

Cumulative usage for multiple stress cycles is be determined from

U = Sum of (Mi/ni)

is the expected number of cycles associated with (S
and Ny 1s the corresponding number of cycles from the design

The cumulative usage factor U shall not exceed 1.

alt)i
%atigue

Level C (Bmergency Conditions)

(See Fig. NB-3224-1 [1lb])

ss Category Limit Type of Analysis

Prim

ary Stresses

Pn (pressure and 1.2 Sy or ys (1) Elastic

mechanical)
Pp (pressure - only 1.1 Sp or 0.9 ys(1) Elastic
for ferritic

material)

Elastic
Limit

Sgp or 1.5 ys (1)
(collapse load)

P

Elastic
Limit
Triaxial Stresses(2)

Sp or 1.5 ys (1)
(collapse load)

Sm

PL+Pb

Evaluation not
required

Secondary/Peak

1.
2.

which
Based

ever 1is greater.

on sum of primary principal stresses.
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ress Limits - Class 1 Components

Conditions

Pressure-retaining bolt ire designed in accordance with the
of Appendix E ([le], which account for gasket materials and design as well as
bolting material stress allowables given in Table I-l.3 of Reference le, which

-

are based on the lower of:

at room temperature
at des’jn temperature (up to

[evel A, B, and C Service Limits (NB-32

Actual stresses in bolts produced by a combination of preload, pressure,

erential thermal expansion may exceed the allowables given in Table

400 (&)

lnaicated below:

::eg;ectlnq stress concentrations)

(le] values,




minimum thread root radius is not less than 0.003 inches, and (3) the

ratio of the shank fillet radius to the shank diameter is not less
than 0.060.

For bolting having less than 100 ksi tensile strength, use a fatigue
strength reduction factor of 4.0 unless a smaller factor can be
justified by analysis or test. For high strength alloy bolts, use a
fatigue strength reduction factor not less than 4.0.

Code Stress Limits - Class 2 and Class 3 Components

Design Allowable Stress Values

Design allowable stress values are given in Table I-7.0(1) for Class 2

and Class 3 and in Tabie I-8.0 for Class 3 component materials. These design

allowable stress values are limits on maximum normal stresses rather than the

stress intensity values for Class 1 components.

1.

Ferritic Steel Non-Bolting Materials

Design allowable stress S for Class 2 and 3 components as detailed in

II1-3200

Vi
/4
2/3
2/3

2.
The

1/4
Vi
2/3

(le] for ferritic steel non-bolting materials is the lowest of:

(UTS at room temperature)
(UTS at temperature)
(YS at room temperature)

(YS at temperature).

Austenitic Steel Non-Bolting Materials

stress allowable for austenitic steels is the lowest of:

(UTS at room temperature)
(UTS at temperature)

(YS at room temperature)

(YS at room temperature).

l. Except for Class 2 vessels designed in accordance with the alternative
design rules of NC-3200, where stress intensity limits are based on Table
I-1.0, i.e., tne same as for Class 1 components.

s
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3. Bolting Materials

Design stress allowables for bolting materials are based on the same
criteria as for non-bolting materials, except that for heat-treated bolting

materials, the allowable shall be the lower of:

1/5 (UTS at room temperature)
1/4 (¥YS at room temperature).

Level D (Faulted Condition) (Appendix F of Reference le)

The rules for evaluating level D service conditions are ccontained in
Appendix F of Reference le. Only limits on primary stresses are prescribed;
thermal stresses are not considered. When compressive stresses are present,
component stability must be assured. The potential for unstable crack growth

should also be considered.

Component design limits on primary stress intensities for level D
conditions depend on whether the system has been analyzed elastically or

inelastically.

Elastic System Analysis

For an elastic system analysis, the component design limits for level D
conditions permit plastic deformations based on loads or stresses determined

Dy:

a. Elastic Analysis: in which the computed primary stress appears to
exceed the YS by as much as 60% but remains within 70% of the UTS,
except for piping in which the pressure does not exceed two times the
gaesign pressure, in which case the primary stress computed by
Equation 9 of NB-3652 should not exceeed 3S; (2 x ¥§S).

b. Collapse Load Analysis: 1in which the level D loads do not exceed 90%
of the collapse load determined by either a lower bound limie (1)
analysis (which assumes an elastic-perfectly plastic material), a
plastic analysis which accounts for the strain-hardening
characteristics of the material, or by experiment.

l. A load which is in equilibrium with a system of stresses which satisfies
equilibrium everywhere, but nowhere exceeds the YS at or below the
collapse Jload.
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Stress Ratio Analysis: which is a pseudo-elastic analysis method

utilizing tne technigques and curves given in Appendix A-9000 [le], in
which the apparent stress(?) is limited to the lesser of 3 Sy or
0.7 sn except when the methods of A-9000 [le] permit higher limits

when the type of stress field is taken into account.

Inelastic System Analysis

Wnen a system is analyzed inelastically, the level D primary stress or

load limits for components permit plastic deformation depending on the
component analysis method as follows:

a. Elastic Analysis: in which the computed primary stress intensity is
limited to the greater of 0.7 UTS or ¥YS + ((UTS - ¥S)/3).

Collapse Load Analysis: in which the load is limited to 90% of the

collapse load. The collapse load may be determined by one of the
three methods previously described.

Stress Ratio Analysis: as described previously.

Plastic Instability Analysis: in which a plasticity analysis is used
to determine the load, Py for which the deformation increases

without bound. The load P is limited to 0.7 Py or ¥S + (S; -

¥S)/3 where S; is the true effective stress associated with plastic
instability.

Strain Limit Load Analysis: in which the load P is limited as

described in (d) but not to exceed Pg associated with a specified
strain limit.

Inelastic Analysis: in which primary stress is limited as in (a).

Comparison with Past Codes

The fundamental differences between current and past codes with regard to
stress limits are summarized as follows:

l. The current code for Class 1 items is based on the maximum shear
stress theory of failure. The B3l.1 (1955) piping code and the ASME
Boiler and Pressure Vessel Code, Sections 1 and VIII (1962) are based
on maximum normal stress theory of failure.

The current code for Class 2 and 3 items is based on the same theory
of failure as past codes.

Computed value of stress assuming elastic behavior.
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3 The current code for Class 1 components considers primary as well as
secondary stresses and peak stress categories. The B3l.1l (1955)
power piping and ASME I (1962) power boiler codes do not consider
peak stresses.

4. The current code for Class 2 and 3 vessels considers primary stresses
for size selec*iun, as does ASME VIII (1962).‘1’ The current cod:
for Class 2 and 3 piping considers primary ..nd secondary stresses, as
does the past B31l.l1 (1955) piping code.

- The current code gives stress limits for the design condition as well
as for service levels A and B which are equivalent t- past code
requirements.

6. The current code gives stress limits which permit large deformations
in the region of discontinuity that may require repair for service
level C and overall gross deformations that may require replacement
for service level D. The equivalent of service levels C and D was
not specifically considered by past codes. The FSAR, however, does
consider a design basis accident which would be the equivalent of
service level D and the stress limits given in the FSAR may be
conservative, when compared to current stress limits. Stress limits
for the equivalent of service levels C and D should be examined and
evaluated based on the information given in the FSAR for the plant
being evaluated.

4.1.5 Welding Requirements

Welding materials must currently satisfy the qualification requirements
of Section IX of the ASME B&PV Code as well as the mechanical property and
chemical analysis test reguirements of NB/NC/ND-2430 ([1].

A determination of delta ferrite shall be performed for A-No. 8 weld
material (see UW-442 of ASME IX) except for SFA-5.4, Type No. 16-8-2 and
filler metal to be used for weld metal cladding. A-No.8 weld material would
typically be used to join chrome-nickel austenitic stainless steels such as
SA-312 Grade TP 316. The minimum acceptable delta ferrite shall be 5FN and

results shall be included in the certified material test report.

Full radiographic examination of vessel welds is currently required,
depending on thickness of materials joined, weld joint category (see

NB/NC/ND-3351 (l]) and code class as discussed in Section 4.3 of this appendix.

l. Unless the vessel is designed in accordance with the alternative NB-3200
rules which are based on primary, secondary, and peak stresses.
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Full radiographic examination for piping, pumps, and valves based on
current and past codes, depends on weld joint category, pipe size, and code
class as discussed in Section 4.2 of this appendix.

It 1s concluded that past welding requirements for vessels were more

severe than current requirements, but past code requirements for piping,

pumps, and valves were not as severe as current requirements for Class 1 and 2

components.

It is recommended that the FSAR be carefully examined for radiography

requirements for pipes, pumps, and valves which would currently be classified

as Class 1 or 2. It is also recommended that welded components and systems in

SEP plants made from austenitic stainless steel be spot-checked to determine
evidence of hot short cracking in the weld region unless evidence of the use

of A-No.8 welding rod with at least 5FN delta ferrite can be provided.

4.1.6 Design Considerations for Bolted Flange Connections

Appendix XII of the current code (l] provides supplementary information
to prevent leakage in bolted flange connections with unusual features such as
a very large diameter or under unusual conditions such as high pressure, high
temperature, or severe temperature gradients. Appendix XII permits analysis
of the joint which considers changes in bolt elongation, flange deformation,
and gasket load that can take place upon pressurization and that may indicate
a required bolt preload greater than 1.5 times the design value. This
practice is permitted provided that excessive flange distortion and gross
crushing of the gasket is prevented. Bolt relaxation under high temperatures
should also be investigated. Methods for assuring adequate bolt tightening

for large diameter bolts are discussed in Appenaix XII.

Past codes did not consider special situations as described above. The

current considerations of Appendix XII may be useful in evaluating problem

connections.
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4.2 PIPING

The current Class 1l piping design requirements are given in NB-3600 of
Reference 1b. The fundamental differences between current and past require-

\ ments are that: X
Lo The current code explicitly considers and evaluates the
margin against fatigue damage by a formulation for peak
stress which accounts for local as well as gross dis-
continuities. The secondary stress indices C, in the
i current code are ~quivalent in principal to tHe stress
' intensificaticn factor i of the past code [4]. The
current code magnifies gross discontinuity stress by
multiplying C, by a local stress index X,. The past code
‘considers the“effect of cyclic loading by reducing the
allowable expansion stress by a factor f which varies
between 1.0 for less than 7,000 cycles and 0.5 for more
than 250,000 zycles.

(1)

Figure A4-2 shows a plot of the allowable expansion stress
based on the past code and labelled past "fatigue" curve super-
| imposed against the design fatigue curves for carben, low

| alloy, and high temsile steels (Fig. I-9.1 of Reference

le) of the present codes, labelled current fatigue curve.

The past "fatigue" curve is based om a 70 ksi ultimate

tensile strength (UTS) material whose allowable stress range,
Sa,(2) is 7 (1.5)(UTS)/(4) (0.9) where 0.9 accounts for

the efficiency of a welded joint, and f depends cn the aumber
of cycles as shown in Table A4-7. The figure also indicates a
value K (cycles), which is the ratio of the present over the
past fatigue allowable altermating stress fur a given number
of cycles. K varies between X(10) = 25 and the X (1,000,000)
= 1.0. Notice that K is the allowable local stress index for
a design which is based on the past code-and being evaluated
in light of the present code, all other things being equal.
Assuming that for most piping systems the maximum local s:iress
index is not likely to be higher than 5, but higher tham 1.4,
we conclude from Figure A4-2 that piping systems designed in
accordance with the past and the prasent code:

a. are conservative for services with less than 500 cycles

b. possibly are uncomservative for services with cycles
greater than 500 but less than 100,000

€. are probably unconservative for services with more
than 100,000 cycles and significant load changes.

1. B31l.1 (1955) only; ASME I (1962) does not explicitly consider cyclic loads.

2. Sy = f (1.25 So + 0.25 Sy). Using S. approximately equal to Sy and

Sp < 0.9(1/4 UTS) gives Sy < f (1.5(UTS)/4)0.9.
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2e The current code considers the influence of thermal gradients
through the thickness of piping elements, together with the
effects of the range of pressure and moments due to changes
in service temperature and pressure, when determining the
peak stress intensity Sp.

3. The current secondary stress indices C, are either equal ar
.ess than twice the corresponding stre%s intensification
factor i of the past code. This implies that expansion
Stress computations based on the past code are conservative
from the viewpoiat of margin against excessive distortion.

NB-3633.2 gives a simplified expression for Sp which conservatively
estimates the sum of primary and secondary and peak stresses as follows:

PoDo D

Q
R e ra SO

P |
KBLQ[AT

Fg— — I
2(1=v) 1l

- |
+ x3c3£: ab X Iaara 2T, |

1

RS o |
;i Ea|aT, | (1)

where:

KI,K.,,K3 = local stress indices

AT, = linear portion of thermal gradieant through the
thickness

AIZ = gon-linear portion of thermal gradieat through
the thiciness

M, = resultant range of moment due to service changes
in temperature f&Tif or mechanical loads such as
earthjuake

C,,C, = secondary stress indices

P = range of service pressure
ve (0,3

Ea = modulus of elasticity times the mean coefficients
of thermal expansion

D = outside diameter of the pipe
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t = nominal wall thickness
I = sectional moment of inertia

Ta(tb) = range of average temperature on side a(b) of
8Toss structural or material discontinuity.

Values of stress indices for the various piping elements are given in Table
NB-3682.2~1 of Reference 1b and reproduced as Table A4-8. For the purpose of
the discussion which follows,(l) the fourth term in the expression

for Sp is
neglected since it is atypical.

The past piping code (4] sets limits on the first two terms in the
expression for Sp which will be derived herewith. Equation 13 of Section 6 of

fererence 4, neglecting contributions due to torsion, is given by:

%

3. 24 z

» <S
o -

A

where:

Mb = resultant moment due to change ia temperature
from the minimum operating temperature (usually
taken as erection temperature 70°F as noted in
Section 619(b) Section 6 of Reference 4 to the
maximum normal operating temperature plus move-
ments of pipe ends attached to equipment.)

Note that Mi = AZI-Mb (approx) where:

AT
e, ® 1
24 " T(T) - 70°F]

Z = section modulus of pipe = (I)/(DO/Z)

i = stress intensification factor given in Figure 2
in Section 6 of Reference 4 for various piping
elements.

Substituting the expression for 2 in SE’ we obctain:

D
o
heigh
Comparison of the stress intemsification factors, i, given in Section 6,

Figure 2 [4] with the stress indices C, given in Table NB-3682.2-1 reveals that
C2 is approximately 1.9 x i.

1. This discussion can be used to compare current requirements with piping

designed to B31l.1 (1955). It is not applicable to piping designed to
ASME T (1962).
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Note further that the limit on Sc is:

w
»

s = f(L.25 S5, + 0.25 S,)

where:

w
0

allowable stress in cold condition

Sh = allowable stress in hot condition

f = stress-range reduction factor to account
for cyclic conditions as given in Table A4-7.

Table A4-7

Stress Reduction Factor = 7

o. of Full Temperature Stress Reduction
Cycles over Expected Life Factor, f

7,000 and less 10
14,000 and less 0.9
22,000 and less 0.8
45,000 and less 0.7
100,000 and less 0.6
250,000 and less 0.5

Note that for ferritic steels, both sc and Sh approximately equal 0.9* (1/4 UTS)
such thact:

s, = 1.5 £00.9) T2 = 0.3 £urs)
(ferritic steel)

For austenitic steels, SH is approximately equal :o'i Sc so that:

S
o= 2339+ 2(H%Y] 0
SA = 0,33 f (UTS)

(austenitic steel)

* The factor of 0.9 is used o account for a butt-welded joint efficiency.
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Table A4-3

Table N3-3682.2.1

SECTION 111, DIVISION | — SUBSECTION NB

TABLE NB-26822.1
STRESS INDICES FOR USE WITH SQUATIONS IN NB8-3630

(Not Applcadie for D/t>100)

Lmernay Moment Thermai
Pressure Lcacing® Laging
Piping Products and Joints 8 [~ L4 5 = L8 & - K

Sragnt ppe. remote from weids or other

MICOMUIMuLies Qs L L -2 0 Lo 0 - L
Girth Dutt weid Detween TTragnt 20w or between

P08 and JULL wending COmponents e °

(a) flush (K} L L -] Lo 56 3 L0 aos u

() a8 werded t23/16 in. [ang 8/t<0.1) s P & Lo - i3 L0 o8 L7

(€) 43 werded t<3/16 i [or §/tDA1] s PIS T -4 - | Le s L0 as= L7
Girth flliet weid 10 sOCKEt wesd fittings,

sip on flanges, or socket wesding

“anges aurs 20 30 LS 21 0 L3 Lo 3.0
LONGItUCINGl DUTE weidl n SLrMGIt Diped

(a) MNusn ) K] Lo L Lo Lo 53 P ] - IS4

(B) as weided (D3/16 as 3 W Lo 2 P LI - 2

(€) a3 weided t<3/16 s L & L 2 ) & | - ] 2
Tapered tranution jowns per NB-4428

and Fig. NB4233.1au .

(3) flush or no girth werd closer tham /R 08 ¢ A3 Lo . 1 . W

(B) as weides PR ] . 2 L2 . 3 . Lo L7
Sranch connections cer NS 36430 Lo 28 w7 ’ ’ ? L3 Lo b 4
Curved DiDe oF DUt wewding ethows Der

ANSI 3189, ANST 31628 ra 2R .o vov 1a 19 o8 w9
w MSS SPagmu A
Sutt-weding-tees Der ANSI 3149

ar MSS “Pagan Lo i3 40 . . - 8- | s L3
Butt weiaing recucers :nr ANSI 8189

o MSS SPagmu L0 “ = L0 " . . oS Lo

NOTES:

(1)@ T™he wiues of £ wnown ‘'or hese components e
WOlCIDIe 'OF cOMOONENTS wath out of roundness "ot
Fveter than 0.C87. wrere out of roundness is detined as
Oman = T 3

Omen * Sutuae o wr of crom wecuion, n,
O * ounae ter aof oms secuon, in,

TS AOmena wall thicx e, in,
L4

D) If e crows sweenon 13 out of round such that the croms
HCDON 3 J00FOXNTETHY HHOTICH, 3N JCCROTIOIe value of
K. may be od Dy YIng the ath d values
of X, oy the factor £ .

15 k!

o (%) 7]

wnere O, * nOminal Ouride diameter n.
2 % internal oresae, oo
(s Mammum vaiue of Oressure A (he cad
Cveie unaar canuaerstion)
£« moduius of stesiicity of matenal 3t room ‘e
pevRture, Dw -

Sner rymoes are delined n (),

Ompa =0
- ——AA__ N0
Eoa=t ,

@) .
JUUU Frankiin Research Center
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@} It Dwngu = O 2 Nt grester then 008 0,, and e~
ATTA0M vaius Of K, May De COTMNeD Dy TRIUDIVING the
WOWATED veiues of X Dy the factor F .

” .'._H%
. P 0g

for ferrmic steeis and nonterrous materiais
IRCIOU cke-chromeeron  diovs  ana
on<chrome aliavs
Me=217 tor rees,
Hlove, and Mmexeron-cnromium ailoyy
Sy *ywid strengtn 3t Jesgn  lemperItuce, o8
(Taoies 1-2.0)
2 = Qengn Pressure, pm
Dy and ¢ wrw cafined in 1a) and (L),

e

(2) Wesds m sccovcance wath  (he  requicements  of s

Suctacnon.

@ Frusn wesds we delmed A% (MO weids wiich Nave Deen
FTOUNd ON DOIN NENGE ING PXIENOr SWrTace 10 remove
wd ITRQUAAN 11 3N OIUUT CNENGES N LONTOW Cue 10
mralignment, Thicaness of awia rewnforcement [(total
nnde and Qutiidel 1Al "ot caxceed O (7. Ne cencawnty
ON INE TO0L wue 'x DerMitted. The hinmned contour nai

NOWNEre NIve 4 LODE JNgIe mMeusured ‘rom gngent !9



FEATE NESrSIVISFRRS - o B R e 00 s bt T SRS AR o A Tl ik kit AN it bl

e ST PO SRR R R

Table A4-8 (Cont.)

NB-3000 — DESIGN

surface of 0w of, ON Rpered raNLLON uae of weid, 10
e AOoMuna TINMRLON surtace! grester than T deg., we
LRETTN DO

7 oey. mex.

;7 deg. men.

"———M———J

deg, Mmax.

D) Avwwwiaed 2 ae¥ined @ welds NOt Meetng e DeCa
gusements ‘or Tust wesdt AL e mtersecton of 2
ONEITUCINEE DUTT waed N STTBAGNT D408 Wt 3 TR Dyt
wed or pren fillet wesd,

8 ~0Sawg, ~12

™e C,, X,, C,, X,, ana K, naices snail be the orocuct
of Me reoective wWHCES 'Or Ne lONGITUCINGl wesd and
PN weld. For examole, It e atersecnion of an
apwerded DITR DUTT wesd AT AN LSwwend8d 0N TUD NS
Sutt weed, O, 4 1IX1.19127. C, for a gwen filler wesd
MTIICTING 3 (ONGTLCne wasd S De taxen as 20
(2 The strem nNaices Jven a9 JOONCIDIE Onty 'O Draach
CONNECTIONS N STTIGNT I08 wath DIanch Jxm NOrmed 1o e
08 NATRCE and wewen Teet The e e o
nd limwosnoms of N8.J536 ang Fig, NB-J68ALTY.
(4} A = curved 108 Or #DOWY raciuR, .
£ % mean radig Of O JsCTIoN, n.
Dy = t1/2 mnern t = nOMWS watl TuCkeS
(5] The weums of momene, M, el 38 cOtmned ‘rom an
arves of e IOINg TYITEM A accordance weth NB.SE72.
My 2 et a e TaNGe Of TIMENT GGG A0OMEd GuNNYg
e sona e CoSRnNg CYae.

My = moment at Pant A
—
Mooy, ou, oyt

Qurvey Piow or Wesdiny £]Daow

My = moment st Pownt A
e
My oM, " "™, "o,

Sremcn Mow -

Moments caiculated ‘or Soent st ntersecnon of run s
Drencn canter ines

T"‘n
-

A Y r@ 'JA M,

| | { |7

F | .

/., 5—3___"‘ / M2
/ - - J
> My » “:2
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Table NB-J682.2-1

For My

e b e e s e

My o T T e = e -

".'

M, - u’,m’,»u’, * FERMTANT MOMEnt ON run
nare M yp, My 403 My, are GererTTaned a8 foilOw:

If My, and M;, Nave the s georme ugn, then W =0, It
Mj, and M;, nave cifferent agetrme ugns, e M), s the
smailer of M, or M, wherei *x, v, I

Faor branch connections of tees, tne AM; term of Eguatons

(91, 1100, (17), or (12 snai De repiaced Dy e Olowang
mery of terrve:

Equasnon (3)

3 bo‘ L
v..,. "Z,

’ " 1
Egquanons (10) & (1D C..E:N:.,,—
“-r

w,
Eauenon (11) c.,x.,i’-c,,x‘,z
e

STy

2y =R’ Ty

For orencn connections per NBJ8AJ we Foomate I adowe
" T 5 Am, 3a T, are aetined in Fig, NB-JG86.1+1
For Duttewescung tees Der ANS] 316.9 or MS 5P 48:
7 oy * een radius of CeRgnated Dranch S0
Ty = nomwna vl (Necxness Of Jesgnated Sranen
EL
Ay * meen rediua of dengnated run o8

Tree - - ness of Cwngr un ooe

(6] Inaices are A0OHCA0E 10 TAOETET ITENSITION (0TS weth & GrTn
DLt waid 8t tNE Tin end Of The rAnNuOOon.
S, *13+0003 (0,1 +15 (4/m
2wt not grester than 1.0
Cy = 1.4+0004 0,1 +30m
Dut not grester than 2.1
Cy *12+0.008 (D0

M 8,5 *0.73C, 5 Dut not less than 1 0
2,,+0.75C,, dut not less than 1.0
Cro *UANTHA Y 0 /Rl (T o/TH (0 it ni, Dt not

wes than 1 S
Ao Thn 7an Ty, ana 75 we aetinea n Fig,
N8-J538.1-1
K,"i.o
Cop *08 (A THAY 7 iR i, But NGt less than 1.0
K,-*20
The product of C, X, , shail be a memmum of 1.0
19%
. &, -ﬁ ,Dutnotlessthan 15: 3, =073 C,
Al
1.4
9, *==  whers = nominst Cioe wall Thicxnens
r~ A = bend ragius of curved Dioe of HDOw

7 TN D08 aCius
*Dg =012




i
i
|
:
|

Table NB-J682.2-1

9)8,p%8,,075C,
Qo = C,, =067 (AT but not less than 2.0
Aoy = mmen (acius Of dEBQRAtEd Tun oW
Ty = nomenst wal thicxness of GELGNaISd run Dipe
Kig*Kyp®12

(10) The X indices gven for fittings per ANSI 31639, ANSI
S16.28, or MSS 5748 a0ty onty 10 wamiess HItUNGS weth no
COMMECTIONM, ATLACHMENTI, OF OtNEr EXITWNeOUS IITess sy
an he Dodwes herwaf. For lithings weth ongitudsnal Durt
weis, ve X aeces Wi e by the 1.1, for
fush wwics = aetioed o Now 2, by '3 'or wesda not
Meating (Ne cequerements (or Tush wesds.

(11) The strems (aices grven Orecdic! SITRSIES winch OCoUr W the
Sogy of & hithng, It s AT regueed 10 take (he Droduct of
aren for 'wo % OrOCUCTS SUCH 48 4 lee and &
FRGNCET, OF 3 lew ANd & PETR DUTT watd wihen weided [Ogether
GcEpr ‘or he case Of curved OWOE O DUl wesaing
Bow or DY & owece of Sragnt pe
mmnmm-tmtum For i
Oecific case ‘Ne e noex (or 'he curved Toe OF Dutt
wnding $#DOW TSt De MUInoned Dy that 'or (e gurth duct
weid, Exciuaed (rom N MUDDIKInON ae the 8, ana O,
wances. Thew vause s toDe: 8, = 10,C°, =050,

MAVé s - e COrITEIALOIS TEUTRICH a8 WHOwen
. " Fig. NBLAZII1. A veve of & lem than LI2 n may e
3 uted Orowasd he  uTmier Twsmaten 3 pecified  ‘or
faorcanon. For fusn weeas, detined = lootnate (2, 4 mey

08 raRen W WO,

B e T SN R

P T

(13) (a4 Nomenciatue

L2
———
|
.
T L .
. ) {
] : .’? '
,'r’ﬂ b ¢
a"z | S/ 7S
% {
| |
Pz OTa
' '
‘ [, * norns wall thiexness, wroe g
f.o® Ao el thicknens, sl g
8, o, g ena

: O. = nominel outuae demeter, smal ena
| a * cone angie, a8,
{ =

-8 ™e naxes gven n il and 'd) 10Dty
CONAITIons Jre Met
(1) Cone angie, o, doen not exceed 50 deg. ind the
WIUCEY 4 CONCEN .
(2 The wail thckness i1 ROt lems than [ . (Nroughout the
Dody of e recucer, excEDt A Ind  mmedistely
Aacent 10 the cylndncal pormon on the smail end,
whare he ucknes ihal not De e than 0 . Nal
| THCKNETINS [, and [, we 'O D oUmned Oy
4 Eauanon (1), NB-1841.1,

4 the ‘olswang

-y
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Table A4-8 (Cont.)

SECTION [II, DIVISION | — SUBSECTION NB

le) Reducers m wheh 7, and 7, » .10,
€, * 1 +2.0088 Dty
e, =1 ,u..w’wuw.,ﬂa. -Q.5)
wiare O/ty 16 the larger of O, %, and O, /1,.
(g} Regucers in when ¢, aalorr, <010,
C, * 1 +0.00485a' " (0,1,
C, = 1+00188% Oty
wersere Oty 8 the larger of O, .1, ana 0,7,

[14) T™he £ naices grven n (a), B), ana ‘c) 100ty ‘or reducers
attEched 'O INe connecting DI0e wth TusA or apwerded
G welds as cefined n ‘comete 1. Not mat the
CONMECTING UTh weld TUSE 3180 D8 Checxed WOMrTtey ‘or
oMo ence.

‘2l For recucars connectesd 0 2108 wwth Yush qrth burtt
=

—
£ =11 -1 ?,Mﬁ. lows tham 1.0
Ve mim

-
K, * L1 =« Q) e, DUt nOt lens than 1.0
v Cmwiom

3__‘»3 s the unsier of ;,.\.B.:. ana

LaivBy iy

B Far reducery connected 0 DIO8 TN abweided FTh
DUTT weids where ¢, r. > /G i ama b, 7, 5.1, <
Q1

K, 12«02 L

vanv‘n

. Dyt not iem than 1.0

X, *18-08

. Dut not lem than 1.0

v Cmiom

L/ Dmim & e wneiler of L, /D¢, and
L‘/w 1éye

e} For reducers connectsd 10 DIOR with is-weided 3irTh
DUTt waide, whare ¢, orr, SJ/18 n or 8, /r, or b, e, >
Q1

bw
K, * 1.2 =02 = butnot ews then 1.0

N D yiom

I
-

K.*15-18%8 Sut mot 'ews than ' 0

~ Do

wner® Lo Omim 3 he umaller of L ANO,t, ana

L NB,yty.

126
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Noting that Mi = AiMb and conservatively assuming that a nuclear power plant
designed in accordance with past codes is such that SE = SA and recalling that
C2 * 1.9 i, the second term in the expressiom for Sp becomes:

D D
[°) - o
BCaar ¥y = 2y K 1.9 (‘ 1 “"u)
= 1.9 S.A (.\21 Kz) = Q.65 XZ:..KZ (UTS) (2a)
for ferritic steels
0.63f A2L Kz (UTS) (2b)

for austenitic steels

Past piping codes determine pipe thickness in accordance with the formula<l)

PD
-—_O-—— - 1
“a 2(554-0.4P) e (Equation 1, Section 1 of Referemce 4),

where:

P = design pressure

D = outside pipe diameter

C = allowance for corrosion

wi
K

h allowable stress at temperature

€ = minimum pipe wall thiclkness

When C is small compared to the thickness and 0.4P is snmall compared to

S, the minimum thickness is approximated by

PD % (UTS) (0.9) ferritic steel

? (UTS) (0.9) austenitic steel

1. Based on y = 0.4 for ferritic materials below 200°

?h A-65
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Assuming that the range of service pressure P° is a fraction A

{ of the design
pressure, we have

PD A.PD 1/4 A,(UTS)(0.9) ferritic steels
Q0 i "o ; A

2t 2t S A5 -

1/5 Ai(UTS)(O.Q) austenitic steels

so that the first term in the expression for Sp may be put in the form

1
Llc (Pobo . 3 Al (UTS) chl (0.9) ferritic steel (3a)
1\ 2¢ .
. %-kl (UTS) chl (0.9) austenitic steel (3b)

Substitucing Equations 2a and 3a on Equation 1 and neglecri
in Equaction 1, we obtain:

ag the fourth temm

- i p! &~
S % (0.9) AlKlCl (UTS) + 0.65; XZ:L&Z (UTS)

?
1 Eg
+ (L=-v) EQ'ATZI + K3 2(1=-v) IATII (la)

for ferritic steels.

Similarly substituting Equations 2b and 3b in Equation

1 and neglectiag the
fourth cerm in Zguation 1, we obtain:

0.9 -
Sp 3 A, (UTS) chl + 0.63fF kZi Kz (UTs)

-~

1 EQ |
*‘('FV—)EQIATZI + K32(l_-37 IATI; (1b)

for austenitic steels.

These expressions can be further simplified by noting from Tables I-5.0 and
I1-6.0 [12] (Winter 1978 Addenda) that:

3 -6
- -
Ea ___27.9 x 10 X 7.3 x 10 0,291-553 for ferritic steels
(1L=v) 0.7 °r

Za "83‘(’03!94“:10-6 xsi

E « o2 X 20 X J.00 = 0.380 — for austenitic steels
(lL=v) 0.7 e i
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Substituting appropriately ia Equations la and lb and multiplying the second
term by 1.3 to account for movements of pipe ends attached to equipment, we have:

SP = 0.23 Al (UTS) chl + 0.85f A

2 Kz (UTS)

+ 0.291 luzl + 0.145 K, lull (1a)

for ferritic steels

.':'»P = 0.18 Al (UTS) ch + 0.82f kn KZ (UTS)

1

+ 0.380 larzl + 0.190 &, lull (1b)
for austenitic steels

where: ' -
A, » (range of service pressure)/(design pressure) = ?o.

UTS = ultimate temsile streagth of material at 70°F

f = gtress-reduction factor (see Table A4-7)

A., ™ [Change in temperature for £ %0 service cycle] divided
by [maximum operatiang temperature - 70°F]

l“x' / 1(T) e = 70 F|
Kl.cl.xz.luzl,xylul] = previcusly defined.

The altermating stress intemsicy, sal: y 1is one half of the peak stress
intensity, SP; that is:

1
Sae " 7%

For a given value of alternating stress corresponding to actual n, service cycles,

i

the number of such cycles N, allowed may be found from the applicable desizn

i
fatigue curve, Figure I-9.0 [le]. The usage factor for the given a, service

cycles is defined as:

Ui-

“ 'Hﬂ

i
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The cumulative usage factor, U = :Ui shall not exceed 1.0 as required Ly
NB-3222.4(e)(5) of Reference 1lb.

Equations la and 1b may be used to evaluate Class 1 piping designed in
accordance with past code raquirements from the viewpoint of present code re-
quirements. Some examples will be used to illustrate use of the formulae.

Example 1

Consider the 42-in ID primary ccolant piping between the reactor vessel and
steam generator for the Palisades plamt [1!]. These pipes were fabricat:d from
3=3/4=1in thick AST™ 516, Gr. 70 plate with a rolled band 1/4-in nomimal cladding
of 304L stainless steel. A review of transient conditions given in Sectiocm 4.2.2
of Reference 1l indicates the following step power change service cvcles:

. 15,000 cycles of 10% full load step power changes

increasing from 107 o 30% of full power and de-
creasing from 1007 to 202 of full power

- 500 reactor trips from 1002 power.

Zxamination of Figure 4~8 of Reference 10 shows the reactor coolant tamper-
ature as a straight 1" e function of NSSS power. Considering the hot temperature
function, note that this full power T = 594°F and at 0% power T = 532°F. This
indicates that the tecpe ature change associated with the reactor trips is
62°F. TFor each AT, we 3hall zssume that ATI = 0.75 AT and ATZ = (.25 AT.

A more accurate det2rmination of Atl and Atz may be obtained from Reference
11, so that:

Service Cycle - 1 n, = 15,000 AT of Service Cycle 1 = 62°F

AT, = 0.75 x 62 = 46.5°F

F=0.8
AT, = 0.25 ¢ 6.2 = 15.5°F
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Service Cycle = 2 a, = 500 AT of Service Cycle 2 = 6§2°F

2

AT, = 0.75 x 62 = 46.5°F

1
f£=1.0

ATz = 0.25 x 62 = 15.5°F
Elbow

Consider an elbow in which the bend radius R is 5 times the pipe diamerer
r

2r = 42.5 + 3,75 = 46.25
=% 23.13
R= 35 x 46.25 = 231.25, 2R = 462.5

From Table A4-8 for curved pipe or a butt welding elbow
H - llo
C, = QR=1)/[2(R=¢)]
= (462.5 - 23.13)/[2 x (231.25 - 23.13)]

= 1.06

Kz =" 1.0, K3 = 1.0

Longitudinal Butt Weld-Straizht Pipe

A longitudinal butt weld flush in a straight pipe would be a more critical
element to investigate siace for this element:

Kl - 1.1, ¢, = 1.0, K, =1.1, K, & 1.1

1 2

Branch Connections

A branched connection which may possibly have been used to comnect the
12-in Schedule 140 3156 stainless steel surge line from pressurizer to the hot
leg would have stress indices as follows:

x = = 2.2 = 1,
Kz 2.0, K3 1.7, Kl sl Cl 1.3

and obviously would be most critical. These X, and Cl values are taken from the
Summer of 1979 Addenda [1].
o A-69
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Determination of Usage Factors

UTS = 70 ksi (ASTM 516 = Gr. 70)

For the 1th service cycle:

- £
(sp)i 0.2311 x 70 x chl + 0.85 x 70 ‘ZXZi

- o.z91iarzl + 0.145 K. laT

lar|

Assuming that the pressurizer maintains pressure within + 50 psi during these
service cycles, then:

. 170
A = m = 0.04 so that

- & - ¥ | /
(sp)i 0.644 chl + 39.5 XZi‘ ‘(2 * o..91,41'2. + 0.145 %

|
-
31

AT
Determination of xz, for each service cvcle Ay, ®

4
=
-

T R ER
L(ro)xmx 70%]

r - = .
(‘o)m maximum operating temperature = 534°F
T of Service Cycle 1 = 62°F AT of Service Cycle 2 = 82°F

Ay = 62/(59 = 70) = 0.12

k22 = 62/(594-70) = 0.12

1
- . - -
finally (S 1:)1 : (Sp)i

A summary of the results for each of the two service cycles as it affacts the

usage of the three elements is given in Tables A4-0 through A4~1ll. It is apparent

from the usage factors calculated in these tables that cumulative damage from
cycles 1 and 2 is negligible.

A=70

JLul Franklin Research Canter
A Shamon of The Fransen insatute



Table A4-9

Usage Factors Due to Thermal Gradient Through Thickaess

Example: Hot Leg of Palisades Primary Coolant Piping

Piping Element: Elbow
c

Kl = 1.0,

Service Cyecle - 1

A

Sp = 0.644 chl + 59.5

a, = 15,000

= 1.06,

Kz - 1.0,

£=0.8

1 K3 = 1.0

21 * 0.12

T, = 15.5°F AT, ® 46.5°F

2 l

A

&
cKzz

i » o.znmzf + 0.145 KBIATII = 18.7 ksi

1 \
salc R Sp 9.3 ksi
6 o
Nl > 10 (See Figure A4-2) Ul ol T 0.02
. 'l
Service Cyele - 2 a, = 500 f=1.0 AZZ = 0.12
ATZ e 15.5%¢ ATl = 46.5 *y
- - [ amm | ! : | - '
S, = 0.644 RiC) + 59.5 f Kydy, + 0.291]aT,| + 0.145 Ry[AT, | = 19.1 kst
$. ©«25 ©9.5 kst
ale 2 "p :
5 -
¥, > 10 (See Figure A4-2) U, ===
2 2 Nz
Ul + Uz = (0,02
A-71
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- Table A4-10
Usage Factors Due to Thermal Gradient Through Thickness
Example: Hot Leg of Palisades Primary Coolant Piping

Piping Element: Longitudinal Butt Weld-Straight Pipe
!
g
: R, = 1.1, ¢, = Lo, R, = 1.1, Ry = 1.1
i Service Cycle = 1 a, ® 15,000 f=0.8 Ay = 0.12
A‘rz = 15.5°F A‘fl = 46.5°F
:
sP = 0.644 K,C, + 59.5 Rpdy, * 0.291132! + 0.145 K3{.\‘1'15 = 13.9 ksi

S . =25 =9.5ksi

i ale 2 %
: 6 nl
, N, > 10 (See Figure A4-2) U, == = (.02
/ 1 1N

Service Cycle - 2 a, = 500 f=1.0 Ayp = Q.12
! AT, = 15.5°F AT, = 46.5°F

-
= - | -~ 1
‘ sp 0.644 K, C, + 59.5 ; Rydyy + o.z91|uz| + 0.145 KJ,ATII 20.5 ksi
: S. =%s =10.2kst
ale 2 7p
' 6 e
NZ > 10 (See Figure A4~2) grs 0
2

‘ Ul + I.T2 = 0,02
)
i
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Table A4-11

Usage Factors Due to Thermal Gradient Through Thickness
Example: Hot Leg of Palisades Primary Coolant Piping

Piping Elemeat: Branch Connection (K1 and C1 from Summer 1975 Addenda [1])

Kl = 2.2, Cl = 1.5, Kz = 2.0, K3 s 1.7
Service Cycle = 1 a, = 15,000 f = 0.8 XZI = 0.12
= - = e
A‘l'z 13.5°% A‘I'l 46.5°F

= b L | -
sp 0.644 X,C, + 59.5 ; Ryry, + o.-91larzl + 0.145 x3;4r1| 29.5 ksi

S . s:3 = 14.8 kst
27p

ale
5 or |
N, > 10 (See Figure A4-2) U, === = 0,02
1 1 “1
Service Cycle - 2 a, = 500 f=1.0 kzz = 0.12
ATZ e 15.5°F. Atl = 46.5°F

- R & ! -
sp 0.644 X,C, + 59.%5 ; Byh,, * 0.291,Ar2! + 0.145 xz.ar | = 25,2 ksi

1

a
N, = 10° (See Figure A4-2) U, = == = 0.0005
U, + U, = 0.0205
A=-73
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Example 2

The same Palisades primary coolant piping will be considered as in
Example 1, except that only a branch connection will be considered for service
cycles in which there is a more significant change in average metal tempera-

ture as follows:

Service Cycle T ATy K24
i=ny (°F) "ATiI/(SZ‘))

1-15,000

(L0% to 100% full power) a2 0.113
2-15,000

(50% to 100% full power) h § g 0.059
3-15,000

(10% to 90% full power) 35° 0.105
‘-15 r 000

(100% to 20% full power) 49° 0.094

Comparing the above valves kzi with the value of 0.12 obtained in
Example 1, the usage factors associated with the above four additional cycles
are negligible.

Comparison With ASME I (1962) Requirements

Piping from a reactor vessel up to and including the first isolation valve
external to the containment structures could have been designed and built to
the following requirements:

a. ASME I (1562)

b. ASME I (1962) and B3l.1 (19595).

, If requirement (a) was invoked, expansion stress limits due to cyclic
tnermal loading are not specifically imposed. However, ASME I (1962) does
require consideration of loads other than working pressure or static head,
wnich "increases the average stress by more than 10% of the allowable working
stress." For example, the allowable working stress for welded alloy steel
SA-250-T1 at 600°F is 11,700 psi. Expansion stresses would typically be in
excess of 1170 psi and should be considered. Licensees that designed their
Piping based on ASME I (1962) criteria should furnish details as to how

thermal stresses were considered.
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If requirement (b) was invoked, then paragraph 102(b) of 3ection I (4]

requires that valves, fittings, and piping for boilers as prescribed in

Section I are within the scope of B3l.l, but provisions of ASME I shall govern
where they exceed corresponding requirements of B3l.l. Accordingly, piping
built to requirement (b) would have to satisfy the specified expansion stress
limits of B3l.l due to cyclic thermal loads as well as the full radiography
requirements for all longitudinal and circumferential fusion welded butt

joints of Section I.

Nuclear Code Cases N-1, N-2, N-4, N-7, N-9, N-10, N-11, and N-lz,(l)

when invoked, impose requirements as follows:
1. Code Case N-l1 requires that nuclear piping (for which loss of fluid
could result in a radiation hazard) may be designed to B3l.1 (1955)

supplemented by the requirements of case interpretations identified
by the prefix "N."

2. Code Case N-2 requires that valves used in nuclear power systems:

a. be of materials recognized by ASA B31.1-1955 and conform to a
recognized standard (e.g., ASA Bl6.5).

b. meet physical and inspection requirements of Code Case N-10.

c. have a positive sealing or some provision for stem and bonnet
leakoff control.

d. screwed end valves (in which the thread provides the only seal)
are not permitted.

3. Code Case N-4 permits the temperature limit of 100°F for hydrostatic
media to be exceeded.

4. Code Case N-7 permits the use of nuclear piping made from austenitic
stainless steels, provided that:

a. materials conform to one of the following ASTM specifications:
A376, A358, A312, and A430 for piping; ASTM-A403 for welded
fittings; or ASTM-182 for forgings.

1. Mechanical Engineering, August 1962 (Code Case N-1, N-7), December 1960 and
October 1964 (N-9), April 1960 (N-10), July 1961 (N-2), December 1960 (N-4),
ana November 1961 (N-1ll and N-12).
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b. full radiography of longitudinal and circumferential welds is
performed; however, fluid penetrant methods are permitted when
size or configuration precludes full radiography, or for services
at or near atmospheric temperatures up to 212°F provided that
piping is tested at 1.5 times the maximum allowable working
pressure.

¢. allowable stress values are used as shown in the following table:

Allowable Stress Values

Steel Type

3214 321

4 Temperature 347H 347

(F°)

3048 304 304L 361H 316 316L 3488 348 309 310

=20 to 100 18750 18750 17500 18750 18750 17500 18750 18750 18750 18750

i 200

16650 16650 15300 18750 18750 16250 18750 18750 18750 18750

? 300 15000 15000 13100 17900 17900 14500 17000 17000 17300 18500

g 400 13650 13650 11000 17500 17500 12000 15800 15800 16700 18200

! 500 12500 12500 9700 17200 17200 11000 15200 15200 16600 17700

600 11600 11600 9000 17100 17100 10150 14900 14900 16500 17200
650 11200 11200 8750 17050 17050 9800 14850 14850 16450 16300
700 10800 10800 8500 17000 17000 9450 14800 14800 16400 16600
750 10400 10400 8300 16900 16900 9100 14700 14700 16200 16250
800 10000 10000 8100 16750 16750 8800 14550 14550 15700 15700
850 9700 9700 16500 16500 14300 14300 14900 14s00
900 9400 9400 16000 16000 14100 14100 13800 13800
950 9100 9100 15100 15100 13850 13850 12500 12500
1000 8800 8800 14000 14000 13500 13500 10500 11000
1050 8500 12200 13100 8500 7100
1100 7500 10400 10300 6500 5000
1150 5750 8500 7600 5000 3600
1200 4500 . 6800 5000 3800 2500
1250 3250 5300 3300 2900 1450
1300 2450 4000 2200 2300 750
1350 1800 2700 1500 1750 450
1400 1400 2000 1200 1200 350
1450 1000 1500 900 900 250
1500 750 1000 750 750 200
d. reheat treating at 1950°F for 1 hour per inch of thickness for

1 pPipe sections subject to cold or hot formings followed by fluid

-; penetrant testing of all accessible surfaces was performed.

: 3. Code Case N-9 allows tne use of centrifugally cast austenitic steel
pipe for nuclear service provided that specified chemical and
mechanical properties are satisfied: inside and outside surfaces
shall (1) be machine finished to 250 micro-inch RMS or 225 micro-inch
AA or finer; (Z2) be pressure tested at 1.5 times the rated pressure
and fluid penetrant inspected; (3) be fully radiographed; (4) meet the

) requirements of ASTM E-71 for Class 2 quality casting; and (5) be
reheat treated at 1950°F for hot formed sections.
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Stress allowapbles should be in accordance with the following table:*

Maximum Allowable Stress Values in Tension, psi

ASTM A451 Grade

) CPFS CPF8M CPF8C
- Spec. Min.
Tensile 70000 70000 70000
i Temperature (°F)
=20 to 100 17500 17500 17500
200 15700 16500 17000
300 14250 16500 15600
400 13100 16300 14200
500 12200 15900 13000
600 11700 15350 12200
650 11500 15000 11900
700 11300 14700 11700
750 11100 14350 11600
800 10900 14000 11500
850 10650 13500 11350
900 10400 13000 11200
950 10100 12350 11100
1000 9850 11700 11100
1050 9600 10600 10900

Note: These stress values are based an a casting quality factor of 1.00.

4. Code Case N-10 permits the use of cast austenitic steel butt welding
fittings for nuclear service provided that ASTM Specifications A-351
and ASA Bl6.9 are augmented by the following requirements:

a. specified chemistry and mechanical properties shall be satisfied

b. fittings shall be finished to 250 micro-inch RMS or 225
micro-inch AA or finer

c. fittings shall be tested at 1.5 times the rated pressure

d. fittings shall be inspected by the fluid penetrant method and be
fully radiographed in satisfaction of the ASTM E-71 requirements
for Class 2 gquality castings

e. fittings shall be heat treated at 1950°F followed by rapid
cooling in air or a liquid medium

f. Stress allowables shall be in accordance with the following table:

* Values are applicable only after October 1964.
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Maximum Allowable Stess Values in Tension, psi

ASTM A351 Grade

CF8 CF8M CF8C CH20 CK20

Spec. Min.

Tensile 70000 70000 70000 70000 65000

Temperature (F°)

-20 to 100 17500 17500 17500 17500 16250
200 15700 16900 17000 16100 15300
300 14250 16500 15600 15150 14900
400 13100 16300 14200 14600 14600
500 12200 15900 13000 14550 14450
600 11700 15350 12200 14450 14450
650 11500 15000 11900 14400 14400
700 11300 14700 11700 14350 14350
750 11100 14350 11600 14300 14300
800 10900 14000 11500 14150 14150
850 10650 13500 11350 13900 13900
900 10400 13000 11200 13500 13500
950 10100 12350 11100 12500 12500

1000 98350 11700 11000 10500 11000
1050 9600 10600 10900 8500 9750

5. Code Case N-1ll indicates that any sound means of providing for
thermal expansion may be used and the following requirements must be
met:

a. Must meet requirements of Section 6, Chapter 3 of ASA B31.1-1955.

b. Material recognized by ASA B31.1-1955.

c. If sliding or swivel type, have a positive seal or leakoff
control.

d. Provide for thermal expansion due to rapid temperature
fluctuations.

6. Code Case N-12 provides a procedure for qualifying new materials for
use in nuclear piping systems. The following subjects are
discussed: ASTM identification, alternate identification, creep and
stress rupture data, physical properties, heat treatment, hardness
measurements, impact strength and transition temperature, radiation
and temperature effects, microstructure variations, availability,
weldability, and test results.

The following is concluded:

l. If ASME I (l962) was used, the Licensee should furnish information
regarding how expansion thermal stresses were determined. This
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information should be reviewed against current fatigue requirements,
especially for services with more than 500 cycles. Fracture
toughness should be reviewed against current requirements. See
Section 4.1.1.

2. If ASME I (1962) and B3l.1 (1955) were used, the calculations for
fatigue evaluation should be reviewed, especially for services with
more than 500 cycles. Fracture toughness should be reviewed against
current requirements. See Section 4.1.1.

3. Piping built to B3l.l (1955) and the cnde cases should be reviewed
for satisfaction of current fracture toughness requirements. See
Section 4.1.1.

4. Wnhen Code Cases N-1 plus either N-2, N-7, N-9, or N-1l0 were invoked,
current full radiography requirements would be satisfied.

£. When Code Cases N-1 pius either N-7, N-9, or N-10 were invoked,

current stress allowables would be satisfied for a temperature range
up to 650°F.

Comparison With USAS B31...0-1967 Requirements

USAS B31.1-1967 [13] is essentially the same as the power piping portions
of ASA B31.1-1955. The comparison of ASA B31.1-1955 requirements with current

requirements would also apply to USAS B31l.1-1967 requirements.

Comparison With ANSI B31l.l1 (1973) Requirements

The ANSI B31l.1 (1973) [l4] power piping code requirements applicable to
this review are essentially the same as the 1955 Code except that the Summer
1973 Addendum modifies the stress intensification i factors for butt welds and
fillet welds and introduces new factors for 30° taper transition, concentric
reducers, and oranch connections. Comparison between these factors and half
the C2 factors (but not less than 1) from ASME III (1977) as shown in Table
A4-8 of this appendix indicates that the i factors are conservative when

compared to current values.

ANSI B3l.1l (1973) also introduces an equivalent full temperature cycle
formula for variable temperature cycle service. A fatigue evaluation account-
ing for local discontinuities is not required by either the 1973 power piping

code or B3l.l (1955). The fatigue evaluation example and conclusions based on
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a comparison between the 1955 power piping code and current requirements (see
Section 4.2 of this appendix) are also applicable to a comparison of the 1973

power piping code with current reguirements.

Comparison With USAS B31l.7 (l968-Draft) Requirements

The following items in the USAS B31l.7 1968 Draft Code for "Nuclear Power

Piping® ([15] are similar to items in the current code:

l. Piping systems are designed to Class I, II, or IIIl requirements, as
given in Subsections 1, 2, or 3 of B31l.7 (1968).

2. The snear theory of failure wich its associated stress intensity
concepts and limits for primary, secondary, and peak stress
" categories for Class I piping are the same.

3. The formula for peak stress intensity range for Class I piping is the
same, and local and secondary stress indices are used in both codes.

4. Both codes require full radiography for circumferential and
longituainal butt welds for Class I and II piping.
Differences between the USAS B3l.7 1968 Draft Code and current requirements

are summarized as follows:

l. Stress indices in USAS B31l.7 (reproduced in the table "USAS B31l.7
(1968 Draft) Stress Indices") may in some cases be lower than those
currently required. For example, for B; the stress index for a
girth fillet weld-to-socket weld fitting is currently 0.75 (Table
A4-8) compared to 0.5 in B3l.7.

2. Fracture toughness (impact testing) requirements are not specified in
the older code.

3. Stress limits for the equivalent service levels C and D (emergency
and faulted) conditions are not specified.
In conclusion, piping built to the B3l.7 code [15] should be reviewed for

the differences noted above and evaluated against current requirements.

Welding Requirements

Full radiography of welded joints in piping, pumps, and valves as
stipulated in past (4, 5] and current codes (1, 16] depends on weld joint
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category, pipe size, and code class as shown in the table, "Full Radiography

Sk

s

Y S e 0 o T b ¥

i i

Code Requirements for Welded Joints in Piping, Pumps, and Valves."

In conclusion, full radiography was not required by the past code, but it

is a current requirement for Class 1 and Class 2 welded joints for piping,

pumps, and valves. It is recommended that welded Class 1 and Class 2

components and systems be checked to learn what radiography requirements were

enforced.

Full Radiography Code Requirements

for Welded Joints in Piping, Pumps, and Valves

Description of
Welded Joint

A. Longitudinal
B. Circumferential
C. Flange connection

D. Branch and piping
connections to
pipes, pumps, and
valves of nominal
pipe siz- exceed-
ing 4" as follows

(1) Butt-welded’

(2) Corner-welded
full penetration

(3) Full penetration

l. Applicable also to B3l.1l (1967) and B31l.1 (1973).

Current Codes

ASME III (1977)

ANSI Ble.34 (1977)

Past Codes(l/ 2)

Class ASA B3l.1 (1955)
1 2 3 Standard Special & ASME I (1962)
Yes Yes No(3) No Yes No (2)
Yes Yes No No Yes No (2)
Yes Yes(4) No No Yes No
Yes Yes No No Yes No
Yes Yes No No Yes No
Yes Yes No No Yes No

B31.7 (1968) requires

full radiography for circumferential and longitudinal butt welds for Class

I and II piping.

2. Full radiography of butt-welded joints may be specified under B3l.1l (1955)

but it is not mandatory.

(1962) requirements.

3. Except when specified by material specification for piping in excess of 2

in nominal diameter.

Full radiography is required for all longitudinal
and circumferential fusion welded butt joints for pipes built to ASME I

4. When either member thickness exceeds 3/16 in.

/\,
~.
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4.3 PRESSURE VESSELS

The past code requirements for pressure vessels are given in one or more

of the following ASME Boiler and Pressure Vessel Codes depending on the SEP
nuclear plant group as defined in Table Al-l.

Group Pressure Vessel Code
I ASME III (1965)
. ASME VIII* (1965)
g I1 ASME VIII* (1962)

ASME III (1962)
ASME VIII (1974)
III ASME VIII* (1959, 1956)

4.3.1 ASME VIII (1962)

The current code requirements [l] and the past ASME VIII (1962) [3] code

differences are summarized as follows:

e i e i

Fracture Toughness - Class A Vessels

Except for containment vessels, which are covered by Code Case 1272N and
outside the scope of this study, impact test requirements for primary vessels
(the equivalent of Class 1 vessels) and secondary vessels (the equivalent of
current Class 2 or Class 3 vessels) designed and built to ASME VIII (1962)
were significantly less severe than current requirements as noted by the

following comparison table:

Past(l) Current
Description Requirements Requirements
Maximum Temperature of LST o Class 1 - LST-60°F
Impact Testing When o Class 2 - LST
Required o Class 3 - LST
LST Above Which Impact -20°F o Class 1 - None
Testing Not Required o Class 2 - See Figure A4-1
o Class 3 - 100°F

*Plus nuclear code cases.
l. See UCS-66(d), UHA-51, and UG-84 of Reference 3.
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Past Current
Description Requirements Reguirements

Specimen Notch Type U or Keyhole v

Minimum Absorbed Energy 5 to 15 ft-1b o Class 1 - 50 ft-lb
depending on o Class 2 and 3 - Not
specimen type specified for thickness

' less than 2-1/2 in;

50 ft-lb for thickness

greater than 2-1/2 in

Minimum Lateral Not specified o Class 1 - 35 mils

o Class 2 and 3 - 20 to
i 40 mils, depending on
! thickness

It is apparent from the comparison table that current fracture toughness

1 requirements are significantly more severe than past requirements when impact
testing is necessary. Use of Tables A4-4, A4-5, and A4-6 will aid in
evaluating material toughness of vessels built to the past code.

Design Requirements

Vessels built to ASME VIII (1962) were not classified with regard to

quality class. Code Case 1270N, when invoked, classified nuclear vessels

within the scope of tnis study as follows:

Vessel Type Current Classification

Reactor Vessel (outside scope)
Primary Class 1
Secondary Class 2 or Class 3

Containment Vessel (outside scope)

Code Case 1271N deals with modifications tc Section I and Section VIII
rules for safety requirements for devices such as pop-type safety or relief
valves, direct reading pressure gages, inspection openings, gage glasses, water
columns, gage cocks, and rupture disks. In general, the code case eliminates
the requirements for these devices or provides for the safe containment and
disposal of the eftluent of such devices if they are installed and activated
by an accident. Safety devices other than relief valves are considered outside
the scope of this study. Section 4.5 of this appendix reviews the structural
integrity requirements of valves; operational requirements were considered

outside the scope of this study.

B
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Code Case 1272N dealing with containment vessels and intermediate contain-
ment vessels (ontside the scope of this study) may nevertheless have been

invoked for SEP pressure vessels. The provisions of 1272N are briefly
summarized as follows:

l. Stress relieving of containment vessels not inside a heated anclosure
is not required provided the vessel material shall conform to ASTM
specifications SA-300 and SA-350 for piates and forgings,
respectively. In addition, these materials shall meet the impact
test requirements of paragraph VG-84 at LST ~30°F but not less than
-84°F. 1In addition, the thickness of shell and head shall not exceed
the thickness for which stress relieving is required by UCS-56,
except that for P-1 materials stress relieving is not required for
thickness of 1-1/4 in to 1-1/2 in, provided a pteheat of 200°F is
used during welding.

2. Stress relieving for intermediate containment vessels not containing
radiocactive materials is not required except as may be required by
Section VIII.

3. The mandatory minimum corrosion allowance provisions of UCS-25 for
compressed air service, steam service, or water service are not
applicable to containment and intermediate containment vessels.

Code Case 1273N, when invoked, impcsed the following additional
requirements on primary (Class 1) vessels built to ASME VIII (1962):

1. Thicknesses shall be no less than that required by the code formulae.

2. Stresses due to thermal loads combined with pressure loads cannot
exceed 1.5 times allowable working stress, that is 1.5XS.

3. The maximum allowable bolt design stress may be based on the
properties of the heat-treated metal for operating metal temperatures
100°F or more, below the tempering temperature, provided the
allowable stress does not exceed 1/3 YS at the tempering temperature
and the operating metal temperature does not exceed 800°F.

4. Creep and stress rup:ure properties must be considered for long-term
exposure at temperatures that will assure adequate safety.

5. a. Compensation shall be made for all openings regardless of
diameter.

b. When compensation is totally in the nozzle, the nozzle should be
attached by a full penetration weld.

c. Thermal stresses and external pipe reactions should be considered.

d. Full penetration welds should be used wherever possible, except
where not practicable, such as at closely spaced openings.
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All welds are to be fully radiographed except where not practicable,
such as at closely spaced openings.

Although no specific rules are provided for corrosion, radiation
effects, transient thermal stresses, mechanical shock, and vibration

loads, these factors should be considered to obtain desired vessel
14 ¢
idlle.

Particular consideration should be given to gquality of materials,
fabrication, and inspection.

9. Cladding thickness in not to be included in code design furmulae.

TR
\4)

Special ruling 4 of the Code Case 1273N discusses attachment ot
nczzles in primary vessels using partial penetration welds. Additional

requirements imposed on primary (Class 1) vessels built to ASME VIII (1962)

are:

Partial penetration welds are allowed only for attachments on which
there are substantially no piping reactions, such as control rod
nousings, pressurizer heater attachments, and openings for instrumenta-

tion for which there no thermal stresses greater than expected in the
vessel itself.

All compensation shall be integral with the part of the vessel
penetrated.

Partial penetration welds shall be of sufficient size to develop the
full strength of the attachments.

Full radiography shall be carried out on he welds.

codes do not specifically consider loading conditions, other than
design, operating, and test. Th plants may, however,
consider the equivalent of emergency and faulted conditions. A discussion of
the evaluation of the FSAR stress limits for these loads against current limits

ls presented in Section 4.1.4 of this appendix.

Stress for vessels which would currently be classified as Class 2
Oor 3 are essentially the same as for vessels designed in accordance with the
The past code allowable normal stress was the lower of 1/4 (UTS)
nt allowable of the lower

onservative

comdDinatcions

Mechanical Engineerinc
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Secondary vessels which would currently be classified as Class 2 or Class
3 vessels should be evaluated against current Class 2 or Class 3 code require-
ments, with special attention being given to current radiography requirements.

Evaluation of past vessels for the equivalent of service levels C and D
for stress limits set in the FSAR should be compared to current stress limits

for these service levels.

Patigue Requirements for Pressure Vessels

Class 1 vessels designed to the current code are required to be analyzed
for cyclic loads unless they can be shown to be exempt from analysis for
cyclic service by demonstrating compliance with all the conditions cf

NB-3222.4(d) of Reference lb as follows:

(1) Pressure Fluctuations: the specified full range of pressure
fluctuations during normal service does not exceed:

(1/3) (Design Pressure) (S5/Sp)

where:

S; = alternating stress from fatigue curves corresponding to the
number of pressure fluctuations

Sy = allowable stress intensity at the service temperature
(2) Atmospheric to Service Pressure Cycle
N, < N(35p)
where:
N, = the maximum number of atmospheric to service pressure cycles

N(38p) = number of cycles from design fatigue curve for S, = 35,
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(3) Temperature differences between adjacent points, i.e., two points
along the meridian of a vessel, nozzle, or flange closer than
2(Rt) (4/2) unere R is the mean radius and t is the mean thickness
between the two points:

ATy < S,/(2Ea) (i = 1,2)
where:
AT; = temperature differences between two adjacent points
i = 1l: startup and shutdown
i = 2: normal service
E = modulus of elasticity at mean temperature between points

n = instantaneous coefficient of expansion, mean value (see Table
I-5.0 of Reference le)

S, = alternating stress from design fatigue curve corresponding to
the number of startups and shutdowns, Nl' and the number of
significant temperature difference fluctuations during normal
service, N;. A significant number of temperature fluctuations
are greater than S/(2Ea) where S is the endurance limit, i.e.,
the value of S, from the fatigue curve at 108 cycles.

(4) Temperature difference - dissimilar materials - see paragraph
NB-3222.4(d) (4) of Reference 1lb

(5) Mechanical loads - stresses due to mechanical load fluctuations
(excluding pressure) such as pipe loads on nozzles less than the
value of S, from the design fatigue curve corresponding to the
number of load fluctuations.

Fatigue evaluation was not required for Section VIII vessels. It is
recommended that Section VIII vessels which would be currently categorized as
Class 1 (e.g., pressurizer) be reviewed to see if the pressure fluctuation and
atmospheric to service pressure cycles, conditions (1) and (2), are satisfied.
The information needed to see if conditions (1) and (2) are satisfied should
be available from the FSAR or other source. It is also possible to see if
condition (3) is satisfied by assuming that the temperature difference between
two adjacent points at vessel inlet, outlet, and feedwater nozzles is equal to
the fluid temperature transients given in the FSAR. Note that fluid tempera-
ture transients would be an upper bound on metal temperature differences
between adjacent points. Accordingly, satisfaction of condition (3) based on

fluid temperature transients implies actual satisfaction of condition (3).

- A-88

.... Franklin Research Center
A Drvsion of The Franiin institute




Non-satisfaction on fluid temperature transients does not necessarily imply
actual non-satisfaction of condition (3) based on actual metal temperature
differences which can be determined on the basis of thermal analysis. The

following is recommended:

(L) Determine if the limit on pressure fluctuation as defined by
condition (1) is satisfied based on FSAR information or other source.

(2) Determine if the limit on the number of atmospheric to service
pressure cycles as defined by condition (2) is satisfied based on
FSAR information or cther source.

(3) Determine if temperature difference limits for startup and shutdown
and normal service as defined by condition (3), but using fluid
temperature transients are satisfied based on FSAR information or
other source.

If steps (1) and (2) show non-satisfaction of conditions (1) and/or (2),

the vessel is not exempt from fatigue evaluation and the licensee should be

requested to furnish same for review by NRC.

If steps (1), (2), and (3) show satisfaction of conditions (1), (2), and
(3), the licensee should be asked to either demonstrate compliance with

conditions (4) and (S5) or furnish fatigue evaluation for review by NRC.

If steps (1) and (2) show satisfaction of conditions (1) and (2) but non-
satisfaction of condition (3), the licensee should be asked to furnisn evidence
of compliance of conditions (3) based on metal temperature differences
determined by analysis, as well as satisfaction of conditions (4) and (5), or

furnish fatigue evaluation for review by NRC.

Vessels built to ASME VIII and currently classified as Class 2 or Class 3

do not currently require evaluation for cyclic load conditions.

Welding Requirements
The table on the following page, "Weld Joint Thickness Requiring Full

Radiography," provides a comparison between current and past code requirements
when radiographic examination of butt-welded joints ‘s mandatory. The values

given are thickness limits above which full radiographic examination of butt-

welded joints is mandatory.
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From the following table, "Weld Tnicknesses Requiring Full Radiography,"

it can be seen that:

1.

It

current

Vessels built to ASME VIII (1962) requirements only and currently
classified as Class 1, 2, or 3 vessels may not satisfy the current
radiography requirements.

Primary vessels built to ASME VIII (1962) requirements may satisfy
current requirements for Class 1 vessels, provided that Code Cases
1270N and 1273N were invoked.

Secondary vessels built to ASME VIII (1962) requirements and
currently classified as Class 2 or Class 3 may not satisfy the
current radiography requirements for butt-welded joints of thickness
less than 1 1/2 inch.

Currently classified Class 1 vessels built to Reference 3 and 1273N-4
satisfy the current radiography requirements.

is concluded that vessels built to past requirements may not satisfy

radiography requirements, depending on materials and whether or not

Code Cases 1270N and 1273N were invoked.

Yeld Joint Thicknesses Requiring Full Radiography

P-No. Current Code Requirements

Material Code Class Past Code Requirements
Classification 1 2 3 ASME VIII (19€2)

O @ ~N v e W

10
11

-—
»n
~

0 3/16 in l1/4 in o All joints whose material

0" 3/16 3/4 thickness exceeds 1 1/2-in

0 3/16 5/8

0 3/16 0 O Lesser thicknesses for carbon

0 3/16 5/8 and low alloy steels, high alloy
0 3/16 l11/2 steels, and clad plate steels as
0 3/16 See Note 3 specified in paragraphs UCS-57,
0 3/16 5/8 UHA-33, UCL-35 of Reference 3

0 3/16 5/8 which follow.

1. Vessels containing lethal substances shall have welded joints for
materials of all thicknesses fully radiographed.

2 All thicknesses require full radiography when "0" is indicated.

3. Requirements not specified for this P-No.
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Carbon and Low Alloy Steels (UCS-57 Radiographic Examination)

“In addition to the requirements in Par. UW-1l, complete radiographic
examination is required for each butt-welded joint in vessel built of

steel

complying with Specifications SA-202, SA-203, SA-204, SA-212,

SA-225, SA-299, SA-302 and SA-387 Grades A, B and C at which the plate
thickness exceeds 1 in. and for each butt-welded joint in vessels built
of steel complying with specifications SA-333 Grade 4, SA-350 Grade LF4,
SA-353, SA-357, SA-387, Grades D and E, and SA-410 for all plate
thickness. (See Par. UCSD~19.)"*

High Alloy Steels (UHA-33 Radiographic Examination)

" (a)

(b)

(c)

The requirements for radiographing prescribed to Pars. UW-11,
UW-51, UW-52 shall apply in high-alloy vessels, except as provided
in (b). (See Par. UHA-21).

Butt-welded joints in vessels constructed of materials conforming
to Type 405 welded with straight chromium electrodes, and to Types
410 and 430 welded with any electrode, shall be radiographed in
all thicknesses. Butt-welded joints in vessels constructed of
Type 405 materials or of Type 410 with carbon content not to
exceed 0.08 percent, welded with electrodes that produce an
austentic chromium-nickel weld deposit or a non-hardening nickel
chromium-iron deposit shall be radiographed when the plate
thickness at the welded joint exceeds 1-1/2 in. The final
radiographs of all straight chromium ferritic welds including
major repairs to these welds shall be made after stress-relieving
has been performed.

Butt-welded joints in vessels constructed of austenitic
chromium-nickel stainless steels which are radiographed because of
the thickness requirements of Par. UW-1ll, or for lesser
thicknesses where the joint efficiency reflects the credit for
radiographic examination of Table UW-12, shall be radiographed
following post-heating if such is performed.”

Clad Steels (UCL-35 Radiographic Examination)

"(a)

(b)

“E;is

General Vessels or parts of vessels constructed of clad plate and
those having applied corrosion-resistant linings shall be
radiographed when required by the rules in Pars. UW-1ll, and
UCS-57. The plate thickness specified under these rules shall be
the total plate thickness for clad construction and the base plate
thickness for applied-lining construction.

Base Plate Weld with Strip Covering. When the base-plate welA in
clad or lined construction is protected by a covering strip or
sheet of corrosion-resistant material applied over the weld in the
base plate to complete the cladding or lining, any radiographic
examination required by the rules of Pars. UW-1l and UCS-57 may be
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made on the completed weld in the base plate before the covering
is attached.

(c) Base Plate Weld Protected by Alloy Weld. When a layer or
corrosion-resistant weld metal is used to protect the weld in the
base plate from corrosion, radiographic examinations required by
the rules in Pars. UW-ll and UCS-57 shall be made as follows after
the joint, including the corrosion-resistant layer, is completed:

(1) On any clad construction in which the total thickness of clad
plate is used in the design calculation;

(2) On lined construction, and on clad construction in which the

base plate thickness only is used in the design calculations,
except as otherwise permitted in (d).

(d) The required radiographic examination may be made on the completed
weld in the base plate before the corrosion-resistant alloy cover
weld is deposited provided all of the following requirements are met:

(1) The thickness of the base plate at the welded joint is not less

than that required by the design calculations (See Par.
UG-16(c));

(2) The weld reinforcement is removed down to the surface which is

to be covered, leaving it flush with the adjacent base plate,
reasonably smooth, and free from undercutting;

(3) The corrosion-resistant alloy weld deposit is not air-hardening;

(4) The completed corrosion-resistant weld deposit is examined by
spot-radiography as provided in Par UW-52. Such
spot-radiographic exa ination is to be made only for the
detection of possible cracks."

4.3.2 ASME III (1963)

The current code requirements (1] and the past ASME III (1963) [17] code
are essentially the same with regard to significant items with the following

exceptions:

Fracture Toughness - Class A Vessels

The current code, except for exempt materials as noted in Section 4.1,
requires greater toughness than the past code. A comparison of current and
past Charpy V-Notch acceptance levels at temperatures at least 60°F below the

temperature at which the vessel is to be pressure tested is as follows:
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Past Current

Minimum Absorbed 15 to 35 ft-1lb 50 ft-1lb
Energy depending on

yield strength
Minimum
Lateral Not specified 35 mils
Expansion

It is recommended that past Class A vessels should be evaluated from the

viewpoint of current Class 1 fracture toughness requirements as outlined in
Section 4.1.

Fracture Toughness - Class B Vessels (Outside Sco

The impact test requirements for Class B vessel materials built in
accordance with Subsection B of ASME III (1963) are the same as for Class A
vessel materials, except that the maximum test temperature should be at least
30°F lower than the lowest service metal temperature (LST). The current code
permits Charpy V-Notch testing at temperatures up to the lowest service metal
temperature. The acceptance standard for the Cv test of the current code,
however, requires a lateral expansion between 20 and 40 mils and sets no
absorbed energy requirement. The current code provides for exemptions from
impact testing. Where the exemption does not apply, drop weight testing for
materials exceeding 2.5-in thickness shall demonstrate a nil ductility
transition temperature below the LST by 30°F for 2.5-in thick material, and
increasing to 87‘{ for 12-in thick material as show in Figure A4-2.

Class B vessel materials built according to the past code and evaluated

in accordance with the current fracture toughness requirements:

l. would satisfy current requirements provided the material thickness is
less than 2.5 in

2. may not satisfy current requirements for thicknesses in excess of 3
in (exclusive of cladding) for those materials not otherwise exempt
from impact testing as noted in Section 4.1.

Fracture Toughness - Class C Vessels

Materials for C.ass C vessels built in accordance with ASME III (1963)
were required to satisfy impact testing provisions of ASME VIII (1962) [3].
Paragraph VCS-66 (c) of Reference 3 exempts materials whose LST is -20°F or
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greater. Apparently, impact testing was intended primarily for outdoor
vessels. The current code exempts materials for vessels whose LST exceeds
100°F. Therefore, all Class C vessels built in accordance with the past code
should be evaluated in accordance with Section 4.1 Class 3(1) criteria to
determine if current Class 3 requirements would be satisfied.

Design Requirements

Class A vessels designed in accordance with ASME III (1963) are based on
an analysis which determines the stress distribution in the vessel. Stresses
were combined, categorized, and limited in the same manner as is currently
required for Class 1 design condition as well as the equivalence of service
levels A and B, i.e., for expected operating and upset conditions which the
vessel must withstand without substaining damage requiring repair. The basis
for establishing design stress intensity values, S., as noted in Appendix II
[17] as well as the basis for establishing fatigue curves is the same as
current code requirements. Class A vessels designed in accordance with ASME
III (1963) [17] provided the compensation limits that are sufficient compared
to ones provided by Reference 1. In conclusion, Class A vessels designed in
accordance with ASME III (1963) would satisfy current Class 1 vessel

requirements for the design condition as well as service levels A and B.

Class A vessels were not, however, required to withstand loading
conditions which may produce large deformations in the areas of gross
structural discontinuities (service level C) or conditions which may produce
gross general deformations (service level D) requiring removal of the vessel

from service for repair.

The past codes do not specifically consider loading conditions, other
than design, operating, and test. The PSARs for specific SEP plants may,
however, consider the equivalent of emergency and faulted conditions. A
discussion of the evaluation of the FSAR stress limits for these loads against

current limits is presented in Section 4.1.4 of this appendix.

Class B vessels, as defined by ASME III (1963), are containment vessels,

which are outside the scope of this study.

1. Class C vessels currently designated as Class 1 or Class 2 should be
| evaluated against Section 4.1 Class 1 or Class 2 criteria.
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Class C vessels are designed in accordance with ASME VIII (1962) except

that the exemptions from inspection defined in U-l(g) of Reference 3 are not
applicable.

Welding Requirements

The table on the following page provides a comparison between current and
past codes, ASME III (1963) (l7] and ASME VIII (1974) (18], requirements when
radiographic examination of butt-welded joints is mandatory. The values given
are thickness limits above which full radiographic examination of butt-welded

joints is mandatory.

From the following table, "Weld Joint Thicknesses Requiring Full
Radiography in Pressure Vessels," it can be seen that:

l. Vessels built to ASME III (1963) Class C requirements and currently

classified as Class 2 or Class 3 would more than satisfy the current
radiography requirements for joints of Category A or B. (Refer to
NB-3351, NC-3351, and ND-3351 for definitions [1].)

2. Joints of Category C (refer to NB-3351, NC-3351, and ND-3351 for
definitions (l]) in a Class C vessel currently classified as Class 2
examined in accordance with ASME VIII (1974) requirements do not
satisfy current Class 2 requirements.

3. Vessels built to ASME III (1963) Class A or ASME VIII (1974) would
satisfy current requirements for Class 1 and Class 3 vessels,
respectively.

It is concluded that current Category C joints in Class 2 vessels built

to past Class C requirements do not satisfy current radiography requirements.
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Weld Joint Thicknesses Requiring Full Radiography

ip Pressure Vessels

P-No. and Grade No. Current Code Requirements Past Code Requirements
Material Code Class ASME B&PV Sect. III (1963) ASME VIII (1974) \¢
Classification 1 2 3 Class A Class ¢ (1)
16e.1,2,3 0% 3/16 in 1 1/4 in  0‘3%) o203 11/4 in
3Ge. 1, 2, 3 0 3/16 3/4 0 0 3/4
4 Gr. 1, 2 0 3/16 5/8 0 0 5/8
S Gr. 1, 2 0 3/16 0 0 0 0
7 0 3/16 5/8 0 0 See Note 3
8 0 3/16 11/2 0 0 See Note 3
9 0 3/16 See Note 3 0 ] 5/8 Note 7
10 0 3/16 5/8 0 0 3/4 Note 8
11 0 3/16 5/8 0 0 See Note 3

ASME B&PV Code Section III, 1963 Edition, Class C may currently be classified
as Class 2 or 3 of the current code.

All thicknesses require full radiography when "0" is indicated.

Requirements not specified for this P-No.

These requirements are for full penetration welded joints of Categories A, B,
or C (N-463 [17]).

These requirements ‘are for full penetration welded joints of Categories A or B
(N=2113 (17]). Butt-welded joints of other categories shall satisfy the
requirements of ASME B&PV Code Section VIII, 1962 edition.

Vessels containing lethal sutstances shall have welded joints for materials of
all thicknesses fully radiograpned.

Applicable for P-Nos. 9A, 9B and Group No. 1l.

Applicable for P-Nos. and Group Nos. 10A, Gr. 1, 10A Gr. 6. Weld joint

thickness of 5/8 in is applicable for P-Nos. and Group Nos. 10B Gr. 2 and 10C
Gr. 3.
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4.4 PUMPS

Pumps furnished under the requirements of the Hydraulic Institute
Standards [19] were designed to satisfy functional requirements. Integrity of
the pressure boundary was not covered by this standard. The design of the
pump pressure boundary should be evaluated in accordance with the current
requirements of NB/NC/ND-3400 [1].

See Sections 4.1.5 and 4.2 of this appendix for discussion of pump weld-

ing requirements. The discussion in Section 4.3 of this appendix, under the
subheading, “Fatigue Requirements for Pressure Vessels," also applies to Class

1 pumps.

Comparison with Requirements from Draft ASME Code for Pumps and Valves for
Nuclear Power

Pumps and valves designed and constructed in accordance with the
req:irements cf the Draf*t ASME Code for Pumps and Valves for Nuclear Power,
1968 (20) would have been classified as Class I, Class II, or Class III in

accordance with the requirements of Section A, B, or C, respectively.

Class I valves and pumps would be designed to the same stress allowables
and fatigue limits as currently required [l]. Welding of longitudinal and
girth welds and cast products would be 100% radiographed as currently
required. Fracture toughness requirements, however, were not as stringent as
those currently required. Paragraph 313.4 of Reference 20, “"Steel Material
for Low Temperature Conditions,® does require that such material subjected to
metal temperatures below 30°F during operation or cesting be evaluated and
select2d to ensure adequate fracture toughness. Appendix E [20] included in
the 197. Addenda calls for Charpy V-notch impact testing if required by the
design specifications. Energy absorption is limited to the values given in
Table N-421 of the ASME B&PV Code, Section III. Lateral expansion must be
reported although no limits are set. These modified fracture toughness

requirements are not as stringent as those currently required.

Design requirements for valves are compatible with current requirements.
However, Class I pump design requirements were not as detailed in the past

Code as they are in the current Code.
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Section B of the past Code deals with Class II pumps and valves and does

require full radiography of welds and cast material. However, design rules
are not explicit. The past code states "that any design method which has been
demonstrated to be satisfactory for specified design conditions may be used.®

Section C of the past Code deals with Class III pumps and valves; the
requirement permits visual examination of welds unless pipe size is 4 in or
greater, in which case random magnetic particle or ligquid penetrant examination

is required.

In summary, Class I valves designed to the past Code would meet current
requirements except possibly current fracture toughness requirements. Class I
pumps designed to the past Code, however, should be evaluated against the

current design rules.

Class II and Class III pumps and valves should be evaluated to determine

if current design rules are satisfied.

4.5 VALVES

Class 1 valves current design requirements are given in Subarticle
NB-3500 of Reference lb. All Class 1 valve materials must meet the fracture
toughness requirements of NB-2332., All Class 1 listed pressure rated valves
should nave a minimum body wall thickness as determined by ANSI B16.34 [(16],
except that the inside diameter, d » will be the larger of the basic valve
body inside dxamete:s in the region near the welding ends. Class 1 valves may
be uesigned in accordance with either the standard design rules .. NB-3530
through NB-3550 or the alternative design rules of NB-3512.2. Alternative

design rules .e<quire either computer analysis or experimental stress aralysis
procedures.

Listed pressure rated Class 1 valves should be hydrostatically tested to
assure integrity of the pressure boundary (leakage through the stem packing is
not a cause for rejection) at not less than 1.5 times the 100°F rating rounded
off to the next higher 25-psi increment as required by Reference 16, except
that valves with a primary pressure rating of less than Class 150 will

be subjected to the required test pressure for Class 150 rated valves.
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Class 1 valves may be subjected to normal duty within the cyclic load
limits of NB-3550; otherwise the valve may have to be designed in accordance
with the alternative design rules for severe duty applications.

Class 1 valves are to be designed for service levels A, B, C, and D with
stress limits of NB-3525 through NB-3527 [lb]. Stress limits for level I
loads are based on 110% of operating limits. Level C pressures are limited to
120% of operating limits. Pipe reaction stresses for level C loads are
limited to 1.8 8- for the valve body material at 500°F, with S taken at
1.2 YS for the pipe at 500°F. Primary and secondary stresses for level C
loads are based on CP « 1.5, QT = 0, and limited to 2.25 s‘. Level D
loads may be evaluated in accordance with Appendix F [le].

A design report for Class 1 valves will be prepared in accordance with
the requirements of NB-3560 (1lb].

Class 1 valves designed in accordance with the standard rules must
satisfy the body shape rules of NB-3544 which are intended to limit the local
stress index to a maximum of 2.0. Primary and secondary stress intensities
may then be calculated by the formulas given in NB-3545.1 and NB-3545.2 [1lb],
respectively, and subject to the stress limits described in Section 4.1.1 for
Class 1 items. Fatigue evaluation is performed by the rules and formulas of
NB-3545.3.

Class 2 and 3 valves are currently designed to the requirements of
subarticle NC-3500 (lc] and ND-3500 [ld], respectively. Class 2 valves
satisfying the standard design rules comply with the standard class
requirements of ANSI Bl6.34 except that valves with flanged and butt welded
ends may be designated as Class 75 in sizes larger than 24-in nominal pipe
size provided that NC-3512.1(a) is satisfied. Valves with flanged ends in
sizes larger than 24-in nominal pipe size may be used provided that
NC-3512.1(b) is satisfied. A shell hydrostatic test satisfying ANSI Bl6.34 is
required. Class 2 and 3 valve stress limits for service limits A, B, C, and D

are as given in Table A4-12.

Class 2 and 3 valves with butt welding or socket welding ends conforming
to the requirements of NC-3661 and ND-3661 should satisfy the special class
requirements of ANSI Bl6.34 except that:
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a. the nondestructive examination (NDE) requirements of ANSI Bl6.34,
special class, shall be applied to all sizes in accordance with
NC-2500 for Class 2 valves and ND-2500 for Class 3 valves.

b. stress limits for service levels B, C, and D shall be as shown in
Table A4-12.

c. openings for auxiliary connections shall satisfy ANSI Bl6.34 and the
reinforcement requirements of NC-3300 and ND-3300.

Comparison With Past Requirements

The past code (4] required that steel valves for power piping systems:
1. be recommended for the intended service by the manufacturer
2. be made from code materials suitable for the pressure and temperature

3. have a minimum body metal thickness as required for ASA Bl6.5
fittings [21]

4. shall be hydrostatically tested as required by Reference 19, i.e.,
1.5 times the 100°F rating rounded off to the next hicher 25-psi
increment, using water not above 125°F, with no leakage through the
shell.
Note that the winimum body thickness of valves based on the current code would

be based on ANSI Bl6.34 [16].

As an example, consider a 2500-1b valve designed in accordance with the
past code ([15]. Body thickness would be based on Table 33 [21]. Comparison
with current requ{rements may be obtained from Table 3 [1l6] as shown in the

following table:

Minimum Wall Thickness Based on Past and Current Codes

2500-1b Class
Minimum Wall Thickness

Nominal Pipe Inside Past Code Current Code
Size (in) Diameter (in) Table 33 [21] Table 3 [16]
4 2.88 1.09 1.09
5 3.63 1.34 1.34
6 4.38 1.59 1.59
8 5.75 2.06 2.06
10 7.25 2.59 2.59
12 8.63 . 3.03 3.03

Notice that past valves would satisfy current thickness requirements.
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Table A4-12

Level B, C, and D Service Limits
for Class 2 and 3 Valves

TABLE NC-3521-1
LEVEL B, C, AND D SERVICE LIMITS

Service Limit Stress Limitsi~ P’
oS L1 S
Level B (0,0 0)+0,< 1655 53
9, < 15S .
Level C (0 0r a)+0,< 1.8 S 1.2

9,< 20§
24 S

Level D (0 0r 0)+0, < 1.5

NOTES:

(1) A casting quality factor of 1 shail be assumed in satisfying these stress limits. _

(2) These requirements for the acceptability of valve design are not intended to assure the functional
adequacy of the vaive.

(3)Design requirements listed in this table are not applicable to valve disks, stems, seat rings, or other
parts of the valves which are contained within the confines of the body and bonnet.

(4) These ruies do not apply to safety relief vaives.

(5) The maximum pressure shail not exceed the tabulated factors listed under P, times the Design
Pressure or times the rated pressure at the applicadle service temperature,

P o A-101

J.llU Franklin Research Center
A Dwision of The Frankiin insutute

— - - P ————————————————



AN L (PN RN PN ST e PRSI R

It is concluded that Class 1 valves designed in accordance with past
requirements would satisfy current requirements with the following possible
exceptions:

1. Practure toughness requirements may not be satisfied. Evaluate as
recommended by Section 4.1 of this appendix.

2. Valves may not satisfy the primary, secondary and peak stress
combination limits if body shape differs significantly from the rules
of NB-3544 [lb].

3. Valves may not satisfy the primary plus secondary stress limit for
service level C.
It is recommended that SEP Class 1 valves be evaluated on a case-by-case
basis as follows:

l. Use fracture toughness evaluation forms given in Section 4.1 of this
appendix.

2. Compare actual body shape with body shape rules of NB-3544 [lb]. If
not significantly different, the valve would be considered adequate.
If significant differences are found, the Licensee should be asked tc
provide calculations and an evaluation based on alternative rules for
the valve in guestion, unless it can be shown that the valve has been
subjected to level C conditions and did not have to be replaced.
Design requirements for Class 1 valves constructed to the Draft ASME Code
for Pumps and Valves for Nuclear Power [20]) are in compliance with requirements
for current Class 1 valves, except for fracture toughness requirements (see

discussion in Section 4.4 of this appendix).

Class 2 and Class 3 valves designed by past code requirements would have
the required minimum body thickness but may not comply with pressure-tempera-
ture ratings of Bl6.34, which depend on material group and a rational formula-

tion as compared to the empirical basis of Bl6.5.

It is recommended that the pressure-temperature rating of Class 2 and 3
SEP valves be compared with the current pressure-temperature ra‘* ‘ng of Bl6.34.
For example, the isolation valves of engineered safeguard system of the
Palisades plant would be considered Quality Group B (Class 2) :omponents by
current standards. These valves are 150 lb rated valves designed to withstand
210 psig at 300°F by Table 2 of the past standard ASA Bl6.5 for flanged
fittings. The current standard ANSI Bl6.34 gives an allowable pressure
at 300°F which depends on the material group as shown in Table A4-13.
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It is apparent from Table A4~13 that the engineered safeguard isolation

valves for the Palisades plant would satisfy the current standard provided
that the valve material was in one of the tabulated material groups other than

1.12, 2.1, or 2.3.

ASA Bl6.9 (1958) [22] provides overall dimensions, tolerances, and mark-
ings for wrought carbon-steel and alloy-steel factory-made welding fittings.

It refers to ASA B3l.l for design requirements.

ASA Bl6.10 (1957) [23]) provides face-to-face and end-to-end dimensions for

ferrous valves of various types and ferrous butt-welding end valves.

ASA Bl6.9 and ASA Bl6.10 do not provide design guidance for valve or
fittings. Valves and fittings built to these standards should be evaluated

against the current requirements ([1l, 16].

AWWA C504 (1958) [24] classifies valves in different groups based on
shutoff pressure and maximum pipe line velocity. Details on body and flange
dimensions for cast and fabricated valves are given for different groups.
Valves built to these standards should be evaluated against the current

requirements (2, 16].

4.6 HEAT EXCHANGERS

Heat exchangers are currently designed and constructed in accordance with
the rules of ASME B&PV Code Section III, 1977 Edition [l]). The design
requirements for the pressure boundaries of the heat exchanger are found in

the following sections of the current code:

Section
Shell Side 3300
Tube Side 3600
Tube Sheet 3300

Shell Flange 3200 (Class 1); Appendix XI (Class 2 and 3).

Heat exchangers designed to ASME VIII (1962) are compared as pressure

vessels with current requirements in Section 4.3 of this appendix.

Heat exchangers designed to the standards of the Tubular Exchanger
Manufacturers Association (TEMA) 1959 Edition (8] require that "the individual
vessels shall comply with the ASME Code for Unfired Pressure Vessels."” TEMA

Class R heat exchangers are for the more severe requirements of petroleum and
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Table A4-13

Allowable Working Pressure (l)for a 150 1b Standard Class Valve at 300°F

Material Group Allowable Pressure (psig)
1.1 230
1.2 230

. 1.3 230
1.4 210
1.9 230
1.6 215
1.2 230
1.8 215
1.9 230
1.10 230
1.13 230
1:12 205
1.13 230
1.14 230
2,1 205
2.2 215
2.3 175
2.4 210
2:3 225
2.6 220
2.7 220

1. Based on ANSI Bl6.34 (1977) [16].
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chemical processing applications. TEMA Class C heat exchangers are for the

moderate requirements of commercial and general process applications.

The TEMA standards give design rules which “"supplement and define the
code for heat exchanger applications." Allowable stress values, identical
with Tables UCS-23 and UCS-27 of the 1959 edition of the ASME Code for Unfired
Pressure Vessels, are reproduced in TEMA as Table D-8 for carbon and low alloy
steels and as Table D-8W for carbon and low alloy pipe and tubes of welded
manufacture; the stress values are one-fourth the specified minimum tensile

strength multiplied by a quality factor of 0.92.

Group II heat exchangers designed to TEMA (1959) would be governed by the
code requirements of ASME VIII (1962). Comparison of ASME VIII (1962) with
current requirements is as follows:

1. Class 1 heat exchangers shell flanges would have to be designed by

computer analysis to determine primary, secondary, and peak stress
intensities, rather than design formulas as previously used.

Materials for Class 1, 2, and 3 heat exchangers must comply with

current fracture toughness requirements outlined in Section 4.l.l1 of
this appendix.

»
-

3. Radiography requirements for vessels designed and constructed to ASME

VIII (1962) are compared with current requirements in Section 4.3 of
this appendix.

4.7 STORAGE TANKS

Storage tanks may cu-rently be classified as Class 2 or Class 3 and are
designed in accordance with the rules of NC/ND-3900 [l] for atmospheric tanks
or 0 to 15 psi tanks, respectively. Atmospheric tanks may be within building
structures or above grade, exposed to atmospheric condicions. Storage tanks
of 0 to 15 psi design are normally located above ground within building

structures.

Atmospheric Storage Tanks

Atmospheric storage tanks are currently required to satisfy the general
design requirements of NC/ND-3100 and the vessel design requirements of
NC/ND-3300 except that a stress report is not required. Stress limits on the

maximum normal stress for Service Levels A, B, C, D is as shown in Table A4-12.
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Minimum size of fillet welds should satisfy NC/ND-4246.6, i.e., 3/16 in for

3/16=in thick plate, and at least 1/3 of thinner plate thickness for plates
greater than 3/16 in but not less than 3/16 in.

Nominal thickness of shell plates should be at least 3/16 in for tanks of

nominal diameter less than 50 ft or 1/4 in for tanks of 50 to 120 ft nominal
diameter, but not greater than 1 1/2-in thick.

Roofs shall be designed to carry dead load plus a uniform load of at
least 25 psf for outside tanks or at least 10 psf for inside tanks. Minimum

roof plate thickness is 3/16 in plus corrosion allowance. Allowable stresses

are summarized as follows:

a. tension - for rolled steel, net section: 20 ksi; full penetration
groove welds in thinner plate area: 18 ksi.

b. compression - 20 ksi where lateral deflection is prevented, or as
determined from column formulas of NC/ND-3852.6(b) (3).

€. bending - 22 ksi in tension and compression for rolled shapes
satisfying the shape requirement of NC/ND-3852.6(c) (1); 20 ksi in
tension and compression for unsymmetric members laterally supported
at intervals no greater than 13 times the compression shape width;
and for other rolled shapes, built-up members, and plate girders: 20
ksi in tension and compression as determined by the buckling formulas
of NC/ND-3852.6(c) (4).

d. shearing - 13.6 ksi in fillet, plug, slot, and partial penetration
groove welds across throat area, 13 ksi on the gross area of beam
webs where the aspect ratio (h/t) is less than 60 or:

19.5

1+ (h/t) (<)
7200

0 to 15 psi Storage Tanks

Storage tanks which may contain gases or liquids with vapor pressure
apove the liquid not exceeding 15 psig are currently designed in accordance
with the requirements of NC/ND-3920. Maximum tensile stress in the outside
tank walls is as given in Table I-7.0 of Reference le if both meridional and
latitudinal forces are in tension, or this value multiplied by the tensile
stress factor N (less than 1.0) determined from the Biaxial Stress Chart, Pig.
NC/ND-39222.1-1 (1] if one of these forces is compressive. Maximum

compressive stress in the outside wall shall be determined by the rules of
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NC/ND 3922.3 [l]. Maximum allowable stress values for structural members
shall be as determined from NC/ND-3923. The 0 to 15 psi storage tank shall be
designed in accordance with the detailed rules of NC/ND-3930.

Comparison with Past Code Reguirements

Storage tanks in Group II SEP plants were designed either in accordance
with A/E specifications, USAS B96.1 (1967) [9], API-650 (1964) [10], or ASME
VIII (1962) (3]. Examinaticn of the ASME VIII (1962) allowable stress values
for carbon and low alloy plate steels indicates that the values do not exceed
20 ksi except for SA-353 Grade A and B, with allowable stresses of 22.5 and
23.75 ksi, respectively. ASME VIII (1962) does not consider biaxial stress
fields with associated reduction in tensile allowables. Stress allowables for

roofs in Reference 10 are the same as for current atmospheric storage tanks.

A comparison of API-650 (1964) roof design requirements, including stress
allowables, shows agreement with current requirements; shell material and
tensile stress allowables may, however, not satisfy current requirements. The
past code allows the use of A-7 plate material not currently listed as an
acceptable material. The past code permits an allowable tensile shell stress
21,000 psi times the joint efficiency. Assuming spot radiography of a double
welded butt vertical shell joint made from A-283 Grade C or A-36 plate
material, the allowable stress would be 17,850 psi based on 0.85 joint
efficiency, which exceeds the current 12,600 psi allowable.

USAS B96.1 (1967) for welded aluminum alloy field-erected storage tanks
cannot be used for Class 2 storage tanks since aluminum alloy is not a
permitted Class 2 material as listed in Table I-7.0 [l]. However, aluminum
alloy can be used for Class 3 storage tanks since aluminum alloys are listed
in Table I-8.4, which is currently used for aluminum shell design, and in
Tables ND-3852.7-2 through ND-3852.7-6 for aluminum roof design. A comparison

of allowables based on past and current codes is shown in the following table:
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i ek &3 s 25N LWL et
(1)
Aluminum Specified Min. Allowable Stress
Structures Material Strength Past Current

(Type of Stress) Temper TS/¥S (USAS B96.1) (ASME III (1977))
Shell (Tension) 5050 (0) 18.0 ksi/6.0 ksi 4.8 ksi 4.0 ksi
Shell (Tension) 6061 (T4,T6) 24.0 ksi/ - 7.2 ksi 6.0 ksi
Bolts (Tension) 6061 (T6) - 18.0 ksi 18.0 ksi
Roof Support
(Axial Compres=- 6061 (T6) - 19.0 19.0
sion, L/r < 10)
Roof Support
(Axial Compres~- 6061 (T6) - 20.4- 20.4~-
sion 10 < L/r < 67) 0.135 L/r 0.113 L/r

1. At temperatures to 100°F.
From this table, it can be concluded that:

1. shells designed to USAS B96.1 (1967) may be overstressed by as much as
20% compared to current allowables

2. bolts designed to USAS B96.1 (1967) satisfy current requirements

3. roof supports with slenderness ratios up to 10 satisfy current
requirements

4. roof supports with slenderness ratios between 10 and 67 more than satisfy
current compression allowables by as much as 13%.

Therefore, aluminum alloy storage tanks built to USAS B96.1 (1967), when

evaluated against current requirements:

l. may not satisfy materials requirements in Table I-7.0 if the tank is
¢ Class 2 component

2. may be unconservatively designed when compared to current stress
allowables, by as much as 20% for the shell.

In conclusion:

l. Tanks designed to A/E specification should be carefully compared to
current code requirements

2. Atmospheric tanks designed to ASME VIII (1962) are likely to satisfy
' current requirements with regard to allowable tensile stress, but may
not satisfy current compression stress requirements.

3. 0 to 15 psig tanks designed to ASME VIII (1962) requirements may not
satisfy current tensile allowables for biaxial stress fields in which
one of the stress components is compression. These tanks should be
examined carefully in light of current requirements.
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4. Atmospheric storage tank roofs designed to API-650 (1964) satisfy
current stress allowables.

5. Atmospheric welded steel storage tanks designed to API-650 (1964) may
not satisfy current requirements with regard to:

a. use of A-7 plate materiai not currently acceptable
b. shell tensile stresses may exceed current code allowables.

6. Atmospheric storage tanks designed to USAS B96.1 (1967) may not
satisfy current requirements.
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5. BASIS FOR SELECTING REQUIREMENTS MOST SIGNIFICANT
TO COMPONENT INTEGRITY

The selection of code requirements most significant to component integrity
has been based on the experience of the author and colleagues in industry,
government, and academia. Codes pertaining to the design and construction of
nuclear power plants have been modified and expanded. The changes reflect new
"state of the art® knowledge, new technigues of fabrication, examination,
testing, and methods of achieving quality that have been "filtered” and
accepted by the technical community. It is the author's view that current
codes represent a consensus of what is best for achieving both economy of
construction and public safety. Accordingly, changes in stress limits, full
radiography requirements, and fatigue evaluation for piping, as well as more

conservative requirements for fracture toughness, have been given special
attention.
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