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I 
1 TOPIC: III-1, Classification of Structures, Components and Systems 
i · (Seismic and Quality} 

. e .. 

I. INTRODUCTION . c 

SEP plants were generally designed and constructed during the time span 

from the late 1950's to late 1960'5. They .were designed according to 

codes and criteria in effect at that time; however, since then, the· 

codes· and criteria have been revised to incorporate the results of 

additional research. Thus, earlier plants may have been designed 

according to criteria and codes no longer accepted by the NRC • 

· .. The purpose of Topic III-1 is the review of the classification of 

structures, systems and components of as-built plants as compared 

to, current appropriate classificatio~s, codes and standards far 

seismic and quality groups. The review of seismic classification is 

being addressed in the seismic topics. Accordingly, this topic wa~ 

limited. to an evaluation of the quality group classification of 

systems and components. 

II. REVIEW CRITERIA 

The review criteria are presented in the Appendix of Frankl in T.echni

cal E~al~ation Report - C527~430, "Quality Group Classificat{on of Cbm

ponents and Systems - Dresden 2 Plant." 
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III. RELATED SAFETY TOPICS ANO INTERFACES 

The scope of review for this topic was 1 iinited to avoid duplication of 

effort since some aspects of the review were perfonned under related 

topics. The related topics and the subject matter are identified 

below. 

II (-6 
III-7.B 

V-6 
V-8 

Seismic Design Corisiderations 
Design Codes, Design Criteria, Load Combinations and 
Reactor Cavity Design Criteria 
Reactor Vessel . Integrity 
Steam Generator Integrity 

. IV. REVIEW GUIDELINES 

v. 

The review guidelines are presented in Section 3 of Franklin Report -

C-5257-430, "Quality Group Classification of Components and Systems -

Dresden 2 Plant." Quality Assurance wasnot reviewed since it is 

addressed in Topic XVII, ."Operational Quality Assurance (QA) Program11 
· 

and because QA during design and construction is outside of the scope 

of SEP. 

EVALUATION 

The basic input for this report is Table 4.1 in Section 4 of the Frankl in 

Report. Table 4.1 is a compilation of all systems .. and components which 

are required to be classified by Regulatory Guide. 1.26 and the :original 

·.codes and standards used in the plant design. ~fter comparing the 
.. . . 

original codes with those currently used for licensi~g new facilitie~ 

the following areas were identified where. the requirements have chirnged: 

1 } _. Fracture Toughness _ 
. 2} Quality Group Classification 

• ' .. 
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3) Code Stress Limits _ 
4) Radiography Requirements 
5) Fatigue Analysis of Piping Systems 

An evaluation of each of these areas is presented in Section 5 of 

the Frankl in Report with a detailed discussion included 1n the Appendix. 

We have determined that changes in the following areas have not signi-

· ficantly affected the safety functions -of the systems and components 

reviewed in this _repo_rt: 

1) Quality Group Classification 
2) Code Stress Limits 
3) Fatigue Analysis of Piping Systems 

As noted earlier, we have decided that the area of quality assurance need 

· not be reviewed for this report. 

In the remaining two areas we have conCluded the following:. 

l. Fracture Toughness - The current code requi.res that pressure retaining 

materials be impact tested. For 6 of 62 .'components reviewed, suffi

cient information was available to exempt them from this requirement • 

. 2. Radiography Requirements .. For pressure vessels and pump casing, we 

have concluded the follo~ing: 

a, Vessels built to ASME III -(1965} Class A or ASME VIII (1965). 

satisfy current radiography requirements for Class l and 

· Class 3 v~ssels, respectively.• 

.. 
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b. Vessels built to ASME III (1965) Class C_.requirements and 

currently classified as Class 2 or Class 3 satisfy current 

radiography requirements for Category A or B joints. 

c. Category C joints in current Class 2 vessels built to Class 

C requirements do not satisfy current radiography requirements. 

d. The Recirculation System pump casing does not satisfy current 

radiography requirements because it is a Class 1 component built 

to Ciass C requirements. 

For piping and valves, we have concluded that they meet current 

radiographic requirements provided Code Case N-7 was applied as indicated 

by the licensee. 

Our review has not identified any significant deviations from past codes. 

However, we were.unable to complete our evaluation due to insufficient 

inforination for the following: 

l, Fracture Toughness - For 56 of 62 components there is insufficient 

infonnation on materials to complete our review. The licensee should 

provide the necessary infonnation using the fonnat provided .in Tables 

· A4-4 through A4-6 in Appendix. A of the Franklin Report. Table 5-1 

of the Franklin Report identifies those c~onents for which this 

infonnation is necessary. 

. . 
. • 
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Full Radiography Requirements .. The licensee should provide the 

f o 11 owing : . 

a. For the following pressure vessels infonnatfon is necessary 

regarding the radiographic requirements imposed on the 

Category C welds: 1) Emergency system isolation condenser, 

2} Low pressure coolant injection system heat exchanger, 3) 

Reactor shutdown cooling system heat exchangers, and 4) Re

circulation system pump casing. 

b. The present code requires full radiography for Class 1 and 2 

welded joints for piping, valves, and pumps, where. as it was 

not required in past codes. However, Provisions 2 and 3 of 

.. Code Case N7'7 required full radiography... Confinnation that 

Code Case N-7 was applied to all Class 1 and 2 piping would 

resolve this concern. 

3. Valves - Provide, on a sample basis for Class 1, 2 and 3 valves, 

.information regarding the design of the valve in order to evaluate 

if they meet current body shape and pressure ~ temperature rating 

~eq u i rements ~ · 

4 .. Pumps The original design code for the Reactor Building Closed 

Cooling Water System Pumps was not available ar:1d the comparisons 

could not be made. Provide the codes or requirements to which this 

pump was designed. 
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5. Storage Tanks - Provide the fol lowing: 
·' ... ·. 

b. Confinn that the 0 to 15 PSIG storage tanks meet current tensile 

allowables'for biaxial stress field conditions. 

c. The Standby Liquid Control Tank was designed to API ·sso. ·The 

requirements of API 650 are not comparable to present design 

codes. Therefore, the design and constructi:on of the Standby 

Liquid Control Tank should be re-evaluated against current criteria. 

6~ Piping - When considering gross discontinuities of piping systems, two 

:9 loading cases can prove to be potentially unconservative designs when 

evaluatei;i to current-code requirements .. ··Twoexamples.are given in 

Section 4.2 of Appendix A of the Franklin Report, .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 . 

( 

. These examples were based on a temperature drop from 100% power to 

0% power of 11 °F. This AT was obtained in a te 1 ephone ca 11 between 

the NRC and the licensee. 

Stresses for both examples indicate no problems exist. Review .the 
. . . . . 

methodology and confirm the assumptions used for the above calculations, 

particularly the temperature drop (l1°F) from 100% power to 0% power. 

.. 
. • 

.. 
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The codes and standards given -by the licens.ee ·for the design of the 

following components contradict the general use of the given code. 

Verify for the fol lowing components and systems that the design 

code (including edition) used in our evaluation is correct and 

clarify why this particular code was invoked for the original 

design. If the code (including edition) is incorrect, provide" 

the correct code and edition and the comparison of it to the 

current code in effect. 

. . 
a) Core Spray System Spray Header and Spargers - ASME Section 

III (1965) Class B; 

b) Spargers for High Pressure Coolant Injection - ASME Section 

III (1965) Clas~ A; 

c) Standby Gas Treatment System Piping - ASME Section III (.1965) 
. . . . . 

Class B; 

d) Containment Penetration Piping - ASME Section III (1965)' 

Class B; 

e) Core Spray Pumps - ASME Section III (1965) Class B or C; 

f) Low Pressure Coolant Injection Pumps - ASME Section III 

(1965) Class B; 

g) Standby Gas Treatment Valves - ASME Section III (1965) Class B; . 

h) Containment Penetration Valves - ASME Section III· (1965) 

Class B; 
.. 

i) Containment Coolant Subsystem Piping - ASME Section· III (1965) 

Class C; and 

/ 
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FOREWORD 

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. 

. ~nklin Research Center. 

v 

A Division ol The F ranklln lnstiMe 
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l. INTRODUCTION 

Systems and components in nuclear power plants should be designed, 

fabricated, 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) Regulatory Guide 1.26 [l], "Quality 

Group Classifications and Standards for Water-, Steam-, and Radioactive-Waste-

Containing Components of Nuclear Power Plants," which classifies components 

into four Quality Groups, A, B, c, and D, and gives the standards applicable 

to each group. 

The systems and components 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-1, "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 Dresden 

Nuclear Power Plant, Unit 2. 

This report was prepared by the Franklin Research Center (FRC) under NRC 

Contract No. NRC-03-79-118. 

~nklin Research Center 
A OMsion ol The Frllllldln lnslilule 
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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-1 is one of 137 

SEP topics. Of the ll 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 (l) 

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 

s~cifically, Topic III-1 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 

components in the Dresden Nuclear Power Plant, Unit 2 to perform their safety 

_functions as judged by current standards.- This involves two steps: (l) com

parison of current codes and standards with those used in the design, fabrica

tion, 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. 

The scope of this evaluation is limited by or to the following: 

1. Table of Systems and Components, compiled by the NRC, corrected and 
completed by Commonwealth Edison Company. This table contains the 

l. Plant discussed in this report. 

~nklin Research Center 
A OMsion ol The Franldin lnllilute 
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Quality Group Classification, the current code,_ and the code used for 
the listed systems and components when the plant was designed. When 
the information in the table was incomplete, FRC completed it as well 
as possible (see Table 4-1) [41 • 

2. Information in the Final Safety Analysis Report (FSAR) or a similar 
document [51. 

3. NRC Regulatory Guide 1.26, Revision 3 [11. 

4. Standard Review Plan 3.2.2 [61. 

s. Major older codes and standards: American Standards Association 
(ASA) B3l. l (1955), "Code for Pressure Piping" [71; ASME 1965 Boiler 
and Pressure Vessel Code, Section I, "Rules for Construction of Power 
Boilers" [81, Section III, "Rules for Construction of Nuclear 
Vessels" [91, and Section VIII, "Unfired Pressure Vessels" [101 :. and 
applicable Code Cases for ASA B31.l and ASME VIII. 

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 Sununer Addenda [2J. 

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: 

III-5.A 

III-5 .B 

III-6 

III-7 .A 

Description 

Effects.of Pipe Break-on·Structures, 
Systems and Components Inside-Containment 

Pipe Break Outside Containment 

Seismic Design Considerations 

Inservice_ Inspection, Including. 
Prestressed Concrete Containments with 
Either Grouted or Ungrouted Tendons 

1. Le~ter from s. Bajwa to s. Carfagno, dated December 10, 1981. 

~nklin Research Center 
A Division ol The Franklin Institute 
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III-7.B 

III-7 .D 

III-9 

V-3 

V-6 

V-8 

IX-6 

~nldin Research Cen.ter · 
A DMsion of The Fre:nkfin Institute 

········ .. · .. · .. 

TER-C5257-430 

Description 

Design Codes, Design Criteria, Load 
Combination, and Reactor Cavity Design Criteria 

Containment Structural Integrity Tests 

Supp0rt Integrity 

OVerpressurization Protection 

Reactor Vessel Integrity 

Steam Generator ·Integrity 
I 

Fire Protection 

-4-
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3. METHOD OF REVIEW 

To accomplish the.objective of.this evaluation, FRC performed the review 

as follows: 

. l. Components from the Table of 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 storage .-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. 

2. Major older codes identified in Table 4-1 were compared against the 
current code. Resuits 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 ~ngineering 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 cqrrent code (the 1977 ASME 

B&PV Code, Section III with Addenda [2]) and indicates which requirements are 

considered applicable and significant for structural integrity (design_ated 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 the older 

codes. The major older codes for the Dresden plant are ASA B31.l (1955) [7] 

and the 1965 ASME B&PV Code, Sections I, III; and VIII [8, 9, 10]. 'Differences 

between significant requirements, such as additions to the older codes, were 

reviewed, and recommendations were made £°or assessing their impact·on·the 

safety margin of the particular component. 

Know~edge of the historical development of the codes and'.the reasons for 

the changes was an important element in making effective comparisons. A 

literature survey, supported by consultation with experts in the field, helped 

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

criteria, analytical methods, load combinations, quality assurance require

ments, .fabrication techniques, and testing requirements. 

~nklin Research Center 
A Division of The Franklin Institute 
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4. QUALITY CLASSIFICATION OF SYSTEMS AND COMPON_ENTS 

·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 Dresden plant, the code required for current licensi.ng 

criteria, based on NRC Regu~atory Guide 1.26 · (1) and Section 50.SSa of the 

Code of Feder~l 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 
Recirculation System 
Isolation Condenser 

· Standby Liquid Control System 
Core Spray System 
Low Pres.sure Coolant Injection :System 
High Pressure Coolant Injection System 
Standby Coolant Supply System 
Automatic Pressure Relief Subsystem 
Standby Gas Treatment System 
Safety Valves 
Relief Valves 
Containment Penetration Valves and Piping 
Reactor Coolant Pres.sure Boundary 
Isolation Valves 
Control Rod Drive Housing 
Control Rod Drive System 
Spent Fuel Storage Facility 
Reactor Vessel Head Cooling System 
Condensate/Feedwater System 
Main Steam System 
Condensate ·storage Tank 
Reactor Water Cleanup System 

.Reactor Shutdown Cooling System 
Reactor Building Closed Cooling Water System 
Compressed Air System 
Standby Diesel Generator System 
Service Water System_ · 
Structures (for information only, n6~ in the scope of this review). 

~nYJin Researc~ Center 
A Division of The Franklin lnstitutr 
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Table 4-2(a) lists all Quality Group A components, Table 4-i(b) lists all 

Quality Group B components, and Table 4-2(c) lists all Quality Group C 

components. Components iri Tables.·4-2 (a)~ (b), and (cl are· grouped· as pressure· 

vessels, piping, pumps, valves, 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 system? and their definitions. 

Additional information on the review procedure f_or System Quality Group 

Classification can be obtained from Section 3.2.2 .of the Standard Review Plan· 

[ 6] • 

~nklin Research Center 
A Division of The F rankUn Institute 
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Structures, Systems, 
and Components 

Rt';AC'l'OR COOLAN'f 
SYSTF.M 

Reactor Vessel Including 
No:lzle Safe Ends 

Reactor Vessel Support 

Reactor vessel Internals-. 

IU::CmCULA'l'ION SYSTEM 

_Piping 

Valves 

·.Pumps 

'fable 4-1 

Classi f !cation· of Structures,· Systems, and Components 
Dresden Nuclear Power. Plant Unit 2 

Quality Classification 
Codes and 
Standards 
RG l.26 (1) 

Codes and Seismic Classification 

ASHE III 
Class l 

ASME III 
Class l 

ASME IIi 
Class l 

ASHE. ·III 
Class l. 

AsME III 
Class l. 

Standards Used 
in Plant Design (2) 

ASME III (1965). 
Class A 

ASME III 119.65) 
Class A· 

ASHE I (1965) 
ASA 831.l (1955) (41 

ASHE I (1965) 
ASA 831.l (1955) (5). 

ASME III (1965) 
Class c 

Used in 
·RG l.29 Plant Design 

Category I Class I 

Category I class I 

Category I Class I 

Category I Class I 

Category I Class I 

Category .I Class I 

Remarks 

NA 

NA 

1. ASHE III stands foe. the Boiler and Pressure Vessel .Code .section III Division I, published by the American Society 
·-_ of.He_chanical Engineers, 1971 Edition with Addenda through Summer 1978. 

2. · When plant design is in accordance with Sections I, III, and VIII of ASHE Boiler and Pressure Vessel Code, 1965 
Edition with Addenda through Su1wnec 1965 is implied. 

3.. NA indicates additional information provided in this taul.e that is outside the scope of this cep0ct. 
4. Plant piping was designed according to ASA 831.l (1955) 1 piping installation, repair, and replacement was carried 

out to the guidelines of USAS 831.l (1967). 
5. ASA 831.1 (1955). with Code Cases N-7, N-9, N-10, MSS-SP-66·, and MSS-SP-61 provided. guidance foe design of· valves. 
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Structures, Systems, 
and Components· 

l::MERGl::NCY SYS'l'EMS 

Isolation Condenser 

Shell Side 

Tube Side 

Piping, Fittings, and 
Valves (Tube Side) 

Standby Liquid Control 
_system 

Piping and Valves 

Standby Liquid Control 
'l'ank 

Pumps 

. · ... :: 

Table 4-1 (Cont.) 

Quality Classification 
Codes and 
Standards 
RG. l.26 (1) 

ASHE III 
Class l 

ASHE Ill 
Class 2 

ASHE Ill 
Class 2 

ASHE Ill 
Class 2 

ASHE Ill 
Clasli 2 

ASHE Ill 
Class 2 

Codes and 
Standards Used 

in Plant Design (2) 

ASHE VIII (1965) 

ASHE Ill. (1965) 
Class ? 

ASHE I (1965) 
ASA Bll.l 
(1955) (4,5) 

ASA Bll.l 
(1955) (4,5) 

APl-650 (1964). 

ASHE Ill (1965) 
c·1ass c 

• Information a~sumed because it is not available· at this time. 

.. -~·-·..:. ... - ...... .,~., .~.; .. 

Seismic Classification 
Used in 

RG 1.29 Plant Design 

Category I Class I 

Category I Class I 

Category I Class I 

Category I Class I 

Category I Category I 

Category I Class I 

Remarks 

ASHE I tO 
outermost 
isolation 
valve and 
Bll.l from 
outermost 
isolation 
valve to 
isolation 
condenser 



I 
I-' 
0 
I 

··' .: .: .. '.. ......... - ....... ~:. 

•rable 4-1 (Cont.) 

Quality Classification 

Structures, Syste1i1s, 
and Components. 

Core Spray System 

Pumps 

Pipin9, Fittin9s, and 
Valves 

Spray Header and 
.:>par9ers 

. l.ow Pressure Coolant 
Injection/Containment 
Coolant Subsystem 

·Pumps. 

Pipin9, Fittin9s; and 
.valves· .. · 

Containment and 
Suppression .spray 

· lleadtir s 

. Heat Exchail9<:rs-
1'ube Sidti 

llt:at Exchan9er's -
.!.ihell Side 

Codes and 
·standards 
RG l.26 (1) 

ASHE III 
Class 2 

ASHE III 
Class 2 

ASHE II~ 

Class 2 

ASHI> Ill 
Class 2 

ASHE Ill 
Class 2 

ASHE 111 
Class 2 

ASHE III 
Class.2 

AS.ME III 
Class 3 

Codes.and 
Standards ·used 

in Plant Design (2) 

ASHE III (1965) (6) 

Class B or c 

ASA Bll.l 
(i955) (4,5) 

ASHE Ill (1965) (7) 

Class B 

ASHE Ill (19651 (6) 

Class B 

ASA Bll.l 
(1955) (4,5) 

ASA Bll. l 
(1955) (4,5) 

ASHE Ill (196~) 
Class C 

ASHE III (1965) 
Class c 

= .•. _ 

Seismic Classification 
Used in 

RG l. 29 Plant Design Remarks 

Category I Class I 

·category I Class I 

Category I Class I 

Category I Class I 

Cate9oi:y I Class I 

Category I Class I 

Cate9ory I Class I 

Category 1 Class.,I 

6. 
7. 

Class B is related to containment vessels. It seems 1nore likely that Class C requirements would have been used. 
It is more lik.ely that ASA lill. l (1955) would. have been used for. design purposes than ASHE III. 
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I-' 
I-' 
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Scructures, Syst~ms, 
and Components 

Contairuoent coolant 
Subsystem 

High Pressure Coolant 
Injection 

Pumps 

Piping, Fittings,· and 
valves 

Spargers (Feedwater 
Spargers Used) 

Standby Coolant 
Supply System 

Interconnecting Piping 
and Associated Valves 
Between the Service 
Water System·and the 
Condenser Hotwell 

Automatic Pressure 
Helief Subsyste10 
~ 

Table 4-1 (Cont.) 

Quality Classification 
Codes and 
Sta.ndards 

.RG 1.26 (l) 

ASME III 
Class 3 

ASME III 
Clasi> 2 

ASME III 
Class 2 

ASME III 
Class 2 

ANSI 831. l 
(See remarks) 

ASME III 
Class 1 

Codes and 
Standards Used 

in Plant Design (2) 

ASMJ:: II I ( 1965) ( 7 l 
Class C 

'ASKE III (1965) 
Class C 

ASA Bll.l 
(1955) (4,5) 

ASME III (196.5) (7) 

Class A 

ASA 831.f . 
(1955) 14 • 51 

ASA Bll.l 
(1955) 14 , 51 

Seismic Classification 

RG l. 29 

Category I 

Category I 

Category I 

Category I 

Non-seismic 
Category I 
(QBE) . 

Category I 

Used in 
Plant Design 

Class I 

Class I 

Class I 

Class I 

Class I 

Class I 

............. .;,. __ .. _ ; ..... ~.:.. .. ~---~· ..... -. e 

Remarks 

If credit is 
taken for 
system in 
ECCS analysis, 
then ASHE III, 
Class 3 
classification 
and Seismic 
Category I 
are applicable. 

8 
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'!'able 4-l (Coot.) 

Quality Classification 
Codes and Codes and Seismic Classif icatioo 

Structures, Systems, 
and Components 

STANDBY GAS '1'R£A'l'MEN'f 

.~ 

Piping, ~'itthigs, and 
Valves 

SAFl::'l'Y VALVES 

·REI.IE!? VALVt::S 

· COtl'l'AINMENT PENE'l'l!A'l'lONS 
VALVES ANO PIPING 

lillAC'!'OR COOLAN'l' PRESSURE 
BOUNDARY (RCPB) 

. Pi1?ing from Reactor Vessel 
Up to and Including First 
Isolation Shutoff .Valve 

J:;OLA'l'lON VALVES 

·valves Not Identified. 
Under· Containment 
Penetration Valves 

Standards 
00 l. 6 (l) . 

ASMJ:: III 
Class 2 

ASKE III 
Class 2 

. ASHE III 
Class 1 

ASHE Ill 
Class l 

ASHE III 
Class 2 

ASH!:: .III 

Class l 

ASHB Ill 
Class l 

Standards Used 
in Plant Design (2) RG l. 9 

ASKE III (1965) (6) Category I 
Class B 

ASHE III (1965) (7) Category I 
Class B 

Category I ASKE III (1965) (8) 

ASA B3l. l (1955) ( 9) 

ASA B31.l (1955)(9) Category I 

ASHE III (1965) (7) Category I 
Class B 

ASHE I (1965) 
ASA ·an.1 (19551 '41 

Category I 

ASA 831.l (1955) (5) Category I 

8.· .It is· not clear. which specific section of ASHE III is referenced here. 

Used in 
. Plant Design 

Class I 

Class I 

Class I 

Class I 

Class I 

Class { 

Class I 

... •.: ... : .... -·. 

Remarks 

See FSAR 
Sec. 5.3.3 

Discharge 
piping not 
evaluated in 
FSAR 

See fSAR 
. Sec. 5 • 2 • 33 

9. · Safety a·od relief valvt:s designed in accordance with ASA B3l.l with Code Ca!iies N-2, ·N-7, N-9, and N-10 taken 
into consideration. · 

.e 

. t-3 
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... : ..... .. 
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Structures, Systems, 
and Components 

CON'fROL ROD DRIVE 
HOUSING 

CON'i'ROL ROD DRIVE 
S'iS'rEM 

SPEN'i' FUEL STORAGE 
FACILITIES 

Spent Fuel Pool 

Pump 

lleat i::xchanger 

Pipiug, Fittings, and 
Valves 

t'ilter 

l!t:AC'OOR VESSEL llEAD 
COOLING SYSTF.M 

·Piping, Fittings and 
Valves 

'l'able 4-l (Cont.) 

Quality Classification 
Codes and 
Standards 
RG l. 26 Ill 

ASKE III 
Class l 

ASME Ill 
Class 2 

ASKE III 
Class 3 

. ASHE III 
Class 3 

ASHE III 
Class 3 

ASHE III 
Class ·3 

ASHE III 
Class 3 

ASKE III 
Class 3 

Codes and 
Standards Used 

in Plant Design (2) 

ASA 831.l (1955) 

ASME III (1965) 
Class A 

ASHE VIII (1965) 

ASHE Ill (1965) 
Class C 

ASA 831. l 
(1955) (4,5) 

ASHE VIII (1965) 

ASA 831. l 
_(1955) (4 I 5) 

Seismic Classification 

RG l.29 

Category I 

Category.I 

Category I 

_Category I 

Category I 

Category I 

Category I 

l<'Jn-seismic 
Category I 
(OBE) 

Used in 
Plant Design 

Class I 

Class I 

Class I 

Class I 

Class I 

Class I 

Class I 

Remarks 

NA(3) 

~-
VI 
N 
V1 
...i-
i .,,. 
w 
0 
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:.·· 

·structures,· Systeiu·s, 
and-Components 

CONOENSATli:/~'EEDl~A 'l'i;:R 
SYSTEM . 

Piping from Outermost 
Containment Isolation 
Valve up to and 
iucl.uding the 
Shutoff· v'alve 

Balance of Feedwater 
Sys_t.:m·· from Shutoff 
Valve to the Condenser 

MAIN S'l'EAM SYS'l'li:M 

Piping from Outermost 
Containment Isolation·· 
Valve up to Turbine 
Sfop and Bypass 
Valves and Connected 
Piping up to and 
including Fiest Valv.: 

"' 

-·· • :} ..... i..·.: •.. ••• ;..;., ....... :.:. .. :..· .:: .. • . ..... ·. ·~· :· 

Tabl~ 4-1 (Cont. I 

Quality Classification 
Codes and 
Standards 
RG 1. 26 (11 

ASHE III 
Class 2 

ANSI Bll. l. 
(See Re mac ks) 

ASME III 
Class 2 

_Codes, and 
Standards Used 

in Plant Design (2) 

ASA Bll.l 
(19551 (4,51 

ASA Bll.l 
11955) (4,51. 

ASA Bll.1 
(1955) (4,51 

Seismic Classification 

RG 1. 29 

Category I 

Non-Seismic 
Catego.ry I 
(OBEI 

Category I 

Used in 
Plant Design 

Class II 

Class II 

Class II 

' .,.:.._·":.: .... _ .:.. .. :._··-·-'····-··--~"° .. ····· .. ,.·--': ......... .;.;-..,. ~ ... _ .. ,_~_:_ . ...... --

Remarks 

Portions of 
condensate 
feedwater 
system 
required to 
satisfy 
reactor 
vessel 
re flooding 
desig!"' 
objectives 
should be 
ASME III, 
Class 3 

1-3 

~ 
U1 
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U1 
....i 
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Structures, Systems, 
and Components 

CONOl!:tlSA'l'E S'OORAGE 'l'ANK 

REACTOR l'IA'l'ER CLEANUP 

~ 

Pipfng, t'ittings, 
·and Valves 

REAC'J'()R SllU'l'DOl·IN 
COOLING SYS'l'EM 

Heat Exchan9ers -
'l'ube Side 

Heat Exchangers -
Shell Side 

Piping and Valves 

Rl::AC'l'OR UUILDING 
Cl.OSEI.I COOLING 
WATER SYSTEM 

Pwnps 

'l'able 4:..1 (Cont.) 

Quality Classification 
Codes and 
Standards 
RG l. 26 (l) 

ASME III. 
Class 3 

ASME lII 
Class 3 

ASME lII 
Class 3 

ASME. lII 
Class 2 

ASHE III 
Class 2 

ASHt: III 
Class· 2 · 

ASHE III 
Class 3 

Codes and 
Standards Used 

in Plant Design (2) 

ASMI:: III (1963) 
Class C 
with 1964 Addenda 

ASME lII (1965) 
Class C 

ASA 631.l 
(1955) (4,5) 

ASME III (1965) 
Class C 

ASHE III (1965) 
Class C 

ASA 831. l· 
(1955) (4, 5) 

1 

Seismic Classification 

RG 1.29 

Category·I 

Non-seismic 
Category I 
(OBE) 

Non-Seismic 
Category I 
(OBE) 

Category I 

Category .-I 

Category l 

Category l 

Used in 
Plant Design 

Class II 

Class lI 

Class lI 

Class II 

Class II 

Class II 

Class II 

Remarks 

~ 

~ 
~ 
Ul• 
N 
Ul 
....J 
I .... 

w 
0 
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Structures, Systems, 
and Components· 

Ueat Exchangers 

Piping, Fittin~s, 
and Valves 

COMPRESSED AIK SYS'l'EM 

. Piping, Fittings, 
and Valves 

!:i'l'ANDBY DIESEL 
GENERATOR SYSTEM 

Piping; Fittings, 
.and Valves 

SEHVICE WA'l'ER SYS'fEM 

l'iping, Fittings, and 
Valves 

. ' ... ... 
:: •. ~ :~·.!. .• ' ~'-- ...... : ... ~ .. .•. ........ .t ... ~ : ... ..:.. ::. ... : ..... i .. · . 

Table 4-1 (Cont.) 

Quality Classification 
Codes and Codes and 
Standards 
RG L 26 (l) 

ASHE III 
Class l 

ASMi:: Ill 
Class l 

Quality Group D 
(See remarks) 

ASHE III 
Class l 

. ASHE III 
Class l 

Standards Used 
in Plant Design (2) 

ASHE VIII (1965) 

ASA Bll.l 
(1955) (4,5) 

ASA Bll.l 
(1955) (4, 5) 

ASA BlLl·· 
(l955) (4,5) 

ASA Bll.l 
(1955) (4,5) 

·' ~ ....... :· ... ,;,;, .. ., ........... . 

Seismic Classification 

RG l.29 

Category I 

Category I 

Nein-seismic 
(See Remarks) 

Category I 

Category I 

Used in 
Plant Design 

Class II 

Class I 

Class II 

Class I 

·' ......... ·-·-' ..:..:...._: .. . 

Remarks 

Portions of air 
system required 
to perform safety 
·function should 
be Category I 
and Class ~ 

FSAR does 
not identify 
auxiliary 
systems required 
for diesel · 
generator 

8 
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Ul 
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Structures, Systems, 
and Components 

S'1'1lUC'1'lJRES 

Reactor Building 

Dcywell, 'focus, Vents, 
and Penetrations· 
(Primary Containment) 

Contiol Hoom 

Stack. 

Turbine Buildin9 

·Radioactive Waste 
Buildin9 

·intake ·anct·'oischarye 
(Ctil;> llouse)' 

Table 4-l (Cont.) 

Quality Classification 
Codes and Codes and 
Standards 
RG l.26 (l) 

ASME Ill 
MC 

Standards Used 
i~ Plant Design (2) 

ASME Ill (1965) 
Class B 

Seismic Classification 

RG l.29 

Cate9ory I 

Cate9ory I 

Cate9ory I 

Non-seismic 

Non-seismic 
Cate9ory I 
(OBE) 

Non-seismic 
Cate9ory I 
(OBE) 

Cate9ory ~ 

·used in 
Plant Desi9n 

Class I 

Class I 

Class l 

Class I 

Class II 

Class ll 

Class II 

Remarks 

NA 

NA 

NA 

NA 

NA 

NA 

8 

~ 
Ul 
N 
Ul 
-.J 
I 
~ 
VJ 
0 
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Table 4-2 (a) 

Quality Group Components (1) 

Code: ASME I !I-Class l ( 2) 

Pressure Vessels 

None 

Piping 

Recircuiation System Piping (RCS) 

Automatic Pressure Relief Subsystem Piping (ADS) 

Piping from Reactor Vessel up to 
First Isolation Shutoff Valve (RC~B) 

Control Rod Drive Housing (CRDS) 

Recirculation System Pumps (RCS) 

Valves 

Recirculation System Valves (RCS) 

Automatic Pressure Relief Subsystem Valves (ADS) 

l. Refer to Table 4-2 (d). for abbreviations. 

TER-C5257-430 

Code 

ASME I (1965) (3) 
ASA B31.l (1955) (4) 

ASA B31.l (1955) (4) 

ASME I (1965) (3) 
ASA B31.l (1955) (4) 

ASA B31.l (1955) 

ASME III ·(1965) ( 3) 
Class C 

ASME I (1965) (3) 
ASA B31.l (1955) (5) 

ASA B31.l (1955) (5) 

2. ASME III-Class l stands for Boiler and Pressure Vessel Code, Section III, 
Division 1, Subsection NB, 1977·Edition, and Addenda through Summer 1978. 

3. Plant design· is in accordance with Sections I, III, and VIII of ASME Boiler 
_and Pressure Vessel Code, 1965.Edition with Addenda through Summer 1965 • 

4. Plant piping was designed according to ASA B31. l (1955). Piping installa
tion, repair, and replacement were carried out according to the guidelines 
in USAS 831.l (1967). 

5. ASA 831.l (1955), with Code Cases N~7, N-9; N-10,_ MSS-SI>-66, and,MSS-SP-61 
proviaes guidance for design of: plant valves. 

-18-

~nklin Research Center 
· A DMsion of The Frenklln lnsdtute 
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Table 4-2 (a) (Cont.) 

Valves (Cont.) 

Safety Valves 

·Relief Valves 

First Isolation Shutoff Valve (RCPB) 

Isolation Valves not Identified 
under Containment Penetration Valves (IV) 

Storage Tanks (Atmospheric and 0-15 psig) 

None 

TER-C5257-430 

~ 

ASME III (1965) (3, 6) 
Class ? 
ASA B31. l (1955) (7) 

ASA B31.l (1955) (7) 

ASA B3Ll (1955) (5) 

ASA B31. l (1955) (5)_ 

6. It is not clear which specific section of ASME III is referenced here. 
7. Safety and relief valves were designed in accordance with ASA B31.l (1955), 

with Code Cases N-2, N-7, N-9, and N-10 taken into consideration • 

~nk.Jin Research Center 
A Division of The Franklin Institute 

-19-
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Table 4-2 (b) . 

Quality Group B Components (1) 

Code: ASME·UI.;.Class 2(2) -

Pressure Vessel· 

Emergency System Isolation Condenser
Tube Side (IC) 

Low Pressure Coolant Injection System 
Heat Exchangers - Tube Side (LPCI) 

Control Rod Drive System (CRDS) 

Reactor Shutdown Cooling System 
Heat Exchangers - .Tube and Shell Sides (RSCS) 

Piping 

Emergency System .Isolation Condenser 
Piping (IC) 

Piping for Standby Liquid Control 
System (SLCS) 

Core Spray System Piping (CSS) 

Core Spray System 
Spray Header and Spargers (CSS) 

Low Pressure Coolant Injection System 
Piping (LPCI) 

1. Refer to Table 4-2(d) for abbreviations. 

TER-C5257-430 

Code 

ASME III (1965) (3) 
Class ? 

ASME-III (1965) (3) 
Class c 

ASME III (1965) (3) 
Class A 

ASME III (1965) (3_) 
Class C 

ASME I (1965) (3) 
ASA 831.l (1955) (4) 

ASA 831.l (l955) (4). 

ASA 831.l (1955) (4) 

ASME III (1965) (3, 5) 
Class B 

ASA 831.l (1955) <4> 

2. ASME III-Class 2 stands for Boiler and Pressure Vessel Code, Section III, 
Division 1, Subsection.NC, 1977 Edition, and Addenda through Summer 1978. 

3. Plant design is in accordance with Sections I, III, and VIII of ASME Boiler 
and Pressure Vessel Code, 1965 Edition with Addenda through Summer 1965 • 

4. Plant piping was designed according to ASA B31.l (1955). Piping installa
tion, repair, and replacement were carried out according to guidelines in 
USAS 831.l (1967). 

5 •. Class B is related ·to containment vessels. It seems more likely that 
Class C (9] (for pumps) or ASA_B31.l (for piping and valves) requirements 
would have been used. 

~nklin Research Center 
A Division of The Franklin lnsdtute 

-20-
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Table 4-2 (b} (Cont.} 

Piping (Cont.} 

Containment and Suppression 
Spray Headers (LPCI} 

High Pressure Coolant Injection System 
Piping (HPCI} 

Spargers for High Pressure Coolant 
Injection (HPCI} 

Standby Gas Treatment System Piping (SGTS} 

Containment Penetration Piping (CS} 

Piping from Outermost Containment Isolation 
Valve up to the Shutoff Valve (C/FWS) 

Piping from Outermost Containment 
Isolation Valve up to the Turbine Stop and 
Bypass Valves· and Connected Piping 
up to the.First. Valve (MSS} 

Reactor Shutdown Cooling System Piping (RSCS} 

Standby Liquid Control System Pumps (SLCS) 

Core .spray System Pumps (CSS} 

. . 
Low Pressure Coolant Injection Pumps (LPCI} 

High Pressure. Coolant Injection Pumps . (HPCI}. 

~nklin Research Center 
A Division of The Franklin Institute 

-21-

TER-C5257-430 

ASA 831.l (1955} (4) 

ASA 831.l (1955) (4) 

ASME III (1965} (3,5} 
Class A 

ASME III (1965} <3 , 5) 
Class B 

ASME III (1965} (3 , 5> 

Class 8 

ASA 831.l (1955} <4> 

ASA 831.l (1955} (4) 

ASA 831.l' (1955} (4) 

ASME III (1965} ( 3) 
Class C 

ASME ·III (1965) (3' 5). 
Class 8 or C 

ASME 'III (1965) (3, 5) 
Class 8 

ASME III (1965) (3) 
Class·c 
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Table 4-2 (b) (Cont.) 

Valves 

Emergency System Isolation Valves (IC) 

Standby Liquid Control System Valves (SLCS) 

Core Spray System Valves (CSS) 

Low Pressure Coolant Injection System 
Valves (.LPCI) 

High Pressure Coolant Injection 
System Valves (HPCI) 

Standby Gas .Treatment System Valves (SGTS) 

Containment Penetration Valves (CS) 

Shutoff Valve in Condensate/Feedwater 
System (C/FWS) 

Valves from the Outermost Containment 
Isolation Valve up to the Turbine Stop 
and Bypass Valves Including the First 
Valve (MSS) 

·Reactor Shutdown Cooling System Valves (RSCS) 

Storage Tanks (Atmospheric and 0-15 psig) 

Standby Liquid Control Tank (SLCS) 

TER-C5257-430 

Code 

ASA B31.l (1955) (6) 

ASA B31. l (1955) (6) 

ASA B31. l (1955) (6) 

ASA B31. l (1955) (6) 

ASA B31.l (1955) (6) 

ASME III (1965) (3, 5) 
Class B 

ASME III (1~65) (3 , 5) 
Class· a 

ASA B3Ll (1955) (6) 

ASA B31.l (1955) (6) 

"ASA B31.l (1955) (6) .· 

API-650 (1964) (7) 

6. ASA B31.l (1955), with Code Cases N-7, N-9, N-10, MSS-SP-66, and MSS-SP-61, 
provides guidance for design of ~lant valves • 

7. Information regarding. this.edition of. the.Code is an assumption because 
the information is not available at this time. 

-22-· 
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TER-C5257-430 

Table 4-2 (c) 

Quality Group C Components (l) 

Code: ASME III-Class 3 (2) 

Pressure Vessel 

Emergency System Isolation Condenser -
Shell Side (IC) 

Low Pressure Coolant Injection/ 
Containment Coolant Subsystem 
Heat Exchangers - Shell Side (LPCI) 

Spent Fuel Storage Heat EXchangers (SFSF) 

Spent Fuel Storage Filters (SFSF) 

Reactor Building 'Closed Cooling Water 
Heat Exchangers (CCWS) 

Pipirig 

Containment Coolant Subsystem Piping (LPCI) 

Piping Between Service Water System 
and the Condenser Hotwell (SCSS) 

Piping Associated with Spent Fuel 
Storage Facility (SFSF) 

l. Refer to Table 4-2 (d) for abbreviatfons. 

· ASME VIII (1965) (3) 

ASME III (l96S) (3) 
Class C 

ASME III (1965) ( 3) 
Class C 

ASME VIII (1965) (3) 

ASME VIII (1965) (3) 

ASME III. (l965) (3 • 4) 
Class C 

ASA 831.l (1955) (5) 

ASA B3l.l (1955) (5) 

2. ASME III-Class 3 stands for Boiler and Pressure Vessel Code, Section III, 
Division l, Subsection ND, 1977 Edition, and Addenda through Summer 1978. 

3. Pla~t design is in accordance with Sections Ii III, and VIII of ASME 
Boiler and Pressure Vessel Code, 1965 Edition, with Addenda through Summer 
1965. . . . . 

4. It is more likely that ASA B3l.l (1955)' woul.d have been used for design 
purposes than ASME III. 

5. Plant pi.ping was designed according to ASA 831.1 (1955). Piping instal
lation, repair, and replacement were carried out according to guidelines 
in USAS 831.1 (1967). 

~nklin Research Center 
A Olvi_sion of The Franklin lnsatute 
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Table 4-2 (c) (Cont.) 

Piping (_Cori.L) .. · 

Reactor Vessel Head 
Cooling System Piping (RVHCS) 

Balance of Feedwater System 
From Shutoff Valve to the Condenser (C/FWS) 

Reactor Water .Cleanup System Piping (RWCS) 

Reactor Building Closed 
Cooling Water System Piping (CCWS). 

Compressed Air System Piping (CAS) 

Standby Diesel Generator System Piping (SDGS) 

Service Water .System Piping (SWS) 

Pumps for Spent Fuel Storage Facility· (SFSF) 

Pumps for Reactor Building Closed Cooling 
Water System (CCWS) 

Valves 

Containment Coolant Subsystem Valves (LPCI) 

Associated Valves Between Service Water System and 
Condenser Hotwell (SCSS) 

Valves for Spent Fuel Storage Facility (SFSF) 

Reactor Vessel Head Cooling System Valves (RVHCS) · 

Valves in Balance of Feedwater System (C/FWS) · 

Reactor Water Cleanup System Valves (RWCS) 

Reactor Building Closed Cooling Water·· 
System Valves (CCWS) 

TER-C5257-430 

~ 

ASA B31.l (1955) (5) 

ASA B31.l (1955) (5) 

ASA B31.l (1955) (5) 

ASA B3.l.l (1955) (5) 

"ASA B31.l (1955) (5) 

ASA B31.l (1955) (5) 

ASA B31. l ( 1955) ( 5) 

ASME VIII (1965) (3) 

? 

ASME III (1965) c3 , 4l 
Class C 

ASA B31. l (1955) (6) 

ASA B31.l (1955) <6l 

·ASA B3Ll (1955) <6l 

ASA B31.l (1955) (6) 

ASA B31.l (1955) (6) 

ASA 831.l (1955) <6> 

6. ASA B31.l (1955), with Code C:ases N-7, N-9, N-10, MSS.,-SP-66, ano MSS-SP-61, 
provides guidance for design of plant valves~ · 

~nklin Research- Center 
A Division of The Franklin_ Institute 
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Table 4-2 (c) (Cont.) 

Valves (Cont.) 

Compressed Air System Va.lves (CAS) 

Standby Diesel Generator System Valves (SDGS) 

S~rvice Water System Valves (SWS) 

Storage Tanks (Atmospheric and 0-15 psig) 

Condensate Storage Tank (C/FWS) 

. ~nklin Research Center 
A Dillision ol The Franklin lnslitute 
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ASA B31.l (1955) (6) 

ASA B31.l (1955) (6) 

ASA B31.l (195.5) (6) 

ASME III (1963) 
Class C with 1964 
Addenda 
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Table 4-2(d) 

Index of. Abbreviations of Systems;.:~·:': 

Abbreviations 

ADS 
CAS 
ccws 
CRDB 
CRDS 
cs 
css 
C/FWS 
HPCI· 
IC. 
IV 
LPCI 
MSS 
RCPB 
RCS 
RSCS 

·RVHCS 
RWCS 
SCSS· 
SDGS 

· SFSF · 
SGTS 
SLCS 
sws 

'·~ 

~nklin Research Center 
A Oivlsion of The Franklin lnSlitute 

Definitions, 

Automatic Pressure Relief Subsystem 
Compressed Air System 
Reactor Bldg. Closed Cooling Water Syst~m 
Control Rod Drive Housing 
Control Rod Drive System 
Containment System 
Core Spray System . 
Condensate/Feedwater Systems 
High P·ressure Coolant I_njection System 
Isolation Condenser 
Isolation Valve 
Low Pressure Coolant Injec~ion System 
Main Steam System 
Reactor Coolant Pressure Boundary 
Recirculation System. 
Reactor Shutdown Cooling System 
Reactor Vessel Bead Cooling System 
Reactor Water Cleanup :System 
Standby Coolant.Supply System. 
Standby Diesel Generator System 
Spent Fuel Storage Facility 
Standby Gas Treatment System 
Standby Liquid Control System 
Service Water System 

-26-
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5. EVALUATION OF SPECIFIC COMPONENTS 

5.1 GENERAL REQUIREMENTS 

The purpose of this section is to evaluate, for the specific components of 

the Dresden Nuclear Power 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 thi.s report (i.e., piping, pressure vessels, valves, 

pumps, and tanks). The foll9wing topics were identified in Section 4.1 of 

Appendix A to be general requirements that have cl:~anged from older codes to 

the current code: fracture toughness, quality assurance, (l) quality group 

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

5.1.l Fracture Toughness 

e As indicated in Section 4.1. l of Appendix A, the current code [2] requires 

•'. 

that pressure-retaining material 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 whether it is necessary to impact test the 

material used for ea~h specific component of the Dresden Nuclear Power Plant,. 

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

ductility transition temperature (TNDT) of the different materials can be 

found in References 11, 12, and U. Of the 62 components reviewed·in Table 

5-1: 

o six components (10%) do not require impact testing 

o the type of stainless steel used (most probably austenitic) was not . 
· specified for 9 components (15%) 

o. the material used was not specified for 43 components (69%) 

o • additional data are required to assess 4 components (69%). 

1. Quality assurance is outside the scope of the SEP according to the letter. 
from s. Bajwa to s. Carfagno dated I)~ceml;>er. 10, .1981. 
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Structures, Systems, 
and Components 

i<l::ClllCUl..A'rION. SYS'l'F.M 

l<ecirculation Systeto 
Piping 

Recirculation System 
Valves 

Rec.irculation Syste~ 
P·umps 

EMERGENCY SYSTF.MS 

Isolation Condenser 

Shell Side 

'l'ube Side 

Ititer·connecting 
P ipin9 and Valves 
between· lleactor 
Core cooling and 
lsolat ion Condenser. 

'l'able S-:-1 

Review of Fracture •roughness Requirements 
Dresden Nuclear Power Plant Unit 2 

Quality Group 
Classification. 

Class A 

Class A 

Class A 

cias.s c 

Class B 

Class B 

Material 

Stainless Steel 

Not Given 

Not· Given 

Not Given 

Not Given· 

Not Given 

Impact Test 
Required? 

Insufficient 
Data 

Reason for. 
Exempt ion ( l) 

Refer to 'l'ables A4-4 throu9h A4-6 of Appendix A _foe explanation of exemptions. 

Remarks 

Probably austenitic 
stainless steel 

Not discussed in 
l!'SAR 

Not discussed in 
FSAR 

Not discussed· in 
l!'SAR 

Not discussed in 
FSAR 

Not discussed in 
· l!'SAR 
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Structures, Systems, 
and Components 

Standby Liquid Control 
System 

.Pumps 

•rank 

Piping and.Valves 

Core Spray System 

Pumps -

Casing 

Impeller 

Shaft 

Pipin'::) from the 
Suppression Chamber 
to the Outer 
Isolation Valve 

Piping from Outer 
Isolation Valve 
into the lteactor 

Quality Group 
Classification 

Class B 

Class B 

Class B 

Class B 

Class B 

Class B 

Class B 

Class B 

'l'able 5-1 (Cont.) 

Material 

Stainless Steel 

Not Given 

Not Gi.ven 

Cast Steel 

Bronze 

Stainless Steel 

Carbon Steel 

Stainless Steel 

Impact Test 
Required? 

Insufficient 
Data 

Insufficient 
Data 

No 

Insufficient 
Data 

Insufficient 
Data 

Insufficient 
Data 

Reason for 
Exemption(l) 

llf 

Remarks 

Probably austenitic 
stainless steel 

Not discussed in 
FS.AR 

Not discussed in 
FSAR 

No information o~ 
TNDT av.ailable 

See .FSAR 
•rable 6. 2. 3 

Probably austenitic 
stainless steel 

Sizes and steel 
type not given 

Probably austenitic 
stainless steel 
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Stru~tures, Systems, 
and Components 

Spray Spar9ers and 
Spray Nozzles 

Low P.ressure Coolant 
Injection/Containment 
Coolant Subsystem 

Pump -

Casing 

Impeller 

tihaft 

Piping fr.010 Isolation 
valve to Reactor 
System 

Containment and 
Suppression Spray 
!leaders. · 

lleat ·Exchangers 
"l'ube Side 

tihell Side 

Co'ntainm.ent CooJ.a11t. ,. · 
Subllystem 

Quality Group 
Classification 

ClaSll 8 

·class 8 

Class 8 

Class ·.8 

Class 8 

Class 8 

Class 8 

Class C 

Class C 

Table 5-1 (Cont.) 

·Material· 

Stainless Steel 
304 

Cast Steel 

Bronze 

Stainless Steel 

Stainless Steel 

Not Given 

Not Given 

Not Given 

Not Given 

Impact Test 
·Required? 

No 

Insufficient 
Data 

No 

Insufficient 
Data 

Insufficient 
D.ata 

Reason foe 
Exemption ( ll 

8e 

8f 

Remarks 

No information on 
TNDT available 

See FSAR 
Table 6.2.4 

Pcobab'iy austenltic 
·stainless steel 

Pcobably austenitic 
stainless steel 

Not discussed in 
FSAR 

Not discussed in 
FSAR 

Not discussed in 
FSAR 

Not discussed in 
~'SAR 
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Structures,_ Sylitems, 
and Compo·nents 

lliqh Pressure Coolan't 
Injection 

Pumps 

Piping, Fittings, and 
Valves 

Spargers (Feedwater 
Spargers Used) 

Standby Coolant Supply 
System 

Pipings·, F.ittings and 
Valves 

Automatic Pressure 
Relief Subsystem 

S'fANDB'l GAS TREA1'MENT 
S'lSTEM 

Pipings, Fittings and 
Va lyes 

SA~'E'l''l VALVES 

RELIJ.::F VALVES 

Quality Group 
Classification 

Class B 

Class B 

Class B 

Class C 

Class A 

Class B 

Class B 

Class A 

Class A 

Table 5-1 (Cont.) 

Not Given 

Not.Given 

Stainless 

Not Given 

Not Given 

Not Given 

Not Given 

Not Given 

Not Given 

Steel 

Impact Test 
Required? 

Insufficient 
Data 

Reason for 
Exempt ion.(l). Remarks 

Not discussed in 
FSAR 

Not discussed in 
FSAR 

Probably austenitic 
stainless steel 

Not discussed in· 
FSAR 

Not discussed in 
FSAR 

Not discussed in 
FSAR 

Not discussed in 
FSAR 

Not discussed in 
FSAR 

Not discussed in 
FSAR 
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St~uctures, Systems, 
and Components 

CON'l'AINMEN'r PENE'l'RATIONS 

Hydraulic Lines to the 
Control Rod Drives 

·Valves 

HJ::AC'!'OR. COOi.AN'!' 
PHESSUHE BOUNDAHY 

Piping, t'ittings,· 
.and' Valv'cs · 

. ISOLA'l'IOU VALVES. 

CONTROL ROD DRIVE 
HOUSING 

CON'l'HOI, ROD DHIVE 
~ 

Velocity Limiter 

Guide 'rubes· 

SPJ::N'l' FUEL S'l'ORAGE 
FACILITIES 

spent Fuel Pool 

Quality Group 
Classification 

Class B 

Class B 

Class A 

Class A 

Class A 

Class li 

Clas>i B 

Clas·s C 

,-• ··~• '•rJ' •;.', '.{~:~··.:,,.·.". !" :·!.'" '• L ' ' ,. 
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Table 5-1 (Cont.) 

Material 

Stainless Steel 

Not 'Given 

Not Given·· 

Not Given 

Not Given 

Stainless Steel 
Casting 

Impact Test 
Required? 

Insufficient 
Data 

Insufficient 
Data 

Stainless Steel No 
'l'ype 304 

Stainless Steel ·No 
Lining-J/16 inch 
thick 

Reason for 
Exemetion(l) 

Be 

Ba 

Remarks 

Probably austenitic 
stainless steel 

Not discussed in 
FSAR 

Not discussed in 
. FSAR 

Not discussed in 
FSAR 

Not discussed in 
FSAR 

Probably austenitic 
stainless steel 
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Structures, Systems, 
and Components 

Pwnp 

Ueat Exchanger 

Piping, Fittings, and 
Valves 

~'ilter 

.RBAC'IOR VESSEL HEAD 
COOLING SYSTEM 

:Piping, Fittings, 
<ind Valves 

CONOENSA'l'E/FEEOWA'l'ER 
~ 

Piping froru Outennost 
Containment Isolation 
Valve up to· and includ-· 
ing the Shutoff Valve 

Piping from Shutoff 
Va.lves to the 
Condenser 

.. ' ··-···· ~ ~--">,,;.,..:_, ... ~: .... : .. :~ ... -· .. - . 

'!'able 5-1 (Cont.) 

Quality Group Impact •rest 
Classification Material Reguired? · 

Class C Not Given 

Class c Not Given 

Class c ·Not Given 

Class c Stainless Steel No 
Mesh 

Class c Not Given 

Class C Not Given 

Class 8 Hot Given 

Class c Not Given 

.· .. · 

Rea1;on for 
ExemEtionjll 

Ila 

. . ... 

:·.c:.:, -· ·-···:;._·"··· .... '• .. . :' ... ';··· ;-,.,· •. ·:-9.:;,.~_.:;,;.:,. ;•.·,~ .. : ..... :· ... • 

Remarks 

Not discussed in 
FSAR 

Not discussed in 
FSAR 

Not discussed in 
FSAR 

Not discussed in 
FSAR . 

Not discussed in 
FSAR 

. Not discussed in 
FSAR 

Not discussed in 
FSAR 
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Stcuctuc_es, Systems, 
and Components 

. MAIN S'l'EAH SYS'l'l::H 

·Pi~ing from Outecmost 
Containment Isolation 

.valve up to Turbine Stop 
and Bypass Valves and 
Connected Piping up to 
and including Fiest Valve 

CONDENSA'l'E S'l'ORAGE 'l'ANK 

REAC'l'OR WA'l'EH CLEANUP 
SYS'i'EH 

Piping, Fittin9s, 
and Valves · 

HEAC'1'0u suu·roowN 
COOLING SYSTEM 

·Heat 'Exchangers -
. 'l'ube Side 

Heat Exchan<Jecs -
Shel°! Side 

Piping, Fittings, and 
Valves 

l!EAC'l'Oll BUil.DING CWSEO 
COOLING WATER SYSTEM 

Puirips 

'.··· 

Quality Group 
Classification 

Class B 

Class C 

Class C 

Class C 

·Class B 

Class B 

Class B 

Class c 

'fable .5-1 (Cont.) 

Material 

Carbon 
Steel 

Not Given 

Not Given 

Not Given 

Not Given 

Not Given 

Not Given 

Not Given 

Impact Test 
Required? 

Insufficient 
Data 

Reason foe 
Exemption Ill Remarks 

Size of pipe and 
steel type not 
given 

Not discussed in 
FSAR 

Not discussed in 
FSAR 

Not discussed in 
FSAR 

Not mentioned in 
FSAR 

Not mentioned in 
li'SAR 

Not 1nentioned in 
FSAR 

Not discussed in 
FSAR 
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Structuret1, Systems, 
and Corneonents 

Heat Exchangert1 

Piping 

Valves 

COMPIIBSSEO AIR SYS'fEM 

Piping, Fittings, and. 
Valves 

STANDBY on:s·EL 
GENERAIDR SYSTEM 

Piping, Fittings, 
a_nd Valves 

SERVICE WA'i'ER SYS'fEM 

l'iping, Fittings,
and Valves 

Quality Group 
Classification 

Class C 

Class C 

Class C 

Class O 
(See remarks) 

Class C 

Class C 

Table 5-1 (Cont.) 

Material 

Not .. Given 

Not Given 

Not Given 

Not Given 

Not Given 

Not Given 

Impact Test 
Required? 

Reason for 
Exemption(l) 

. . 
: ... :: .. '. : .. -------:.......:..... .. ____ .... ~. ·---··· 

Remarks 

Not.discussed in 
FSAR 

Not discussed in 
FSAR 

Not discussed in 
FSAR 

Not discussed in 
_FSAR 
Portions required 
to perform safety 
functions should 
be Class 3 

Not disC:ussed in 

Not discussed in 
FSAR 
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s.1.2 Quality Assurance(l) 

The .quality assurance ·requirements for ... the design and ... construction·. of: - : ~ ' ... ·. 

Class l, Class 2, and Class·3 components as per the current code [2] are 

outlined in Section 4.l.2 of'Appendix A. Most of these requirements were not 

consider~ in past codes (7, 8, 9, 10]. Nevertheless, quality assurance was 

considered in the Dresden Nuclear power Plant, as illustrated in Appendix E of 

the Final Safety Analysis Report (S]~ 

~.1.3 Q~ality Group Classification 

As indicated in Section 4.1.3 of Appendix A under .the title ·"Quality Group 

Classification, n classification of components was not considered. in the old 

piping code [7] or in the ASME B&PV Code, Sections I and VIII, 1965 Edition 

[8,10]. 

The. ASME B&PV Code, Section III,· 1965 Edition [9] classified pressure 

vessels as Class A, B, or C~ Class A is equivalent to Clas~ l of th~ current 

code [2]. Class Bis concerned with containment vessels, which are ~utsl.de 

the scope of this report. Class C may currently be classified as Class 2 or 3 

of the current code. 

Note in Table 4-2(b) that current Class 2 pressure vessels were 

constructed to Class C l::eq~irements. except for the control rod drive· system, 

which was designed to Class A,.and the emergency system.isolation condenser -

tube side, for which the.class used for designing is not known (it is logical 

to assume Class Cl • In Table 4-2 (c) , all current Class. 3 pressure vesse.ls 

were constructed to Class C [9] or ASME B&PV Code, Section VIII~ [10] 
. . . 

requirements. Class 2 pressure vessels constructed to Class C requirements 

shoul~ be evaluated against current Class 2 requirements, especially for 

radiography requirements~ See discussion on full radiography requirements in 

Section 5.2 of this report. 

s.i.4 tode Stress Limits 

Methods of calculating stress limits have changed in two major respects:. 

the use of different strength theories and .the additional. consideration of 

~nklin Research. Center . 
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service levels c and Das possible loading.conditions with differen~ stress 

limits. 

Design based on the old piping code [7] and ASME B&PV Code, Section VIII 

(10] is more conservative, but less exact, than design based on the maximum 

shear stress theory of failure and stress limits given in the current code [2] 

for Class l components. The theory of failure used in ASME B&PV Code, Section 

III; 1965 Edition (9) for Class A pressure vessels-is.similar to that of the 

current code. ·The current code for Class 2 and Class 3 components uses the 

same theory of failure as past codes. 

Consideration of service level D, although not required in past codes, is 

included in the Dresden FSAR (5). The stress allowable set in the FSAR for 

this service level is conservative compared to the current stress limit, as 

shown on page 12.1-7 of the FSAR. 

Although discussed in the previous paragraph, the seismic portion of this 

topic is outside the scope of th~s report. · Seismic review of the systems and 

components is performed by the NRC. 

5.2 PRESSURE VESSELS 

As discussed in Appendix A, Section 4.3, major differences between current 

requirements (2) and old requirements [9, 10] for the construction of pressure 

vessels appear in four areas: fracture toughness, quality group classifica

tion, design, and full radiography requirements. 

Fracture toughness is discussed in Section 5 .1.),. of this report. Quali,ty 

. gr_oup 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 addre-ssed in Section 5. l. 4 of this 

report •. 

Full radiography _requirements for pressure vessels are discussed in 

Section 4.3-of Appendix A. The conclusion to be drawn from this discussion is 

·that, in general, past full radiography requirements for vessels were more 

conservative than current requirements, with the exception of.Category C welds 

~nklin Research Center 
A Division of The FronkJln Institute 
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of vessels currently ·classified Class 2 · which were designed'· to Class· C [ 9 l 

requirements. For .this ;.exception.,.;the ·current full radiography requirements. 

are more restrictive than past requirements. Information regarding the 

radiography requirements imposed on the welds of the following vessels should 

be provided: emergency system isoiation condenser - tube side, low pressure 

coolant injection system heat exchanger - tube side, and reactor. shutdown 

cooling system heat exchangers - tube and shell sides. This information should 

be compared with the current requirements given in Section :4.3 of Appendix A • 

Information is missing.regarding the class used in designing the emergency 

isolation condenser - tube side. 

5.3 PIPING 

In addition to the general requirements previously discussed, the . 

following items are considered when designing Class l piping for fatigue 

·stresses based on· the cui::i::ent code [21 ·that were not considered or were ' 

considered differently in the past code. [ 71 : 

o gross discontinuities in the piping systems are accounted ·fo·r 

o loading due to the thermal gradient through the thickness of the pipe 

o indices used in calculating secondary stresses are equal to or less 
than twice the corresponding stress intensification factors in the 
past code.· 

The last two i terns pose no problem as far as the struct.ui: al integrity of the 

system 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. 

These examples are based on Palisades specifications [14). Stresses for both 

examples indicate that no problem exists. 

From Table 4.2 .1 of the FSAR ·[SJ, it· can be seen that the. thermal· and · 

loaciing cycles ·_giveri for the Dresden plant, are· similar to those given in the 

· ~nkHn Research Ce~ter 
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examples of Appendix A. Data concerning the drop in temperature from 100% 

power to 0% power were not given in the FSAR. Assuming that the drop in 

temperature is l00°F (see Section 3.4.l.4 of NUREG-0123 [15)), the previous 

conclusion given in examples in Appendix A also applies to the Dresden plant. 

The Licensee has informally indicated [16) that the temperature drop is ll°F. 

Confirmation and documentation regarding this value are required. 

Piping designed only to Section I of the ASME B&PV Code [8] should be 

evaluated for the thermal st.ress and cyclic loading requirements as discussed 

in Section 4.2.of Appendix A. Information regarding the thermal stress and 

cyclic loading imposed on the isolation conde~ser piping systems up to the 

outermost isolation valve should be provided (see remarks on page 9). 

For Class 2 and Class 3 piping systems, the requirem~nts of past and 

current codes are very similar •. 

Full radiography requirements for piping, valves, and pumps are discussed 

in Section 4.2 of Appendi.x .A. The conclusion to be drawn from this discussion 

is that, currently, ·full radiography is· required for Class l and Class 2 

welded joints, wh.ereas it was not requited in the past code [7]. However·, 

Provisions 2 and 3 of Code Case N-7 to Reference 7 required full· radiography 

for circumferential and longitudinal welds. If these provisionsof the code 

case were applied, then current requirements are met. Using Table 4-1, the 

Licensee .should provide information indicating if Provision~ 2 and 3 of Code 

Case N-7 were invoked; bearing in mind that this code case is only applicable 

to austenitic stainless steel. Code Case N-7 is invoked· for many of the 

valves listed in Table 4-1. The· .same type of information. is needed for piping 

systems. 

Saine piping systems at the Dresden plant were.designed to ASME B&PV Code 

Section I (1965) [8) in conjunctfon with the piping code [7). Section I 

requires full radiography for circumferential and longitudinal welds. 

Therefore, the piping systems designed to this code comply with current full 

radiography requirements. 

The Licensee has indicated. that .the following piping systems were designed 
. . 

to codes not usually ·related to piping design: . core spray system spray header 

~nklin Research Center 
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and spargers, spargers for high .pressure coolant injection, standby gas . 

treatment system. piping,· containment penetration· piping, (l) and ·containment·· 

coolant.subsystem.piping• Clarification of this information is requested. 

5.4 PUMPS 

Class l recirculation system pumps were designed to ASME B&PV Code 

Section III Class C, 1965 Edition [9] as indicated ·in Table 4-2 (a). Table 

4-2(b) shows that Class 2 pumps are designed according to Section III of the 

1965 ASME Code [9]. Table 4-2(c) shows that Class 3 pumps are designed to 

Section VIII of the 1965 ASME Code [10) • 

Pumps designed to Section III or VIII shou.ld be checked for requirements 

outlined. in the Pressure Vessel Section (Section 5.2). ·Recirculation pump 

casing which belongs to Class C Category of ASME B&PV Code Section III, 1965 

Edition [9] ·does. not. exper·ience pressure and. temperatur.e transients; there

fore, it is not necessary to design it by Class A of ASME Section III, 1965 

Edition [9] as .inentioned in the·FSAR [5] •. However, it is essential to·fully 

radiograph Category C welded joints on the pump casing. 

Items to be reviewed ·regarding.pumps are general.requirements and.full 

radiography requirements, discussed in Sections 4.1 and 4.2, respectively, of 

this report. 

Information on the radiography requirements imposed on the welds of the · 

Class land 2 pumps listed in Table.4-2(a) and (b) should.be provided and 
. . 

compared with current requirements given in Section'4;2 of Appendix A. 

Of seven pumps·reviewed in -this report, six were designed to ASME B&PV 

Code Section III or VIII.· No information on the code used in designing the· 

reactor building closed c.ooling water system pump was provided. The Licensee 

indicated that the core spray system pump and the low pressure coolant· 

injection pump were designed according to Class B requirements. However, 

since Class B is related to containment design, it· seem.s more likely ·that 

Class C requirements were used (see Section 5. l. 3 of this. report) • 

l. Penetrations can be designed according to Section. III. Class B, but not 
piping or valves.·.· 
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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 l valves designed in accordance with past requirements should be 

adequate when judged by current standards except for: 

l. 

2. 

3. 

. 4. 

fracture toughness requirements 

stress limits might .not be satisfied for valves that differ 
significantly from the body shapes described in the current cOde 

stress. limits.for service level.~ might not be· satisfied 

full radiography requirements (Class land Class 2) • 

The following recommendations should be followed i.n order to evaluate the 

adequacy of Class l •valves .(see Table 4-2(a)) in the Dresden plant: 
' 

L See Table s-i for the fracture toughness requirements evaluation. 

2. · Compare actual body shape of valves with body shape rules of Section 
NB-3544 [2],. If significantiy. different, the Licensee· shbuld provide 
calculations based on alternative .rules in order ·to .prove the 
~dequacy o~ the valve. 

3. Show that valve has been subjected to service iev~l C conditions and 
no replacement was necessary. If this is true,. the previous item 

. need not be investigated.: 

The following 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 Dresden 
plant (see Tables 4-2(b) and 4-2(c)) should be compared with current 
pressure-temperature ratings [17]. 

Full radiography requirements for piping, valves, and pumps are discussed 

in_Section 4.2 of Appendix A. The conclusion to be drawn from'thi's discussion 

is that, currently, full radiography is required· for Class l and 'class 2 welded 

joints, whereas it was not required in the past code [7]. ·aowever, Provisions 

2 and 3 of Code Case N-7 to Reference 7 required full radiography for 
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circumferential and longitudinal welds. .If these provisions of the code case· 

were applied, then current requirements are met. 

According to the information· provided in.Table 4•1, Code Case N-7 was 

. invoked for most Class l and Class 2 valves. A confirmation that Code Case 

N-7 -·was used, bearing in mind that this code case is only applicable to 

.austenitic stainless steel,.would indicate that current radiography require

ments were met for Class l and Class 2 valves. 

The Licensee indicated that the following valves were designed to codes 

that are not usually related, to 'valve design: : safety valves, standby gas 

treatment system valves, containment penetration valves, and containment 

.coolant subsystem valves. Clarifiction on this information is requested. 

Information on the· radiography requirements impose~ on the welds of previously 

mentioned valves ~hould be· provided • 

5. 6' STORAGE TANKS 

As discussed in Section 4.7 of Appendix A, atmospheric storage tanks 

aesigned to the 1965 Edition of ASME B&PV Code, Section III Class C or Section 

VIII, should be ·checked to see 'if the current-compressive stress requirements 

are met. Class c atmospheric storage tanks currently-classified as Class 2 · 

should. be' checked against current quality assu~ance requirements. (l) 

As also discussed in Section 4.7 of Appendix A, 0 to 15· psig storage tanks 

·designed· to ·class C requiremel'\tS ma:y not satisfy current tensile allowables for 

the biaxial stress field. Zero to 15 psig Class C storage tanks currently 

1 .. f . d Cl 2 t t . f t l . t · t ( l) c assi ie a,s ass may no sa is y curren qua i y assurance requ:iremen s. 

Storage tanks designed to the American Petroleum Institute API-650, 1964 

Edition [18] sh9uld be investigated to determine if they meet current requirements • 
. 

The condensate storage tank and standby liquid control tank are reviewed 

in this report. The condensate ~torage tank was designed to ASME B&PV Code, 

l. . Al though discussed in this report, quality assurance is outside the scope 
of the SEP according ·to the' letter from S. Bajwa to S. Carfagno dated 
December 10, 1981. 
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Section III (1963), Class C with 1964 Addenda and the standby liquid control 

tank was designed to API-650 (1964) •.. Stress. allowables for. the tank walls 

were lower in API-650 than in current standards. Stress ailowables for the 

roof satisfy current standards. The.use of A-7 plate material permitted by 

API-650 is no longer accepted by the current code. Calculations on the 

standby liquid control tank should be provided in order to determine whether 

they satisfy current standards. 
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6. CONCLUSIONS AND RECOMMENDATIONS 

A comparison of the standards in effect during the design and construction 

of the Dresden Nuclear Power Plant against current standards indicates 

differences in the following areas: fracture toughness requirements, quality 

assurance requirements, (l) quality group classification, code stress limits, 

full radi~graphy requirements, and fatigue analysis of piping systems • 

Although the requirements for code stress limits and fatigue analysis of 

piping s.ystems have changed throughout the historical development of the 

current code, the changes in these areas have not significantly affected 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 to permit an adequate assessment of the 

impact of ·the new or ·changed requirements of the current code (2] on the safety 

functions of the systems and components reviewed in this report. 

A summary of conclusions and recommendations is as follows: 

l. Fracture toughness - 62 components.were reviewed in Table 5-1 to 
determine if impact testing was required. From the information in 
this taole, it is found that.10% of the components do not require 
impact testing, 15% of the components ·require confirmation that 
austenitic stainless steel was the material used, 69% of the 
components did not specify the material used, and 4% of the 
components require more data in order to be assessed. The missing 
information shoul.d be provided by the Licensee and, using Tables A4-4 
through A4-6 in Appendix A, an eva.luation should be made for each 
component. to indicate if· impact testing is require_d or exempted. 

. 2. -Full radiography requirements - .information should be provided 
· regarding the radiography requirements implemented for· (i) Class 2 
pressure vessels, (ii) Class 1 and. 2 piping and valves, .and (iii) 
Class l and 2 pumps. Confirm that Code Case N-7 of B31.l was invoked 
for valves. Indicate whenever Code Case N-7 was· invoked for piping. 
Vessels and pumps designed. to ciass A requirements [9] and current . 

l. · Although discussed in this i:eport, quality assurance .is outside the scope · 
of the SEP according to the letter from s. Bajwa.to s. Carfagno dated 
December 10, 1981 • 
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Class 3 vessels, piping.,. pumps, and valves meet current full 
radiograp~y requirements. Tables 4-2(a), 4-2(b), and 4-2(c) should 
be used in providing the required information~ 

3. Quality group classification - Class A [9] vessels are· equivalent to 
current Class l vessels.. ciass C vesseis may ·currently be classified 
as Class 2 or 3. In the Dresden Nuclear Power Plant, rec:::irculation 
system pump casing, currently classified as a Class l vessel, was 
designed to Class C requirements. Radiography requirements imposed 
on the welds of these pumps shouid be provided and compared to 
current Class l requirements • 

4. Valves - in addition to the impact testing and full radiography 
requirements previously discussed, information should be provided by 
the Licensee, on a sample basis, regarding the design 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 • 

·5. Pumps - E>umps designed to standards other· than ASME B&PV .. Code 
Sections III or VIII, 1965 Edition should be checked to determine 
whether they meet cur.rent standards~ Seven··pumps were reviewed ·in 
this report. Information on the code used in designing the reactor 
building clos.ed cooling .. water system pump was not provided. 

6. Storage tanks - (i) atmospheric storage tanks should be checked to 
determine whether they meet current compressiv~ stress requirements; 
(ii) o· to 15 psig storage tanks should be checked to determine . 
whether they meet current tensile allowables for biaxial stress ·field 
condition; (iii) storage tanks designed to API-650 (1964) [18] 
(standby liquid control tank)' should be inv~stigated to determine 
whether they satisfy current stress allowables and material 
standards. Calculations for the two storage tanks discussed in this 
report should be provided. 

7. Missing information - '(i) ·information missing from Tables 4-2 (a), 
4-2(b), and 4-2(c) of this report regarding the code or code class· 
used in designing 3 of 70 components should be provided; (ii) 
assumptions on.code editions that were made in order to complete. 
Table 4-1 should be confirmed; (iii) information provided· regarding 
the temperature drop (ll°F) from 100% power to 0% power should be 
confirmed and documented; (iv) clarification should be provided 'of 
the codes used in· the design of valves, piping, and pumps in .cases 
where the codes indicated by the Licensee· are not· applicable to the 
referenced components (see Sections 5.3, 5.4, and 5.5 for list) • 
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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 ih 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 [l, 2). The three niajor older codes being compared 

against the current code are the B&PV Code, Section III, 1965 Edition (3]; the 

ncode for Pressure Piping, n American Standard Association B31. l, 1955 Edition 

[4]; and B&PV Code, Section VIII, 1965 Edition (SJ. 

Table Al-1 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 I plants: Palisades, Ginna, Millstone 

Qnit 1, Dresden Unit 2, and Oyster Creek. 

The B&PV Code, Section I, 1965 Edition (5) is also discussed in this 

appendix at it applies to Oyster Creek, Millstone Unit l~ and Dresden Unit 2. 

The older requirements are evaluated to identify differences from the 

current code requ.irements and to assess the impact of. these differences on ,the 

structural integrity of the systems and components. The current code require

ments are discussed in Section 2. The major identified differences are 

discussed in Section 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 thes~ subjects are addressed in 

other SEP topics. Quality assurance has also been determined to be outside 

the scope of this comparison, but has been included for informational i;:>urposes 
(1) 

only. 

1. Letter from s. Bajwa to s. Carfagno dated December 10 1 · 1981. 
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' Table Al-1 

Major Codes and Standards Used in Design of.Systems 
and Components of SEP Plants . , 

Group I (1969-1971) 

Palisades 

Millstone l 

Ginna 

Dresden 2 

Oyster Creek 

Group II (1968) · 

Lacrosse 

San Onofre 

Haddam Neck· 

Group III' (l961-1963) 

Big Rock Point. 

Yankee Rowe 

~nklin Research Center 
A Division of The Franklin Institute 

Commercial 
Operation 

Dec. 1971 

March 1971 

July ... 1970 

July 1970 

·Dec. 1969 

Nov. 1969 

Jan. 1968 

Jan •. 1968 

March 'i963 

.July 1961 

A-2 

Major Codes 

1. 

2. 

ASME III (1965) 

ASA 831.l (1955) 
and Code Cases 

3. . ASME VIII (1965) · 
and Code Cases 

4 • 

1. 

2. 

1. 

2. 

1.' 

2. 

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

ASME I & VIII 
and <:ode Cases 

(1962) 

ASA 831.1 (1955) 
and Code Cases 

ASME I & VIII (1959) 
and Code Cases 

ASA 831. l (1955) 
·and code Cases 

ASME I & VIII (1956) 
and Code cases 

ASA 831.1 · (1955) 
and Code Cases 

.·. 
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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 (l] are outlined in Table A2-l. For each article or subarticle, 

the applicability to Code Class 1, 2, or 3, corre·sponding to Quality Class A, 

B, or C, respectively, is noted. Requirements considered especially sig~ifi

cant from the viewpoint of pressure boundary integrity are indicated by an "A" 

in the "Significantn 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 the current and past code require

ments for the materials, design, fabrication, examination, and testing of 

piping systems and components for nuclear power plants. The past code for 

piping is the 831.l {1955) power piping code. The .ASME I {1965)' [5] power 

boiler code may have been invoked for piping between the BWR vessel and the 

first set of shutoff and·check valves in the. line. A comparison· of signifi

cant past and· current piping requirements may· be found in Sections ·4: l and 4 ~ 2 

.of this appendix. 

2.3 PRESSURE VESSELS 

Tables A2-3 and A2-4 compare the current and past code requirements for 

the materials, design, fabrication, examination, and testing_of pressure 

vessels for nuclear power plants •. Table A2-3 compares the current code 
. ' 

against ASME III {1965). Table·A2-4 compares the·current code against ASME 

·VIII {1965) •· 

Note that past Class A vessels were built in accordance with ASME .III 

(1965), which would be equivalent to the current Cl~ss l classifit~tion. 

Past Class B vessels were defined as containment vessels, wh.ich are 

outside the scope of this review. 

~nklin Research Center 
A Division ol The F ranlcJln Institute 
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Table A2-l 

Cuc cent Code Requirements (l) 

Article• 
. OC Class ·Class· Class Signi-

Subartlcle De sc r lpt ion l 2 3 ficant Remarks 

NA'-1000 SCOPE 01? SEC_TION III A- ,A A 

NA-2000 CLASSIFICATION OF COHFONENTS A A A A 

NA-3000 RESFONSIBILITIES.AND DU'i'IES A A A 

NA-4000 QUALI'l'Y ASSURANCE 
NA-4100 Quality Assurance Requirements A A NA A 

NA-5000 INSPECTION 
NA-5100 General Requirements for Authorized A A A A 

Ins(iection Agencies and Inspectors 
NA-5200 Duties of Inspectors - A A A A 

NA'-6000 QUALITY. CONTROL SYSTEMS FOR CLASS 3 
(X)NS'fRUC'fION 

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 AU'rHORIZATION, A A A 
NAMEPLATES, STAMPING, AND REPORTS 

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 Ferritlc Steel Materials 

A Addressed in the Code for- the specified class or considered significant for this review. 
·Not considered significant for this review. 

0 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 l component, NC for Class 2 component, and ND for 

Class 3 component. 
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Table A2-l (Cont.) 

Ai: tic le* 
0( 

Subai:ticle Desci:iption 
Class 

l 

2300 Fi:actui:e Toughness Requii:ement 
foi: Hatedal 

A 

24'<iO · .welding and Bi:azlng A 
A 2500 Examination and Repaii: of Pi:essui:e 

Retaining Hatei:ials 
2600 Hatei:ial Hanufactui:ei:s' Quality 

2700 

3000 
llOO 
3200 

3300 
3400 
3500 
3600 
3700 

3800 
. 3900 

System Pi:ogi:am 
Dimensional Standai:d 

DESIGN 

A 

General A 
Design by Analysis (Cl. l) 1 Altei:nate A 
Design Rules foi: Vessels '(Cl. 2) 
Vessel Design A 
Pump De sign A 
~l~ ~s~n A 
Piping Design A 
Electi:ical and Mechanical Peneti:ation NA 
Assemblies 
Design of Atmosphedc Stoi:age Tanks . NA 
0-15 psi (0-103 kPa) Storage Tank NA 
Design 

4000 FABRICATION ANO INSTALLATION 
4100 
4200 
4300 
UQO 

4500 
4600 

Genei:al 
Foi:ming; Fitting, and Aligning 
Welding Qualifications 
Rules Governing Making, Examining, 
and Repaii:ing Welds 
Brazing 
Heat.Treatment 

A 
A 

A 
A 

A 
A 

Class 
2 

A 

A 
A 

A 

A 

A 
A 

A 
A 

.A 

A 
A 

A. 
A 

A 
A 
A 
A 

A 
A 

Class 
3 

A 

A 
A 

A 

A 

A 
NA 

A 

A 
A 
A 

.A 

A 
A 

A 
A 
A 
A 

A 

A 

. -· .. .-:.-l.:..~·.:~. 

Signi
ficant 

A 

A 

A 

A 
A 

A 
A 
A 
A 
A 

A 
A 

A 

Remai:ks 



>~ 
~~ 
5 c: "-· !!. :i 

i"{; 
,, "' 
iO " :> DI 
~;; 
~::T 

" ~·Q 
li .. ;a 
" ., 

' 

:i:oo 
I 

°' 

. .: . 
: : ••• : ••• ~ .... ~' ~~ .... • ••• :..:.~~..._._,_ •·-'~ •. ·:.~~:.:· .:._ ___ ,:_ •• ' :.. •• .! •• • ••• - .: ... :~ .... :.:.: .··. ' 

::~ .. ,: ... '" ~ .. ~ J.·: ~ :: ..... ,,. ..'-:.::. ::'.·.:. :, ·~ ..• : . ; ... :: ...... ~ ...... ·4,:.::: ::. !.:> .. ~ i.f_,;;,, .. ~ -~ · •.. i' .~.: ... - .. 

Table A2-l (Cont.) 

Article• 
or Class Class Class Signi-

Subarticle Description l 2 3 ficant 

. 4700 Mechanical .Joints A A A 
.4800 Expansion .Joints NA A A 

5000 EXAMINATION 
5foo General Requirements A A A A 
5200 . Required Examination ·of Welds A .. A A A 

(Cl. 1)1 Examination of Welds 
(Cl. 2 and Cl. 3) 

5300 Acceptance.Standard A A A A 
5400 '.l!'inal Examination of Items (Cl. l) 1 A NA A A 

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 NA A A 

·Expansion .Joints 

'6000 TES'!' ING 
6100 General A A A 
6200 . Hydrostatic· A A A -: 
6300 Pneumatic· A A A 
6400 Pressure.Test Gages A A ;. 
6500 Atmospheric and 0-15 psig NA A A 

Storage Tanks 
6~00 Hydroetatic Testing of Vessels NA A NA 

Designed to NC-3200 
6700 Pneumatic Testing of Vessels NA A. NA 

Designed to NC-3200 
6800 
6900 Proof Tests to Establish NA A A 

Design Pressure 

--

: : .. "~:· . ·. ~· 

'. : .. : .. ~ ........ _ _: __ _._:._ 

Remarks 
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lg Table A2-l (Cont.) 
g e; 
2. :::J Aeticle* ;I ;;o 
.. (I) oe Class Class Class Signi-
"""' ii (I) Subaeticle Description l 2 3 ficant Remaeks 
"Ill 
~ ... 
~g. 

7000 PROTECTION AGAINST OVERPRESSURE ~.n 
i: 11> 7100 Geneeal A A A lia 7200 Definitions Applicable to A A A (I) .... 

Oveepi:essuee Peo.tection Devices 
7300 Overpeessuee Peotection Repoct A A NA. 

' (Cl. 1)1 Analysis (Cl. 2) 
7400 Relieving Capacity Requicements A A A 

and Acceptable Types of 
Ovecpeessuce Pcote~tion Devices 

7500 Set Pcessuces of Peessuce Relief A A A 

)" Devices 
I 7600 bpecating Design Requieements foe A A A 

....... 
Peessuee Relief Valves 

7700 Requicements foe Noncecloslng A A A 
Pees.sure Relief Devices 

7800 Cectif ication Requieements A A A 
7900 Hacking, Stamping, and Repocts A A A 

·0000 NAMEPLA'l'ES 1 S'rAMPING, AND REPORTS 
8100 Genecal· A A A 

MANDATORY APPENDICES 

I De.sign_ Stce.ss Intensity· Values, A A A A 
Allowable Steesses, Material 
Peopeeties; and Design Fatigue 
Cu eves 

II Expeeimental Steess Analysis A ·A A 
Ill Basis foe Establishing Design A A A A 

St~ess Intensity Values and 
Allowable.Steese Values 
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A[ticle* 
Q[ 

Suba[ticle Description 

IV Approval of New Materials Unde[ 
the ASHE Boiler and P[eSsu[e Vessel 
Code fa[ Section 111..Application 

V Ce[tificate llolde['s .Data Repo[t 
Fo[ms and Application Fo[mS for 
Ce[·tiflcates of Autho['iza.tion fa[ 
use of. C_ode Symbol. Stamps 

VI Rounded Ind.ications Cha.[ts' 
VU 'Chatts fa[ Dete[mining Shell 

Thickness of ·Cylindrical and 
Spherical Component's Unde[ 
Exte[nal P[essu[e 

XI 

XU 

XIII 

XIV 

XVI 

XVII 

Rules fa[ Bolted Flange 
Connections fa[ Class 2 and 3 

' Components and Cla·ss MC Vessels 
Design Conside[ations for Bolted 
Flange.Connections 
Design Based on Stress Analysis 
fa[ Vessels Designed in Acco[dance 
with NC-3200 
Design Based on Fatigue Analysis 
fa[ Vessels Designed in Accordance 
with NC-3200 
Nondest[uctive Examinatio~ 
Methods Applicable to Co[e 
Support ·structu[es 
Design of Linea[ Type Suppo[ts by 
Linea[ Elastic :and Plastic Analysis 

Table A2-l (Cont.) 

Class 
1 

A 

A 

A 
A 

NA 

A 

NA 

NA 

A 

A 

Class 
2 

A 

A 

A 
A 

A 

A 

A 

A 

A 

A 

Class 
3 

A 

A 

A 
A 

A 

A 

NA 

NA 

A 

A 

Signi
ficant 

A 

0 

0 

···. 
...... ·. ·:·· ;·. J· .. ·. 

Remarks 

\. 

;. 
i 

l 
I. 
1 

I 

i 
·' 
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Article* 
0[ 

Subacticle 

A 
B 
c 
D 
E 

"!',. 

Description 

NONHANDATORY APPENDICES 

Owner's Design Specification 
Certificate Hol~ec' s Stress Report 
Nonmandatocy Preheat Procedures 
Minimum.Bolt Cross-Sectional.Acea 

.F -Rules foe Evaluation ·of Level D 
Service Limits 

G Protection Against Nonductile Failure 
H Capacity Conversions foe Class 3 

Safety Valves 
J Owner's Design Specifications foe 

Core Support Sttuct~re. 
K Reconuuended Maximum o·eviations and 

'l'olerances foi: Component Supports.· 

·Table A2-l '(Cont.) 

Class 
.1 

A 
A 
A 
A 
A 
A 

A 
NA 

A 

A 

Class 
2 

NA 
A 
NA 
A 
NA 
A 

A 
NA 

NA 

A 

Class 
3 

NA 
A 
NA 
A:" 
NA 
A 

A 
A 

.NA 

A 

.~ .. :-_. ......... 

Signi
ficant 

A 

A 

0 

0 

Remarks 
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Table A2-2 

Comparison of Bll.l (1955) (4) Against ASHE Section III (1977) (l) 

A[ticle* 
0[ 

Suba[ticle · De scdption 

NA-1000 SCOPE OF SECTION III 

NA-2000 CLASSIFitAT~ON oi? cOHPONEN·rs 

NA-3000 RESPONSIBILITIES AND DUTIES 

NA-4000 QUALITY ASSURANCE 
NA-4100' Quality Assu[ance Requirements 

NA-5000 
NA-5100 

INSPECTION 
Gene[.al_ Requi[ements fo[ Autho[ized 
In6pection Agencies and inspecto[s 

NA.:.5200. Duties of Inspect.ors:,· · 

.. NA.:.6000· QUALITY CONTROL SYSTEMS FOR CLASS l 
CONS'fRUCTION 

N·A-6100 General Requirements 
NA-6200 0[ganlzation and Re'sponsibilities 
NA~6lOO .Cont[ol of Ope[ations · 
NA-6400 ReCO[dS .and FO[ffiS 

NA-8000 CERTIFICA'l'.ES OF AUTHORIZATION,. 
NAMEPLATES, STAMPING,· AND REPORTS 

Class 
l 

-A 

A 

A 

A 

A 

A 

NA. 
NA 
NA 
NA 

A 

Class 
2 

A 

·A 

A 

A 

A 

A 

NA 
NA 
NA 
NA 

A 

Class 
l 

A 

A 

A 

.NA 

A 

A 

A 
A 
A 
A 

A 

Signi
ficant 

A 

A 

A 

A 

A· 
A 
A 

A 

CO[[esponding 
A[ticle in 
Bll.l (1955) 

Not Add[essed 

Not Addressed 

Not Addressed 

Not Add[essed 

Not Addressed 
Not Add[essed 
Not Addressed 
Not Add[eSSed 

A 'Add[essed in the COde for the specified class O[ conside[ed significant fa[ this [eview. 
Not conside[e~ significant fa[ this [eview. 

o Outside the scope of this [eview~ . 

Rema[ks 

NA Not applic.able to this [eview 0[ not addressed in the Code fO[ the specified class. 
• Ar.tiqle numbe[ in cuuetit Code will be p[eceded by NB fo[ Class l component, NC fo[. Class 2 component, and ND fa[ 

Class 3 component. ·. 
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Table A2-2 (Cont.) 

Article* 
0[ 

Subacticle 
Class. Class Class 

Description l 2 3 

1000 INTRODUCTION 
HOO Scope A A A 

2000 HATER I AL 
2100 

'2200 

. 2300 

2400 

2500 

2600 

2700 

3000 
. 3100 

3200 

3300 
3400 
3500 

3600 
3700 

3800 
.3900 

General 

Material Test Coupons and Specimens 
foe Feccitic Steel Materials 
Fracture Toughness Requirement 
foe Material 
Welding and Brazing 

Examination and-Repair of Pressure 
Retaining Materials 
Material Manufacturers' Quality 
System Program 
Dimensional Standard 

DESIGN 

A 

A 

A 

A 

A 

A 

A 

General A 
Design by Analysis (Cl. l) J Alternate A 
Design Rules· foe Vessels (Cl. 2) 
Vessel Design A 
Pump Design A 
~l~ ~s~n A 

Piping Design A 
Electrical and Mechanical Penetration NA -
·Assemblies 
Design of Atmospheric Storage. Tanks NA 
0-15 psi (0-103 kPa) Storage Tank NA 
Design 

A 

A 

A 

A 

A 

A 

A 

A 
A 

A 
A 
A 

A 
A 

A 
A 

A 

A 

A 

A 

A 

A 

A 

A 

NA 

A

A 
A 

A 

A 

A 
A 

.. _, __________ .... ------------· -------- ---- ····'·-------- -------·-··· -.· ........ ___ ......... .. : ...... . ·e·--..:.·_ .. ________ :··--· 

-Signi
ficant 

A 

A 

A 

A 

A 

A 
A 

A 
A 
A 

A 

A 

A 
A 

Coe responding 
Article in 
B3l. l (1955) 

101, Table 2a, 
Note 2 

105, 'l'able l, 
Sect. 1 

Not Addce ssed 

Sect •. 61 Chapter 
4 and Appendices 

Not Addressed 

Not Addce ssed 
NA 

NA 
NA 

107,108,124, 
129,1341139 

Sect. l 
NA 

NA 
NA 

Remarks 

See Sect. 6 
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N 

Article* 
or 

Subarticle Description 

4000 
4100 
4200 
4300 

4400 

4500 
4600 
4700 

4600 

5000 
5100 
5200 

5300 
5400 

5500· 

5600 
5700 

FABRICATION ANO INSTALLATION 
General 
Forming, Fitting, and Aligning 
Welding Qualifications 

Rules Governing Making, Examining, 
and Repairing Welds 
Brazing · 
·Heat Treatment 
Mechanical Joints 

Expansion Joints 

E XAHINATION 
General Requirements 
Required Examination of Welds 
(Cl. l) 1 Examination of Welds 
(Cl. 2 and Cl. 3) 
Acceptance Standard 
Final Examination of Items (Cl. l) 1 

Spot Examination of We.lded Joints 
(Cl. 3) 

Qualifications of Nondestructive 
Examination Personnel 

Examination Requirements of 
Expansion Joints 

6000 TESTING 
6100 
6200 
6300 

General 
Hydrostatic 
Pneumatic 

~' ' · .. 
'• ..... 

;., • • ':. ' ..... ;,, ··\'~·: •. : :..: ~ ..:.: ,, '." .!: ": ..• : ....... 

Table A2-2 (Cont.) 

Class Class Class 
l 2 3 

A A A 
A A A 
A A A 

A 

A 
A 
A 

NA 

A 
A 

A 
A 

A 

NA 
NA 

A 
A 
A 

A 

A 
A 
A 

A 

A 
A 

A 
NA 

·A 

NA 
A 

A 
A 
A 

A 

A 
A 
A 

A 

A 
A 

A 
A 

A 

NA 

A 

A 
A 

A 

Signi
ficant 

A 
A 

A 
A 

A 

·.·. :.,,· ·'.". '. ·,.. ·.·. .. 

::·:,::.:.'.., iL:~: .~\~~ .. ~ .... ~j~~~':... ..... ::i.;..~:~.:·_ ;, ~:_,:,~~~ ... ~'. :.;__~ ,..,_~: ... ~~ ... ~ .. ~·: .. '.:..i..~ .. .. 

Coe responding 
Article in 
831.l (1955) 

Sect. 6 
Not Addressed 

Appendix A to 
Sect. 6 

Chapter 2 of 
Sect. 6 
Not Addressed 

Not Addressed 
Not Addressed 

Not Addressed 
Not Addressed 

Not Addressed 

I 
·I 

i 

Remarks 

r 
I 

., 
i 

'I. 
I 
! 

' r ., 

< 



Article* 
or 

Subarticle Description 

6400 
6500 

6600 

6700 

6800 
6900 

7000 
7100 
7200 

7300 

7400 

7500 

7600 

7700 

7800 
i900 

8000 
8100 

Pressure Test Gages 
Atmosp.hedc and 0-15 psig 
Stoi:age Tanks· 
Hydrostatic Testing of Vessels 
Designed to NC-3200 
Pneumatic Testing of Vessels 
Designed to NC-3200 

Proof Tests to Establish 
Design Pressure 

PRO'l'ECTION .AGAINST OVERPRESSURE 
General 
Definitions_Applicable to 
Overpressure Protection Devices 
Overpressure Protection Report 
(Cl. 1) 1 Analysis (Cl. 2) 
Re'iievi_ng Capaclty Requirements 
and Acceptable Types of 
Overpressure Protection Devices 
Set Pressures of Pressure Relief. 
Devices 
Operating Design Requirements for 
Pressure Relief Valves· 
Requirements for Nonreclosing 
Pressure Relief· Devices 
Certification.Requirements 
Harking, Stamping, and Reports 

NAMEPLATES, STAMPING, AND REPOR'l'S 
General 

Table A2-2 

Class 
l 

A 
NA 

NA 

NA 

NA 

A 
A 

A 

A 

A 

A 

A 

·A 
A 

"A 

Class 
2 

A 
A 

A 

A 

A 

A 
A 

A 

A 

A 

A 

A 

A 
A 

A 

(Cont.) 

Class 
} 

.A 
A 

NA 

NA 

A 

A 
A 

NA 

A 

A 

A 

A 

A 
A 

A 

Signi
ficant 

Cor.responding 
Article in 
831.l (1955) 

NA 

NA 
NA 

NA 

NA 

NA 

NA 

.NA 

NA 

. . ~ 

·Remarks 
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,w Table A2-2 (Cont.) 
o-. 
s. ~ s cs: Aeticle* Coreesponding 
:I-· 

Aet'icle a. :::J oe Class Class Class Signi- in : .. 
;t ;u Subacticle De scr lpt ion l 2 3 fl cant B31.l (1955) Remaeks 
" ID -.,II> 

. ii ID 
::i DI MANDATORY APPENDICES ~ .... -n 
~:T 
~n I Design Stress Intensity Values, A A A A Tables l and 2, c ID 
;;~ Allowable Steesses, Hate rial Sect. l ID ... Properties, and Design Fatigue 

Curves 
II Expeeimental Stress Analysis A A A 
III Basis for EstabliShing Design A A A A Not Addressed 

Stress Intensity Values and 
Allowable Steese Values 

IV Appeoval of New Materials Under A A A 
;I" the ASME Boilee and Peessuee Vessel 
I Code for Section III Application 

r-' 

""' v Certificate Holder's Data Repoet A A A 
Poems and Application Forms foe 
Certificates of ·Authodzation for 
Use of Code SymbOl Stamps 

VI Rounded Indications Charts A A A 
, VII Chaets foe Determining Shell A A A 122 

Thickness of Cylindrical and 
Spherical Components Under 
£xteenal Presstiee · 

XI Rules for Bolted Flange NA A A 106,ill,138, 
Connections foe Class 2 and 3 143 

. Components and Class HC ve·ssels 
XII Design Consideeations for Bolted A ·A A A 

Flange Connections 
·XII.I De sign Based on Stress _Analysis NA A ·NA· Not Addeessed 

foe Vessels Designed in;Accoedance 
with NC-3200 

XIV Design Based on Fatigue Analysis NA A NA NA 
for Vessels Designed in Accordance 
with NC-3200 
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!; DI Table A2-2 (Cont.) !!;"' "n _::r a.(') Article* Coccesponding I!' ID ;; ;a oc Class Class Class Signi- Article in 
~ Subacticle . Description l 2 3 ficant 831.l (1955) Remarks 

XVI Nondestructive Examination A A A 0 NA 
Hethods_Applicable to Coce 
Support.Structures 

XVII D~sign of Linear Type Supports by A A A~. 0 NA 
Linear Elatitic and Plastic Analysis 

:i:--
NONHANDATORY APPENDICES I 

t-' A A NA NA· lJ1 
B Owner's Design Specification A A A 
c Certificate Holdec'.s Stress Report-. .A NA NA 
D Nonmandatocy Preheat Procedures A A A 
E Minimum Bolt. Cross-Sectional Acea A NA NA 
F Rules for Eval_uation 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 Specifications for A NA NA 0 NA 

Core S~pport Stcµcture 
K Recommended Maximum Deviations and A A A 0 NA 

'l'olerances foe Component Supports 
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Table A2-3 

Comparison of ASHE B'PV Code Section III 
1965 Edition (3) Against the 1977 Edition (l) 

Article* 
or 

Subarticle Description 

NA-1000 SCOPE OF SECTION III. 

NA-2000 CLASSIFICATION OF COMPONENTS 

NA-3000 RESPONSIBILITIES AND DUTIES 

NA-4000 QUALITY ASSURANCE 
NA-4100 Quality Assurance Requirements 

NA-5000 INSPECTION 
NA-5100 General Requirements for Authorized. 

.Inspection Agencies and Inspectors 
NA-5200 Duties of Inspectors 

NA-6000 

NA-6100 
NA-6200 
NA-6.300 
NA-6400 

NA-8000 

QUALl'r'i CONTROL SYSTEMS FOR CLASS 3 
CONSTRUCTION 
General Requirements 
Organization and Responsibilities 
Control ·of Operations · · 
Records and Forms 

CERTIFICATES OF AUTHORIZATION, 
NAMEPLATES, STAMPING, ANDREPORTS 

Class 
l 

A 

A 

A 

A 

A 

A 

NA 
NA 
NA 
NA 

A 

Class· 
2 

A 

A 

A 

A 

A 

A 

NA 
NA 
NA 
NA 

A 

Class 
3 

A 

A 

A 

NA 

A 

A 

A· 
A 
A 
A 

A 

Signi
ficant 

A 

A 

A 

A 

A 
A 
A 
A 

Corresponding 
Article in 

ASME B'PV Sect. 
III (19651 

N-110 

N-130 

N-140 

Append ix VII 

Articles 6, 14 
N-610 

N-610 

Not Addressed 
Not Addressed 
Not Addressed 
Not Addressed 

.A Addeessed in the Code foe the· specified class or consideeed significant foe this review. 
· Not consideeed significant foe this eeview. ' 

.o Outside the .scope of this review.· 
NA Not applicable to this eeview oe not addressed in the Code for the specified 'class. 

Remarks 

· * Article number in cue rent Code will be pe.eceded by NB foe Class l component, NC for Class 2 component, and .ND for 
Class .3 component. 

I 
I 
j• 

I 
i 
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Table A2-3 (Cont.) 

Article* 
or 

Subarticle Descdption 
Class 

1 

1000 
. 1100 

2000 
2100 
2200 

2300 

2400 
·2500 

2600 

2700 

3000 
3100 
3200 

. 3300 
3400 

. 3500 

.3600 

. 3700 

3800 
3900 

Notes: 

INTRODUCTION 
Scope 

MATERIAL 
General 
Material Test Coupons and Specimens 
for Ferritic Steel Materials 
Fracture Toug~ness.Requirement 
for Hatedal 
Welding and Brazing 
Examination and Repair of Pressure 
Retaining Materials 
Material Manufacturers' Quality 
System Program 
Dimensional Standard 

DESIGN 

A 

A 
A 

A 

A 
A 

A 

A. 

General A 
Design by Analysis (Cl. l) 1 Alternate A 
Design Rules for Vessels (Cl. 2) 
Vessel Design A 
Pump Design A 
Valve Design A 
Piping .Design A 

Electrical and Mechanical Penetration NA 
Assemblies 
Design of Atmospheric Storage Tanks NA 
0-15 psi (0-103 kPa) Storage Tank NA 
Design_ 

Class 
2 

A 

A 

A 

A 

A 
A 

A 

A 

A 
A 

A 
A 
A 
A 

A 

A 
A 

Class 
3 

A 

A 
A 

A· 

A 
A 

A 

A 
NA 

A 
A 
A 
A 

A 

A 
A 

.-· -- ' . ---·· .. ·-·-""""•··~-.-· .. ~ ...... ~ ............ :.. ... : .. . 

Signi
ficant 

A 

A 
A 

A 

A 

A 

A 
A 

A 
A 
A 
A 

A 

A 
A 

Corresponding 
. Arttcle in 

ASME B'PV Sect. 
III (1965) 

Art. 2, 11, 21 
N-210, N-2110 · 

Articles 3, 12 
N-310 

N-330 

Not Addressed 
N-320 

N-614 

Articles 4, 13 
N-440 
N-430 

Articles 4, 13 
Not Addressed 
Not Addressed 
N-150/Mostly 
Not Addressed 
Not Addressed 

Not Addressed 
Not Addressed 

l. For requirements of Class 3 vessel, reference is made to Section VIII of the Code. 

Remarks 

See Note l 

Only Class l 
Only Cl. l, See 
Note 2 

2. Use Table 1-l.O (1977 Edition) when designing pressure vessels by Alternative Design· Analysis (NC-3200). 
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,ft) Table A2-3 (Cont.) 
o-. 
s. ~ 
§·&. . Corfesponding 
2. :I Article* Article in 
;I ;o or Class Class Class Signi- ASME B&PV Sect. .. ID 
"1l IA Subarticle Deac:rietion l 2 3 ficant III il9651 Remarks ~ re zr., -n 
~::r 4000 FABRICATION AND INSTALLATION Article 5 Only Class l 
~-() 
!: ID 4100 General A A A A N-510 Only Class l 
ii~ 4200 Forming, Fitting·, and Aligning A A A ID .... 4300 Welding Qualifications A A A A N-520, N-540 Only Class l· 

. 4400 Rules Governing Making, Examining, A A A' 
and Reparing We)ds 

4500 Brazing A A A 
4600 Heat Treatment A A A N-530 .Only Class l 
4700 Mechanical Joints A A A Not Addressed 
4600 Expansion Joints NA A A Not Addressed 

:i-
I 5000 EXAMINATION Articles 6, 14 Only Class l, 2 .... 

CD 5100 General Requirements A A A A N-610 Only class l 
5200 Required Examination of Welds A A A A N-620 

(CL 11' Examination of .Welde 
(Cl.2 and Cl. 3) 

·5300 Acceptance Standard A A A A N-626.5, N-627.7 Only Class l 
5400 Final Examination of Items (Cl. 1)' A .NA A A N-620 only Class l 

Spot Examination of. Welded.Joints 
(CL 3) 

'• 
5500 Qualifications of Nondestructive A A A A Not .Addressed 

ExamiOation Persc>nnel 
5600 'NA NA NA 
5700 Examination .Req·uirements of NA. .A A 

Expansion Joints 

6000 TESTING Article 7 
6100 General ·A A A 
6200 Hydrostatic A A A 
6300 Pneumatic A A A 
6400 Pressure Test Gages A A A 
6500 Atmospheric and 0-15 psig NA A A 

Storage Tanks 



--·-·-·-······· ..... :.9 ..... 

Article* 
0[ 

Subacticle· Descdption 

6600 Hydrostatic Testi~g of Vessels 
Designed to NC-3200 

6700 Pneumatic Testing of Vessels 
Designed to NC-3200 

6800 
6900 

7000 
71.00 
7200 

7300 

7400 

7500 

7600 

7700 

7800 
7900 

8000 
8100 

Proof Tests to Establish 
De sign Pee ssuce 

PRO'l'ECTION AGAINST OVERPRESSURE 
General 
Definitions Applicable to 
Ovecpcessuce Protection Devices 
Overpcessu·ce Protection Report 
(Cl. l) 1 Analysis (Cl. 2) 
Relieving Capacity Requirements 
and Acceptable 'lypes of 
Overpressure Protection Devices 
Set Pressures of Pressure Relief 
Devices 
Operating Design Requirements for 
Pressure Relief Valves 
Requirements foe Nonreclosing 
Pr~ssuce Reli~f Device~ · 
Certification Requirements 
Marking, Stampi~g·, and Reports. 

NAMEPLA'l'l!:S, STAMPING, AND REPOR'l'S 
General 

Table A2-3 

Class Class 
l 2 

NA A 

NA A 

NA A 

A A 
A A 

A A 

A A 

A A 

A A 

A' A. 

A A 
A A 

_A A 

. . 

. . · . 
• : _ .•.. ~ •• : ........... :... .__.;..;..i..-;. ........... .: . 

................ , .. :.,~ ·e-:: ... ;,_._;,,_: ...... " . 

(Cont.) 

Class Signi-
3 ficant 

NA 

NA 

·A A 

A 
'A 

NA 

A 

A 

A 

A 

A 
A 

A 

Cocrespondin<J 
Article in 

ASME B&PV Sect. 
Ill (1965) Remarks 

Not Addressed See Table A2-4 
for Class A or B for Class C 

NA 
NA 

.NA 

NA 

NA 

NA 

NA 

NA 
NA 

Articles 8, 15 



'· ·.: 
- .~. -·----~ ... ~;.~~ ... ~::~ ... ·.:.~:~: .: ... ..:.\ ••...•.••. '· · •. =~~-~ •• ~ .•• .:. .\ .............. ,,.~..r-~ ... :.: j. 0-!.~·.i:~.~~.Ai.·~:~~'~:.: .. ·:.!·.::i:· ... ~:~-...~· :..::.~.:· 

>~ Article* 

~iil or 
I!. :I Subarticle Description Oc· 
:J -· 2. :I 

. ;I ;;a MAND_ATORY APPENDICES 
4111 

"""' Cl Ill 
Desig.n Stress Intensity Values, :J Ill I it., 

:. g. Allowable Stresses, Hate rial 

iQ Properties, and Design Fatigue 
Ii ;a Curves 

Ill II Experimental Stress Analysis ., 
III Basis for Establishing Design 

Stress Intensity Values and 
- Allowable Stress Values 

IV . Approval of New _Materials Under 
·the ASHE 8oiler and- Pressure Vessel 
COde for . Section III Application· 

v_ Certificate Holder's Data Report 
;I>' Forms'.and Application Forms for I 
N Certificates of Authorization for o·· 

Use of Code Symbol Stamps 
VI Rounded Indications Charts 

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

XI .Rules for Bolted Flange 
Connections for Class 2 and 3 
Components and Class HC Vessels 

XII Design Considerations for Bolted 
._Flange Connections 

XIII Design Based on St_ress Analysis 
for Vessels Designed in Accordance · · 
with NC-3200 

XIV Design Based on Fatigue Analysis 
) for Vessels Designed in Accordance 

- with NC-3200 
XVI. Nondestructive Examination 

Methods Applicable to Core 
Support Structures 

- XVII Design of Linear Type Supports by 
Linear Elastic and Plastic Analysis 

'fable A2-3 (Cont.) 

Class Class Class Signi-
1 2 ] ficant 

A A A A 

A A A 
A A A A· 

A A 

A A A 

A A A 
A A A 

NA A A 

A A A A 

NA A _NA 

NA A NA 

A A A 0 

A A A 0 

' • ;'·· I.,., 

:. .·.:; ~:.·i:.~~:..~: . i-.. ~~-:'.;j\i~~i~:~~-~·-~ .. ·1 .. .:.:.::'.\~~~/~.· '.j :~ -~. 

Corre_aponding 
Article in 

ASMB B&PV Sect. 
III (1965) Remarks 

Article 4 Table N-421 

Appendix II 

- Article I-1 of 
Appendix I, N-431 

Article.I-12 of 
Appendix I, N-471, 
Table N-422 
Article I..:.12 of 
Appendix I, N-471 
Article I-10 of 
Appendix I, N-430 

Article I-10 of 
Appendix I, N-430 

NA 

NA 

..... ;~.,:L:.· : ~~ ........ - -.... ·-·u.·""'--~ 

I 
! 

; 

} 
i. 
l 

' ! 
I 

!_. 
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~ ' 
I 

N 
t-' 

Article* 
or 

Subarticle De scl:ipt ion 

A 

8 
c 
0 
E:. 
I.' 

G 
li 

J 

K 

NONMANDATORY APPENDICES 

Owner's Design Specification 
Certificate Holder'• s Stress Report 
Nonmandatory Preheat Procedures 
Minimum Bolt Cross-Sectional Area 
Rules fQr Evaluation of Level O 
Service Limits 
Protection Against Nonductile l.'ailire 
Capacity Conversions for Class 3 
Safety Valves · 
Owner's Design Specifications for 
Co~e S~pport Structuie ·· 
Recommended Maximum Deviations and 
Tolerances for Component Supports 

Table A2-3 (Cont.) 

Class Class Class 
l 2 3 

A NA NA 
A A A 
A NA NA 
A A A 
A NA NA 
A A A 

A A A 
NA NA A 

A NA NA 

A A A 

·-'··--··-·-"-··-·-···· 

Co~responding 

Article in 
Signi- ASME B&PV Sect. 
ficant Ill (1965) Remarks 

Appendix Ill 

A Not Addressed 

A Article N-330 Only Class l 

0 NA 

0 NA 
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Table A2-4 

Com12arison of ASME VIII (19651 15) with ASME III (19771 Ill 

Article* Corr.esponding 
or Class Class Class Signi- Article in 

Subartlcle Descri12tion l .2 3 ficant ASHE VIII U965) Remarks 

NA-1000 ·scOPE OF SF.CTION 111 A A A ,, 

NA-2000 CLASSIFICATION OF COMPONENTS A A A A NA 

NA-3000 RESPONSIBILITIES ANO DU'l'IES 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 Authorized A A A A UG-90 

Inspection Agencies and Inspectors 
NA-5200 Duties of Inspectors A A A A UG-91 

·NA-6000 QUALI'fY CONTROL SYSTEMS FOR CLASS l 
CONS'l'RUCTION 

NA-6100 General Requirements NA NA A A NA 
NA-6200 Organization and Responsibilities NA NA A A NA 
NA-6300 · Cont.rol of. Operations NA NA A A NA 
NA-6400 Records and Forms NA NA A A NA 

NA-11000 CERTIFICATES OF AUTHORIZATION, A A A UG-116 
NAMEPLATES, s·rAHPING, AND REPORTS 

1000 INTRODUCTION 
1100 Scope A A A A U-1 

2000 MATERIAL 
2100 General .A A A A UG-5 
2200 Material •rest _Coupons and Specimens A A A 

for Ferritic Steel Materials 

A Addressed in the Code for the specified class or considered significant· for this revi_ew. 
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 l component, NC for Class .2 component, and ND for 

Class 3. component. 

. -~ . 
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Table A2-4 

Article* 
or 

Subarticle Description 

2300 Fracture 'l'oughness Requirement 
for Material 

2400 Welding and Brazing 
2500 Examination and Repair of Pressure 

Retaining Materials 
2600 Material Manufacturers' Q~ality 

System Program 
2700 Dimensional Standard 

DESIGN 

Class 
l 

A 

:A 
A 

·A 

A 

3000 
3100 
3200 

General A 
Design by Analysis (Cl. 1) J Alternate. A 
Design Rules for Vessels (Cl. 2) 

3300 
3400 
3500 
3600 
3700 

3800 
3900 

4000 
4100 
4200 
4300 
4400 

4500 
4ti00 

Vessel Design A 
Pump Design A 
Valve Design A 

.·Piping Design A. 
Electrical and Mechanical Penetration NA 
Assemblies 
Design of. Atmospheric Storage Tanks 
0-15 psi (0-103 kPa) Storage 'l'ank 
Desig~ · 

FABRICATION AND INSTALLATION 
General 
Forming, Fitting, and Aligning 
Welding Qualifications 
Rules Gover"ning Making, Examining, 
and Repairing Welds 
Brazing 
Heat Treatment 

NA 
NA 

A 
A 
A 
A 

A 

A 

Class 
2 

A 

A· 

A 

A 

A 

A 
A 

A 
A 
A 
A 
A 

A 
A 

A. 
'A, 

A 

A 

A 

A 

(Cont.) 

Class 
3 

A 

A 
A 

A 

A 

A 
NA 

A 
A 
A 
A 
A 

A 
A 

A 
A 
A 

A 

A 

A 

••. -·- .•..••• ~_.-~.:...~..i-.. ..... · .... ~ ... -.•• • :... :_. __ .:. ...• ·; .•.••. ;.,,~. , .•... '.:.: . .. ~-· 

Signi
ficant 

A 

A 

A 

A 

A 
A 
A 
A 
A 

A 
A 

A 

A 

Cor~esponding 
Article in 

ASHE VIII (1965) 

UG-84 

uw 

UG-93 

NA 

UW-8, UF-12 
NA 
NA 

-NA 
~A 

NA 
NA· 

UG-75 · 

UW-28, UW-29 

Remarks 

' • 
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,w 
Table A2-4 (Cont.) o-. 

!~ 
g·&. . 
2. :I 
;t ;;Q 
.. ro Article* Correspond i09 
-.,Ill or C.lass Clas.a Class Signi-:- Article in m lb. 

~~ Subarticle Description l 2 3 ficant ASME VIII (1965) Remarks 
-n 
~:r " . A J~t () 6400 Pressure Test Gages A A 
2 ro 

6500 Atmospheric and 0-15 psig NA A A Ii ;a 
ro Storage 'l'anks ... 

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

. 6800 Pneumatic Testing of Vessels NA A NA 
Designed to NC-3200 

6800 
6900 ·Proof Tests to Establish NA A A A UG-101 

)>' 
Design Pressure 

I 
N 7000 PROTECTION AGAINST OVERPRESSURE 
lJl 

.7100 General A A A 

.7200. Definitions Applicable to A A A 
·Overpressure Protection Devices 

7300 Overpressure Protection Report A A NA 
(Cl. l)J 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 

760_0 ·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 NAMEPLATt::S, S'l'AMPING, AND REPORTS 
·8100 General A A A 
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~ Table A2-4 (Cont.) 
> 

= 

0 
~:~ 
02£: Article* "-· 2. :J or Class Class Class ;I ;;o 
"111 Subarticle De script ion l 2 3 .,,111 
ii 11). 
:>I» 

. !l;~ MANDATORY APPENDICES 
~:r 
:> 

~~ I Design· Stress Intensity Values, A A A -::i ..... Allowable Stresses, Material 11) ... 
Properties, and Design Fatigue 
Curves 

Ii Experimental Stress -Analysis A A A 
III Basis for Establishing Design A A A 

Stress Intensity Values and 
Allowable Stress Values 

IV Approval of New Materials Under A A A 
::i:- the ASHE Boiler and Pressure Vessel 
I Code for Section III Application 

N 

°' v Certificate Holder's Data Report A A A 
Forms and Application Forms for 
Certificates' of Author-ization 'for 
Use of Code Symbol Stamps 

VI Rounded Indications Cha.rte A A A 
VII Charts for .Determining Shell . A A A 

Thickness of Cylindrical and 
Spherical Components Under 
External Pressure 

XI Rules foe Bolted Flange NA :A A 
Connections for Class 2 and 3 
Components and Cla_ss. HC Vessels 

XII Design Consid.:irations for Bolted A A A 
Flange Connections 

XIII De sign lla sed on Stress Analy.si s NA A NA 
foe Vessels Designed in Accordance 
with NC-3200 

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

·.:~-.:..: 

Signi-
ficant 

A 

A 

A 

. · ... : 

. ' .. '. ··-·· :' . .. : . ....: ... :: ... ~.:.~.~-·-~--~-~-~-.J.::~!.·.';.:.:,..;.·~~~.-.:.:-..J.;~--~--.;~_,,: ~:.::....:-·.·~--: ... ~-~'. ..... :.::_~.; .. ·~;_.-~-· . 

Corresponding 
Article in 

ASHE VIII (1965) 

Subsection C 

Appendices P&Q 

UG-28 & Appendix V 

Appendix II 

NA 

Remarks 

Fatigue Curves 
not included in 
Sect. VIII 

I 
[ 
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I 

N 
...... 

Article* 
or 

Subarticle· De script ion 

XVI 

xvu 

A 
B 

-C 
D 
E 

F 

G 
H 

J 

K 

Nondestructive Examination 
Methods Applicable to Core 
Suppor_t 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 Failure 
Capacity Conver sion_s for Class 3 
Safety Valves 
Owner'.s Design Specifications.for 
Core Support Structure 
Reconunended Maximum Deviations and 
Tolerances"for Component Supports 

Table 

Class 
l 

A 

A 

A 
A 
A 
A 
A 
A 

A 
NA 

A· 

.A 

..... ---·---·---·-.. -, ... ~:.:.. ~ ... -. ···-·····=· ;. .. -.. -~ ..... -···-·---·-.·~·-· .. · 

A2-4 (Cont.) 

Conesi>omUng 
Class Class Signi- Article in 

2 3 ficant ASMB VIII (1965) Remarks 

A A 0 

A A 0 

NA- NA 
A A 
NA NA 
A .A 
NA NA 
A A A NA 

A A A NA 
NA A 

NA NA 0 

A A 0 
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Past Class C vessels were built in accordance with the. requirements· of. 

ASME VIII (1965), except for inspection and the longitudinal (Category A) .and 

circumferential (Category. B) welding requirements noted in Section 4. 3.. Past 

Class C vessels could be classified in accordance·-with current requirements 

[l] as either Class 2 (Quality Group B) .or Class. 3 (Quality Group.C) • 

2.4 PUMPS 

See Section 4.4 of this appendix • 

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 III, 1965 Edition [3], and Section VIII [5], which are 

discussed in Sections 2.3 and 4.3.of this appendix, and to the Standards of 

•the Tubular Exchanger Manufacturers Association (TEMA), 1~59 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 were 

usually designed to the ASME Boiler and Pressure Vessel Code, Section III,. 

1965 Edition [3], which is discussed in s.ections 2.3 and 4.3 of this appendix. 

Aluminum tanks inight have been designed to "USA Standard-Specification for 

Welded Aluminum:-'.Alloy. Field-Erected Storage Tanks," USAS 896.1-1967 · [9]. 

Storage tanks were a,lso des_igned to the American Petroleum Institute. (API) · 

Standard 650 [10), 1964 Edition. USAS B96 .1 arid API..,650 are disc.ussed in 

Section 4.7 of this appendix • 
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3. CONCLUSIONS AND RECOMMENDATIONS 

Nuclear components and systems for SEP "Group I" plants were designed in 

accordance with the following codes: 

1. ASME III (1965) - Class A or Class C vessels 
2. ASME VIII (1965) - Vessels 
3. B31.l (1955) and ASME I (1965) - Piping and Valves 

·. 4. TEMA (1959) ~ Heat Exchangers 
5. ASA Bl6.5 (1961) - Steel Pipe Flanges and Flanged Fittings 
6. Hydraulic Institute Standards (1965) - Pumps 
7. USAS B96.l (1967) - Aluminum Field Erected Storage Tanks 
8. A.PI 650 ( 1964) - Welded Steel Tanks for O~l Storage. 

Current requirements are contained in the following: 

9. ASME III _(1977) ~Div. 1 Nuclear Components 
10. ANSI 816. 34 ( 1977) - Steel 'Jalves 

The following broad conclusions can be made regarding.components built to 

past c;des and evaluated against current requirements: 

1. components currently classified as Class 3 would· satisfy basic 
current requirements 

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

3. pip~ng currently classified as Class 1 would satiify 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 
.radiog~aphy requirements. 

The following is recommended: 

1. Component materials should be evaluated for fr.actuie toughness as 
described in Section 4.1.1 of this Appendix. 

2. · Standard class rated valves should be carefully checked against 
current pressure-temperature ratl.ngs. · 

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

4. Unless Code Case N-7 to 831.l has been invoked, Class 1 and 2 piping 
should be checked to see i°f full radiography of welded joints was 
specified. 
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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 facilitate's 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, qu.ality group· classification, 

and code stress limits. 

4.1.l Fracture Toughness Requirements 

Class l Components 

The cur rent code requires that pressure-retaining materials for Class l 

components shall be impact tested to determine TNDT* by the drop weight test 

and RT * by t;he Charpy V-Notch test, except ·for mater'ials whose nominal 
. NDT 

thickness is 7/8' in or less; bolts l in 'or less; bars.with nominal sectional 

area l 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) and pr·ecipitation-hardening steels listed in Appendix I [le}; however, 

other requirements of NB-2332 (lb} do apply. · 

Class 2 Components 

Pressure-retaining ma.terials for Class 2 components· are required to be 

impact tested with exceptions as outlined for Class l components. Also 

exempted are. commonly used plate, forging, and casting materials listed in 

Table NC~23ll (a) -1 of Reference le 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-l for definitions of commonly used terms and symbols. · 
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determined from the curve. in Figure NC-2311 (a}-1 from Reference"' le. For 

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

A4-l, respectively. Materials for components whose LS.T exceeds 150°F are also 

exempt from impact testing. 

Drop weight tests are not required for marterisitic 'high alloy. (Series 

4xx} and precipitation-hardening steels listed in Appendix I of.Reference le. 

Charpy V-Notch testing or alternative te.sting as described in NC-2331 [le] 

applies for these steels in all thic.knesses •. For nominal wall thicknesses 

greater than 2.5 in, the required C values shall be 40miis lateral 
.v 

expansion. 
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Symbol 

TNDT 

LST 

:rable A4-l 

Definition of Commonly Used Fracture 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 AS'IM E208. (The nil ductility temperature is 

. that temperature above wh_ich cleavage fracture can be 
initiat.ed only after appreciable plastic flow at the base of 
the notch and below which cleavage will be initiated with 
little evidence of notch ductility.) TNDT is 10°F below 
the temperature at which at least two specimens show no-break 
performance. 

The higher of TNI)T or (Tcv - 60°F). 

A temperature above TNDT 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 
metal temperature expected during normal operation whenever 
the pressure within the component exceeds 20% of the 
preoperational system hydrostatic test pressure. 
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Table A4-2 

TABLE NC-2311Cal-l 
EXEMPTIONS FROM IMPACT TESTING UNDER 

NC-231Hal-8 

Materfal 
.Material' Condition• T NOT1 l deg. F 

SA-537-Class l N -30 
SA-510-Grade 70 Q&T -10 
SA-510-Grade 70 N 0 
SA-508-Class l Q&T +10 
SA-533-Grade B Q&T +10 
SA-299' N +20 
SA-2lb, Grades Q&T +30 

wcs, wee 
SA-Jb (Plate) HR +40 
SA-508-Class 2 Q&T +40 

NOTES: 
(1) These materials are exempt from toughness testing when A 

or LST- THoris above the curve in Fig. NC-23ll(a)-l, for the 
thickness as defined in NC-2331 or NC-2332. 

(2) Material Condition letters refer to: 
N • Normalize 
Q & T - Querich and Temper 
HR - Hot Rolled 

(3) These values for T Hor were established from data on heavy 
section stfl!I Cthickne.ss greater than 2l/2 in.>. Values for sections 
less than 21,12 in. thick are held constant until additional data is 
obtained. · 

(4) Materials made to a fine grain melting practice . 
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Class 3 Components 

Pressure-retaining materials for Class 3 components are required to be 

tested, except as outlined for Class l components and the materials listed in 

Table ND-2311-1 (ld) in the thic:=knesses shown when the LST for the component 

is 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 

~hich 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 

by the survey forms shown as Tables A4-4, A4-5, and A4-6 for Class l, 

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

Example 

Tables A4-2 through A4-6 and Figure A4-l will be used to evaluate the 
resistance to brittle fracture of components whose design is based on 
past codes for which impact t~sting may not have been required~ The 
following is an example of how the tab.les 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 prima·ry system to 130°F. 
in 24 hours with a maximum pressure of 270 psig as noted in Reference 
11. The LST is taken as l30°F. From TableA4-3, TNDT = 0°F for·SA-516 
Grade 70. From Figure A4-l, A= 48° for material 3.75 in thick: 

(LST - TNDT) = 130° - 0° = 130°F > 48°F =·A 

so that this material, if it were a Class 2 or. 3 component, would be 
exempt from impact testing. The fact that the primary coolant piping is 
Class l would not exempt it from impact testing based on present code 
requirements. However'· the fact that the LST exceeds the TNDT 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 
TNDT sufficient to require the fracture mechanics approach outlined in 
Appendix G (4e). In this regard, note that paragraph NB-2332 (b) [lb) 

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

(LST - TNDT) = 130°F > 100°F 

so that the material for the Palisades priniary·coolant piping is . ca~nst:aerea "adec,f\ia·te·~-:-=-:: -- ::- ... --: ··: ~---~-- ::·-~--··-·· 
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Table A4-3 

TABLE ND-2311-1 
EXEMPTIONS FROM IMPACT TESTING UNDER ND-231l(a)(8) 

Lowest Service Temperature for the Thickness Shown 

Over o/1 in. Over l/, in. Over 1 in. 
to lh in., ind. to 1 in., inti. . to 11/ 2 in., incl. 

Mat~rial (Over 16 mm (Over 19 mm (Over 25 mm 
Material , Condition• to 19 min, ind.) to 25 mm, inti.) to 38 mm, inti.) 

SA·Slb Grade 70 N -30 F (:..34 C) -20 F (-29 C) 0 F (-18 C) 
SA·537 Class l N -40 F (-40 C) -30 F (-34 C) -30 F (-34 C) 
SA·Slb Grade 70 Q&T (2) (2) (2) 
SA-508 Class l ·. Q & T (2) (2) (2)· 
SA·508 Class 2 .Q & T (2) (2) (2) 
SA·533 ·Grade si Q&T (2) (2) (2) 

Class l 
SA·2lb Grades Q·& T (2) (2). (2) 

WCB, wet 
SA·299l N (2) (2) (2) 

NOTES: 
-(1) Material Condition letters refer to: 

N - Normalize 
. Q & T - Quench and Temper 

(2) The lowest service temperature shown in the column "Over l 'h in. to 2 'h in." may be used for these thicknesses .. 
(3) Material made to a ~ine grain melting pract_ice. · 

.i 
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Over 1Y2 in. 
to 2Yz in., incl. 
(Over 38 mm 

to b4 mm, inti.) 

0 F (-18 C) 
-30 F (-34 C) 
-10 F (-23 C) 

·. 10 F (-12 C) 
· 40 F (4 C) 

10. F (-12 C) 

30 F (-1 C) 

20 F (-7 C). 
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Table M-4 

Evaluation for Fracture Toughness of Pressure-Retaining 
Material for Class 1 Component/System 

----- Nuclear Power Plant 

FSAR Page ________ _ 

I. Component/System Data 

1. Description of Component/System: 

2. Material Description and Thickness: P No. _____ ~ 

3. Design Temperature: °F 

4 •. Design Pressurf1!: psi 

"'5. Lowest Service Temperature _(l) . (LST): OF 

6. Pressure at LST: j?Si 

7. Fracture Toughness Requirement?. Yes __ No --
II. Evaluation · 

8. 

NOTES: 

. (2 3) 
Material is exempt ' from impact testing because: 

(a) Nominal thickness 5/8 in or _less 
(b) Bolts 1 in or thinner 
(c) Bars with nominal l sq in cross section or less 
(d) Pipes, fittings, pumps, and valves, nominal pipe size of 

6-in diameter or smaller 

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

2. Welding material used to join materials wl.th P Nos. l, 3, 4, 5, 6, 7, 
. 9, and 11, which are exempt from impact testing because of R.(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. 

3. The current code does not exempt Class 1 components from impact 
testing on the basis of tabulated TNDT and A values as it does 
Class 2 components. Item 9 is not an exemption listed in paragraph . 

·-·'fu3-_23il>'Bu.t~a~·--co'i\°servative' adaptatforr of·"NE:-2311 (a) ( 8)· ·for -·G:-lass --2"- . 
components to facilitate the SEP review • 
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NOTE: 

Table A4-4. (Cont.) 

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

9. Fracture toughness of material(
3 l 

__ 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: 

TNDT = OF 
(See Table NC-23ll(a)-l) 
( ___ Other reference used( 4l: ____________________ _ 
and, 

: ....... -<-._ ••••.. _..:_ •• ~-"·-~:_ __ , ....... . 

(LST TNDT) = °F· ____ which exceeds 90°F 
which does not exceed 90°F ----

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

·RTNDT = OF 
(Reference used (4): . ) 

----------------------------~ n d, 
(LST -RTNDT) = __ ...__ which exceeds 120°F ----- ·which does not exceed 120°F -----

For ~tting material in excess of ·.l'.'."in· diame~er·, re~erence. 
data · :· 

10. 

has been available 
' has not been available 
and found· to 
__ satisfy 
__ not satisfy 
the requirements of NB-2333 [4(b)] 

___ 11. Fracture toughness cannot be evaluated because of. 
insufficient information. 

___ 12. Material is not exempt from impact testing. 

4. When using references other than the current code to .obtain TNDT and 
RTNDT' be. sure that the data. have been obtained from specimens whose 
condition matches the material ~eing evaluated ·(e.g., normalized or 
quenched. and· tempered) and that have. designation such as "SA-516 ·Gr. 70". 
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Table A4-4 (Cont.) 

III. 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 Pressure-Retaining 
Material for Class 2 Component/System 

~~~~ Nuclear Power Plant 

FSAR Page -

I. Component/System Data 

l. Description of Component/System: 

2. Material Description and Thickness:. P No·. 

3. Design Temperature=~~~~°F 

4. Design Pre.ssui:e: psi 

5. Lowest Service Temperature(l) (LST):~~~°F 
6. Pressure at LST=~~~ psi 

7. Fracture Toughness Requirement? Yes~-· No 

II. Evaluation 

NOTES: 

8. Material is exempt( 2), from impact testing because: 

(a) . 

(b) 
(c) 

(d) 

(e) 
{f) 

Nominal thickness 5/8 in or less 
Bolts 1 in or thinner 
Bars with nominal l sq in cross section or less 
Pipes, fittings, pumps, and valves, nominal pipe size of 
6-in diameter or smaller. 
Austenitic sta-inless steel 
Non-ferrous mat.erial· 

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 preoperational system hydrostatic test pressure 
[ l] • 

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, 
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 le. 
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Table A4-5 (Cont.) 

-- (g) LST of material listed in Table NC-23ll{a)-l (see Table 
A4-2) exceeds TNDT by at least "A" (A depends on 
thickness). <2l . . . . ... 

LsT · °F (from FSAR) 
...... 

TNDT °F (Table NC-23ll{a)-l, Summer 1977 Addenda) 
A °F (Figure NC-23ll{a)-l, Summer 1977.Addenda) 
(Reproduced on p. ) 

·. LST - TNDT = ___ °F is--· ·is not --· greater than A. 
(h) LST exceeds 150°F. 

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

10. Material is not exempt from impact testing. 

III. Conclusions 

--· Friicture toughnes·s appears to be adequate. 
Adequacy of fracture .toughness not established; request 
supplemental test data and SU.pporting documents.· 

__ Welding mate.rial is __ is not·_··-- exempt from impact testing 
on the basis of ·foregoing data and Note 2. 
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Table A.4-6 

Evaluation for Fracture Toughness of Pressure-Retaining 
Material for Class 3 Component/System 

Nuclear Power Plant · ,. · 

FSAR Page __ 

Component/System Data 

l. Description of Component/System: 

2. Material Description and Thickness: P No. --· 
3. Design Temperature: °F 

4. Design Pressure: psi 

5 S . T (l) (LST) °F' • Lowest ervice emperature · : __ _ 

6. Pressure at LST: ___ psi 

7. Fracture Toughness Requirement? Yes __ No 

II. Evaluation 

NOTES: 

a. Material is exempt< 2
> from impact testing because: 

(a) Nominal thickness 5/8 in or less 
(b) Bolts l in or thinner 
(c) Bars with nominal l 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 
(f) Non-ferrous material 

l. Lqwest Service Temperature (LST) is the min~mum 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 pre.ssure [l]. . 

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. 

~nldin Research Center 
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(g) 

(h) 

Table A4-6 (Cont.) 

LST equals or exceeds TNDT in Table NC-2311 (a) -1 for the 
material and thickness being evaluated. <2> 

LST exceeds l00°F. 

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

~10. Material is not exempt from impact tes~ing. 

III. 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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4.1.2 Quality Assurance Requirements(l) 

The current code. [ll requires that activities in connection with the . 

design and construction( 2) 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 l and 2 items, and in 

accordance with NCA-4135(3) and NCA-8122( 3) for Class 3 items. The 

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

For Class l and 2 items, the program is to be documented in detail in a 

quality assurance manual which should include policies, procedures, and 

instructions which demonstrate provisions. for: 

l . 

2 • 

a· an organization with sufficient authority, freedom, and independence 
from cost and schedule considerations to: 

l. identify 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 toappropriate levels 
.of management to assure proper execution of the program 

· · b.. indoctrination and training of qualified personnel 

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

Quality assurance .requirements have been determined. to be oµtside the scope 
of SEP Topic III-1 according to the letter from s. Bajwa to s. Carfagno 
dated December 10, 1981. This discussion is provided as general 
information • 
Construction under Division l includes materials, design, fabrication:, 
examination, _testing, installation, inspection, and certification • 
See .summer· 1977 and Summer 1978 Addenda to ASME III (1977) General 
Requirements • 
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d. control of the design to assure compliance with the design 
specification of Section III 

e. design review and checking by individuals or groups other than t~ose 
who performed the original desig~ 

f. documentation for procurement of materials and subcontract.ed services 
requiring compliance .with Sect.ion III 

g. document control with provisions for review of changes 

h. · identification and traceability of materials· 

i. the control of construction processes 
- . . . . . . . 

j. examination, testing, and inspections verifying the quality of work 
by persons independent from supervisors immediately responsible for 
the work being inspected, and using measuring and.test equipment 
calibrated against measurement standards traceable to national 
standards (where such standards exist) at intervals sufficient to 
maintain accuracy within necessary limits 

k. proper handling; storag~, shipping, and preservation:of materials and 
components 

1. · identific:;ation of· items ·with suitable marking to ,indicate the status 
of examinations and tests~ inc:;luding conformance or non-conformance 
to the examination and test requirements 

m. prompt identification and corr.ective action _of significant conditions 
adverse to quality, with documented measures to preclude reJ?etition 

n. maintenance of quality assurance records as·specified ih NCA-4134.17 
of Reference 1, including maintaining for the life of the plant as a 
minimum, the following: a permanent record file, certified desig_n 
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 

·o. a comprehensive system of planned.and p~riodic 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·· 

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

a. an organization chart which reflects the actual organization 
' . . . . . . . 

. '·· b. .a .quali_j:y"'9p_ri._ti:;pl_~.§Y=::i~~lll, ::;iu,it_.:i.J~).~_ ~o_ -~he complexity of the work and 
size of the organization ·· - ---- ---· --- -----·~ ... ~-"'~0'-"'-~-.· .. --· -.~---: · --.-~=~=··' · 
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c. 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 [ll· 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. If the jurisdictiOnal authority also performs duties 

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

aOiler 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 quality control system, then 

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 l 

and 2 construction, nor for a quality assurance system for Class 3 construc

tion1 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 syst·em 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 compor:ents and construction activities. · · 

Design organizations did' not typically operate under an integrated 

·program. Two nuclear pla~ts were reviewed by the author. as part of the design 

adequacy task of the Reactor Safety Study.* Approxima teiy 20 % of the i terns 

reviewed for one plant either qid not fully ~oinply with the FSAR driteria or 

were not adequately documented for assessment •. Similarl:f, 40% ~·of the. items 

examined for the other plants could not demonstrate f~ll ~ompliance with FSAR 

criteria • 

*Appendix x to the "Reactor Safety Study - An Assessment of Accident Risks in 
u. s. Commercial Nuclear Power Plaflts," WASH-1400, us~c, Draft _August 1974 • .· 

.".·· 
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It is recommended that the quality assurance program used in both the 

desi9n and construction phases for each SEP plant Class l and 2 item should be 

compared with the .current requirements previously outlined. If the comparison 

sh.ows 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 

not provided a permanent fix, then it is reasonable to conclude that a design 

deficiency exists. The following would then be recommended_: 

l• a design review of the deficient area with design change 
recommendations 

2. a t'echnical audit to determine design adequacy of. selected Class 1 
and Cl-a.ss 2 items for the complete plant • 

4.1.3 Quality 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 

struct.ures and are outside the scope of this ~tudy. 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 component. 

Quaiity Group ·a (Class 21 

Components are currently designated as Class 2 provided that: 

1. They are' not part of the reactor coolant pr.e ssure boundary, b.ut part 
df: 

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

b. reactor shutdown or residual heat removal systems 

-- -- ·--::;..._~--· 
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c. BWR main steam components described in Reference 2: 

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

main steam line branch lines to fir st valve 

main turbine bypass line.to bypass valve 

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 
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 re.actor cqo,lant pressure boundary !!2E. 
capable of being isolated from the boundary by two v~lves 
normally closed or capable of automatic closure d~ring normal 
reactor operation. 

·They are part of the reactor coolant pressure boundary, but are not 
designated as Class l because either the component is not needed for 
safe shutdown of the reactor in the event of an accident or the 
component can be isolated by two valves as described in footnote (2) 
of Section 50.SSa of Reference 2 . 

Quality Group C (Class 3) 

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

nor designated Class 2, ·but are part of: 

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

2. cooling water and seal water systems that are de signed for 
functioning of components important to safety, such as. cool.ing water 
systems for reactor coolant pumps, diesels, .and control room 

3. systems connected to the reactor coolant pressure 'boundary that ~ 
capable of being isolated from the boundary by two valves normally 
closed or capable of. ~utomatic. closure. during normal opera.tion 

4. ·systems not previouSly defined,· other than radioactive waste 
management systems that contain or may contain radioactive material, 
and whos~ postulated .failure would potentially result in off-site 
doses that exceed 0. 5 rem. 
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Comparison with Past Codes 

The past·s31.1 (1955) piping code does not designate quality classes for· 

piping or valves. (l) Comparison of the component ·classification designa-

· tions in the FSAR with the standards previously described for each.SEP plant 

is required before a comparison with Current code requirements can "be ... · 

initiated. 

The past pressure vessel code, .!\SME III (1965), designates Class A 

vessels wh~ch are essentially. equivalent to currently designated Class l 
. . . 

vessel. C:I.ass B vessels designated in .accordance with the pa~t code would. 

cur·rently be classified as MC v.e~sels, whic::;h are o.utside·. the· scope of this 

review. Previously desig'nated 'Class C or ASME Section VIII vessels may, be 

currently classified as Class 2 or Class 3 vessels. Vessels 'previously 

classified as Class C but currently classified as Class 2 should be evaluated 

carefully against current Class 2 requfrements such as the quality assurance 

.· prpgram. · 

4.1.4 Code .Stress Limits 

·•Strength· Theories 

Past codes [415], except ASME III (1965) for Class A vessels, have be.en 

based on· the assumption· that inelastic behavior beg ins when· the maximum". 

principal stress· reaches the yield Point of the material, .s • ·It has been .. .,, 
. . . . y . 

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. as$umption in predicting yl.~lding and 

J~tigue. failure in ductile metals •. Although most .experiments .show that. the. 

Mises criterion is more accurate than the ~aximum shear ~t~ess, theory, the 

present code [ll uses the ~axirnum shear s.tre~s theory of· ~trength for Cl~ss l 
. . . 

components because. (1) it is more conservative; (2) it is. easier to apply, and 

(3) it faci.l.itates. fatigue analysis. Class 2 (l) and.Cl~s~ J comp~n~nts 
continue to be designed in accordance with the maximum principal stress 

assumption .• 

1. Code Case N-1 classifies piping into two categories: . nuclear p1p1ng, 
designed to contain a fluid whose ros.s from the .system could result in a 

... -, ·-~·-·= ~~---·~ -" ,~. cz--I:ad'iation·zhazard=·to,,ei ~her~=the=plant=per,sonnel,;o_r-;~th~:-··g-~o~r.~_.l,_~p~bJic_; __ a_n.c!_ -· ·- -a . . . conventional steam and: service. non-nuclear piping.. . . . -~-- -- --- -- ... 

WJ · · 2. Except for Class 2 vessels designed in accordance with the alternative 
, rules of NC-3200. 
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If the principal stresses at a point are .cr1 >. CTi > CTJ• ~hen 

yielding occurs 

when: 

T max :::i (l/2) <cr1 "."' cr 3) = (l/2f Sy 

according to the maximum shear stress theory. For convenience, the present. 

code uses the term ~stress intensity," which is defined as: 

2Tmax =the largest.algebraic difference· between any of 
two of· the three principal s~resses. 

Example: Consider a thin-walled cyl~nd~ical pressure vessel or pipe, 
away from any discontinuities and subjected to an internal pressure, p, 
whiqh induces a hoop stress cr and an axial stress l/2cr. The.three 
principal stresses in descending magnitude would be: · 

cr1 = cr 
cr2 = (l/2)cr 
cr3 = -p 

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

(cr l - cr 3) = ( cr + p) 

which together with the.stre~s limit.controls the design~ According to e 
past codes; the design .wouid be controlled by the niaximum.stl:ess 
together with· the stress •. limits used- in the past codes. 

The cur rent code· recognizes· the advances. in computer-aided, s.tructural· 

analysis capability which enable a more'cornprehensive_and detailed determina

tion of stress and strain field~·,_. in both the elastic and plastic states due 

. to' thermal as 'we'll 'as mechanical loads, gross structural discontinuities,. and . 
. ' . 

_ .. local struc.tural 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 follo~s: (l). 

L Primary stresses 

Any normal or 'shear stress induced by an irnpo~ed. load which. is . 
necessary to satisfy equilibrium between the external and internal 

1. See· Figure NB-3222"."'l tlb]. 
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forces and moments. A primary stress is ~ .self-.limiting. 'rhe 
existence of primary stresses in excess of the yield strength across 
the thickness of the material will result iri failure due to gross· 
distortion. or rupture, inhibited qnly 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 iocal 
discontinuities. The six stress components associated with a 
primary general membrane stress are symbolized· by Pm· 

·b. Local Membrane Stress. The average stress across any 5olic:1 
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 PL • 

. c. Bending Stress. That coinponent ·of a primary stress which is 
proportional to the distance from the centroid of a solid-., .. 
section, exc;luding effects ·of gross and local structural 
discontin.uities, e.g., the bending stress asross ·the thickness of 
the ·central region of a flat head of a vessel due to internal.· 
pr~ssure. ·The stress components associated with. a .primary 
bending stress are symbolized by Pb· 

2. Secondary Stresses 

Secondary. stress _is a normal or shear ·stress induced l?Y ari imposed 
.. strain field necessary to satisfy compatibility and continuity 

requ.irements within the structure. Secondary stresses are .. 
11 self-equilibrating 11 and limited by loc_al yielding. and minor 
distortions so that failure due to secondary stresses induced by the 

·application of one load will not occur. Secondary stresses. are 
furthe~ 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 expansion stress are· symbolized. by Pe• 

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

---·· __ ._-:::,_• !-.-.:_.~.::--_.:!·~. ~- .• -.::.--:::: ~--·:.~----..;.~.--
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3. peak Stresses 

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

Code Stress Limits for Material Other Than Bolting Class 1 components 

current code stress limits depend on _the code class and service levels 

being considered. Design stress intensity values~ s , for Class 1 compo- · 
m . . 

nents are given in Tables I-1.1 and I-1.2 of Appendix I of Reference le for 

ferritic and austenitic steels, respectively. For materials other than 

bolting 1 the design stress intensity value S is essentially the .. lower Of 

1/3 (UTS) or 2/3. (YS) at design temperature ;or ferritic steels. (l) For 

·austenitic steels, S is the lower of 1/3 (UTS) or 0.9 YS at design tempera-m 
ture or 2/3 (YS) at room temperature. (2 ) 

Assuming that S is essentially the lower of 1/3 (UTS) or 2/3 (YS) , · 
m 

then the stress limits for the various service. tevel .·loads and stress category 

combinations for materials other.than bolting·may be.summarized as follows: 

l. Design condition (See Figure NB-3221~1 [lb]) 

Limit Stress Category 
Primary Stresses Tabulated 

Pm 

PL 

··PL·+ Pb 

1.5 

1.5 

1. See III~2110(a) of Reference le. 
2. See III-2110(b) of Reference .le. 
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of Stress 
YS 

~ 2/3 

~ YS 

~ YS 

Intensit:f: 
UTS 

(YS) < 1/3 (UTS) 

-~ 1/2 (UTS) 

. ~ 1/2 (UTS) 

• 
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2. Level A and B Service (Operating and upset conditions) 
(See Fig. NB-3222-.l [lb]) 

Stress Category 
(a) Expansion Stresa Intensity 

Pe 1not for vessels) 

(b) Pr~mary and Secondary 
PL + Pb + Pe+ Q 

(C) Peak Stresses(2) 
. PL +Pb+ Pe+ Q + F 

Limit of Stress Intensity 
"Tabulated YS UTS 

3 Sm <2 ys ~ UTS 

( l) 
3 Sm ~2 YS 

(3) 
Sa . (See ·fatigue curves, 

Fig. I-9~0, Reference le) 
:) 

3. !.evel A and B Service Limit"s for Cyclic Operation (NB,-3222.4) 

Unless the analysis for cyclic se~vic~ is not required by NB-3222.4(d) (1) 

through NB-3222-4(d) (6) [l], the ab~lity: of the component to withstand cylic 

service without fatigue failure shall be demonstrated by satisfying the 

requirements of NB-3222.4(e) as follows: 

1. 
2. 
3. 

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

b. use stress concentration .fac:tors to account for· local structural 
discontinuities, as determined by.theoretical, ·experimental, 
photoelastic, or numerical stress analysis techniques. Experimental 
methods shall comply with. Appendix II.:.,1600, except for high S·trength 
alloy steel bolting, for which NB-3232 .• 3 (c) shall apply. The fatig.ue 
strength reduction factor shall not exceed 5, e_xcep~ for crack-like · 
defects and for specified piping geometries given in NB-3680. 

c. Design fatigue curves in Figure I-9.~0 for the various ma~e.rials shall 
be used to determined· the number of cycles Ni for a g_iven al terna-. 
tirig stress value (Sa1t> i·· The alternating stress determined 
from the analysis should b~ 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 desi_gn fatigue 
curve. 

3 Sm may be exceeded, provided the conditions of NB-3f28.3 ar.e satisfied.· 
For· cyclic operation. 
2 Sa for full·range of fluctuation. 
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d. Cumulative usage for multiple stress cycles is.be determined from 

U = Sum of (Mi/Ni) 

where Mi. is·. the expected number. of cycles associated ·.with·· 
(Sa1t> i a_nd Ni is the corresponding number of .cycles from. the · -.. 

_design fatigue curve. The cumulative usage factor u shall not-exceed 
l. 

4. Level C (Emergency Conditions) 
(See Fig. NB-3224-1 [lb]) 

Stress Category 
Primary Stresses 

l>m (pressure and 
mechanical) 

Pm (pressure - only 
for ferritic 
material) 

. Secondary /Peak 

Limit 

1.1 s~ or 0.9 ys(l) 

1.8 Sin or 1.5 YS (1) 
. 0.8 (collapse load) 

·1.8 Sm or 1.5 ys< 1>: 
0.8 (collapse load) 
4.8 Sm , 

Type of Analysis 

Eiastic · .· 

Elastic. 

Elastic 
Limit 

Elastic · 
"Limit 
Triaxial. stresses (2) 

Evaluation not 
·required 

Bolting Material Stress Limits -·Class 1 Components (NB-3230) 

Desi9ri conditions 

Pressure-retaining bolts are designed in accordance ·.with the procedures 

of· Appendix E {le], which account for gasket materials and design as well as 

bolting in_aterial stress allowables given in Table. I-1.3 of. Reference le, which 

are based on the lower of: 

'i/3 (YS) .at room temperature 
1/3 (YS) at design temperature (up· to 800°F) • 

1. Whichever is greater. 
2~ Based .on. sum of primary principal. stresses. 
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Level A, B, and c service Limits (NB-3232) 

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

and differential thermal expansion may exceed the allowables given in Table 

I-1.3 as indicated below: 

a. Average stress (neglecting stress conq~mtrations) shall. not exceed 2.
times the Table I-1.3 [le] values, 

(Sb) < 2 (YS) 
avg 3 

b. Maximum stress at bolt.periphery (or maximum stress intensity if 
tightening method induces torsion) due to direct tension and bending 
shall not ~xceed 3 times the value given in Table I~l.3 [le],. 

(Sb) < (YS) 
max 

Fatigue Analysis of Bolts 

Fatigue analysis of bolts is ·requir~d un],.ess all the conditions of 

NB-3222.4l(d). (l] are satisfied. Suitability for cyclic service of bolts 

shall be determined as described in NB-3222.4(e).and as follows.(NB-3232.3): 

a. Use the design fatigue curve of Figure I-9.4 [l] using the appropriate 
fatigue strength reduction factor described in NB-3232~3(c) for< 
bolting having less than 100 ksi tensile strength. 

b. For high strength alloy bolts, use Figure I-9.4, provided that (l) 
the nominal stress due to tension and bending does not exceed 2.7 
Sm for the upper curve or 3.0 Sm for the lower curve, (2) the 
minimum thread root radius is not less than 0.003 ,incties, and (3) the 
ratio of the shank fillet radius to the shank diameter is not .less 
than 0.060. 

c. For bolting having less than 100 ksi tensile strength, use a fatigue 
strength reduction· factor of 4 •. 0 unless .. a smaller factor can b.e 
justified by analysis or test. For high strength alloy bolts~ use'~ 
fatigue strength reduct.io'n factor not less than 4. d •. 
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Code Stress Limits - Class 2 and Class 3 Components 

De sign Allowable ·stress Values 

Design allowable stress value.s are given in Table· I..,T.O(l) for·Class 2 

and Class 3 and. in Table I-8 .O for Class 3 component materials. · These design 

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

stress intensity values for Class l components. 

L Ferritic Steel Non-Bolting Materials 

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

III-3200 [le) for ferritic steel non-bolting. materials is the lowest of: 

1/4 (UTS at room temperature) 

'1/4 (UTS at temperature) 

2/3 (YS at room temperature) 

2/3 (YS at temperature). 

2. · Austenitic Steel Non-Bolting Materials . 

. . The stress allowable for austenitic steels is the lowest of: 

1/4 (UTS at room temperature) 

1/4 (UTS at temperature) 

2/3 (YS at room temperature) 

· 0.9 (YS at room temperature) • 

· 3. .Bolting Materials . 

Design stress allowabl~s. f9r .bo.).ting·ma_terials. 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). 

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-LO, i.e., the.same as for Class ·1 comp6nents •. : 

~nklin Research Center 
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Level D (Faulted Condition) (Appendix F of Reference le) 

The rules for evaluating level D service. conditions are contained in 

Appendix F of Reference le• ·Only limits dn primary stresses are prescribed; 

thermal stresses are not considered. When compressive stre·sses 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 anaiyzed elastically or 

inelastically. 

Elastic System Analysis 

For an elastic system analysis, the component design limits for level D 

conditions. permit pla.stic deformations based on loads or stresses determined 

by: 

a. Elastic Analysis: in which the computed primary stress appears to 
exceed the. YS by as much a.s 6~% bU:t remains within 70% of the UTS, 
except for piping in which the pressure does not exceed two times the 
design pressure, in which c·ase the primary' stress computed by · 
Equation 9 of NB-~652 should not exceeed 3Sm (2 x YS). 

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

c. Stress Ratio Analysis: which is a pseudo-elastic .. analysis method 
utilizing the techniques and curves given in Appendix .A-9000 [le] , in· 
which the apparent stres5( 2) is limited to. the lesser of 3 Sm or 
0.7 Sn except when·the methods of A-9000 [le] permit higher limits 
when the type of stress ·field is .taken into accoun.t. 

Inelastic System Analysis 
., 

·When a system is analyzed inelastically,' the level D primary stress or. 

load limits for components permit plastic deformation depenaing on the 

component.analysis methcid as follows: 

1. A load which is in equilibrium with a system of stresses which satisfies 
equilibrium everywhere, but nowhere exceeds the YS ·at or below the 

, __ ,co,llap ~e·"'l9_ad .,_.,, .- . -·. __ ... -~'-···""'"' __ ,__,_·"·~=~·.=-~" ·=~~--~-· .. .. ·.o···~=~·----· ---···='·"-~"- ·-~- ····'·-~· ·--
2 •. Computed,value of stress assuming elastic.behavior. 
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a. Elastic Analysis:. in which the. computed primary stress intensity is 
limited to the greater ··of 0. 7 UTS or YS + ((UTS - YS) /3). 

b. 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 •. 

c. Stress Ratio Analysis: as described previously. 

d. Plastic Instability Analysis: in which a plasticity analysis is used 
to determine the load, Pr for which the deformation increases 
without bound. The load P is limited to 0.7 P1 or YS + (S1 - YS)/3 
where s1 . is the· true effective f?tress associated with plastic 
instability. 

e. Strain Limit Load Analysis: in which the load P. is limited as 
described in (d) but not to exceed Ps associated with a specified 
strain limit. 

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

··Comparison with Past Codes 

·The fundamental differences between current and _pa_st codes with regard to 

stress limits are summarized .. as follows: 

1. The current code .for Class 1 items is based on the maximum shear 
stress theory of failure •. ASME III (1965): is based on the saine 
theory for Class A (equivalent to Class 1) v~ssels. B31.l (1955) 
piping code is based on maximum .normal stress theory of failure. 

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

3.· The current code for Class 1 items considers primary as well ·as 
secondary stresses and peak stress categories, as does ASME III 
(1965). B31.l (1955) power piping code does not consider peak 
stresses. ASME I (1965) consider.s (for piping) primary membrane 
stresses ·due to pressure only, .except for mitered. bends where the 
required thickness for a· straight pipe is muitiplied by. a factor, 
(k - 0.5)/(k - 1.0), where k is the ratio between the radius of the 
bend (from center of curvature to center of pipe) 'to the inside 
radius of ·the pipe. 

4. The current code for Class 2 and 3 vessels considers primary stresses 
for size selection, as does ASME III (1965). (l) The current code 
for Class 2 and 3 piping considers primary and secondary stresses, as. 
does the past piping cod.e • 

. 1. Unless. ·the vessel is designed in accordance with the alternative NB-3200 
·rules which are based on primary, secondary, and _PE:!ak_ stresses .• 
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5. The currerit code gives stress lim.its for the design condition as well 
as for service levels A and B which are equivalent to 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 over.all gross deformations that may require replacement· 
for service level o. The ·equivalent of service levels C and·o 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 Reguirements 

- Welding niaterials mu_st currently satisfy the qualification requirements 

of Section IX of the ASME B&PV Code as well as the mechanical property and 

chemical analysis test requirements of NB/NC/ND-2430. [l]. 

A determin.ation of delta ferrite shall be performed for· A-No. 8 weld 

material (see QW-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 th_e 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. 

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 is 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. 
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It is recommended·that the FSAR be carefully examined for radiography 

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

as Class l 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.a welding rod with at least SFN 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 flang·e connections ·with unu.sual features such as 

a very large diameter or under unusual conditions such. as high pressure, high 

temperature, or severe temperature gradie~ts. 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 pre load greater than L 5 times the design value. This · 

practice is permitted provided that excessive flange distortion and gross 

crushing. of the .gasket is prevented.· Bolt relaxation. unde~ high temperatures 

should also be investigated. Methods for assuring adequate bolt tightening 

·for large diameter bolts are discussed in Appendix 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 1 piping design requirements are'given in NB-3600 of 

Reference lb. The fundamental differences between current and past require

ments are that: 

1. 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 
current code are equivalent in principal to ttfe stress 
intensification factor i of the past code [4]. The 
current code magnifies gross discontinuity stress by (l) 
multiplying Ci by a local stress index K.. The past code 

·considers the effect of cyclic loading bj 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 ~50,000 cycles. 

Figure A4-2 shows .a plot of the allowab°le expansion stress 
based on the past code and labelled past ''fatigue" curve .. super
imposed against the design fatigue curves for carbon, low ) 
alloy, and high tensile steels (Fig. I-9.1 of Reference 
le) of the present codes, labelled current fatigue ·curve. 
The pa.St "fatigue" curve is based on a 70 ksi ultimate·. 
tensile strength (UTS) material whose allowable stress range, 
SA,(.2) is f (l.5)(UTS)/(4) (0 .. 9) ·where 0.9 accounts for 
the efficiency of a wel_ded joint, and f depends on the number 
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 alternating stress fur a given number 
of cycles. K varies between K(lO) = 25 and the K ·c1,ooo,ooo) 

·= 1.0. Notice that K is, the aliowable local seres~ index for 
a design which is based on the past code·· . .:i.nd being evaluated 
in light of the present code, all other things being equal. 
Assuming that for most piping systems the t:'.aximum local s~ress 
index is not likely to be higher than_5, but higher than 1.4,. 
we conclude from Figure A4-2 that· piping systems designed _in. 
accordance with the ~ast and the present code: 

a. are conservative for services with less b.han_500 ~ycles 
. . 

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

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

·-
1. B31.l (1955) only; ASME I (1965) does not explicitly consider cyclic loads. 

2. SA = f (1. 25 Sc + 0. 25 Sh)~ Us.ing Sc approximately equal to Sh and 

~h 2. Q.9JlL~._1JT~). ~j,Y._~s. §A.:3,,J, ,(L 5,<~~-U .. ~)_g:.?_:_ .. ,_:.---~.·-~:.,,~ _. 
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PAST CODE CONSEAVA TIVE ' _ _., ........ 1---+---- PAST CODE MAY 
(L.ESS THAN 500 CYCLES) BE UNCONSEAVATIVE PA~T 

CODE PROBABLY 
103 0---~--------------0----+---------+----------UNCONSEAVATIVE 

(BETWEEN 500 AND 100,000 CYCLES) 

CURAENTFATIGUECUAVE 

K(1000) == 3.75' 

PAST "FATIGUE" CURVE· 

30: 24 

FOR SIGNiFICANT 
LOAD Ct-tANGES 

· (MOAETHAN 
100,000 CYCLES) 

K(10. 'l\~ l.O 

. . ------·1r · 
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NOTE: f == 30 >< 106 ksl 
__:.;:.;__ UTS ~ 80.0 ksl 
- - - UTS 115.0-130.0 ksl 
lnterpo'1ate tor LITS 80.0-115.0 ksl 

Figure A4-2. Design Fatigue Curves for Caibon, Low Alloy, ~nd High Tensile Steels 
(For Metal Temperatures Hot· Exceeding 700°F) (Reference 4e) 
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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 S . . p 

The current secondary stress indices c .. are either equcil. or 
less than twice the corresponding stregs intensification 
factor i of the past code. This implies that expansion 
stress computations based on the past code are conservative 
from the viewpoint of margin against excessive distortion. 

NB-3653.2 gives a simplified expression for S which conservatively 
p 

estimates the sum of primary ·and secondary and peak stresses. as fol'lows: 

s = p 

+ 

+ 

+ 

where: 

p D D 

Kl Cl ~+ 
0 M. K2C2 21 2t· l. 

1 
K3EajllT1 i 2 (1 - v) 

K3 C 3E ab x I a a Ta - a0 Tb I 

1 
EaillT2 1 · (1 - ·v) (1) 

llT
1 

= linear portion of thermal gradient through the 
thickness 

llT 2 = non-linear portion of thermal gradient through 
the thickness 

M = 
i 

resultant .range of moment due to service changes 
in temperature i llT. I or mechanical loads such as 
earthquake l. · · 

· P = range of service pressure 
0 

v = 0.3 

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

D =outside diameter of the.pipe_ 
0 
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t = nominal wall thickness 

I = sectidnal moment· of inertia· 

Ta(Tb). =range of average tempera~ure on side a(b) of 
· gross structural .o·r,:material· ·discontinuity. 

·Values of stress indices for the variouS piping elements are given in Table 

NB-3682.2-1 of Reference lb and reproduced as Table A4-8. For the purpose of 

the discussion which follows, (l) the fourth term in the expression for S · is 
p 

neglected since it is atypical. 

The past piping code ( 4] sets limits. oh the first two terms in the 

expression for S which will be derived herewith. Equation 13 of Section 6 of 
. p 

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

where: 

~ . 

s = i - < s 
E Z - ·A 

resultan.t moment due to change in 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 
maXimtim.normal operating temperature plus move
ments· of pipe ends attached to equipment.) 
Note that Mi= ~Zi•Mb (approx) where: 

ti T. 

A2i = [(T) -l.70°F] 
0 

Z =section modullis.of pipe= ·cr)/Co /2) 
. 0 

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

Substituting. the expression for Z in SE, we obtain: 

. , . 

Comparison of the stress intensification factors, i ... given in Section 6, 

Fig•.ire 2 [4] with the stress indices c 2 given in Table NB-3682.2-1 reveals that 

c2 is approximately 1. 9 x i. 
! _. 

· 1. This"- discussion can be used·.to ·compare curre?-t requirements. w.ith piping 
designed to B31. l (1955). It . is not applicable to piping designed to 

. ASME T (1965). 
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Note further that the limit on S is: 
c 

where: 

S = allowable stress in cold condition c 

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 - r 

No. of Full Temperature 
ex: cl es over Exoected Life 

7,000 and less 

14,000 and less 

22,000 and less 

45,000 and less 

-100,000 and less 

250,000 and less 

Stress Reduction 
Factor, f 

1.0 

0.9 

.- 0. 8 

0.7 

0.6 

0.5 

Note chat for ferritic steels, both Sc and Sh approximately equal 0.9* (1/4 UTS) 

such that:. 

SA = 1. 5 f(O. 9) ~S = 0. 34 f(UTS) 

(ferritic steel) 

4 For austenitic steels, Sh is approximately.equal to S Sc so that: 

SA= 0.33 f (UTS) 

(austenitic steel) 

*The factor of·0.9 is used to account Jar a butt-welded joint efficiency. 
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Table A4-8 

Tabl• NB-3682.l-l SECTION Ill. DIVISION I - SUBSECTION NB 

TABLE NB-36822·1 
STRESS INDlCES FOR USE WITH !::QUATIONS IN NB-3630 

lntemll 
Pressun 

P!pi119 Products and Joinu s. 
Stni911t pipe • ..-u from Wilds or other 

discontinuitlft 0.5 
Girtll butt Mid b- strai911t pipe or b~ 

pipe and butt -idln9 comporMnU.ua 
(a) flusll 0.5 
(b) as welded t>Jtl.b in. (and &!tSO.J.] 0.5 
(c) u welded t;S3/l& in. (or.&lt>O.l] 0.5 

Glrtll fllltt Mid ta sodctt wetd ~ 
sllp on flanges. or -at Mfdin9 
flanges 0.75 

lon9itudlnal butt weldS in straicJllt pis-' 
(a) flusll 0.5 
(b) as we!dld t>31lb in. 0..5 
(c} as welded tS311b in. 0.5 ' 

Taiiencl tnnsitlon joints pet' NS-25 
'and F"19- ~ B-423J. llAll 

(a) flusll or no girtll weld dCISlf' t11an y;i· 0.5 
(b) as welded 0.5 

Brandl aiao11Ctlor1S per NB-3bo63J.11 1.0 

eiu-1 pipe· or butt Mfdl"9 etbawl P8' 
ANSI Blb.9. ANS1 Blb.28 1.0 
or MSS SP481&U 

Butt·weidlnq·tHS ~.·ANSI Blb..9 
or MSS SP481&U l.O 

Butt·wttdi!ICJ n!dUcm per ANSI BU.9 
or MSS SP4810.U l.O 

NOTES: 
( 11 <al Th• ,,..ua of K, .,,_,, tor tft.,. eompgnenu an 

aootiamt• for eomoanena wit" out at raundnm not· 
··gnnitef '"an O.OSt, whmt out at roundneu is defined as 

o'" .. - o.,,;,,. and 

Dmn • maximum outside dianw1.et of croa saction, in •. 
Omift • ".ft'lnimwn outside diamater .oi croa section, in. 

~ • nciminal watl thicknaa, in. .. 
(bl If tfte cross Sft:fian is out af round svdl tftlt t"• r.rca 

wction is aogrgxirnat9tv liliptiCll, an al'Cllllftbl• value of 
K, mav bl 'lbained bv muttiQlvi"9 ·,,.. tllbulatld values 
ot K, 0v tM facror F, •' . 

c. 

1.0 

1.0 
l.J. 
l.J. 

z.o 

1.0 
l.l 
1.4 

z.o 

21f., 
'WM=' 

u 

II 

(Not. Applicable .for. ;D,tt>lOO) - ; 

M-t Thermal 
L.oadlll99 IAading 

K, St c. Ka c. c. Ka 

l.Q• 1.0 1.0 1.0 1.0 1.0 

• 
1.1' l.O· 1.0 1.1 1.0 0.5 1.1 
u• 1.0 1.0 u 1.0 0..5 1.7 
J..21 i.o 1.4 2..5 1.0 o.! 1.7' 

3.0 u Z.l z.o 1.8 1.0 3.0 

l.l' 1.0 1.0 1.1 1.0 l.J. 
1.2'. 1.0 1.2 1.3 1.0 1.2 
2..5' l.O 1.2 1.3 l.O l.2 

"l.2' l.O • 1.l l.O 1.1 
1.2 l.O l.a 1.0 l.7 

l.7 l.8 ' 1.0 l.7 

l.O' .. l.O 1.0 0.5' l.O 

4,0 l.O i.o 0..5 l.O 

.. l.O 
,, ,. l.O 0.5 l.O 

!cl If O.,,.,. - Om1n. it not QreatBI' then 0.08 0 0 , and ac
, "'"'1ablo value at K, mav b• abtaintid bv muttillivin9 me 
tattulated valua ot K, bv me tactor F, b' 

..!!.!:L F, b • 1 + P Oa12t 

wnerw M • 2 for ferritic neets end nantencus rnnerialt 
tacevt niclcet-dlrom9"iron alloys and 
Micket.Croft<hrarn• alloys 

M • Z. 7 far aunenitic stnlt, nickel-dlramiu,...;ron 
allovs. and nic:l<et.Cran-cl'lramium atlavt 

Sy • yield menqtr. it dorsivn tempentUr•. psi 
(Tabla t-2.01 · · 

P • Oesign p,....,,., ps; . . 
o~ and rare dtfin.d in lal and lbl. 

121 Welds 1n accoraal'Ce wi:h tfte reauiremena at this 
·Sut!SKtian. 

wnwe o0 • nanun•' outside dianwt•, in. 
fl • 1nurrna' prnsure, ~• 

<usa maximum value of -pressu.ru .in the loed 
evcto undar c~n1ideratiant 

E • modulus ot etasuc:1 rv of matef'ia( at room tlPtfto

peraiur•. psi • , 

oU.'ar symtxils "10 defined in (al. 
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!al Flralt -dS ate d.tined H t"ase -•di wnu:ft have betft 
ground an batn inurriot 3nd t!Xtctio~ surfaar to re:now 
Wldtd irngutarmn .Jnd ai;,ruut cnanc;es in ..;al"tout duo to 
miutiqnment. Thic).nes :1f wetd ·r..tnforcen.n1 hotat · 
iniide ~nd ouuiattt shall not i.:x(."C:t.:d 0.1 r. No c:cncavitv 
On·1ne·rcio1 liH..te ta aetm1tt~. Tho finisnuj ·contour small 
n0where ~ a. dooe · (;ingle !'T'tea1ured from t~ngent to 

-



' 

l • 

' ·., 

i 
l 
i 
l 

·! 
""; - .---· :1 _.- ;-::.. 

•• i 
! 

,, 

Table A4-8 (Cont.) 

. NB-3000 - DESIGN Table NB-J682.l·l 

surlaa ol 11ige "'· on ta- transition side of -'d, to 
me nominal transition sur1 ... 1 gra- titan 7 deQ.. --di-. 

(bl ~dad is dr.lned 11 _.di not meeting Ille Sl)Kial 
~a far flum - A1 tit• intenec:tion al a 
longil\ldinal bun - in stn1i9lll· pige witlt 1 girtlt bun 
- or girtlt filln -d. 

S, •O.SandB, • 1.0 

Tha C,. K,, C,. K,. and K 1 indlceasllall be tlte 11toduct 
at ttt• ,..._;,.. indiet11 far' tit• longitudinal _.d and 
ginl'I -· For ,,..,..ate, u me interHCtion of an 
-dad girtll bun weld witll an .. -«I longitudinal 
bun weld, C, is 1.tX 1.1•1.21. C1 fQ# 1 girtll fillet
innneciing • longitudinal - sNll be taklft a 2.0. 

(3) TM ..._ indietll g;,,... are alllltic:eble only ta brandl 
aant.aio111 in stniiqllt lliDll wit/I btancft axis normal 10 th• 
llioe surfacl and w11idl ,,,.. tit• dimonsional requi.......,a 
- llmimions of N8.J688 and Fig. N8.J688.t-t. 

141 R • cu.- llioe or etbaW radius, in. 
' • n-. radius at crau .-ctian. ill'I • 

• ID~ - rl/2. - r • "OlftiMI _, tt\ickMSI 
,15) TM · - of rno,,,...t, Mt•· sllall be obtained from an· 

_.,... of tM piping SVlftm in aci:ordanct witlt NB·:l672. 
Alt is defiMd 11 tit• range of '"°"""t loading aQPlied during 
- soecifiad .,_ftlJ cvcse. 

Air~ morNnt 1t Paint A 

Mr•'-'M, i+M1 i .. M, i 

ftlt•morNntatPaimA 

Mt •-v',v, i .PM,! .,y1 i 

• 

. 

. 

·. 

,,,~ 

M- c:alcvlatad tor goim u intenee:tion of ""' . and· 
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ForM11 

M, .• :JM2 zrtM1 yr+M1
8 ~ nnuJcaftt monwm on run 

. ...._,,,,,,. Myr and Mzr ua d.,.,.,,;nad 11 fOllowe: 

If M/, and_M1, - the...,,. algabtaic siqn, ,,,.., M;,-0. II 
,..,,, and M;, 1t1w difftr9nt 119eor1ic ,;gns, tn.,:YM1,·is th• 
smallar of M/1 .°' M;, wnera i • "· y. z . . 

- . - . . \. 
For bnndl connections of tHS, the M; torm of Eouations 

191. 1101, 1111. ot 112l shall be ntOlac:ed bv the toua-ng 
llll'" of terms: 

Eauatiorl 191 

Eouati~ 1101 & t12l 

Eauation(111 

-
z, •wRm'T• 

For tnndl connections'*' NB..J~ - Footnote 3 aoow 
r',,,_ T'IJ. .Rm• and T, art defined in Fig, NB-3686.1·1 

For bun~ftlJ !HS "91' ANSI 816.9 or MS SP 48: 
r'm • - 1'9dius at desiqnatad br1nt:11. 11iD11 
T' 11 • nominal ..ii tnicknau of deliqnatad btancn 

t>ioe . 
Rm • man 1'9dius of dftirJnltad run piaa 

T, • nominal -• tftidtneu of dfti9natad run lliaa 

· (8l lndiet11 are 1pplicaa1e to tapered transition joina ..;tn • girtl'I· 
bun - 1t tne tftin lftd of tn• 1nin11tian. · 
C, • 1.3 + 0.003 10.,ltl + 1.S 16/rl 

but not gra-tllan 2.0. 
C, • 1.4 + 0.004 10.,ltl + 3.0 16/tl 

but not grater tnan 2. 1 
C, • 1.2 + 0.008 10.,ltl 

171 s,IJ • 0.75 C, 11 but not llSI tnan 1.0 
8" • 0.75 C,, but na1 less than LO 

·c,o • 31R,,.IT,.1'1 ' lr;,.;Rml"' 11"11"7',.I l,.,,.lr,ol. but not 
1eu1n ... 1.5 
R,,,. T,. r',,._ ·rt,, and 'P at• dll'fined in .Fig. 
NB.J688.1-1 · 

K11J • 1.0 . . -
c,, • 0.8 IR,,.;T,l 111 lr',,.IRml. but not less tt\an 1.0 
K,, • 2.0 

· Tiie orodUCI of C1 ,K1 , s/1111 be 1 '"'nimum of 3.0 

.1.9!5 
181· C1 -~ .butnotl1S1tllan l.5:81 •0.75C, 

rR··:·. .. 
/J1 • ~ ~ wtt .. t •nominal pioe wall t.,_icknea 

· ,. · - R •bend radiu. of cut"Yed p1oe or elbow 
. r • mean pipe radius 
.•10.,-1112 

-::,._----~-.-·--
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Table A4-8 (Cont.) 

TableNB-~1 SECTION lll._DIVISION I - SUBSECTION NB 

!91 s,b • s., • o.15-C,a . 
c.a·. C,, • 0.67 IR,,,lr,J"'. but not IHI theft 2.0 

R,,. •,,..., ;lldius af.dft19Nted run llioe 
T, • nominal .-ll tftocluMQ al ddigftated run pipe 

"·". ic., • 1.D . 

(101 TM K indicn g; ..... far fittings - ANSI 916.9. ANSl 
S16.28.arMSSSP48aPOIV anlv ta snmleafinini;swill'I no 

connections. amcnmenu. ot otn• extl'8fMIOUS rrnta raises 
an tlte bodies ,,,_,_ For. litti"91 witft IQftCJil\IClinef· butt 
-4dl, th• IC indicn .,,.,_ shall be rriultiolied by tlle I .·1, far 
flm/I ~ n d•fiMd in ·Nat• 2; by 1 .l for .wldl not 
,.,.ti"9 tlte r1Qui,.,..et1ts far flrnll -. 

(111 TM m'ftl indicft given l)nldicl smua whicl> occur in lite 
badv at a fittinq. It is nat teCNir9d ta take the l"Qdu.:i af 
strlSI indic:n far two c:iiping c:iroauc:rs SUClt u a tee and a 
•llducer. or a •• and a girth butt - when -did tagell'ler 
ucacn tar the case af cu"'8d e>ipe ar butt ~ng el- _.did !OCJftllet ar joined by a l)iece al str11igftt pipe 
the lenqth at -icn is IHI than 1 c:ijpe diameter. For this 
11MCiiic ca• the strea index far the curwd c:iioe or butt 
>Widi"9 tlbOw myst be rnultie>lied bv that far th• girth butt 
_.d. Excluded tram tnis rnu1tip1ic1tian are the 8 1 and C' 1 

indiceL Their value is ta be: 8' • 1.0, c· J • 0.50. 

(121 6 is d9fined u the .,,.,.;,,,..m _..,;uiOle mismatch a -
in Fiq. NB~233·1. A •11"8 of o IHI than l/32 in.·mey be 
umd ~ th• ,...11., mismatch is specified far 
fallricatian. Far f/u#t -· defined in laotnat• 121. & """' 
betaitet1anro. · 

. (131 lal N__,. 

0,12 

r1 

,fil 
r2. 

r, • nominal wall tfticknni, large lftCI 
t ~ • narni" .. waU. tl"lickMU. sm•U t!ftd 

0 1 • "°"''"-* outsrd• diametltt'. larqe end 
CJ: • "°'"i"al autsade diameter. sm•• end 

a • COM i1'9e. oeq.. 
4; 

o.p 

·-. - lbl The indices ;n.en in lcl and (di •OPlv ·if tft• fallawi"9 
conditions are met. 
111 cone a"91•. ,, • dOft nat ••c:eed 60 d19- and ,,,. 

reducer is cancrntric. · : · 

(2J The -11 thicknfts is not 1.U than r,'" 1hro1o19l1out the 
badV al · tft• redYc.er, ••CllPt in and immedlamy 
adjacent ta the eylindrical P«tian an tne tmaJI-. 
"'*'.,. :rw thickneu shall nat be IHI than r,,,,. Wall 
thick- t,m •nO r,,,. .,. ta be atnained bV · 
Eaua1ian 111,NB·31M1.1. 

.rel Redltcln in whicl> '• and'• .. 0.10, 

C, • 1 •'l.0058o.;'O,,Jtn 

C, • 1 •0.38G'tD,,lrn10.4ID,ID, -0.51 

wl'JlteD,,lrn istMl1f9WafD,lr, anc10,1r1 • 

(di Reavain in w11ich '• lltd/or '• .<0.10, 

C, • 1 • 0.00465cl' ... ' ID,,lrnl.,.. 

~1 • 1 •0.0185a .. ./D,,lfn 

wlleN D,.ltn is the 11r98f al D, Ir, and D11r1• 

(141 Th• K indicn ;iwn in (al. (bl. and !cl applv far ..aucers 
nncntlCI ta th• c:onnecri"9 pipe with l/u#t ar ,.,_ded 
girth -tds u defined in footnote !21. Nan tftat the 

connecin9 girth -d mua also be ell.eked saoarirnlv far 
c:amPl1-

IS6 

(al F01' · r9duc:9n c:annealld ta pi1111 will'I flu#t ginft bun -1: 
. '-

K, • 1.1 -0.1 ---. butnat ilSlth .. 1.0 
. .Jo~'" 

-;· Lrpl../D;,:,,. is the smaller af 1..,1 .. /ii';f, tnd 
L,I D 1 r1 • · . 

(bl Far r.wc.n eannectlid ta 1>i1111 with -• glnfl 
bun _.di..,,.,. r,. r, > 3116 in. and .s,;r,. o1 /r1 .; 

O~: . 

. '-
K, • 1.2-0.2 ~. butnat llSlttlan 1.0 

·vDmlm . . 

l.m 
K, •.1.8-0.8 ~ ,butnotlts1tn.n 1.0 

vumlm 

· . V l.inl../Dmlm ~ the smaller af 1..,1..;o:t, and 
·. l.,/. o,r,. : . 

!cl For rtlCl\IClll'I connected to pipe w>m .-am girth 
·bvn-•ds.wherer1orr1 c:;Jl16in.aro·,tr, oro 1 /r1 > 
0.1: ' 

l.m 
K, • 1.2 -0.2 ~·but not lni man 1.0 

-./Dmlm 

l.m 
IC, • 2.5 - 1.5 -=-- . bu< nat IHI than 1.0 

,/D,,,tm 

.· - . l.,,.l../Drnlm ~ tll• smaUer al L, 1..;o:t, and 
1.,°;.;o;;;.. . 

~nklin Research Center. 
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Noting that M. = \.K and conservatively assuming that a nuclear power plant 
l. l. 0 

designed in 

c
2 

:: 1. 9 i, 

accordance with past codes is such that SE = SA and recalling that 

the second term in the expression for S becomes.: . . p 

1.9. (i ~~ l\) 
(2a) 

for ferritic steels 

0.63f \Zi K2 (UTS) . (2b) 

for austenitic steels 

Past piping codes determine pipe thickness in accordance with the· formula{ll 

PD 
t 

0 + c 
m· 2(Sh+0.4P) 

(Equation 1, Section 1 of Reference 4), 

where: 

P = design pressure 

D = outside pipe diameter 
0 

C = allowance for co~rosion 

sh = allowable stress at temperature 

t = minimum pipe wall thickness 
m 

When C is small compared to the thickness and 0.4P is snall compared to 

S, the minimum thickness is approximated by · 

t 
·m 

PD 
... 0 

2S 

Since the actual pipe thickness, t, is not less than t ·we have m' ·. 

1. 

PD . 
~ < s = 

. 2t - h 

1 
# (UTS)(0.9) ferritic steel 

; (UTS) (0.9) austenitic steel 

Based on y = 0.4·for ferritic materials below 900°F. 
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Assuming that the range of se,rvice pressure P is a fraction X. of the design. 
0 l. 

pressure, we have 

p D 
0 0 

2t 

!...PD 
l. 0 

= --ze- < A.S = 
h 

1/4 A..(UTS)(0.9) ferritic steels 
l. 

1/5 A..(UTS)(0.9) austenitic steels 
l. 

so that the firs·t term in the expression for S may.be pilt in the 
p 

(p D) l' (UTS) k1c1 (0.9) ferritic steel 
KC ~ =4 1 

l 1 . 2t ' 1 
(UTS) rs,c1 (0.9) austenitic steel . 5 "1 

form 

(3a) 

(3b) 

Substit~ting Equations 2a and 3a on Equation 1 and neglecting the fourth term 

in Eq.uation 1, we obtain: 

(la) 

for ferritic steels. 

Similarly substituting Equations 2b and 3b ·in Equation 1 and neglecting the 

fourth term in Equation 1, we obtain:. 

(lb) 

for austenitic steel·s. 

These expressions can be further simplified by noting froI!l Tables I-5. O. and 

. I-6. 0 [le] (Winter .1978 Addenda) that: 

---'E;;...a_· _ = 27.9 x 10 3 x 7.3 x 10-
6 

(1-v) 0.7 

· · ksi · · ·. 
Q. 291 --·. · ·for. ferritic steels 
. . OF,: . 

' Ea · 28. 3 x 103 ·x 9. 4 ·x. lcf''" 6 
----·· = (1- v.) 0. 7 · 

·ksi ·. 
= 0. 380 for· austenitic steels· 

OF·.·· 
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Substituting appropriately in Equations la and lb and multiplying the second 

term by 1. 3 to account for movements of pipe ends attached to equipment, we have: 

where: 

+ 0.291 IAT2i + 0.145 K3 IATll 

for ferrltic steels 

. for ~ustenitic steels 

>..
1 

=. (range of se.rvice pressure)_/ (design pressure) 

UTS = ultimate. tensile strength of .material at 70°F 

f = stress-reduct.ion factor (see Table A4-7) 

p 
0 

p 

· >..2i = [Change in te~erature for i th servic~ cycle] divided 
by [maximum operating temperature - 70°F] 

=!AT.I I i<T) . - 70°Fi 
i o max 

K.. C K. ·I ·'T I K I AT I = previously defined. ·1• l' 2' u 2 , 3' u 1 

(la) 

(lb) 

The alternating stress intensity, Salt" is one half of the peak stress 

intensity, S · that is:· 
: p' 

s ' =ls 
alt 2 . p 

For a given value of alternating stress corresponding to actual n. service cycles, 
. l. 

the number of such cycles N. allowed may be found-from the applicable design 
' l. ' 

fatigue curve, Figure I-9.0 [le] .. The usage factor for the given n. service 
l. 

_cys~~s is defined as: 

n. 
l. U. 

l. 
=-

N. 
l. 
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The cumulative usage factor, U = l:U. shall not exceed 1. 0 as required by 
l. 

NB-3222.4(e)(5). of Reference lb. 

Equations la and lb may be used to evaluate Class 1 piping designed in 

accordance with past code· requirements· 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 coolant piping between the. reactor vessel and 

steam generator for the Palisades plant [11]. These pipes were fabricated from 

3-3/4-in thick ASTM 516, Gr. 70 plate with a rolled band 1/4-in nominal cladding 

of 3041 stainless steel. A review of transient conditions given in Section 4.2.2 

of Reference 11 indicates the following step power change servic.e cycles:· 

1. 15,000 cycles of 10% full load step power changes 
increasing from 10% to 90% of full power and de
creasing from 100% to 20% of full power .. - .. · ... · ---::::----.. 

/ ··.---· -:.--:.:..·:-

2. 500 reactor trips from 100%. power. ,.. 

Examination of Figure 4-8 of Reference 11 shows the reactor coolant temper

ature aa a straight line 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 

in4icates that the temperature change associated with t.he reactor trips is 

62°F. For each ClT, we shall assume that _llT
1 

= 0.7.5 ClT and llT2 = b.25 C.T. 

A.more accurate determination of llT1 and_llT2 may be obtained from Reference 

12, so that:' 

Service Cycle - 1 n1 = _15,0.00 · 

ClTl = 0.75 x 62 = 46.5°F 

. ~T2 = 0.25 X 6.2 = 15.·5°F 

· ~nklin Research Center 
A OMsion ol The Franklln lnsGblle 

llT of Service Cycle 1 = 62°F 

f = 0.8 
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S.:rvice Cycle 2 6.T of Service Cycle 2 = 62°F ·. 

6.Tl = 0.75 x 62 = 46.5°F 

' f = LO -

· .. :t 

·:! 

. i 

,; 
. ~ 

... 
1 
i 

6.T
2 

= 0.25 x 62 = 15.5°F 

Elbow 

Consider an· elbow in which the bend radius R is 5 times the pipe diameter 

2r 

2r = 42.5 + 3.75 = 46.25 

r = 23.13 

R = 5 x 46.25 = 231.25, 2R = 462.5 -

From Table A4-8 for curved pipe or a butt welding elbow 

c1 = (2R-r)/[2(R-r)] 

(462.5, 23.13)/(2 x (231.25 - 23.lJ)] 

= 1.06 

K2 = 1.0, 

Longitudinal Butt Weld-Straight Pipe 

A. longitudinal butt weld flush in a straight pipe would be a more critical 

element to investigate since for this element: 

Branch Connections 

c = 1.0, 
1 

·.A branched connection which may possibly have been used to c.onnect ~he 

12-in Schedule 140 316 stainless steel surge line from pressurizer to the hot 

leg would have stress indices as follows: 

~2 __ =. 2,-0_, ._., .. ;_K 3_ =.}:_~ ?.• .. 
and obviously would be most critical. 

Summer of 1979 Addenda [l]. 

-e.nklin Research Center. 
A OMsion ol The Franldln lnscitute 

K = 2. 2, 
- '·1~· ·-·-· .. _ 

1. 5 

These Kl and.c
1

·values are taken from the 
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Determination of Usage Factors 

UTS = 70 ksi .(ASTM 516 - .Gr .. 70) 

For the ith service cycle: 

. : . 

+ 0.29li6T
2

i + 0.145 K3il1T
1

i 

Assuming that the pressurizer maintains pressure within + 50 psi during these 

service cycles, then: 

100 
>..

1 
= 

2500 
= 0. 04 so that 

Determination of.>..
2

i for each senice·cycle 
6T · 

>.. ·= i 
. 2i ( (T ) - 70°] 

. o max 

(T ) = maxinlum operating temperature = 594·°F 
o max 

6T of Service Cycle 1 = 62°F 6T of Service Cycle 2 = 62°F 

>.. 21 = 62/(594 - 70) = 0.12 

>..22 = 62/ (594'- 70) =,0.12 

finally 

-• 

A summary of the results ·for each _of the two service cycles as it affects the 

usage of the three elements is given iri Tables. A4-9 through A4-ll. · It is apparent 

from the usage factors calculated in .these tables tl'lat cumulative 'damage from 

cycles 1 and 2 is ~egligible. 

~nklin Research. Center 
A OM!ion ol The Franldln lnsliluto 
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Table A4'."'9 

Usage Factors Due to Thermal Gradient Through Thickness 

Example: H~t Leg of Palisades Primary Coolant Piping 

Piping Element: Elbow 

Kl =LO, cl = L06, K2 = LO, K = 
3 

1.0 

Service Cycle - 1 n
1 

= 15,000 f = 0.8 :\21 

t.T2 = 15.5°F t.T = 46.5°F 
1-

0.12 

Sp= 0.644 K1c1 + 59.5 f K2 :x.2i + 0.291lt.T2 i .+ 0.145 K
3

it.T1 i = 18.7 ksi· 

N > 106 
l 1 

Service Cvcle - 2 

N > in_ 6 
l 2 

~nklin Research Center . 
A OMsion al The F rlll\ldln lnslitute 

1 s = - s alt 2 p 9. 3 ksi 

(See Figure A4-2) 

t.T = 15.5°F 
2 

. f = 1.0 

s = l s = 9. 5 ksi 
alt . 2 p 

(See Figure A4-2) ' · 

0.02 

A-75 

:x.
22 

= 0 .12 . 
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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 

Service CYcle - 1 

N . > 106 
1 

Service Cycle - 2 

~nklin Research Center 
A OMsion ol The Franldin lnolitute · 

n
1 

= 15,000 

llT · = 15.5°F 
2 

f = 0.8 

S = l S = 9.5 ksi 
alt 2 p 

(See Figure A4-2} · 

f = 1.0 

l· S = - S = 10.2 ksi 
alt 2 p 

(See Figure A4-2) 
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Table A4-ll 

Usage Factors Due to Thermal Gradient Through Thickness .. 
Example:. Hot Leg of Palisades Primary Coolant. Piping 

Piping Element: Branch Connection. (Kl and c
1 

from Summer 1979 Addenda [ 1]) 

K2 = 2.0, 

Service Cycle - 1 n1 = 15,000 f = 0.8 >.~l = 0.12 

Sp= 0.644 ~cl+ 59.S f K2A2i + 0.291l6.T21 + 0.145 K31t.Tll = 29.5 ksi 

1 S = - S - 14.8 ksi 
alt 2 p 

~T > 106 
"'1 (See Figure A4-2) 0 .. 02 

Service Cycle - 2 n2 = 500 f = 1.0 

Sp 0.644 Klcl + 59.5 f K2A22 + 0.29116~21 + 0.145 K316Tll = 25.2 ksi 

~nklin Research Center 
A ONi!llOn oi The F ranldln lnslilute 

. 1 . . 
S · = - S = 12.6 ksi 
alt 2 p . 

. . 

(See Figure A4-2) 

0.0205 
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Example ·2 

The same. Palisades primary co.olant 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 
i-ni 

1-15,000 
(10% to 100% full power) 

2-15,000 
(50% to 100% full power) 

3-15,000 
(10% to 90% full power) 

4-15,000 
(100% to 20% full power) 

6Ti 
(OF) 

59° 

31° 

55° 

49° 

A2i 
( I 6T i I I ( 5 2 4)) 

0.113 

0.059 

0.105 

0.094 

Comparing the above value? A2i 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 (1965) Requirements 

Piping from a BWR·reactor vessel up to and including the first isolation 

valve external to the. drywell could have been designed and built to the 

following requirements: 

a. ASME I (1965) 
b. ASME I (1965) and B31. l (1955). 

If requirement (ai was invoked, expansion .. stress limits due to cyclic 

thermal loading are not ·specifically imposed. However, · AsME I (1965) does 

require consideration of loads other than working pressure or static head, 

which "increases the.average stress by more than·10% of the allowable working 

stress." For ex~ple, the allowable workingstres? for welded alloy steel 
; . . 

SA-250-Tl 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 (1965). criteria should furnish details as to how 

thermai stresses were considered. 

~nklin Research Center 
A Division of The Franklin Institute 
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If requirement (b) was invoked, then paragraph l02(b) of Section l [4] 

requires that valves, fittings, and piping for boilers as.prescribed in ASME I 

are within the scope of B31.l, but provisions of ASME I shall govern where 

they exceed corresponding requirements of' B3l.l. ·Accordingly, piping built to 

requirement (b) 'w9uld have to satisfy the specified.expansion stress' limits of 

B31.l due to cyclic thermal loads as well as the full radiography requirements 

for all longitudinal and circumferential fusion welded butt joints of·ASME I. 

Welding Requirements 

Full radiography of welded joints in piping, pumps, and valves as 

stipulated_ in past [4} and current codes [l,13] depends on weld joint 

category, pipe size, and code class as shown in the following table: 

Full Radio9raeh~ Code Requirements 
for Welded Joints in Pieing, Pumps, and Valves 

Current Codes 
ASME III (1977} ANSI Bl6.34 (1977} Past Codes,l} 

Description of Class Class ASA B31.l (1955) 
Welded Joint i_ 2 _3_ Standard SEecial ', & ASME I ,1965} 

A. Longitudinal Yes Yes No C,2) No ·Yes No 
(l) 

B. Circumferential Y~s Yes No No Yes No (l) 

c. Flange· connection Yes y (3) es No . No Yes No 

o. Branch and piping 
connections to 
pipes, pumps, and 

-valves of nominal 
pipe size exceed-
ing 4• as follows 

(l). Butt-welded Yes Yes No No Yes No 
(2) Corner-welded Yes Yes No No Yes No· 

full penetration 
(3) Full penetration Yes Yes No ·No· .Yes No 

l. Full· radiography of butt-welded joints may be specified under B3l~l (1955) 
but it is not mandatory. Full radiography is required for all longitudinal 
and circumferential fusion welded butt joints for pipes built to ASME I 
(1965) requirements • 

. 2. Except when specified by material specification for piping in excess of 2 
=fo~-q9tJ\'iriat-aYame~ter: ·-~ · · ... --~ · · ·-"-·'·-· =·· • - -·"-·c· - - - ... 

3. · When either member thickness exceeds 3/16 in.· 

~nklin Research Center 
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In conclusion, full radiography was not required by the past code 1 ,but it 

is a current requirement for Class l and Class· 2 welded joints for piping, 

pumps, and valves. It is recommended that welded Class l and Class 2 

components and systems be. checked :to leaq1 .what radiography . requi_rements were 

enforced. 

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-1. 

Group Pressure Vessel Code 

I ASME III (1965) . 
ASME VIII* (1965) 

. II ASME VIII* (1962) 

III ASME VIII* (1956, 1959). 
-

The current code requirements [l]·and· the-past ASME III (1965) code are 

essentially the same. with regard to significant item.s with the following,· 

.exceptions: 

Fracture Toughness - Class A Vessels 

The curi:ent 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: 

Minimum Absorbed 
Energy 

Mimimum 
Lateral 
Expansion 

*Plus nuclear code cases. 

~nklin Research Ce~te~ · 
/'I OMsion of The F ranklln Institute 

~ 
15 .to 35 ft-lb . 
depending,on· 
yield strength 

Not specified 
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.It is recommended that past Class A vessels should be evaluated from the 

viewpoint of current Class l fracture toughness requirements as outlined in 

Section 4 .1. 

Fracture Toughness·- Class B Vesseis (Outside Scope) 

The impact test requirements for Class B vessel materials built in 

accordance with Subsection B. of ASME III (1965) are the same as for Class A 

vessel materials, except that t~e 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. Th~ acceptance· standard. for the C test of the current code, 
v 

however, requires a lateral expansion between 20 and 40 mils and sets-no 

absorbed energy requireme.nt. The cur rent 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 

transiti·;,n temperature below the LST .bY 30°F for 2. 5-in thick material, and 

increasing to 87°F 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 othe.rwise exempt 
from impact testing as noted in Section 4. l. 

Fracture Toughness - Class C Vessels 

Materials for Class C vessels built in accordance with ASME III (1965) 

were requited to satisfy impact testing provisions of ASME VIII (1965) [5]. 

Paragraph VCS-66(c) of Reference 5 exempts materials whose LST is -20°F or 

greater. Apparently, impact testing was intended primarily for .outdoor· 

vessels. The current code exempts materials for vessels whose LST exceeds 

~nklin Research Center 
A Division of The F ronl<Jin Institute 
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·100°F. Therefore, all Class C vessels built in acc.ordance with.the· past code 

should be evaluated in accordance w.ith Section 4.1 Class 3 (l) criteria. to 

determine if current Class 3 requir.ements would be satisfied.· 

De sign Requirements· 

Class A vessels designed in accordance with ASME III (1965.). 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 l design condition as well as the equivalence of 5ervice 

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 
m 

[3] as well as the basis for establishing fatigue curves is the_ same as 

current code requirements. In conclusion, Class A vessels designed ·in 

accordance with ASME III (1965) 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 deforlllations in the areas of gross 

structural discontinuities (service level C) or condition's which may produce 

gro SS general deformations (service leve).. 0) requiring removal· of the Ve.ssel 

from service for repair. 

The past codes do not specifically consider loading conditions, other 

than design, operating, and test. The FSARs for specific .SEP plants may, 

however, consider the equivalent of emergency and faulted conditions. A 

discussion of the evaluation of the FSAR stress limits fo:i: these loads against 
.. ·· , 

current limits is presented in Section. 4.1.4 of this appendix •. 

Class B vessels,· as defined by ASME III (1965), ·are containment vessels, 

which are outside the scope of this study. 

Class c vessels are designed in accordance with ASME VIII (1965) except 

that: 

1. Class C vessels currently designated as Clasl:) 1 or Class 2 should be 
evaluated against Section 4.1 Class l or ciass2 criteria. 

~nklin Research Center· 
A DMsion of The Frzmklln lnstin.ue 
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1. the exemptions from inspection defined in U-1.(g) of Reference 5 are 
not applicable 

2. longitudinal and circumferential welds for those Class C vessels which 
are or may be connected to the reactor coolant or moderator system 
during operation and Class C chambers in a multi-chamber vessel having 
at least one Class.A chamber shall.be full penetration welds and. shall 
be fully radiographed, and shall satisfy the requirements of N-462.l 
and N-462.2 of Reference 3 for Category A and B joints, respectively~ 

Stress limits for Class C vessels which would currently be classified as 

Class 3 vessels are essentially the _same as fo~Class3 vessels designed.in 

accordance with the current code. The past i:oae all~wable normal stress was 

the lower of 1/4 (UTS) or 0.625 (YS) compare-a with a current allowable of the 

lower of 1;4 · (UTS) · or 0. 6 77 (YS) • The past code is at . least as con~erv.ati ve 

as the ·current code • 

The current code does set limits on combinations of primary membrane and 

bending stress at 3/2 S = YS. 

Class C vessels which would currently be classified as Class l or Class 2 

vessels should. be evaluated against current Class l or Class 2 code require- · . 

ments·, with spec.ial 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 le.vels. 

Example 

. The. Palisades FSAR ·classifies the pressurizer ·as· a Class A vessel and . . . . 

defines the stress limit for th~ design _basis accide.nt (equivalent of ·ser:.iice · 

level D) as 10% above YS based on an equivalent elastic stress. Current 

·requirements permit computed stress levels to exceed the YSby_as_much as 20% 
. . . 

for an elastic analysis. We conclude. that ciass A Palisades vessels satisfy 

current requirements for level D loads. 

-- --. ·----.-.:·.:.: .. :::: ... ·:...-::: -
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Welding Requirements . 

The following. table. provides a comparison bet.ween cur rent and past code. 

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 table, it can·be seen that: 

.l. Vessels built to ASME III (1965) 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 [l] .) 

2. Joints of CategoryC (Refer to NB-3351, NC-3351, and ND-3351 for 
definitions [l]) in a Class C vessel currently classified as Class 2 
would have been examined in accordance with ASME VIII (1965) 
requirements, whi.ch do not satisfy current Class 2 requirements. 

3. Vessels built to ASME III (1965). Class A or ASME VIII (1965) 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 •. · 

4.4 PUMPS 

Pumps furnished under the requirements of the Hydraulic Institute 

Standar.ds [14] were designed to satisfy function~l requirements. Integrity of 

the pressure boundary was not covered by this standard. The design. ~f the . 

. :I?ump pressure ·boundary should be evaluated in accordance with the current . 

·requirements·of NB/NC/ND-3400 [l]. 

·'' . 
See Sections 4.1.5 and 4.2 of.this Appendix ·for discussion of· pump weld:.. 

ing requirements. 

4 • 5 · VALVES. 

Class l valves current design· requirements are given in Subarticle 
. . . 

NB-3500 of Reference lb. All Class. l valve materiais must meet the· fracture .·· 

toughness requirements of NB-2332. All Class l listed pressure rated valves 

should have a miriimum body wall ·thickness as. determined by ·ANS.I Bl6. 34 •· [ 13] r. · 

,.··,·. 
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P-No. Current Code Requirements Past Code Requirements 
Material Code Class ASME B&PV Sect. III (1965} ASME VIII ~1965} <6 > 

Classification 1 2 3 Class A Class C (1) 

1 0 (2) 3/16 in 1 1/4 in 0 (2,4) 0 (2,,5) 1 1/4 in 

3 0 3/16 3/4 0 0 3/4 

4 0 3/16. 5/8 0 0 5/8 

5 0 3/16 0 0 0 0 

7 0 3/16 5/8 0 0 See Note 3 

8 0 3/16 1 1/2 0 0 See Note 3 

9 0 3/16 See Note 3 0 0 5/8 

10 0 3/16 5/8 0 0 0 

11 0 3/16 '5/8 0 0 See Note 3 

1. ASMl:: B&PV Code .section III, 1965 Edition, Class C may currently be classified as Class 2 
or 3 of the ~urrent code •. 

2. All thicknesses require full ·radiography when "O" is indicated. 
3. Requirements not specified for this·P-No. 
4. ·These requirements are for full penetration welded.joints of Categories A, B, or C (N7463 

[ 3) ) • 

5. These requirements are for full penetration welded joints of Categories .A or B (N-2113, 
l.31). Butt-welded joints of· other c'ategories shall, sati,sfy the requirements of AsME ~&PV 
Code Section VIII, 1965 edition •. 

6. Vessels containing lethal substances shall have welded joints for materials ot all 
thicknesses fully radiographed. 
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except that .the inside diameter, .d , will be the larger of the basic valve m . 
body inside diameters in the· region· near the welding ends. Cla·ss l valves may · 

be designed in accordance with either the standard· design rules of NB-3530 . 

through ·NB-3550 ·or the al·ter·native design rules of NB-3512~ 2 •. ··Alternative 

design rules require either computer analysis .or ... experimental stress analysis 

procedures. 

Listed pr.essure rated Class l valves should be hydrostatically tested to 

assure integrity of the pressure boundary (leakage through the stem packing is· 

hot a cause for rejection) at not less than l. 5 times the 100°F rating rounded 

off to the next higher 25-psi increment as required by Reference 13, except 

that valves with a primary pressure rating of less than Class 150 will 

be subj·ected to the required test pressure for Class 150 rated valves • 

Class l 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 alter.native.desigrr rules for severe duty. applications. 

Class l 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 B 

loads are based on 110% of operating 'limits •.. Level C pressures are limited to 

120% of operat'ing limits. Pipe reaction stresses for level C loads are 

limited to 1.8 Sm for the val~e body material at 500°F, with S taken at .l.2 

. YS for the. pipe at 500°F. Primary and secondary· stresses· for level C loads 

are based on Cp = 1.5, QT= O, and limited to 2.25 Sm. 

may. be· evaluated in accordance 1o1ith Appendix F ['le] •. 

A design report f'or Class l valves will be prepared in accordance with 

the ~equirements of NB-3.560 [lb]. 

Class l 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.l. and NB-3545.2 [lb], 

respectively, and subject to the stress limits described in Section 4.1.l for 

Class 1. items. Fatigue. evaluation is performed by the rules and formulas of 

NB-3545.3. 
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Comparison With Past Requirements 

The past code [4] required that steel valves for power piping systems: 

1. be i:;ecommended 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 [lS] 

4. · shall bt:i hydrostatically tested. as required by Reference 15, i.e., 
1. 5 times the 100°F rating rounded off to the next higher 25-psi 
increment, using wat~r not above 125°F, with no leakage through the 
shell. 

Note that the minimum body thickness of valves based on the current code would 

be based on ANSI Bl6.34 [13]. 

·As an example, consider a 2500-lb valve designed· in accorqance with·vthe 

past code [15]. Body thickness'.would be based on Table 33 [15]. Comparison 

with current requirements may be obtained ·from :Tabl·e 3 · (13] as shown in the 

following table: 

Minimum Wall Thickness Based on Past and Current Codes 

Nominal Pipe Inside 
Size (in) Diameter 

4 2.88 

5 3.63 

6 4.38 

8 5.75 

10 7.25 

12 8.63 

(in) 

2500-lb Class 
Minimum Wall Thickness 

Past Code Current Code 
Table 33 (15] Table 3 [l3] 

1.09 1. 09 

1.34 1.34 

1.59 1.59 

2.06 2.06 . 

2. 59 .. 2.59 

3.03 3.03 

Notice that past valves would satisfy. current thickness requirements. 

It is concluded that Class 1 valves designed i.n accordance with past 

requirements would satisfy current requirements with the following possible 

exceptions: 

~nklin Research Center 
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L Fracture toughness requirements may not be satisfied. Evaluate as 
recommended by Section 4.1 of this appendix. 

2. Valves may not satisfy the prima~y, secondary and peak stress-. 
combination limits if body shape differs significantly from,.the rules_. 
of NB-3544 [lb] • 

3. Valves may not satisfy the prima·r.y·-plus '-secondary: stress. limit' for ..... · 
service level C. 

It is recommended that SEP Class 1 valves be evaluated on a case-by-ca_se 

basis as follows: 

L ·use fracture tou9hness 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 to 
provide calculations and an evaluation based on alternative rules for 
the valve in question; unless it can be shown that the valve has been 
subjected to level c conditions and did not have to be replaced. 

·Class 2 and 3 valves are currently designed to the requirements of 

subarticle NC-3500 [le] and ND-3500 [ld]~ regpectively. Class 2 valves_ 

satisfying the standard' design rules comply with 'the standard class. 

requirements of ANSI 8~6~34 except that valves. with flanged.and butt welded 

ends may be de'signated as Class is' ln size·s larg·er than 24-'in nominal pipe 

size provided that NC-3512.l(a) is satisfied. Valves with flanged ends in 

sizes larger than 24-in nominal pipe size may.- be used provided that 

NC-3512.l (b). is satisfied. A shell hydrostatic t_est satisfying ANSI 816. 34 is 
' 

required. Class 2 and 3 valve stress limits.for· service limit's 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: 

·a. the nondestructive examination (NDE) requireme'nts of ANSI Bl6.34, 
special class, shall be applied -to all sizes in accordance with 
NC-2500 for Class 2 valv~s 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. 
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Service Limit 

Level B 

Level C 

Level 0 

NOTES: 

Table A4-12 

Level B, C, and D Service Limits 
far· Class 2 and 3 Valves 

. TABLE NC-3521-1 
LEVEL B, C, AND D SERVICE LIMITS 

Stress Limitsi""" 

a,.~ 1.1 s 
(a,. or aJ+ab~ 1.655 

a,.~ 1.5 s 
(am or aL)+ab.:::; 1.8 s 

am~ 2.0 s 
(a,. or aL)+ab~ 2.4 s 

(1) A casting quality factor of l shall be assumed in satisfying these stress limits. 

p s .... 

1.1 

1.2 

1.5 

(2) These requirements for the acceptability of valve design are. not. intended· to assure the functional · 
adequacy of the valve. · 

(J)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) Ti1ese rules do not apply to safety relief valves. 
(5) The maximum pressure shall not exceed the tabulated factors listed under P,... times the ... Oesign . 

~ressure or times the rated pressure at the applicable service temperature, · · 
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c. openings for auxiliary connections shall satisfy.ANSI.Bl6.34 and the 
reinforcement requirements of NC"'."3300 andND-3300. 

Comparison.With Past Requirements 

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 

formulation 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 rating of 

Bl6.34. For example, the·isolation valves of engineered safeguard system'of 

the Palisades plant wquld be considered Quality Group .B (Class 2) components 

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-i3. 

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 

l.12, .2.1, or 2.3 • 

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 

3300 
3600 
3300 

Shell Side 
Tube Side 
Tube Sheet 
Shell Flange 3200 (Class l); Appendix XI (Class 2 and 3) 

Heat exchangers designed to ASME III (1965) or ASME VIII (1965) are 
compared as pressure vessels with current requirements in Section 4.3 of this 
Appendix. 
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Table A4-13 

Allowable Working PressureCll for a 150 lb Standard Class· valve at 300°F 

Material Group 

1.1 
1.2 
1.3 
1.4 
1.5 
1. 6 
1. 7 
1.8 
.1.9 
1.10 

. 1.11 
1.12 
1.13 
1.14 
2.1 
2.2 
2.3 
2.4 
2.5 
2.6 
2.7 

1. Based on ANSI Bl6.34 (1977) 

~nkli.n Research Center 
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230 
230 
230 
210· 
.230 
~15 
230 
215 
230 

. 230 
230 

.205 
230 
230 
2o·s 
215 
175 
210 
225 
220 
220 
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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.n TEMA 

Class R· heat exchanger.s are .for. ~he moi::e. severe .. requirements' of;· petroleum,and. 

chemical processing applications. TEMA Class Cheat.exchangers are for the 

.moderate requirements of commercial and general process applications. 

The TEMA standards give design rules which nsupplement and .define the 

code for heat exchanger ·applications. n. Allowable stress values, identical 

with Tables UCS-23 and UCS.-27 of the 19.59 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 I heat exchangers designed to TEMA (1959) would be governed by the 

code requirements of ASME VIII. (1965). Comparison of. ASME VIII (1965) with 

cur rent r·equirements is as follows: 

1. Class l 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. 

-2. Materials for Class l, 2, and 3 heat exchangers must comply with 
current fracture toughness requirements·outlined in Section 4.Ll of 
this Appendix. 

3 •. Radiography requirements for vessels designed and constructed to ASME 
III (1965) or ASME VIII (1965) are compared with current requirements 
in Section 4.3 of this Appendix. 

4.7 STORAGE TANKS 

Storage tanks may currently 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.conditions. Storage tanks· 

of 0 to 15 psi design are normally located above ground within building.· 

structures. 
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Atmospheric Storage Tanks 

Atmospheric storage tanks are currently required to satisfy the general 

design requirements of NC/ND_-3100 and tpe vessel. design require!J)ent~ of 

NC/ND-3300 except that a stress report is not required. Stress limits on the 

maximum normal stress for Service Lev_e.ls A, B, C, D is.as shown in Table 

A4-12. Minimum size of fillet welds should satisfy. NC/ND-4246.6, i.e., 3/16 

in for 3/16-in thick plate, and at ieast 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 l 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 l~ast 10 psf for inside tanks. Minimum 

roof plate thickness is 3/16 in plus corrosion allowance. Allowable stresses 

are sununarized as follows: 

a. tension - for rolled steel, net section: 2.0 ksi; full penetration 
g~oove welds in thinner plate area: lB ksi. · 

. b. compression - 20 ksi where lateral deflection is prevented, or as 
determined from column formulas .of NC/ND-3652. 6 {b) (3) • 

c. 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 cotripre ssion for unsymmetr ic 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 - .1,3. 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: 

· ~nklin Research Center 
A DMsion of The franklin Institute 
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O to 15 psi Storage Tanks 

Storage tanks which may contain gases or liquids with vapor pressure 

above 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 Stres.s Chart, Fig. 

NC/ND-39222.1-1 (l] .if one of these forces is compressive. Maximum 

compressive stress in the outside wall shall be determined by the rules of 

NC/ND 3922.3 (l]. Maximum allowable stress values for structural members 

shall be as determined from NC/ND-3923. The O to 15 psi storage tank shall be 

designed in accordance with the detailed rules of NC/ND-3930. 

Comparison with Past Code Requirements 

Storage tanks in Group I SEP plants were designed either in accordance·· 

with A/E specifications, USAS B96.l (1967) (9), API-650 (1964) (10], ASME III 

(1965) Class C, or ASME VIII (1965). Stress allowables for ASME III-'(1965) 

Class C vessels are· as given in ASME VIII (1965). Examinat.ion of, the ASME 

VIII (1965).allowable stress valves 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 (1965) 

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; she.11 material and 

tensile stress allowables-may, however, riot 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• 
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USAS 896.l (1967) for welded aluminum alloy field-erected storage tanks 

cannot be used for Class 2 storage tanks since alumini.tm alloy is not a 

permitted Class 2 material as listed in.Table I-7.0 (l]. However, allumimum 

alloy can be used for Class 3 storage tanks since aluminum alloys are listed 

in Table I-8. 4, which is currently ~~ed for aluminum shell ·design, 'and in 

.Table~ 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: 

Structures 
(Type of Stress) 

Sheil {Tension) 
Shell {Tension) 
Bolts {Tension) 

Roof Support 
(Axial Compres

. sion, L/r ~ 10) 

Roof support 

Aluminum 
Material 
(Temper) 

5050 (0) 
6061 (T4,T6) 

. 6061 (T6) 

6061 (T6)' 

(Axial Compres- 6061 (T6) 
sion 1_0 ~ L/r < 67) 

Specified Min. 
Strength 

TS/YS 

18.0 ksi/6.0 ksi 
24.0 ksi/ -

From this table, it can be, concluded that: 

. (1) 
Allowable Stress 

Past Current 
(USAS 896.l) (ASME III (1977)) 

4.8 ksi 
7.2 ksi 

18.0 ksi 

19.0 

20.4-
0.135 L/r 

4.0 ksi 
6.0 ksi 

18.0 ksi 

19.0 

20. 4-
0 .113 L/r 

1. shells designed to USAS B96.l (1967) may be overstressed by as much as 
20% compared to current allowables 

2. bolts designed to USAS ·B9'6 .l (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.l (1967), when 

evaluated against current requirements: 

l. At temperatures to 100°F • 
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l. may not satisfy materials requirements in .Table I-7.0 if the tank. is 
a 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 reqµirements 

2. Atmospheric tanks designed to ASME III (1965) Class C are likely to 
satisfy current requirements with regard to allowable tensile. stress, 
but may not satisfy current compression stress requirements. Class C 
atmospheric tanks currently classified as Code Class 2 may not 
satisfy the current quality assurance requirements as discussed in 
Section 4.l.2 of this Appendix. 

3. 0 to 15 psig tanks designed to ASME III (1965) Class C 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. Class 
C (0 to 15 psig) tanks currently classified as Code Class 2 may not 
satisfy the current quality assurance requirements discussed in 
Section 4 .1. 2 of this Appendix. · · 

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 material not currently acceptable 

b. ·shell ·tensile stresses may exceed current C:ode allowables 

6. Atmospheric storage tanks designed to USAS 896.1 (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. integrit_y 

has been based on the experience of the author.and colleagues in industry, 

government, and .academia. Codes pertaining to the design and constl;'uction of 

nuclear power plants have been modified and expanded. The changes refiect new 

nstate of the art" knowledge, new techniques o'f '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 cf 

constr.uction and public safety. Acco.rdingly, 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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