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TOPIC:

ENCLOSURE 1

SYSTEMATIC: EVALUATION :PROGRAM
) - TOPIC TII-]

DRESDEN UNIT 2

1111, Classification of Structures Components and Systems
(Setsm1c and Quality)

INTRODUCTION

SEP p]ants were genera11y designed and constructed during the'time span
from the late 1950's to late 1960's. They were designed'accordino to
codes andtcriteria 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 classif1cat1on of .

structures, systems and components of as bu11t plants as compared
to, current appropriate c1ass1f1cat1ons codes and standards for
seismic and quallty groups. The review of seismic classtf1cat1on‘is

being addressed in the seismic topics. Accordingly, this topic was

| 1imited.to an evaluation of the quality group c]assification of

11,

systems and components.

"REVIEM CRITERIA

The review criteria are presented in the Appendix of Frank11n Techni- .
ca1 Eva]uat1on Report - C527-430 "Qua11ty Group Class1f1cat1on of Com-

ponents and Systems - Dresden 2 Plart."

Risuu mv B@ﬁE{E‘E’ m cnw
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RELATED SAFETY TOPICS AND INTERFACES EE : |

The scope of review for this topic was 11m1ted to ‘avoid dup]ication of
ffort since some aspects of the review were performed under related
topics. The related topics and the'subjett mattef are identified
below.
111-6 Se1sm1c Des1gn Considerations
111-7.8  Design Codes, Design Criteria, Load Comb1nat1ons and
Reactor Cavity Design Criteria -

V-6 Reactor Vessel .Integrity
V-8 -Steam Generator Integrity

REVIEW GUIDELINES

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

C-5257-430, "Quality Group Classifjcation of Comoonents and Systems -

Dresden 2 Plant." Quality Assurance was. not reviewed since it is
- addressed in Topic XVII;v“OperetiOna] Quality Assurance (QA) Program"
" and because QA during design'and construction is outside of the scope

_ of SEP.

‘ EVALUATION . S
The bas1c input for th1s report is Table 4. 1 1n Sect1on 4 of the Frank11n-

Report. Table 4, 1 is a compilation of a11 systems and components wh1ch

are requ1red to be c]ass1f1ed by Regu]atory Gu1de 1 26 and the orig1na1

f'codes and standards used in the plant des1gn After compar1ng the

or1g1na1 codes with those current]y used for 11cens1ng new fac111t1es

'the fo]1ow1ng areas were 1dent1f1ed where the requwrements have changed

1) . ‘Fracture Toughness
2) Quality Group C]assif1cation



3) Code Stress Limits
4) Radiography Requirements. L
5) Fatigue Ana]ys1s of Piping Systems

An evaluation of each of these areas is presepted 1n'Sectiph 5 of

the Franklin Report with a detailed discussion included in the Appendix.

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

'fiCant1y_affetted the safety functions of the systems and components

reviewed in this report:

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

_As noted ear]fer, we have decided that'the,area of quality assurance need

‘not -be reviewed for this report.

In the remaining two aréaS'We'havé‘cthIuded the following:

1. Fracture Toughness - The current code requires that pressure retaining
' mater1a1s be 1mpact tested. Fbr 6 of 62 fcomponents reviewed, suffi-

c1ent 1nformat1on was ava11ab1e to exempt them from this requ1rement

2, Rad1ography Requ1rements « For pressure vesse1s and pump cas1ng, we

have conc]uded the fol]ow1ng

a;' VeSsels built to ASME III'(]?GS)'C1aSSrA or ASME VIII (1965)
satisfy current radiography.requjrements fof Class 17and

" Class 3 vessels, respectively.



b. Vessels built to ASME III (1965) Class C_requirements and
currently classified as Class 2 or Class 3'$etisfyrcurrent

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 ;urreht
_radiography requirements because it is a Class 1 component buiTt

to Class C requirements.

For piping and valves, we have concluded that they meet current
rad1ograph1c requirements provided Code Case N-7 was . applied as 1nd1cated

'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

information for the-fo11owfng:

1. ‘Fracture Toughness - For 56 of 62 components there-js,ineufficieht

information on materials tovcomplete our review 'The licensee shou1d‘
prov1de the necessary information us1ng the format prov1ded in Tables .
-~ A4- 4 through A4-6 in Append1x A of the Frank]in Report Tab]e 5 1-
| of the Frank11n Report 1dent1f1es those components for wh1ch this

1nformat1on is necessary.
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following:

For the fo]lowing pressure vessels information 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 coo1§no system heat exchangers, and 4) ﬁe-.

circulation system pump casing,

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

) eCode Case N-7 requ1red full rad1ography. Confirmafioh that

Code Case N-7 was applied to all C]ass 1 and 2 piping would

resolve this concern.

Valves - Provide, on a sample basis for Class 1, 2 and 3 valves,
_information regarding the design of the yaTve in ofder to evaluate
' if’they meet currenﬁ_body shape and pressure - temperature rating |

requirements.

-Pumps - Thé‘origina] design code for the'Reacfor Bui]ding Closed
Coo]1ng Water System Pumps was not ava11ab1e and the comparisons ‘5_"
) could not be made Provide the codes or requ1rements to wh1ch th1s :’

fpumpewas designed. -

RSPV

Full RadiographxﬁRequirehents - The licensee should proVide‘thel R



. Storage Tanks - Provide the fo]lowing

a. Confirm that the atmospheric storage tanks meet current compressfve

stress requirements.

b. Confirm that the 0 to 15 PS16 storage tanks meet current tensile

allowables for biaxial stress field conditions.

c. The Standby Liquid,Control Tank was designed to API 650. The
requirements of AP1 650 are not comparable to present desigh
| codes. Therefore, the design and construction of the Standby

~ Liquid Control Tank should be re-evaluated against current criteria;‘

gjgigg - whep considering gross discontinuities of piping systems, tuo
1oading-cases can prove to be potentia11y uncohservative'designs when
evaluated to current. code requirementsr}Two'examples_are'gﬁVen in
Section 4.2 of Appendix A of the Franklfn Report, in order to assess

the potential problems of temperature loading for a large number of

_cyc1esuand temperature 1oadihg 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]ephone call between

the NRCIand the licensee.

Stresses for both examples 1nd1cate no problems ex1st Rev1ew the

’methodo1ogy and confirm the assumpt1ons used for the above ca]cu1at1ons,

part1cu1ar1y the temperature drop (11°F) from 100% power to 0% power.



The codes and standards giyen-by the licensee fqr.thg design of the
following components contradict'the general use of the given code.
Verify for the following combonents and systems that'the désign
code (including edition) uﬁed in our eva]uatioﬁ is correct and
clarify why this partfcu]ar code was invoked for the original
design. If the code (fnd1udiﬁg‘edition) is incorrect, prOyide”~-_j
the correct code and edition and thefcomparison of ififo the

current code in effect.

a) Core Spray System Spray Headér_and Spafgerg'- ASME Section
I1T (1965) Class B;

b) Spargers-for High Preésure Coolant Injection - ASME,Section
111 (1965) Class A; ,_ R

c) Standby Gas Treatment System Piping - ASME Section ITI (1965)
Class B; | | o o

dj“Containment-Penetration Piping - ASME Section III (1965)5 |
_C]ass B; _

e) Core Spray Pumps - ASME Section I1I (1965) Class B or C;

f) Low Pressure Coolant Injection Pumpé - ASME Section III-
(1965) Class B; - -

g)V:Sténdby Gas Treatment Valves - ASME Section III (1965) Cié;s B;

h). Containment Penetration Va]yes'F ASMEVSéétion IiI‘(iQGS) ‘5 o
.Class B; ) | ._ ] o

1) Containment Coolant Subsystem Piping - ASME Section 111 (1'555)

. Class C; and
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FOREWORD

This Technlcal Evaluation Report was prepared by Franklin Research Center
-? under a contract with the U.S. Nuclear Regulatory Comm1551on (Office of
Nuclear Reactor Regulation, Division of Operatlng Reactors) for technical
assistance in support of NRC operatiné reactor‘licensing actions. The
P 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.

UUH Franklin Research Center

A Division of The Franklin Institute
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1. 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 g;ves the standards applicable

to each group.

The systems and components of plants being reviewed as part of the
Systematic Evaluation Program (SEP) were designed,‘fab:icated, 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 I1II-1l, "Classification of Structures,
Systems, and Components (Seisﬁic 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.

-1l
UU”E Franklin Research Center

A Division of The Franxlin Institute
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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. .Tbéic III-1 is one of 137
SEP topics. Of the 11 SEP'plants, the following 10 are being reviewed:

§lant Name Docket No. FRC Task No.
Palisades 50-255 - , 17428
Ginna . 50-244 17429
Dresden Unit 2 50-237 17430
Oyster Creek 50-219 ’ 17431
Millstone Unit 1 50-245 ' - 17432
San Onofre UOnit 1 50-206 ' : 17433
Big Rock Péint 50-155 o 17434
Haddam Neck 50-213 17435
Yankee Rowe 50-29 17436
LaCrosse 50-409 . . _17437

Specifically, Topic III-l entails a review of standards in effect from
1955 to 1965 used in the design of systems and components in older plants, and
the 1977 American Society of Mechanical Engineers (ASME) Boiler and Pressure
Vessel (B&PV) Code as supplemented through the Summer 1978 Addenda (2,3]. The
objéctive of the present evaluation is to assess the ability of systems and
componenté in the Dresden Nuclear Power Plant, Unit 2 to perform their safety
functions as judged by current standards. This involves two steps: (1) com-
parison of current codes and standards with those used in the design, fabrica-
tion, installation, and téstinq 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

" 1. Plant discussed in this report.

+

UUB Franklin Research Center
A Division of The Frankiin Institute
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7.

8.

TER-C5257-430

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) [4]. .

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

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

Major older codes and standards: American Standards Association
(AsAa) B3l.1l (1955), "Code for Pressure Piping" ([7]; ASME 1965 Boiler
and Pressure Vessel Code, Section I, "Rules for Construction of Power
Boilers™ [8], Section III, "Rules for Construction of Nuclear
Vessels™ [9], and Section VIII, "Unfired Pressure Vessels" (10}; and
applicable Code Cases for ASA B3l.l and ASME VIII.

Current code: 1977 ASME Boiler and Pressure Vessel (B&PV) Code,
Section III, Division 1, to include the General Requirements

‘(articles with "NA" subscript), Subsection NB, NC, and ND, and
Appendices, supplemented through the 1978 Summer Addenda (2].

Quality Group D components are not considered in this evaluation.

'Although discussed in.this report, quality aséurance for design and

.construction is outside ;he scope of the sep. (1)

Also, the following subjects are explicitly excluded because. they have _:

been addressed under other SEP topics:

Topic : : Descrigtion
III-5.A A Effects. of Pipe Break.-on Structures,

Systems and Components Inside~Containmenf

I11I-5.B v o Pipe Break Outside Containment
III-6 : ' " Seismic Design Considerations
III-7.A - - . “'InservicejInspectiOn,‘Includiﬁg'

Prestressed Concrete Containments with
Either Grouted or Ungrouted Tendons

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

. Jﬂﬂa Franklin Research Center

A Division of The Franklin Institute
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E Topic = D Descrigtion:_vr
| I11-7.B . ' Design Codes, Deéign Criteria, Loéd
: Combination, and Reactor Cavity Design Criteria
I111-7.D ’ ‘ Contaipment Structural IntegtitQITests
I1I1I-9 Support Integrity
.? v-3 ‘ | Ovefprgssurizgtion Protection
? V-6 C . » _ Reactor Vessel Integriﬁf “
g v-8 . . : E " Steam Genefator‘;ntegrity : o a8
1 I1X-6 Fire Protection .

| o o ,  v:‘._4_ .
ﬂﬂﬂﬁ Franklin Research Center - o R

A Division of The Franxlin institute .-
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3. METHOD OF REVIEW

To accomplish the. objective-of.this evaluation, FRC performed the review
as follows:
- 1. ‘Components from the Table of Systems and Components (Tablé 441)
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. Results of the review are given in Appendix A.

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

Appendix A lists all ;he‘requirements of the cqrrent:ché (the 1977 ASME

. B&PV Code, Section III with Addenda [2]) and indicates which requizeménts are
considered applicable and significant for»structura; integtity (désignated as .
'A“), which are not considered significant<(designated-as "="), and which are .
outside ﬁhe scope:of this review (designated as "b");‘ For éaéh 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 B3l.1l (1955) [7]
and the 1965 ASME B&PV Code, Sections I, III, ahd.VIII {8, 9, 10]. . Differences
between significant requirements, such asvadditions to the dldér codes, were
reviewed, and :ecommendations were made for assessing their impaci:on'the

-safety margin of the particular-component.

Knowledge of_the historical devélopment of the codes and:;he réasqns for
the changes was an important element in making efﬁectivé'compafisoné. ‘A 4
literature survey, supported by consultation with experts in the field, hélpgd‘
to identify certain changes for special attention, e.g., changes in deéign‘
criteria, analytical methods, load4combinations, quality assurance require-

ments, -fabrication techniques, and testing requirements.

ﬂﬂﬂfl Franklin Research Center

A Division of The Frankiin Insttute
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4. - QUALITY CLASSIFICATION OF SYSTEMS AND COMPONENTS

Systems and components are Quality Group classified according to the’

safety functions to be performéd. Table 4-1 contains the_systems and

components for the Dresden plant, the code required for current licensipg

criteria, based on NRC Regulatory Guide 1.26 [1] and Section 50.55a of the
Code of Federal Regulstions {31, and the codes and standards used when ‘the

systems and components were originally built. The table also contains

.}é o information regarding the Seismic Classification of the systems and

R s components.

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

. components:

Reactor Coolant System
Recirculation System
Isolation Condenser
" Standby Liguid Control. System
Core Spray System S
. Low Pressure Coolant In]ectlon 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 Pressure 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
R ‘ Reactor Water Cleanup System
Cw o _Reactor Shutdown Cooling System
: T Reactor Building Closed Coollng Water System
Compressed Air System .
Standby Diesel Generator System
Service Water System
Structures (for information only, not in the scope of ‘this rev1ew)

T . Uﬂﬂﬁ Franklin Research Center

A Division of The Frankiin Institute
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 Table 4-2(a) lists all Quality Group A components, Table 4-2(b) lists all
Quality Group B components, and Table 4-2(c) lists all Quality Group C

components. Components in Tables 4-2(a);, (b), and (c) 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 systems and their definitions.

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

UUUE"Frankhn Research Center

A Division of The Frankiin institute



Table 4-1

Classification of Sﬁructures{ Systems, and Components
Dresden Nuclear Power. Plant Unit 2

Quality Classification

Selsmic Classgification

" 23psy) upURLg 3Yj JO UosAIg Y
- I3UBD YdJeasay uipjueld Uﬂn

Class 1

- Class C

" of Mechanical Engineers, 1977 Edition with Addenda through Summer 1978.

Edition with Addenda through Summer 1965 is implied:

3. NAindicates additional information provided in this table that is outside the scope of this report.

- 4. Plant piping was designed according to ASA B3l.l (1955); piping installation, repair, and replacement was carried
out to the guidelines of USAS B31.1 (1967).

- 5. :AbA B31.1 (1955) with Code Cases N-7, N-9, N-10, MSb—SP—66, and MSS-SP-61 provided guldance for deslgn of valves.

. o Codes and Codes and
Structures, Systems, Srandards Standards Used Used in
and Components ’ RG 1.26 (1) in Plant Design (2) RG 1.29 . Plant Design Remarks
REACTOR COOLANT
SYSTEM
Réactoc Vessel Including ASME ITX ASME III (1965)' . Category I Class I . ) nai3)
Nozzle Safe Ends 7. Class 1 ;. Class A . o :
‘ Reacto: Vessel Support - - ‘ o= - Category I~ Class I o Na
E Reactor Vessel Internals‘ : ASME IIX ASME III (1965) Category 1 '_Class 1 NA
. Class 1 Class A’
" RECIRCULATION SYSTEM
- Piping ASME ITI ASME I (1965) Category Class I
Lo Class 1 ASA B31.1 (1955) (4) :
.. valves ASME ITI ASME I (1965) Category Class I
Class 1. ASA B31.1 (1955) (5) ~
< Pumps - ASME IIT . ASME IIT (1965) Category . Class I

Al. ASME III stands for the Boller and Pressure Vessel .Code Section I1I Division I, published by the American Society

. 2. wWhen plant design is in accordance with Sections Y, III, and VIII of ASME Boiler and Pressure Vessel Code, 1965
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,:_;’?P Structures, Systems,
33 and Components "
S - R
E-‘
58, . EMERGENCY SYSTEMS
g0 - :
g: Isolation Condenser
o
=
Shell Side
Tube Side

piping, Fittings, and
Valves (Tube Side)

-

Astandby Liquid Control

System

Piping and Valves

Séandby Liguid Control
Tank

Puumps

Table 4~1 (Cont.)

Quality Classification

Codes and Codes and Seismic Classification
Standards Standards Used- Used in
RG.1.26 (1) . in Plant Design (2) RG 1.29 Plant Design
ASME III ASME VIII (1965) Category I Class I
Class 3
ASME III * ASME TII (1965) Category I Class I
Class 2 Class ?
ASME IIIX ASME T (1965) Category 1 Class I
Class 2 ASA B3l.1
: (1955) (4,5)
ASME III ASA B31.1 ‘Category 1 Class I
Class 2 (195s) (4,5)
ASME III API-650 (1964)* . Category I - Category I
Class 2
ASME IIX ASME XII (1965) Category I Class 1
Class 2 Class C .

* Information assumed because it is not available at this time.

Remarks

ASME I to
outermost
isolation
valve and
B3l.1 from
outermost
isolation
valve to
isolation
condenser

0EP-LSTSO~YEL
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Scructures, Systems, .
and Components.

Core §préy System

Pumps
" Piping, Fittlngs, and
“ Valves

Sp:ay tleader and
- Spargers

. Low. Piessure Coolant
Injection/Containment

‘Coolant Subsystem

© U Pumps

pPiping, Fittings, and
-Vulves

: Containment and
Suppression Spray
- Headers

-Heat Exchangers-
Tube Side e

Heat hxchangets —‘
Shell Side

D L R e e

rable 4-1 (Cont.)

Quality Claussification

Codes and
~Standards

RG 1.26 (1)
ASME III
Class 2

ASME II1
Class 2

ASME IIIX
Clasg 2

ASME III
Class 2 .
-ASME III
Class 2
ASME 111
Class 2

ASME III
Class 2
ASME IIT
Class 3

'V6.' Class B is related to containment vessels. -

Seismic Classification

Class C

It seems more likely that Class C requirements would have been used.
7. It is more likely that ASA 831 1 (1955) would have been used for deaign purposea than ASME III. :

Codes. and
Standards Used
in Plant Design (2) RG 1.29
ASME III (1965) (6)  category I
Class B or C '
ASA B31.1 ‘Category 1
(1955) (4,5)
ASME ITT (1965) {7}  category 1
- Class B ’
i
[
ASME IIT (1965) {6)  category I
Class B -
ASA B31.1 Category I
(1955) {4.5)
ASA-B3l.1 Category 1
(1955) (4,5)
ASME I1I (1965) " Category I
Class C
ASME III (1965) Category I

Used in
Plant Design

Class 1
Class I

Class I

"Class I

Class I

Class I

Class 1

Class. I

Remarks

0EY-LSTSD-TUL




Structures, Systeéms,
and Components

Containment Coolant
Subsystem
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High Pressure Coolant

Injection

Punps

Piping, Fittings, and
Valves .

Spargers (?eedwater
Spargers Used)

=TT

Standby Coolant
Supply System

Interconnecting Piping
and Associated Valves
Between the Service
Water Systewm -and the
Condenser Hotwell

Automatic Pressure
Relief Subsysten

{ADS)

Table 4-1 (Cont.)

AQuality Classification

Codes and

Codes and

Seismic Classification

{See rewmarks)

ASME III
Class 1

(1955) (4,5)

ASA B31.1

(1955) (4:5)

Standards Standards Used

.RG 1.26 (1) in Plant Design (2} RG 1.29
ASME II1 asme IIT (1965) (7)  category I
Class 3 Class C
ASME III1 ASME ITI (1965) Category I
Class 2 Class C
ASME IIIX ASA B3l.1 Category I
Class 2 (1955) (4,5) S
"ASME ITI ASME TII (1965) {7)  category I
Class 2 Class A '
'ANSI B31.1 ASA B31.1 Non-seismic

Category I
(OBE)

Category I

Used in
Plant Design

Class 1

Class I

Clasall

Class I

Class I

Class I

e memt e

Remarks

If credit is
taken for
system in

ECCS analysis,
then ASME III,
Class 3
classgification
and Seismic
Category I

are applicable

0EY=-LSZTSO-TEL



) ’ami,usu| UIPURIJ YL JOUOIBMG Y - -
Jausd q:ueasaa U!p‘[ueld UUH

SACH

Structures, Systems,

and Components

STANDBY GAS TREATMENT

" SYSTEM

Piping, Fittings, and .
Valves

SAFETY VALVES

-RELIEF VALVES

- CONTATWMENT PENETRATIONS

VALVES AND PIPING

REACTOR COOLANT PRLSSURE

B BOUNDARY (RCPB)

-

'Piping'from Reactor Vessel '
. Up to and Including First

Isolation Shutoff Valve

© ISOLA'TION VALVES

Valves Not Identified.

Under Containment
Penetration Valves '

into consnderatlon.

Table 4-1 (Cont.)

Quality Classification

Seismic Classification

" 8. It is not clear which specific section of ASME III is refecenced here.
9. Safety and. relief valvaﬁ desxgned in accordance with ASA 831 1 with Code Casea N-2, 'N-7, N-9, and N-10 taken

Codes and Codes and
Standarde Standards Used Used in
RG 1. 6 (1) in Plant Design (2) RG 1. 9 . Plant Design
ASME III ASME III (1965) {6)  category Class I
Class 2 Class B
© ASME IIIX ASME IIL. (1965)‘7) Category Class I
Class 2 . Class B
. ASME III ASME TIT (1965) (8)  category Class I
Class 1 ASA B31.1 (1955) (9)
ASME TII ASA B31.1 (1955)(9) category Class I
Class 1 ’
ASME III asme 111 (1965) (7' category Class I
Class 2 Class B o
ASME 'TTI ASME T (1965) Category - Class T
Class 1 _aSA 'B31.1 (1955) (4)
ASME III AsA B831.1 (1955) {5) category Class 1
Class 1

Remacks

See FSAR
Sec. 5.3.3

Discharge
piping not
evaluated in
FSAR

See FSAR

.Sec. 5.2.33

0E¥=-LSZSO-UAL
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Structures, Systems,
and Components '

CONTROL ROD DRIVE
HOUSING '

CONTROL ROD DRIVE
SYSTEM

SPENY FUEL STORAGE
FACILITIES

Spent Fuel Pool
Pump
Heat Lxchanger

Piping, Fittings, and
Valves )

Filter

REACTOR VESSEL HEAD
COOLING SYSTEM

"Piping, Fittings and
- Valves )

Table 4-1 (Cont.)

Quality Classification

Seismic Classification

Codes and Codes and
Standards Standards Used . Used in
RG 1.26 (1) in Plant Design (2) RG 1.29 Plant Design
ASME III ASA B3l.1 (1955) Category I Class 1
Class 1 -
ASME ITII l ASME III (1965) Category . I Class I
Class 2 Class A
ASME III ’ - Category I Class I
Class 3 ’
_RSME ITI _ - ASME VIIT (1965) . Category 1 Class I
Class 3. - : ’
ASME III ASME III (1965) Category I . Class I
Class 3. Class C
ASME III ASA B3l.1 ' Category I Class I
Class '3 . . (1955) (4.5) - »
ASME III ' ASME VIII (1965) - Category I - Class I
Class 3 B . : :
ASME III ASAa B31.1 - : Non-seisnic -
.Class 3 ~(1955) (4,3) " Category 1

(OBE)

Remarks

Nal3)

0EY-L52SO-YEL
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" Balance of Peedwater

‘Structures,  Systewms,

and- Components

© CONDENSATE/FEEDWATER

SYSTEM A
Piping from Outerwost
Containment Isolation
Valve up to and-
including the
Shutoff-Valve

System from Shutoff

" valve to the Condenser

"MAIN STEAM SYSTEM

Piping from Outermost
Containment Isolation'
valve up to Turbine
Stop and Bypass
Valves and Connected
Piping up to and .
including First valve -

Table 4-1 (Cont.) ’

Quality Classification

" Codes and
Standards

_RG 1.26 (1)

ASME III
Class 2

*. ANSI B3l.1

(See Remarks)

" ASME III

Class 2

Codes. and Seismic Classification
~ Standards Used Used in-
in Plant Design {2) RG 1.29 Plant Design
ASA B3l.1 . Category I Class IIX

(1955) (4.5}

v

ASA B3l.1 . Non-Seismic Class II

(1955) 4,50 Category I :
(OBE)

ASA B3l.1 Category I Class II

(1955) (4,5)

Remarks

Portions of
condensate
feedwater
system
required to
aatiafy
reactor
vessel
reflooding

. design

objectives
should be
ASME III,
Class 3

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

CONDENSATE STORAGE ‘TANK

REACTOR WATER CLEANUP

SYSTEM

piping, Fittings, -

‘and Valves

KEACIOR SHUTDOWN
COOLING SYSTEM

Heat Exchangers -

Tube Side

Heat Exchahgera -
Shell Side

Piping and Valves

" REACTOR BUILOING
* CLOSED COOLING

WATER SYSTEM

Pumps

Table 4-1 (Cont.)

Quality Clasaificétlon

Codes and Codes and Seismic Classification
Standards Standards Used : Used in
RG 1.26 (1) in Plant Design (2) RG 1.29 Plant Design
ASME III ASME IIT (1963) Category'I Class: II
Class 3 Class C
" with 1964 Addenda
ASME ITI ASME III (1965) Non-selsmic Class 11
Class 3 Class C Category 1
(OBE)
~ASME XTI ASA B3l.1 Non-Seismic Class II
Class 3 (1955) (4,5) Category I
' (OBE)
‘ASME. 111 ASME IIXI (1965)' Catedory 1 Class II
Class 2 Class C
ASME IIT " ASME ITI (1965 Category ‘I Class 11
Class 2 Class C ’ ’
ASME IIT. ASA B31.1 Category. I Class II
Class 2 - (1955) (4,5) .
ASME IIIX ? Categocy 1 Class II
Class 3

Remarks

0Ey~L5250-¥AL
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,Piping, Fittings,

Table 4-1 (Cont.)

Quality Clasaification

. . Codes and
Structures, Systems, Standards
and Componeuts’ RG 1.26 (1)
lleat Exchangers ASME 1I1
’ ‘ . Class 3
Piping, Fittings, - ASME III

- and Valves .- Class 3

-

COMPRESSED AIR SYSTEM

. . Quality Group D
and valves - (See remarks)

STANDBY DIESEL
GENERATOR SYSTEM

piping, Fittings, . ASME TiI
and Valves - . Class 3

 SERVICE WATER SYSTEM

piping, Fittings, and "ASME TII
Valves ) : Class 3

Codes and
Standards Used

Seismic Classification

in Plant Design (2) RG 1.29
ASME VITI (1965) Category I
ASA B3l.1

(1955) (4,5)

ASA B3).1
(1955) (4.5)

ASA B31:1-

([955)(4.?)

ASA B31.1
(1955) (4.5}

Category I

Non-geismic
(See Remarks)

Category I

Category I

Used in

Plant Design Remarks

Class II

Class 1

Class II Portions of air
system required
to perform safety
‘function should
be Category 1
and Class 3

Class I FSAR does

: not- identify

auxiliary
systems required
for diesel -
generator

Clasg II

0EY-LSTSO-YAL

e s g o e s S



9MBSU] UIPURLS B JO UOISNG ¥
I3jU3D) Yoleasay uipjueld rn“

Table 4-1 (Cont.)

Quality Classification

: Codes and Codes and Seilsmic Classification
Structures, Systems, Standards Standards Used ‘Used in
and _Components RG 1.26 (1) in Plant Design (2) RG 1.29 Plant Design Remarks
STRUCTURES
Reactor Building ; - ~ Cafegory I Class I . na (3)
Drywell, Torus, Vents, ' ASME IIT ASME III (1965) Categb:y I Class I NA
and. Penetrations ) MC . Class B ‘
A (Primacy Containment) ‘ . ‘ C ' : .
~ ) o N ) .
! Control Room ' - . -- Category I - Class I NA
Stack. . - . - - . Non-seismic Class ¥ . NA.
. Turbine Building = - 4-, . - - . Non-selsmic Class IX NA
. : ) N Category I
. (OBE)
'Radiocactive Waste } - ’ - Non-seismic Class II . NA
Building =~ - . ) ) Category I
iy = : . : {OBE)
‘Intake éhd}Djscharge '  - ‘ . - ' ' Category I Class 1T NA

(Crib House)

0E€Y-LSTSO—YAL



Table 4-2(a)

Quality Group Components(l)

' Code: ASME III-Class’ 1(2)

Pressure Vessels

. None
Piping

Recirculation System Piping (RCS)

Automatic Pressure Relief Sdbsystem Piping (ADS)

Piping from Reactor Vessel up to
First Isolation Shutoff Valve (RCPB)

Control Rod Drive Housing (CRDS)

PleES

Recirculation System Pumps (RCS)

Valves

Recirculation System Valves (RCS)

Automatic Pressure Relief Subsystem Valves (ADS)

1. Refer to Table 4-2(d). for abbrev1at10ns.

_2.' ASME III-Class 1 stands for Boiler and Pressure Vessel Code,

TER-C5257-430

Code

ASME ‘I (1965)(3)
ASA B31.1 (1955) (4)

'ASA B31.1 (1955){(4)

ASME I (1965) (3)
ASA B31l.1 (1955) (4)

ASA B3l.1 (1955)

ASME III -(1965) (3)

~ Class C -

ASME I (1965) (3)

ASA B31.1 (1955) (5)

" ASA B31.1 (1955) (5)

Section III, -

1 ﬂﬂa Frankhn Research Center

Division 1, Subsection NB, 1377 Edition, and Addenda through Summer 1978.
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.-
‘Plant piping was designed according to ASA B3l.1 (1955).- Piping installa-
tion, repair, and replacement were carried out according to the guldellnes

in USAsS B3l.1 (1967).

ASA B31.1 (1955), with Code Cases N-7, N-9; V-lo, Mss Sp- 66, and‘MSS-SP—Gl
prov10es guzdance for de51gn of plant. valves.

. 7-13-;..

A Division of The Franklin Institute
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Table 4-2(a) (Cont.)

Valves (Cont.) - Code
Safety Valves ASME III (1965) (3/6)
Class ?
. ASA B31.1 (1955) (7)
‘Relief Valves - , " "asa B31l.1 (1955)(7)
' First Isolation Shutoff Valve (RCPB) © ASA B31.1 (1955) (3
Isolation Valves not Identified _ A ASA B3l.1 (1955)(5x

under Containment Penetration Valves (IV)

Storage Tanks (Atmospheric and 0-15 psig)

None

.'6. It is not clear which specific section of ASME III ié referenced here. -
7. Safety and relief valves were designed in accordance with ASA B31l.1 (1955),
with Code Cases N-2, N-7, N-9, and N-10 taken into consideration.

N -19-
UUU Franklin Research Center

A Division of The Franklin instinute



. TER-C5257-430 . .

Table 4-2(b) .

4 . ‘ : Quality Group B Components(l)_ -
7 ' Code: ASME-III-Class 2(2) - .~

Pressure Vessel : , » Code
Emergency System Isolatlon Condenser- S ' ,_ASME III (1965)(3)
Tube Slde (IC) . . ’ - Class ?
Low Pressure Coolant Injectlon System . . ASME-III‘(1965)(3)
Heat BExchangers - Tube Side (LPCI) . Class C . o
Control Rod Drive System (CRDS) - o ~ ASME III (1965) (3)

' Class A
Reactor Shutdown Cooling System ; - ASME III (1965)(3)
Heat Exchangers - Tube and Shell Sides (RSCS) - Class C
Piping
Emergency System Isolation Condenser - ' ASME I (1965)(3)
Piping (1c) L ASA B3l.1 (1955)(4)
P1p1ng for Standby L1qu1d Control S ;> ' ~ ASA B3l.1 (1955)(4).
'System (SLCS) Sl ' : .
Core Spray System Piping (CSS) L Asa B31.1 (1955) (4)
Core Spray System ; : . ASME III (1965) (3,3)
Spray Header and Spargérs (CSS) Co - Class B
Low Pressure Coolant Injectlon System : ASA B3l.1 (1955)(4)

Plplng (LPCI)

‘L. Refer to Table 4-2(d) for abbreviations. = ‘ . :

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 B3l.1 (1955). Piping installa-

" tion,.repair, and replacement were carrled out according to guldellnes in

USAS B3l.1l (1967).

5. Class B is related 'to containment vessels. It seems more likely that

-Class C [9] (for pumps) or ASA B3l.l (for plplng and valves) requirements
would have been used. . '

-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 Qutermost 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)

Pumps -

Standby Liquid Control System Pumps (SLCS)
Core‘Spray System Pumps (CSS)

Low Pressure Coolant Injection Pumps (LPCI)

High Pressuze.Codlant'Injection Pumps . (HPCI) .

;21-

Uﬂﬂﬁ Franklin‘ Research Center

A Division of The Franklin Institute

TER-C5257-430

Code

ASA B31.1 (1955) (4)

ASA B31.1 (1955) (4)

ASME III (1965) (3/3)

Class A

ASME III (1965)(3'5)

Class B

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

ASA B31.1 (1955) (4)

ASA B3l.1 (1955) (4
ASA B31.1l (1955) (4)

ASME III (1965) (3)
Class C

ASME III (1965) (3/5).
Class B or C '

ASME ‘III (1955)(3'5)

- Class B o

ASME III (1965) (3) -
Class C '



Table 4-2(b)
Valves

Emergency System Isolation Valves (IC)

Standby Liquid Control System Valves (SLCS)

Core Spray System ValQes.(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 Contalnment

" Isolation Valve up to the Turbine 'Stop

and Bypass Valves Including the First
Valve (MSS)

‘Reactor Shutdown Cooling System Valves (RSCS)

Storage Tanks;jAtmos?heric and 0-154péig)

Standby Liquid Control Tank (SLCS)

7. Information regardlng.this.editlon of-the.Code
the information is not available at this time.’

Uﬂﬂﬁ Franklin Researéh Centér '._"

~ ADivision of The Franklin Institute

. ASA B31.1 (1955) (6)

'ASA B31.1 (1955) (6)

-22-
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Code
ASA B31.1 (1955) (6)
ASA B31.1 (1955) (6)

ASA B31.1 (1955)(6)

© ASA B31.1 (1955)(5*

ASA B31.1 (1955) (6) .
ASME III (1965) (3¢3)
Class B

ASME III (1965) (3¢ 5)
Class' B

© asa B31.1 (1955) (6)

API-650 (1964) (7

""6. ASA B3l.1l (1955), w1th Code Cases N=-7, N-9, N—lO MSS SP-66, and MSS—SP 61,'
'-prov1des guidance for design of ‘plant valves.~ g

is an assumption because




TER-C5257-430

Table 4-2(c)

Quality Group C Components (1)

RPN TN YR .‘.;_..;.4._;...,‘_..‘.;&_......;..:...-.___.;.,,

Code: ASME III-Class 3 (2)

Pressure Vessel | ' Code

- Emergency System Isolation Condenser - . . - _"ASME VIII (1965)(3)
Shell Side’ (IC) .
Low Pressure Coolant Injection/ ASME III (1965) (3)
Containment Coolant Subsystem Class C

Heat Exchangers - Shell Side (LPCI)

Spent Fuel Storage Heat Exchangers (SFSF) ASME III (1965) (3)
Class C

Spent Fuel Storage Filters (SFSF) ASME VIII (1965) (3)

Reactor Building Closed Cooling Water - . ASME VIII (1965) (3)

Heat Exchangers (CCWS)

Piping

Containment Coolant Subsystem Piping (LPCI) ASME III. (1965) (3/4)
" Class C

Piping Between Service Water System . ASA B3l.l (;955)(5)

and the Condenser Hotwell (SCSS) ) '

Piping Associated with Spent Fuel : - ASA B3l.l (1955) (5)

Storage Facility (SFSF)

- 1. Refer to Table 4-2(d) for abbreviations.
2, ASME III-Class 3 stands for. Boiler and Pressure Vessel. Code, Section III,
© Division 1, Subsection ND, 1977 Edition, and Addenda through Summer 1978.
i, . 3. Plant design is in accordance with Sections I; III, and VIII of ASME
‘ N Boiler and Pressure Vessel Code, 1965 Edltlon, w1th Addenda through Summer
1965.
4, It is more lxkely that ASA B3l.l (1955) would have beenAused for de51gn
purposes than ASME III.
5. Plant piping was designed according to ASA B3l.1 (1955) Piping instal-
' lation, repair, and reéplacement were carrled out accordlng to guidelines
in USas . B3l 1 (1967).

-23-
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CE ’ Table 4=-2{(c) (Cont.)

 Riping (Cont.) . ' . . L | ~ Code
Reactor Vessel Head | : ASA B31.1 (1955) (5
Cooling System Piping (RVHCS) :
Balance of Feedwater System ‘ 7 | ASA B31.1 (1955) (3)
From Shutoff Valve to the Concenser (C/FWS)» '- .
Reactor Water .Cleanup System Piping_(RWCS) - ASA B3l.l (1955)(5)
‘Reactor Building Closed : | ‘: . . asA B31.1 (1955) (5
Cooling Water System Piping (CCWS).

.Compressed Air System Pipipg (Cas) - S : ASA B31.1 (1955) (3
Standby Diesel Generator System Piping {SDGS). ‘ASA B}l.l (1555)(5)
Service WateriSystem Piping (SWS) A ‘ 'AsA B3l.1 (1955)(5l
Pumps ~
Pumps for Spent Fuel Storage Facility (SFSF) ~ .  ASME VIII (1965)(3)
Pumps for Reactor Building Closed Coollng - . . - ?

Water System (CCWS)

Valves
Containment Coolant Subsystem valves (LPCI) - ‘ ASME III (1965)(3 4)
- ‘ Class C.
é' Associated Valves Between Serv1ce Water System and' B .ASA B3l.1 (1955)(6?
; Condenser Hotwell (SCSS) : : ) '
é' Valves for Spent Fuel Storage Facility‘(SESF);’. .‘- . . ASA B3lfl'(l955)(m
: ‘Reactof Vessel Head Cooling System Valies.(RVﬁCS)." : _«ASA B3l;l (1955) (&)
. Valves in Balance ;f Feedwater Syetem (;/FWS)i . R 'Asa B31.1 (1955) (6)
Reactor Water Cleanup System Valves (RWCS) l . _ v ASA B3l.l (1955)(6):
Reactor Bulldlng Closed Coollng Water LC: f-t  o ASA B31.1 (1955) (&)

wSystem Valves (CCWS)

6. ASA B3l.1l (1955), w1th Code -Cases V-? N—9 N-10, MSS-SP-GG, ana. MSS-SP-6l,
" provides guldance for deSLgn of plant valves.

L o - _ o D moge
.;-' ' o ‘ UUUE Franklin Research-Center

A Division of The Franklin Institute




TER-C5257-430

Table 4-2(c) (Cont.)

9922

Valves'(Cdnt.)

Compressed Air System Valves (CAS) : ' | ASA B31.1 (1955) (6)
Standby Diesel Generator System Valves KSDGS) ' ASA B31.1 (1955) (6)
Service Water System Valves (SWS) | | o  AsA B3l.1 (1955) (6)

lStorage Tanks (Atmospheric and 6-154psig)
Condensate Storége Tank (C/FWS)- - . ‘ ASME III §19§3)
‘ ’ Class C with 1964
Addenda

-25-
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Table 4-2(4d)

Index of Abbreviations of Systems ... .o b . lo..

- - ' Abbreviations _ Definitions.
S o ADS ~©  Automatic Pressure Relief Subsystem:
C o CAS _ .+ . Compressed Air System
o S CCWS : . Reactor Bldg. Closed Cooling Wate: System
B ' ’ CRDH - Control Rod Drive Housing
B ' ' CRDS Control Rod Drive System
cs A : ‘Containment System:
css ~  Core Spray System
C/FWS ' : Condensate/Feedwater Systems
HPCI- High Pressure Coolant Injection System
ic . , Isolation Condenser )
v ‘ Isolation Valve
LPCI : Low Pressure Coolant Injection System
MSS ‘ Main Steam System
RCPB ' } Reactor Coolant Pressure Boundary
RCS ' Recirculation System
RSCS . Reactor Shutdown Cooling System
-RVHCS . o Reactor Vessel Head Cooling System
RWCS ' Reactor Water Cleanup -System-
SCSS - : Standby Coolant. Supply  System.
SNy ~ SDGS Standby Diesel Generator System
I ' ' - SPSF - o "Spent Fuel Storage Facility
y ' *. 8GTS ' Standby Gas Treatment System
* SLCS v " Standby Liquid Control System
: sws "~ Service Water System
R
i
.
1
-26-
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S. 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‘requi;ements of the current

code affect the safety metgin to which these components were originally designed.

General che';equirements are those requirements that apply to all ‘the
components discussed in this report (i.e., piping, pressure vessels, valves,
pumps, and tanks). The follewing topics Qere idehtif;ed_in Section 4.1 of
Appendix A to be general requirements that have changed from older codeé to

(L)

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

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

5.1.1 Fracture Teuqhness

. . As indicated in Section 4.1.1 of Appendix A, the e_u;reht code [2] requifes
‘ N that pressure-retaining material be impact tested, but there’are.exeﬁptions
s from this requirement. Tables A4-4 through A4-6, developed in;Apbendix,A, are
used as a guiﬁeline in evéluatinngﬁether it is necessary to impect'test the
material used for each specific component of the Dresden Nuclear Power Plant}“f
The results of this ewvaluation ere'compiled in Table 5-1. - Data 6n nil .

ductility tran51t10n temperature (TNDT

found in References 11, 12, and 13. Of the 62 components revieWedvin Table
© 5-1: | ' :

) of the different materials can be

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

o vthe type of stainless steel used (most probably austenltlc) was not f
' specified for 9 components (15%) :

' o, the ‘material used was not spec1f1ed‘for 43'components'(69%)u~f

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

: 1. Quality assurance is outside the scope of the SEP accordlng to the letter
. : from S. Bajwa to S. Carfagno dated December 10, -1981.

\
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Structureh, Systems,

‘able 5-1

Review of Fracturce Touéhness Requirements

Dresden Nuclear Power Plant Unit 2

Quality Group Impact Test

Piping and Valves ~
between Reactor

"~ Core Cooling and- )
Isolation Condenser .-

Reason for .

Remarks

and Components Clagssification- Material Required?
KECTRCULATION' SYSTEM
Recirculation System Class A Stainless Steel Insufficient
Piping ' . o Data
Recirculation System Class A Not Given
. Valves '
Recirculation System Class A © " Not Given
Pumps ;
EMERGENCY SYSTEMS

.Isolation Condenser

Shell Side Class C " Not Given

Tube Side ~Class B . Not Given'

Tiiterconnecting Class B : Not Given

Exemption(l)

"l. Refer to Tables R4-4 through A4-6 of Appendix A for explanation of exemptions.

Probably austenitic
stainless steel

Not discussed in
FSAR

Not discussed in
FSAR

Not discussed in
FSAR

Not discussed in
FSAR

Not discussed in

" FSAR

0Eb-L5Z50-YAL
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Structures, Systems,
and Components

Standby Liquid Control

System

Puwps
Tank
Piping and Valves

Core Spray Systewm

Pumps -

Casing
Inpellec
Shaft

Piping from the .
Suppression Chamber
to the Outer
Isolation Valve

Piping from Outer
Isolation Valve
into the Reactor

Quality Group

Table 5-1 (Cont.)

Classification Material

Class B Stainless Steel
Class B Not Given

Class B Not Given

Class B Cast Steel
Class B Bronze

Class B Stainless Steel
Claés B Carbon Steel
Class B Stainless Steel

Inpact Test Reason for

B O U T Ty YOUR FEUE R SR

_Insufficient

Data

Insufficient
Data

Probably austenitic °
stainless steel

Not discussed i
FSAR .

Not discussed in

No information on
Typp available

Probably austenitic
stainless steel

Required? Exemption(l) Remarks

Insufficient

Data

FSAR

.Insufflcient

Data

No , 8f See FSAR

- Table 6.2.3

[nsufficlent

. bata

Sizes and steel
type not given

Probably austenitic
stainless steel

0EY-L5Z5O-¥aT



Table 5-1 (Cont.)

_st:uétures, Syétems, ~ Quality Group ’ ) Impact Test Reason for

- _and Components - Classification . . -Material : ‘Required? Exemption(l) - Remarks
 Spray Spargérs and Class B - Stainless Steel No ~8e
- Spray Nozzles : . 304 . ’

Low Pressure Coolant
Injection/Containment
Coolant Subsystem

MBS} UIPURL S Iy 1O uoISG V
J3ua) qamasaa U![){UEJd [m

Pump -~
Casing ‘ ‘Class B Cast Steel Ingufficlent No information on
) ' Data ) Tnpr available
- Impeller . " Class B Bronze - No 8f See FSAR
? o ‘ ' . Table 6.2.4
* - Shaft ‘ " Class'B - .. Stainless Steel Insufficient Probably austenitic
' ' ) Data ‘stainleéss steel
Piping from Isolétion :1 Class B Stainless Steel - Insufficient . - Probably austenitic
. Valve to Reactor _ o - . Data o stainless steel
‘. System ) : o '
. Containment and ~  Class B Not Giyén - . : Not discussed in
_ Suppression Spray : . ' ) ' . . FSAR
Headers ‘ : ’ ’
tleat Exchangers - Class B Not Given ' v _ " Not discussed in
“fube Side : ’ FSAR ~
. , ‘ o o _ , | , 3
shell Side .. ' Class C Not Given o , Not discussed in 5
. o : : : ' - FSAR 4
Containment Coolant.:’ Class C Not Given . - : . Not discussed in -
Subsystem ‘ s B ’ FSAR ]J
. . L
) w -
o

e
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Structures, Systems,
and Components

High Pressure Coolant

Injection

Punps

Piping, Fittings, and
Valves

Spargers (Feedwater
Spargers Used)

Standby Coolant Supply
System Lo .
Pipings, Fittings and
Valves .

Autowatic Pressure
Relief Subsystem -

STANDBY GAS TREATMENT
SYSTEM T -

Pipings, Fittings‘and
- Valves’

SAFETY VALVES

RELILF VALVES:

prlg‘s—l

‘ QQalify Group o
Classification Material
Class B Not leeq
Class B Not Given
Class B Stainless Steel
qlass Cc Not Given
Qlass A Not Given
Class B Not Given
Class_p &ot Given
Class A' Not Given

Class A

~Not

Given

{Cont.)

Impact Test

Reason for

Not discussed

Not discussed

Probably austenitic

Required? Exemption{l} Remarks
FSAR
FSAR

Insufficient

Data

in

in

stainless steel

Not discussed
FSAR

Not discussed
FSAR -

Not discussed
FSAR

Not discussed
FSAR

Not discussed

. FSAR

Not discussed
FSAR

tn’

in
in
in
;n

in
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Stkuctures, Systemns,

Quality Group

o i (s
PUGRFIILIRAVLY S

Table 5-1 (Cont.)

SPENT FUEL STORAGE

. FACILITIES

Spent Fuel Pool

Class C

Type 304

and Components Classification Material
. CONTAINMENT PENETRATIONS
Hydraulic Lines to the Class B Stainless Steel
Control Rod Drives '
'Va;veé Class B Not Given
REACTOR_ COOLANY - -
" PRESSURE BOUNDARY
Piping, Fittings, Class A Not Given -
©. .and Valves o ’ :
"ISOLATION VALVES Class A Not Given
'CONTROL ROD DRIVE Class A Not Given
HOUSING o
CONTROL, ROD DRIVE
- SYSTEM C
Velocity Limiter "Class B Stalnless Steel
I ) o Casting '
‘Guide Tubes -Class B Stainless Steel

Probably austenitic
stainlegs steel

" Not discussed in

Not discussed in
Not discussed in

Not discussed in

) Probably'austenitic
" stainless steel

Impact Test Reason for
Required? Exemption(l} . Remarks

Insufficient

Data
FSAR
. FSAR
FSAR
FSAR

Insufficient

Data

" No 8e
‘No 8a

Stainless Steel
Lining-3/16 inch

thick

0EY-LS25O0-¥IL




Table 5-1 (Cont.)
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Structures, Systews, Quality Group . - Impact Test Reason for
and Components Classification Matecial Required? - Exemption(l) Remarks

_Pump : . : Class C Not Given . Not discussed in

’ : : FSAR
Heat Exchanger o © Class C o Not Given . ‘ Not discussed in

N FSAR
Piping, Fittings, and Class C ‘Not Given . Not discussed in

Valves _ : ) : : © FSAR

Filter ' - . Class C Stainless Steel No da
or ‘ : ’ Mesh
w .
1 REACTOR VESSEL HEAD ) ) -

COOLING SYSTEM : Class C : Not Given Not discussed in

i E : ’ FSAR
ZPipfng, Fittingé, R 'Class [ Not Given h o Not discussed in

and Valves B ’ . FSAR

" CONDENSATE/FEEDWATER
SYSTEM - -

R Piping from Outermost Class B ) Not Given S - ' . Not discussed in

Containment Isolation . o . ’ . FSAR

.+ Valve up to and includ- . s :
-, ing the Shutoff valve

Piping from Shutoff ] Class C Not Given ‘- ' ' " Not discussed in

Valves to the : . L ' ] FSAR

Condenser

[ S Al
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Structures, Systems,
and Components

MAIN STEAM SYSTEM

: -piping from Outerwost

Containment Isolation

Valve up to Turbine Stop

and Bypass Valves and
Connected Piping up to

and including First Valve

CONDENSATE STORAGE TANK

REACITOR WATER CLEANUP
SYS'TEM

Piping, Fittings,
and v;lves‘ R

REACTIOR SHUTDOWN,

" . COOLING.SYSTEM

"Heat 'Exchangers -
‘lube Side

" Heat Exchangers -

Shell Side

Pipiné, Fittings, and
© Valves - .

REACTOR BUILDING CLOSED

~ COOLING WATER SYSTEM

pulips -

Quality Group

‘Fable :S5-1 (Cont.)

Class C

Classification Material
Class B Carbon
Steel
Class C . Not Given
Class C Not Given
Class C {Not Given
"Class B Not Given
Class B . No; Given
Clasé B Not Given
" Not Given

Reason for
Exeumption (1)

Impact Test
Regquired?

Remarks

Insufficient
Data

Size of pipe and
steel type not
given

Not discussed in
FSAR

Not dlécussed in
;SAR

.Not discussed in

FSAR :

Not mentioned in

'FSAR

Not mentioned in
FSAR

Not mentioned in
FSAR

Not discussed in

-FSAR

0EY-LSTSO-Y¥AL
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Structures, Systems,
and Components

Heat Exchangers
Piping

Valves

COMPRESSED AIR SYSTEM

Piping, Fiﬁtihgs,.and,

Valves

STANDBY DIESEL
GENERATOR SYSTEM

Piping, Fittings,

and Valves

SERVICE WATER SYSTEM

Piping, Fittings,-
and Valves

Quality Group

Table 5-1 (Cont.)

Impact Test Reason for

Remarks

_ Not.discussed in

Not discussed in

Not discussed in

Not discussed in

Portions required
to perform safety

- functions should

Not discussed in

Not discussed in
FSAR

Classification 'Material Required? Exemption (1)
Class C Not Given
FSAR
Cléss (o} Not Given
- ’ FSAR
Class C Not Given
. : FSAR
Class D " Not Given
(See remarks) FSAR
be Class 3
. Class C Not Given
Class C “Rot Given

QEY=-LETSO~YIL
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,5.1;2 Quality Assurance.

' Section 5.2 of this report.

TER-C5257-430

(1)

The .quality assurance requirements for.the design and..construction.of: . ... ... =

Class 1, Class 2, and Class-3 components as per the current code [2] are

odtiined in Section 4.1.2 of Appendix A. Most of these requirements were not

. considered in past codes [7, 8, 9, 10]. WNevertheless, quality assurance was

considered in the Dresden Nuclear Power Plant; as. illustrated in Appendix E of

the Final Safety Analysis Report [5]..

5.1.3 QQalityAGroup Classification

As indicated in Section 4.1.3 of Appendix A under the title -"Quality Group
Classification,” élassifica;ion of components was not conéidéred,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 Cf.‘Cléss A is equivalent to Class 1 of the current

- code [2]. Class B is concerned with containment vessels, which are outside

the'scope of this report. Class C may currently be claSsiﬁiea 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 reqdirements.except for the control rod drive'system,A

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

‘tube side, for which Ehe,class'used-for.designing is noﬁ known (it is logical
"to assume Class C). 1In Table 4-2(c), all current Class. 3 pressure vessels

- were constructed to Ciass C [9] or ASME B&PV Cdde,ESectioh ViIIQ[LO]

redquirements. Class 2 pressure vessels constructed to Class C requirements

"should be evaluated against current Class 2 requirements,'éspecialiy for

radiog;aphy requirements. See discussion on full radiography requirements in

5.1.4 ‘Code Stress Limits
Methods of calculating stress limits have>cﬁah§ed'in‘two"major respects:

the use of different strength theories ahd_the:additiongl”éonsideration‘of

=36~
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service levels C and D as possible loadinq,conditions with different.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 oode (2]
for Class 1 components. The theory of failure used in ASME B&PV Code, Section
III, 1965 Edition [9] for Class A pressure vessels is 51m11ar to that of the

current code. The current code for Class 2 and c1ass 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 discusséd in the previous paragraph, the seismic portion of this .

topic is outside the scope of this report.  Seismic review of the systems and

components 1s 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-

tlon, de51gn, and full radlography requlrements.

.Fracture toughness is discussed in Sectlon 5.1.1 of this report. Quality

.group classification is discussed in Section 5.1.3. Tﬁe(basic difference in

-design requirements concerns stress limits and consideration of service. level

C and D loading conditions. This topic is addressed in Section 5.1.4 of this
report. . ‘ o
Full radiography requirements for préessure véssels 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

- -37-
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of vessels.currently<classified Class. 2 which werefdesigned“to’ClaSSrC:IQI

requirements. For this.exception,..the current full radiography requirements
are more restrictive than past requirements. Information regarding the
radiography requirements imposeé on the welds of the following vessels should
be provided: emergency system isolation condenser - tube side,'lew pressure
coolant injection system heat exchanger - tube side, and reactoppshutdown :
cooling system heat exchangers -‘tube and shell sides. .This information shquld

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

S isolation condenser - tube side.

5.3 PIPING

In addition to the general requirements previously discussed, the
following items are considered when'designing‘Class 1 piping for fatigue

'stresses based-on the current code (2] that were not considered or were

considered differently in the past code [7]:

0 gross discontinuities in the piping systems are accounted ‘for
.0 loading due to the thermal gradient’threugh the thickness of the pipe

0 indices used in calculating. secondary stresses are equal to or less

than twice the correspondlng stress lnten51f1catlon factors in the
past code.’ :

The last two items pose no problem as far as the structural integrity of the

".E-‘ o system and are dlscussed in detall in Sectlon 4.2 of Appendlx A.

When con51der1ng gross dlSCOntanltles of piping systems, two loading

cases can prove to be- potentlally unconse:vatlve de51gns when evaluated to
current code requirements. Two examples ‘are glven in Section 4.2 of Appendlx
A in order to assess'the‘po;entlal 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. '
’ lj - o S From Table 4. 2 1 of the FSAR [5], it?cad'be seen’that the thermal and

loaalng cycles glven for the Dresden plant are 51m11ar to those glven ln the

e o-38-
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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 ;00°F (see Section 3.4.1l.4 of NUREG-0123 (15]), the previous

conclusion given in exanples in Appendix A also applies to the Dresden plant.
The Licensee has informally indicated [16] that the temperature drop is 11°F.

Confirmation and documentation regarding this value are required.

Piping designed only to Section I of the ASME B&PV Code (8] shduld be
evaluated for the thermal stress 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 condensef piping systems up to the -

outermnst isolation valve should.be.providéd (see remarks on page 9).

For Class 2 and Class 3 piping systems, the requirements of past and

current. codes are very similar..

‘Full radiography requirements for piping, valves} and pumps are disbnssed
in Section 4.2 of.Appendix_A."The conclusion ﬁd be drawn from this discussion
is that, currently, full radiography is required for Class 1 and Class 2
welded joints, whereas it was not required in the past code (7]. However,
Provisions 2 and 3 of Code Case N-7 to Reference 7 required full'iadiography
for circumferential and longitndinal welds. If these provisions of the cbde
caée were applied, then current requirements are met.~ Using Table 4-1, the
Licensee should provide information indicating if Provisions 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,invokéd'for many of the
valves listed in Table'4—l. Théfsame-type of informétionjis needed for piping

systems. ' -

Some piping systems at the Dresden plant were designed to ASME B&PV Code
Section I (1965) ({8] in conjunction with the piping code [7]. Section I
requires full radidgraéhy foi‘éircumferential and longitudinal welds.

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

' radiégraphy requirements. -

The Licensee has indicated,ﬁhat,the-following piping systems were designed

to codes not usually related to piping design: .core spray system spray heééé:_»

: DR =39
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and spargers, spargecs for high pressure coolant injection, standby gas . ..

treatment system,piping,'containment penetration"piping,‘¥)-and*containmentfgf.

‘coolant'subsystem'piping;' Clarification of this information is requested. .

5.4 PUMPS

Class 1 recircnlation 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 de51gned to

Section VIII of the 1965 ASME Code {10j.

Pumps designed to Section III or VIII should be checked for requirements

outlined. in the Pressure Vessel Section (Section 5.2). Recirculation pump
casiné which belongs to Class C Category of ASME B&PV Code Section III, 1965
Edition [9] does not experience pressure and temperature transients; there-

fore, it is not necessary to de51gn it by Class A of ASME Section III, 1965

_Edition {9] as mentioned 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.éeneralrrequirements and .full

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

this report.

- Information on the radiography requiremenrs imposed on the welds of the:
Class 1 and 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.

'Qf seven pumps -reviewed inithis report, six were.designed to ASME B&PV

Code Section III or‘YIII;' No information on the code used in desiéning’the"

reactor building closed cooliné 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 seems more likely that

Class C requirements were used (see Section 5.1.3 of this report)

1. Penetrations can be deSigned according to Section III Class B, but not
piping or valves.- e S

-40—-
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5.5 VALVES

Major differences between current requirements (2] and past'requirements

'[7] for valves are discussed inuSection‘4.5.of,Appendix A,

Class 1 valves designed in accordance withipast requirements should be

adequate when judged by current standards except for:
1. fracture toughness'requirements

2. stress llmlts might not be satisfied for valves that differ
51gn151cantly from the body shapes described in the current code

3. stress. llmlts for service level. c mxght not be satisfied
4. full radiography requirements (Class 1 and‘Class 2).

‘The following recommendatlons should be followed in order to evaluate the

“adequacy of Class l»valves (see Table 4-2(a)) in the Dresden plant°

1. See Tablejs-l for the fracture toughness requirements evaluatioh.-

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

3. Show that valve has been subjected to service level C condltlons and

no replacement was necessary. If this is true,- the prev10us 1tem
.need not be investigated.:

i

The following recommendation should be followed in order to'evaluate
Class 2 and 3 valves:. I 4 |
The pressure-temperature rating of Class 2Aand 3 valves in the Dresden

plant (see Tables 4-2(b) and 4-2(c)) should be compared w1th current
pressure-temperature ratlngs {171. .

Full radiography requ1rements for piping; valves} aﬁd,pumps;are discussed

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

" is that, currently, full radiography is requlred for Class 1 and Class 2 welded

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

" 2 'and 3 of Code Case N-7 to Reference 7 required full radiography for

-41-
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circumferential and longitudinal welds. 1If these provisions ‘of the code case'.

i ’ 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 1l 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 1 and Class 2 valves.

The Licensee indicated that the following valves were designed to codesv
that are not usually related to valve design: safety valves, standby gas = .
treatment system valves, contalnment penetratlon valves, and containment ‘
.coolant subsystem valves. Clar1f1ct10n on thls information is requested.
- Information on the'radiography requirements imposed on the welds of prev10uslyr

mentioned-valves-shculd be'provided.

. 5.6 STORAGE TANKS

As dlscussed in Sectxon 4.7 of. Appendlx A, atmospherlc storage tanks

) de51gned to the 1965 Edltlon of ASME B&PV Code, Sectlon III Class C or Section =

VIII, should be checked to see 'if the current compresslve stress requlrements

are met. Class C atmospheric storage tanks currently classified as Class 2-
' ’ (1)

should,bé checked against current quality assurance requirements.

As also discussed in Sectlon 4, 7 of Appendlx A, 0 to 15 psxg storage tanks

‘de51gned to 'Class C requlrements may not satlsfy current ten51le allowables for

TR W S TS

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

1)

-,E : classified as Class 2 may not satisfy current quality assurance requirements.(
! Storage tanks designed to the Amerlcan Petroleum Instltute API- 650, 1964

Edltlon [18] should be lnvestlgated to determlne if they meet current requlrements.

The condensate storage tank and standby liquid control tank are reviewed

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

4

'9 ' - 'l., Although discussed in this report, quallty assurance is outsxde 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), Claés Cc with 1964 Addenda and the standby liquid control
tank was deéigned to API-650 (1964).  Stress allowables for.the tank walls - .
were lower in API-650 than in current standards. Stress allowables for the
roof satisfy current standards. The use of A-7 plate material permitted by
API-650 is no longer accepted by the currént code. Calculations on the
standby liquid control tank shbuld be proﬁided in or&er'to determine whether

they satisfy current standards.

. ' ' -43-
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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, qual1ty

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

full :adlography requirements, and fatlgue analy31s of plplng systems.

‘ Although the requirements for code stress llmltS and fatigue analy51s of
piping systems have changed throughout the historical development of the
current code, the chanées 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 codé [2] on the safety

- functions of the systems and components reviewed in this report.

A summary of conclusions and recommendations is as follows:

1. Fracture toughness - 62 components were reviewed .in Table S-1 to
determine if impact testing was required. From the information in
this table, 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 should be provided by the Licensee and, using Tables A4-4
through A4-6 in Appendix A, an evaluation should be made for each
component .to indicate if impact testing is required 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 (111)
Class 1 and 2 pumps. Confirm that Code Case N-7 of B3l.l was invoked
for valves. Indicate whenever Code Case N-7 was invoked for piping.
Vessels and pumps designed to Class A requirements (9] and current

1. Although 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. : L A o

ol T das
‘]ﬂﬂﬁ Franklin Research Center
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Class 3 vessels, piping, pumps, and valves meet current full
‘radiography  requirements. Tables 4-2(a), 4-2(b), and 4-2(c) should
be used in providing the required information. S :

Quality group classification - Class A [9] vessels are equivalent to
current Class 1 vessels. Class C vessels may currently be classified
as Class 2 or 3. 1In the Dresden Nuclear Power Plant, recirculation
system pump casing, currently classified as a Class 1 vessel, was
designed to Class C requirements. Radiography requirements imposed
on the welds of these pumps should be provxded and compared to
current Class 1 requirements.

Valves - in addltlon to the impact testlng and full radlography
requirements previously discussed, xnformatlon should be prov1ded 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.

Pumps - pumps -designed to standards other than ASME B&PV- Code
Sections III or VIII, 1965 Edition should be checked to determine

" whether they meet current standards. Seven pumps were reviewed in

this report. Informatlon on the code used in designing the reactor
bulldlng clOsed coollng water system pump was not prov1ded

Storage tanks - (i) atmospherlc storage tanks should be checked to
'determine whether they meet current compressive stress requirements; -
. (ii) 0 to 15 psig storage tanks should be checked to determine -

whether they meet current tensile allowables for biaxial stress fleld

condition; (iii) storage tanks designed to API-650 (1964) [18]

(standby liquid control tank) should be investigated to determine

whether they satisfy current stress allowables and material

standards. <Calculations for the two storage tanks dlscussed in this
report should be prOV1ded. : :

Missing information - (i) "information missing from Tables 4- 2(a),
4-2(b), and 4-2(c) of this report regardlng 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 (l1°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).

=45~
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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,dnder the Systematic Evaluation Program.(SEP). The
current code is the American Society of Mechanical Engineers' Boiler and
éressure Vessel. Code (B&PV), Section IiI, 1977 Edition as supplemented by the
Summer 1978 Addenda (1, 2]. -The three major oldertcodes being compared
against the current code are the B&PV Code, Section III, 1965 Edition ([3]; the
"Code for Pressure Piping," American Standard Assoc1at10n B3l.1, 1955 Edition

{4]; and B&PV Code, Section VIII, 1965 Edition [5]

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 apbendix'applies only to the Group I plants: Palisades, Ginna, Millstone

Unit l, Dresden Unit 2, and Oyster Creek.

The B&PV Code, Section. I, 1965 Edltlon (51 1s also dlscussed in this

appendix at it applies to Oyster Creek, Mlllstone Unit l( and Dresden Unit 2.

The older requirements are evaluated to identify differences from the
current code requirements and to assess the impaot 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 comparlson is llmlted to quality classxflcatlon of
sy stems and components as dlscussed in Regulatory Guide 1.26° [6] and Section
3.2.2 of the Standard Review Plan {71. The reactor vessel, steam generators,
and supports are outsxde the scope of this appendlx, ds is the seismic.

cla551f1cat10n of systems and components. ~All these subjects are addressed in

_other SEP topics. Quality assurance has also been determ1ned to be outside

the scope of this comparison, but has been included for 1nformat10nal ‘purposes
(1)

-only.

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

UUB Franklin Research Center ‘

A Division of The Franklin Institute
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Table Al-l

Major Codes and Standards Used in Design of. Systems

and Components oerEP Plants

Plant -

Group I (1969~1971)

Palisades

Millstone 1
Ginha

Dresden 2

Oyster Creek

Group II (1968)

LaCrosse
= 1

San Onofre

Haddam'Neck~

Group IIT' (1961-1963)

Big Rock_Péint

‘YankeejRowé

Uﬂﬂ Franklin Research Center.

A Division of The Franklin institute

Commercial

Operation

Dec.

1971

March 1971

July

July

" Dec.

Nov.

Jan.

Jan. .

1970

1970

1969

1969

1968

1968

March “1963

July 1961

Major Codes

1. ASME III (1965)

2. ASA B3l.1l (1955)
and Code Cases

3. . ASME VIII (1965)

and Code Cases

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

1.- ASME I & VIII (1962)
and Code Cases

2. ASA B31l.1 (1955)

. and Code Cases

1.  'ASME I & VIII (1959)
» ‘and Code Cases

2. .. ASA B3l.l. (1955)

"and Code Cases

1. ASME I & VIII (1956)

and’ Code Cases

2. ASA B31.1° (1955)

and Code Cases




2. SUMMARY OF RESULTS OF CODE COMPARISON

2.1 GENERAL

[ AR -._._.\.'. TN N

components [l] are outlined in Table A2-l.. For each article or subarticle,
the applioability to Code Class 1, 2, or 3, cdrrespondiné to Quality Class A,
B, or C, respectively, is noted. Requirements considered especially signifi-
cant from the viewpoint of pressuie boundary integrity are indicated by an "A"
in the "Significant®” column. The basis for selecting significant items is

discussed in Section 5 of this appendix.

2.2- PIPING

';f . . Table -A2-2 presents a comparison of'the cu;rent and past code require~ |
ments for the materials, desién, fabrication; examination, and testin§ of ‘
B . piping systems and components for nuclear power plants.‘ The past code for

' "~ piping is the B3L.l (1955) power piping code. .The ASME I (1965) [5] power
' ’ ' boiler code may have been invoked for oiping ‘between the BWR vessel and the
. - first set of shuﬁoff and ‘check valves in the. line.. A comparlson of 51gn1f1-”
cant past and: current piping requlrements may be found in Sectlons 4 .1 and 4.2

.of this appendlx.

2.3 PRESSURE VESSELS

f;t : ' 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;ourrent code againse‘ASME

- VIII (1965). ' ‘ Lo A

Noté that past Class A vessels were built in accordance with ASME III
(1965), which would be equivalent'to the,ourrent Class l~classification..

Past Class B vessels were deflned as contalnment vessels, whlch are

. outside the scope of this review.

: ' A-3
UUUE Franklin Research Center o

A Division of The Franidin Institute
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‘Table A2-1

Current Code Requirements {1}

Article* 5 : . : : .
- or : ' S Class -~ Class  .Class Signi- LI
Subarticle " Description 1 . 2 . 3_ ficant - Remark s
" NA-1000 SCOPE OF SECTION IIT N ‘A . A -
NA-2000 CLASSIFICATION OF COMPONENTS A A A A
NA-3000" RESPONSIBILITIES'AND'DUTIES _ I A A -

NA-4000 QUALITY ASSURANCh
NA-4100 Quality Assurance Requirements A A NA A

' NA-5000 - INSPECTION

NA-5100 General Réquifements for Authorized A . A . A A
: Inspection Agencies and Inspectors

NA-5200 Duties of Inspectora T A A A A
'NA*QOOO ) QUALITY CONiROL SYBTEMS FOR CLASS 3 .
) " CONSTRUCTION . . L
NA-6100 ~ General Requirements NA © . - NA A A
.. NA-6200 Organization and Responalbilitiea NA NA A - A
*.NA-6300 - Control of Operations NA . NA A A
~ NR-6400 Records and Fotms NA’ " NA A A
NA-GOOO ) CERTI?ICATES OF AUTHORIZATION, A A A -
S NAMEPLATES, STAMPING, AND REPORTS
1000 INTRODUCTION i o
1100 " Scope . I ‘ Y . A A A
© 2000 . . MATERIAL :
2100 . General S ‘ . A A A . A

2200 ’ Material Test Coupons and Speclmens A ‘A . Y U -
" for Ferrltlc Steel Materials R '

A Addressed in the Code for the specified class or conaldered significant for thls tevlew.

- 'Not considered signiftcant 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 1 component, NC for Class 2 component, and ND for

Class 3 component.
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Table A2-1 (Cont.)
Article*
or ‘ C Class Class Class signi- e

Subarticle . Description 1 2 3 ficant Remarks

2300 Practure Toughness Requirement A A A A
for Material

2400 " .Welding and Brazing A A A A

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

2600 Material Manufacturers' Quality ‘A A A A
System Program ’

2700 Dimensional Standard A A A -

3000 DESIGN T

3100 General ) . A A A A

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

3300 Vessel Design A A A A

3400 Pump Design A A A A

3500 Valve Design A A A A

3600 Piping Design A A A A

3700 Electrical and Mechanlcal Penetration NA A ‘A A

’ Assemblies ) - .
3800 . Design of Atmospheric Storage Tanks . NA A A A
.-3900 - 0-15 psi (0-103 kPa) Storage Tank NA A A A .

Design )

4000 FABRICATION AND INSTALLATION

4100 General A A A -

4200 'Forming, Fitting, and Aligning A A A -

4300 Welding Qualifications A - A A

4400 " Rules Governing Making, Examining, A A A -

o and Repairing Welds .

- 4500 Brazing : A A A -
4600 A A A -

Heat Treatment
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Design Pressure:

Table A2-1
Article* :
. : : Class Class Class Signi- !
_ Subarticle Desc:lptlon 1 2 3 ficant Remark s
4700 Mechanical Joints A A A -
4800 Expansion Joints NA A A -
5000 EXAMINATION
5100 General Requirements A A A A
5200 ‘Required Examination ‘of Nelda A A A A
o - (Cl. 1); Examlnation of Welds
) " (Cl. 2 and Cl. 3) < : ,
- 9300 ) Acceptance. Standard . A A A A
5400 ‘'Final Examination of Items (Cl. 1);. A NA A A
: Spot Examlnatlon of Welded Joints
I (Cl. 3) .
‘5500 Qualifications of Nondestructive A A A A
_ Examination Personnel
. 5600 NA NA NA -
~ 5700 Examinatlon Requirement of NA A A -
: " Expansion Joints - . ' ’
'6000 TESTING _ .
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 .
. 6600 Hydrostatic Testing of Vessels - NA A NA -
S 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 -
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Table 52—1 {Cont.)

B R

Article*
or : - Class Class Class signi- .
Subarticle Description 1 2 3 ficant Remarks
7000 PROTECTION AGAINST OVERPRESSURE
7100 General A A A -
7200 Definitions Applicable to A A A -
' Overpiessure Protection Devices '
7300 Overpressure Protection Report A A NA -
. (Cl. 1); Analysis (Cl. 2)
7400 Relieving Capacity Requirements A A A -
and Acceptable Types of
_Overpressure Protection Devices
7500 Set Pressures of Pressure Relief A A A -
Devices .
. 7600 Operating Design Requirements for A A A -
Pressure Relief Valves
7700 Requirements for Nonreclosing A A A -
Pressure Relief Devices ’
7800 Certification Reguirements A A A -
- 7900 Marking, Stamping, and Reports A A A -
‘8000 NAMEPLATES, STAMPING, AND REPORTS
8100 General: : - A ‘A A -
MANDATORY APPENDICES
I Design,Streés Intenstty‘Values, A A A A
) Allowable Stresses, Materijal ;
Properties, and Design Fatigue
Curves S : ) .
: II Experimental Stress RAnalysis A A A -
IIX .Basis for Establishing Design A A A A

‘Stress Intensity Values and

Allowable Stress Values -
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Linear Elastic :and Plastic Analysis

Table A2-1 (Cont.)
Article*
" or ; Class Class Class signi- :
. Subarticle . Description 1 2 3 ficant Remarks
v Approval of New Materials Under A A A -
" the ASME Boiler .and Pressure Vessel
. Code for Section III Application
v . Certificate Holder's Data Report A A A -
""Forms and Application Forms for )
Certificates of Authorization for
S Use of. Code Symbol Stamps .
- VI - © Rounded Indications Charts A ‘A A -
" VII . ‘Charts for Determining Shell A A A -
- " Thickness of Cylindrical and
Spherical Components Under
: External Pressure
XI Rules for Bolted Flange NA A A -
Connections for Class 2 and 3 |
_ Components and Class MC Vessels ) C
XIX Design Considerations for Bolted A A A A
S .. Flange Connections :
XIII Design Based on Stress Analysis NA A NA -
’ for Vessels Designed in Accordance
o with NC-3200 '
X1V Design Based on Fatigue Analysis NA A NA -
for Vessels Deslgned in Accordance i
; with NC-3200 . 1
XxVI " Nondestructive Examination A A A (o]
‘ : Methods Applicable to Core
: Support ‘Structures .
XVII Design of Linear Type Supports by A A A ]




AMFSU YIRS By JO UOSING Y
Bus) LIDJEBSGH U!MUEJ_—! ﬂ[}

‘Table A2-1 ‘(Cont.)

“Article* . ) i -
or . : , Class Class Class . signi- .
" Subarticle - Description : 1 - 2 3 ficant Remarks
, NONMANDATORY APPENDICES -
N § o ‘ A NA - NA -
B Owner's Design Specification A A » A -
c Certificate Holder's Stress Report A NA "~ NA -
D . Nonmandatory Preheat Procedures A A A - .
E Minimum Bolt Cross-Sectional Area A NA - NA -
. F ‘Rules for Evaluation of Level D A A A A
- Service Limits ’ .
G Protection Against Nonductile Failure A A A A
0 Capacity Conversions for Class 3 NA . Na A -
o Safety Valves - . ‘ ) —_—
N | Owner's Design Specifications for A - NA 'NA o
: ‘Core Support Structure’ S R
K Recommended Maximum Deviations and A A A o .

Tolerances for Component Supports -
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Table A2-2

ainst ASME Section III (1977) {1}

Comparison of B3l.l (1955) [4) Ag

Corresponding

‘f':NA-sloo

NAMEPLATES, STAMPING, AND REPORTS

- Not considered significant for this review.
0 Outside the scope of this review. '

Class 3 component.

_NA ‘Not applicable to this review or not addressed in the Code for the specifled class.
* Artlcle number in current Code wlll be preceded by NB for Class 1 component, NC for Clasa 2 component, and ND for

" A Addressed 1n the Code for the specifled claas or considered significant for this review.

A‘rticle', : . :
) or L C o Class Class Class Signi- - Article in
_ Subarticle - 'Descrlptloh 1 2 3 ficant B31.1 (1955) Remark s
NA—1000 SCOPE ov SbCTION I A A - A - -
_NA-.ZOOO CLASSIFICATION OF OOMPONENTS A - A A A NOF Addressed
‘NA-3000 RESPONSIBILITIES AND DUTIES A A A - -
* NA-4000 QUALITY AssunANCE 4
" NA-4100 Quallty'Aasurancg»Requitéu;ents A A ‘NA A Not Addressed .
" NA-5000 INSPECTION o .
N'A—5100 General Requirements for Authorized A A - A A Not Addressed
. Inspection Agencies and Inspectors - . ) . e . )
\'NA 5200.- Dutles of Inspecto:s n A A A A ~Not Addressed
’ .;NA—GOOO*'QUALITY CONTROL SYSTEMS FOR CLASS 3 S
‘ CONSTRUCT fON ’ : o ] . S .
Genéral Requirements NA NA A A - Not Addressed
~ NA-6200 Organlzation and Responsibllities NA NA A A * Not Addressed
... 'NA=6300 . Control of Operations NA NA A A Not Addressed
.- NA-6400 Records and Forms NA NA A A Not Addressed
NA-8000 CbRTIFICAth OF AUTHORIZATION, ‘A A -
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Table A2-2 (Cont.)

Article* Corresponding
or : Class. Class Class ‘Signi- Article in .
‘Subarticle Description 1 ] 2 3 ficant B31.1 (1955) Remarks
1000 INTRODUCTION
1100 Scope ' ' ’ ) A A A A 101, Table 2a,
: : Note 2
2000 MATERIAL : _ _ . : '
2100 General - , A A A a 165, Table 1, See Sect. 6
‘ . : SR Sect. 7 :
. 2200 Material Test Couponsg and Specimens A A A - -
for Ferritic Steel Materials
. 2300 Fracture Toughness Requirement A A A A Not Addressed
for Material ) : .
2400 Welding -and Brazing ] A A A A © Sect. 6: Chapter
- - .- _ 4 and Appendices
2500 Examination and-Repair of Pressure A A A - - .
) Retaining Materials ' )
2600 Material Manufacturers® Quality A A A A Not Addressed
System Program ) ' ‘
2700 Dimensional Standard : : ’ A A A - -
3000 DESIGN o :
. 3100 "General o - A . A A - A Not Addressed
3200 Design by Analysis (Cl. 1); Alternate A ~ A - NA A NA
Design Rules for Vessels (Cl. 2) )
3300 Vessel Design ’ A A A A NA
. 3400 Pump Design A A A A NA
. 3500 vValve Design - . A A A A 107,108,124,
o o I o , S 129,134,139
3600 Piping Design ‘ . A A A A Sect. 1
3700 Electrical and Mechanical Penetration NA- =~ A A A NA
" ‘Assemblies - . Co .
© 3800 Design of Atmospheric Storage. Tanks NA - A . A A NA
.3900 A NA

0-15 psi (0-103 kPa) Storage Tank NA A A
Design ' C . :
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Table A2-2

{Cont.)
Article® Corpesponding
or Class Class Class Signi- Article in
Subarticle Description 1 2 3 ficant B3l.1 (1955) Remarks
4000 ’ FABRICATION AND INSTALLATION . L : Sect. 6
4100 General A A A - Not Addressed
4200 Forming, Fitting, and Allgning‘ A A A - -
4300 Welding Qualifications . A A A - Appendix A to
e ’ - i Sect. 6
4400 .Rules Governing Making, Examxnlng, A a A - -
: and Repairing Welds
4500 - Brazing - A A A - -
4600 ‘Heat Treatment A A A - -
4700 Méchanical Joints A A A - ‘Chapter 2 of -
' : : Sect. 6
4800 Expansion Joints NA A A - Not Addressed
' 5000 EXAMINATION - : .
. 5100 General Requirements A A A A Not Addressed
- 5200 - Required Examination of welda A A A A Not Addressed
{Cl. 1); Examination of Welds ’
{Cl. 2 and Cl. 3) ) . R
5300 Acceptance Standard A A A A Not Addressed
5400 Flﬁal Examination of Items (Cl. 1); A NA A A Not Addressed
: Spot. Examination of Welded Joints ’
(Cil. 3) .. .
5500° Qualifications -of Nondesttuctive A - A A A Not Addressed
o Examinatlon Per sonnel T ‘ coe ’
5600 NA ‘NA ‘NA - -
5700 Examination Requirements of NA A A - -
Expansion Joints '
6000 TESTING
6100 General A A A - -
6200 - Hydrostatic A A K - -
6300 Pneumatic A A A - -
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"Table A2-2 (Cont.)

Coprespond‘ng

Article* . . .
or T S Class Class Class Signi- Acticle in
Subarticle .- __Description 1 2 3 ficant B31.1 (1955) - Remarks
" 6400 Pressure Test Gages ’ A A A - -
6500 Atmospheric and 0-15 psig NA A : A - -
‘ Storage Tanks® s
" 6600  Hydrostatic Testing of Vessels NA A - NA - . -
B Deésigned to NC-3200 , -
. 6700 Pneumatic Testing of Vessels ' NA A °  NA - -
. Designed to NC-3200 ’ : :
6800 o : ‘ : -
6900 Proof Tests to Establish NA A A - NA
Design Pressure
7000 PROTECTION AGAINST OVERPRESSURE
7100 General : . A A A - NA
7200 ' Definitions Applicable to A A A ) - NA -
) ) Overpressure Protection Devices : ' . .- ,
-~ 7300 Overpressure Protection Report A . A NA - . NA
: ) (Cl. 1) Analysis (Cl. 2) . :
7400 Relieving Capacity Requirements ° A - A" A - "NA
' ©  and Acceptable Types of
. Overpressure Protection Devices
7500 Set Pressures of Pressure Relief. . A A A - NA
Devices : o - ' I
7600 Operating Design Requirements for A A . A - NA
- Pressure Relief Valves’ ‘ .- ’ - :
© 7700 . Requirements for Nonreclosing A A <A - . MNA
Pressure Relief Devices 4 . ' o
7800 Certification Requirements . - A . A A - " .NA
7900 Marking, Stamping, and Reports A A A - - NA
8000 NAMEPLATES, STAMPING, AND REPORTS R

8100 - General :
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Article*

or

Descrlgtton
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Table 32;2

Class
1

Class

2

(Cont.)

Class
3

Signi-
ficant

Corresponding
Article in .
B31.1 (1955) Remarks

" Subarticle

II
111

v

VI
VIT

XI

XIT

CXITT

XV

MANDATORY APPENDICES

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

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

Approval of New Materials Under
the ASME. Boiler and Pressure Vessel
Code for Section III Application
Certificate Holder's Data Report
Forms. and Application Forms for

‘Certificates of Authorization for

Use of Code Symbol Stamps

‘Rounded Indications Charts

Charts for Determining Shell

Thickness of Cylindrical and
Spherical Components Undec

External Pressure .

Rules for Bolted Flange

Connections for Class 2 and 3

_Components and Class MC Vessels

Design Considerations for Bolted
Flange Connections -
Design Based on Stress Analysis

‘for Vessels Degigned in’ Acco:dance‘

with ‘NC-3200

~Design Based on Fatigue Analysls

for Vessels Designed in Accordance

'wlth NC-3200

NA

Tables 1 and 2,
Sect. 1

Not Addressed

122

106,111,138,
143 .

Notlﬁddréssed
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Table A2-2 (Cont.)

Acticle* 4 ’ - Corresponding

©or R . Clasa Class Class Signi- Article in
Subarticle . Description 1 2 3 ficant B31.1 (1955) Remarks
XVI Nondestructive Examination - A A . A 0 ’ NA

Methods Applicable to Core

Support Structures - i
XVII Design of Linear Type Supportb by A A A.. 0 NA |
‘ Linear Elastic and Plastic Analysis - - o

NONMANDATORY - APPENDICES ,
: NA NA- - -

TEmoOoO®E >

A
Owner's Design Specification A A A - -
Certificate Holder's Stress Report’ ‘A NA NA - -
Nonmandatory Preheat Procedures A A A - -
Minimum Bolt.Cross-Sectional Area A NA NA - -
Rules for Evaluation of Level D A A A A
Service Limits - ;
Protection Against Nonductile Failure A A A A
H Capacity Conversions for Class 3 NA NA A - -
- Safety Valves ; . : : . .
J . Owner's Design Speclflcatlons for A NA - NA o o NA
S Core Support Structure T o .
K Recommended Maximum Deviations and - A . A A o NA

. Tolerances for Component Supports
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Table A2-3

Comparison of ASME B&PV Code Section III

- 1965 Edition [3) Against the 1977 Edition (1}

NA-8000

NAMEPLATES, STAMPING, AND- REPORTS‘

.I\ Md:essed in the Code for the’ specified class or considered significant for thia review.

- Not considered significant for this review. !
O Outside the scope of this review.
NA Not applicable to this review or not addressed in the Code for the speclfied ‘class.

Class 3 component.

o : Cor:espbnding
- Article¥ : . Article in
or * Class Class Class Signi- ASME B&PV Sect.
Suba:tlcle Description 1 2 3 ficant 111 (1965) Remark s
" NA-1000 SCOPE OF SECTION III. A A a - N-110
NA-2000 CLASSIFICATION OF COMPONENTS A A “A ‘A N-130
NA-3000 RESPONSIBILITIES AND DUTIES a A A - N-140
'NA-4000 QUALITY ASSURANCE :
NA-4100 Quality Assurance Requirements A A NA A Appendix VII
NA-5000 INSPECTION : Articles 6, 14
. NA-5100 General Requirements for Authorized. A A R A N-610
B ‘Inspection Agencies and Inspectors .
" 'NA-5200 Duties of Inspectors A A A A “N-610
NA—GO:OO QUALITY CONTROL SYSTEM..‘: E‘OR CLASS -3
. . CONSTRUCTION - ' .
NA-6100 General Requuementa . NA NA A A Not Addressed
‘NA-6200 Organization and Responsibilities NA NA A A Not Addressed
NA-6300 Control of Operations NA NA A A Not Addressed
NA-6400 Records and Forma ) NA NA A A Not Addressed
CI:.RTIFICATES OF AUTHORIZATION, A A A - -

"* Article number in current Code will ‘be p:eceded by NB for Class 1 component, NC for Class 2 component, and ND for
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Table A2-3 (Cont.)

- . . - Corresponding
Article®* L : ' . Acticle in
. or ' . - Class Class Class Signi- ASME B&PV Sect.

Subarticle - Description - 1 2 3 ficant IIX (1965) Remarks
* 1000 INTRODUCTION .- S C : Art. 2, 11, 21 See Note 1
. 1100 Scope o oo A . A A A N-210, N-2110-

12000 MATERIAL ° o : . Articles 3, 12
2100 General ' ' A A A A N-310
2200 Material Test Coupons and Specimena A A A ‘A -

for Ferritic Steel Materials .

2300 Fracture Toughness Requitement A A A A N-330

' for Material

2400 Welding and Brazing 4 A A A A Not Addressed
.-2500 Examination and Repair of Pressure A A A : N-320
' Retaining Materials S ' .

2600 Material Manufacturers® Quality A A A . A N-614

: " System Program v o . : .

2700 Dimensional Standard ) A A A - . -

3000 DESIGN - ' o ] Articles 4, 13

3100 General ‘ - ) ) A A A A N-440 Only Class 1
3200 Design by Analysis (Cl. 1); Alternate A A NA A N-430 _ Only Cl. 1, See

: Design Rules for Vessels (Cl 2) . - ' . » Note 2

3300 Vessel Design - - A A A A Articles 4, 13

3400 Pump Design A A A A Not Addressed
~3500 ~ Valve Design A A A A Not Addressed
-3600 Plping-Design A A A A N-150/Mostly

. : ’ - Not  Addresgsed

. 3700 'Electrical and Hechanical Penetration NA A A A Not Addressed

. Assemblies ) h o - - :
3800 Design of Atmospheric Storage Tanks NA - A A A Not Addressed
3900 0-15 psi (0 103 kPa) Storage Tank NA A A A Not Addressed
Design ’ :
Notes:

1. For reduirements of Class 3 vessel, reference 15 ‘made to Section VIII of the Code. .
2. Use Table I~1.0 (1977 Edit1on) when desxgning pressure vessels by Alternative Design Analysis (NC—3200).V
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Table A2-3

" 5300

Storage Tank 8

{(Cont.)
Corresponding
_Article* 7 " Article in
or Class Class Class Signi- ASME B&PV Sect.
Subarticle Description 1 2 3 ficant IEI (1965) Remarks
4000 FABRICATION AND INSTALLATION Article 5 Only Class 1
4100 General A A A A N-510 Only Class 1
4200 Forming, Fitting, and Aligning A A A - - . )
4300 Welding Qualifications A A A A N-520, N-540 Only Class 1 -
" 4400 Rules Governing Haking, Examlninq, A A A - -
B and Reparing Welds .
© 4500 - Brazing ’ A A A - -
4600 Heat Treatment A A A - N-530 Only Class 1
-4700 Mechanical Joints - A A A’ - Not Addressed
4800 . Expansion Joints NA ‘A A - Not Addressed .
5000 EXAMINATION . Articles 6, 14 Only Class 1,
5100 General Requirements A A A A N-610 Only Class 1
5200 Required Examination of Welda A A A A N-620 :
(Cl. 1); Examination of Welds '
(C1.2 and Cl. 3) . o
Acceptance Standard A A A A N-626.5, N-627.7 Only Class 1
5400 Final Examination of Items (Cl. 1); ‘A ‘NA A A N-620 Only Class 1
E Spot Exammation of Welded Jolnts
S © (Cl. 3) : .
. 5500 - Qualifications of Nondestructtve A A A A Not .Addressed
R Examlnation Per sonnel R : .
. 5600 - "NA NA NA - -
5700 Examlnation Requirementa of .. NA* A A - =
'Expanalon Joints . T
6000 TESTING Article 7
6100 General o ‘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 - -
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Table A2-3 (Cont.)

FIRR R RE S

Corresponding

Article* Arcticle in
or ) Class Class Class Signi- ASME B&PV Sect.
Subarticle Description 1 -2 3 ficant I1I (1965) Remarks
6600 Hydrostatic Testing of Vessels NA A - NA - -
Designed to NC-3200 e
6700 Pneumatic Testing of Vessels NA A NA - -
' Designed to NC-3200 : )
© 6800 . ) : Lo . -
6900 Proof Tests to Establish NA A A A Not Addressed See Table A2-4
Design Pressure , : for Class A or B for Class C
7000 PROTECTION AGAINST OVERPRESSURE .
7100 General : - A A A - NA
7200 Definitions Applicable to A A ‘A - NA
Overpressure Protection Devices
7300 Overpressure Protection Report A ‘A NA - NA
i (C1. 1) Analysis (Cl. 2)
7400 Relieving Capacity Requirements A A A - NA
and Acceptable Types of
Overpressure Protection Devices .
7500 Set Préssures of Pressure Relief A A A - NA
o Devices . ) . S
7600 Operating Design Requirements for A A A - NA
Pressure Relief Valves '
© 7700 Requirements for Nonreclosing A A. A - - - NA
e Pressure Relief Devices Co - e
7800 Certification Requirements A A A - NA
7900 Marking, Stawping, and Reports A A A - NA
" - 8000 NAMEPLATLES, STAMPING, AND REPORTS . Articles 8, 15
8100 . - -A A A - -

General
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Article*

Subarticle

Description

Table A2-3 (Cont.)

Class Ciasa Class
1 -2 3

Corresponding
Article in
ASME B&PV Sect. :
IXI (1965) Remarks

II
111

v

VI
L VII

XV

T XVII

MANDATORY APPENDICES

Design Stress Intensity Values,

‘Allowable Stresses, Material

Properties, and Deslgn Fatigue
Curves .

Experlmental Stress Analysis
Basis for Establishing Design
Stress Intensity Values and

- Allowable Stress Values

. hpptoval of New Materials Under )

.- the ASME Boiler and Pressure Vessel
" Code .for Section III Application’

Certificate Holder's Data Report

* Forms .and Application Forms for

Certificates of Authorlzation for
Use of Code Symbol Stamps
Rounded Indications Charts

. Charts for Determining Shell

Thickness of Cylindrical and

-Spherical Components Under
‘External Pressure . .
.Rules for Bolted Flange

Connections for Class 2 and 3

" Components and Class MC Vessels

Design Considerations for Bolted

- Flange Connections

Design Based on Stress Analysis
for Vessels Designed in Accotdance
with NRC-3200

Design Based on Fatlgue Analysis
for Vessels Designed in Accordance

“with NC-3200

Nondestructive Examination
Methods Applicable to Core
Support Structures -

Design of Linear Type Supports by

Linear Elastic and Plastic Analysis

NA- A _NA

Article 4 " Table N-421

‘ Appendix II

“Article I-1 of

Appendix I, N-431

Arf;clevl-lz 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
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Table A2-3 (Cont.)

TmOO® >

Tz

. : Cogresponding
Article* ’ : Article in
or ) ' B ' Class Class Class Signi- ASME B&PV Sect.
Subarticle __Description . 1 2 3 ficant III (1965) Remarks
NONMANDATORY APPENDICES
S : : A NA NA - -
Owner's Design Specification A A A - -
Certificate Holder's Stress Report A NA NA - . -
Nonmandatory Preheat Procedures A A A - ‘ : - ‘ Appendix III
Minimum Bolt Cross-Sectional Area A NA NA - -
Rules for Evaluation of Level D A A’ A A Not Addressed
Service Limits . .
Protection Against Nonductile Failire A A A- . A Acticle N-330 Only Class 1
Capacity Conversions for Class 3 . NA NA " A - .- A
.Safety Valves : . ) : :
J Owner's Design Specificatlons for A NA " NA (4] .- NA -
" Core Support Structure - o ’ . » .
K Recommended Maximum Deviations and A ’ A A o . NA

Tolerances for Component Supports
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Table A2-4

Comparison of ASME VIII (1965) [S] with ASME III (1977) (1)

2200

for Ferritic Steel Materials

Article* - . - Corresponding
or ' N Class Class Class signi- = Article in
Subarticle Description ) 1 2 3 ficant ASME VIII (1965) Remarks
NA-1000 'SCOPE OF .SECTION III A A A -
o
NA-2000 CLASSIFICATION OF COMPONENTS A A A A NA
. NA-3000 -RESPONSIBILITIES AND DUTIES A A A -
'NA-4000 QUALITY ASSURANCE , ,
NA-4100 Quality Assurance Requirements A A NA A NA
. NA-5000 INSPECTION . ’ . .
‘NA~5100 General Requirements fqr Aqthorized A A A A UG-90
. Inspection Agencies and Inspectors :
NA-5200 Duties of Inspectors A A A A uG-91
- "NA-6000 QUALITY CONTROL SYSTEMS FOR CLASS 3
' CONSTRUCTION
NA-6100 " General Requirements . NA NA A A NA
NA-6200 Organization and Responsibilities NA NA A A _ NA
NA-6300 - Control of Operations NA NA A A NA
NA-6400 Records and Forms - NA NA A A NA.
NA-8000 CERTIFICATES OF AUTHORIZATION, A A A - UG—116
’ NAMEPLATES, STAMPING, AND REPORTS
1000 INTRODUCTION ‘
1100 Scope A A A A u-1
2000 MATERIAL
2100 General ) . i\ A A A UG-5
" Material Test Coupons and Specimens A A A’ -

A Addtessed 1n the Code for the specified class or considered algniflcant for this review.‘A

" .- Not considered significant for this review.
- 0 -Outside the scope of this review.

NA Not applicable to this review or not addressed 1n the- Code for the specified class.
* Article number in current Code will be preceded by NB for Class 1 component, NC for Class 2 component, and ND for
Class 3 component. ) :

e
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Table A2-4 (Cont.)

Article* ) Corresponding
or . Class Class Class Signi- Article in
Subarticle Description 1 2 3 ficant ASME VIII (1965) Remarks
- 2300 Fracture Toughness Requirement A ‘A A A UG-84
o for Materlial : »
2400 Welding and Brazing A A A A W
2500 Examination and Repair of Pressure A A A -
Retaining Materlials :
2600 Material Manufacturers' Quality - A A A A uG-93
’ System Program '
2700 Dimensional Standard A A A -
3000 DESIGN
3lo00 General : A A a A NA
3200 Design by Analysis (Cl. 1); Alternate A A NA A
Design Rules for Vessels (Cl. 2) .
3300 Vessel Design ~ ’ A A A A Ud-8, UF-12
3400 "Pump Design A A A A NA
.. 3500 - Valve Design A A A A NA
3600 - Piping Design ) A. A A A " -NA
3700 Electrical and Mechanical Penetration NA A A A NA
. Assemblies ) ) .
3800 Design of Atmospheric Storage Tanks NA A A A NA
3900 0-15 psi (0-103 kPa) Storage Tank NA A A A NA-
Desigh . . - '
4000 - FABRICATION AND INSTALLATION . .
4100 General = . . A A.. A A uG-175 -
4200 ° Forming, Fitting, and Aligning A ‘A A - .
4300 Welding Qualifications A A A A Uw-28, UW-29
4400 Rules Governing Making, Examining, A A A - ‘ o
and Repairing Welds )
- 4500 Brazing i A A A -
4600 Heat Treatment A A A -
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- 4800

5600 .
5700

. 6300

. Corref;ponding .
. ] ‘ Class Class Class Signi- Article in
Subarticle L Description 1 - -2 3 - ficant ASME VIII (1965) Remarks
4700 Mechanical Joints A A ’ A - UR-19
Expansion Joints NA A A - NA
5000 EXAMINATION :
5100 General Requirements A A A A UG-90
. 5200 Required Examination of Welds A A A A UW-46
S (Cl. 1); Examination of Welds :
~(Cl..2 and Cl. 3) - . A :
. 5300 Acceptance Standard A A A A UW-51 (1) :
" 5400  Final Examination of Items - A NA A A NA - UG-99(g) requires
. (Cl. 1); Spot Examination of ' inspection after
Welded Joints (Cl. 3) hydrostatic but does
S ’ not specify liquid
penetrant or _
. magnetic particle
' inspection; UW-50
requires LPE or
magnetic. particle
inspection before
e ) . - pneumatic téstlng.
5500  Qualifications of Nondestructive A A A A NA : UG-91 gives .
.~ - ' Examination Personnel ’ B requireméntg for |
' ' . qualification. of
- inspectors, but, not
. : NDE personnel
- - o NA B NA : : ~ 'NA - - . ) . e ‘
Examination Requirements of NA - Y . A - -
. Expansion Joints )
6000 . TESTING "
6100 General A A A -
6200 . Hydrostatic: A A A -
- Pneumatic A A A -

e et e grg e e, T
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Table A2-4 (Cont.)
Article* . Corrésponding
or Class Class Class Signi- Article in
Subarticle . Description 1 2 3 ficant ASME VIII (1965) Remarks
.6400 Pressure Test Gages A A A -
. 6500 Atmospheric and 0-15 psig NA A A - !
: Storage Tanks .
. 6600 llydrostatic Testing of Vessels NA . A NA -
‘ . Designed to NC-3200
'..6800 Pneumatic- Testing of Vessels NA A NA -
o Designed to NC-3200
6800 T
6900 -Proof Tests to Establish NA A A A UG-101
Design Pressure e
7000 PROTECTION AGAINST OVERPRESSURE
.7100 .General : ‘A A A -
.7200° . pefinitions Applicable to A A A -
. - Overpressure Protection pevices
7300 Overpressure Protection Report A A NA’ -
: - (Cl. 1); Analysis (Cl. 2)
27400 Relleving Capacity Requirements A A " A -
’ and Acceptable Types of . )
. Overpressure Protection Devices ..
7500 ] Set Pressures of Pressure Relief A A A -
- . Devices L : B . .
7600- ‘Operating Design Requirements for A A A -
S Pressure Relief Valves . o .
7700 °  Requirements for Nonreclosing A A A -
" 7. - . Pressure Rellef Devices
"7800 Certification Requirements A A A -
7900 Marking, Stamping, -and Reports A A A -
‘8000 NAMEPLATES, STAMPING, AND REPORTS :
8100 General o : A A A, -
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Article*

Table A2-4 (Cont.)

c1éss Class Class

8igni-
ficant

Corresponding
Article in
ASME VIII (1965)

Remarks

Subacticle

11
111

- .

Vi

VII

X1
XII
XI1I

XI1v

Descr;ptloh

MANDATORY APPENDICES .

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

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

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

Rounded Indications Charts
Charts for Determining Shell
Thickness of Cylindrical and
Spherical Components Under
External Pressure . '

Rules for Bolted Flange .
Connections for Class 2 and 3
Couponents and Class MC Vessels
Design Considérations for Bolted
Flange Connections .
Design Based on Stress Analysis
for Vessels Designed in Accordance’
with NC-3200 .

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

1 2 3

Subsection C Fatigue Curves

not included in
Sect. VIII

Appendices P&Q

UG-28 & Appendix V

Appendix II

NA

P
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Table A2-4 (Cont.)

Article* _ S L o - ’ . Corresponding

PR ‘ D VPSRRI SURVA S IR PRI USRI S RIS M

oL : E " Class Class Class Signi- Article in
Subarticle’ : Descrlption 1 2 - - 3 - ficant i ASME VII1 ({1965) Remarks
XVI Nondestructive Examination : A A . o

Methods Applicable to Core

Support Structures’

XVII Design of Linear Type Supports by A A - A (4]
- Linear Elastic and Plastic Analysia - "

NONMANDATORY APPENDICES

mETO®EY ..

. _— - A NA. NA -
Owner's Design Specification A A A -
Certificate Holder's Stress Report A NA . . NA -
Nonmandatory Preheat Procedures A . ‘A A -
Minimum Bolt Cross-Section Area A NA NA -
Rules for Evaluation of Level D A A A A NA - .
Service Limits . : ' ’
G Protection Against Nonductlle Failure A A A A NA
H - Capacity Conversions for Class 3 NA - NA . A - -
- . Safety Valves . ) ‘
J Owner's Design Specifications for A~ NA NA O
: Core Support Structure . R e ’
K Recommended Maximum Deviations and A A U o

Tolerances for Component .Supports
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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

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

2.4 DPUMPS

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

:Ehe‘Tubular.Exchanger'Manufacturers Association (TEMA), 1959 Edition -(8].

~ Discussions regarding TEMA may be found in Sectionv4.§'of this'appendixr

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 Sections 2.3 and 4.3 of this appendix.
Aluminum tanks might_have been designed‘to "Usa Sténdérd-Spéciiicatioﬁ for
Welded .Al'uminpm!-"AllojField-Erected Storage Tanks," USAS B96.1-1967 (9]. :
Storaée ;ankg were also dgsi;néd-to_the American Petroleum Institute.(API):

Standard 650 {10}, 1964'Edition, USAS 396;1 and APiEGSO are ‘discussed 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:’

O oUW
.

ASME III (1965) - Class A or Class C vessels -

ASME VIII (1965) .- Vessels

B3l.1 (1955) and ASME I (1965) - Piping and Valves

TEMA (1959) - Heat Exchangers

ASA Bl6.5 (1961) - Steel Pipe Flanges and Flanged Flttlngs
Hydraulic Institute Standards (1965) - Pumps

USAS B96.1 (1967) - Aluminum Field Erected Storage Tanks'
API 650 (1964) - Welded Steel Tanks for Oil Storage.

Current requirements are contained in the following:

9. ASME III (1977) - Div. 1 Nuclear Components

. 10. ANSI B16.34 (1977) - Steel Valves

past

The following broad conclusions can be made regarding.components built to
codes and evaluated against current requirements: '

l. components currently cla551f1ed as Class 3 would satlsfy pasic
" current requlrements

2, ‘components currently classified as Class 1 or Class 2 may ‘possibly
" not satisfy current fracture toughness and full radlography )
. regquirements

3. piping currently classified as Class 1 would satisfy current
requirements except possibly high cycle fatigue, -fracture toughness,
and full radiography requirements. Piping currently cla551f1ea as
Class 2 may not satisfy current fracture toughness and full
.radicgraphy requirements. :

The following is recommended:

1. Component materlals should be evaluated for fracture toughness as
: descrlbed 1n Section 4.1.1 of this Appendlx.

- 2, Standard class rated valves should be carefully cnecked agalnst

current pressure-temperature ratlngs

3. Atmospherlc and 0 to 15 951g storage tanks should be carefully '
" reviewed against current regu1rements. -

4, Unless Code Case N-7 to B31l.1 has been’ 1nvoked' Class '1 and 2 piping
should be checked to see 1f full radlography of welded 301nts 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 genera; requirements of the current
code [l] with past requirements. In addition; where feasible,_an approach is-
formulated which facilitates the review of nuclear components and systems
designed and built in accordance with past requirements to bé evaluated. from
the viewpoint of current requirements. .The general requirements discussed
herein are fracture toughhess, quality. assurance, quality groupfclassifidation,

and code stress limits..

4.1.1 Fracture Toughness Regquirements

Class 1 Components

The current code requires that pressure-retaining materials for Class I

components shall be impact tested'tb determine TﬁDT

and RTNDT* by the Charpy V-Notch test, except for materials whosé nominal

* by the drop weight test

‘thickhesS‘is 7/8 in or less; bolts 1 in‘or;less- bars. w1th nomlnal sectlonal

area 1 sqg in or less; pipes, flttlngs, 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 precipitation—-hardening steels listed in Appepdik I [le]):; however,

other requirements of NB-2332 (1b] do apply. -

Class 2 Comgonents

Pressure—retalnlng materials for Class 2 components are requlred to be

impact tested with exceptlons as outlined for Class 1 components. “Also

exempted are. commonly used plate, forging, ‘and castlng materlals llsted in

“Table -NC= 23ll(a) -1 of Reference lc when used 1n Class 2 ‘components whose

lowest service temperature (LST)* exceeds the tabulated n11<duct111ty

" transition temperature ‘TNDT) by at least the thickness-aeﬁenden; value A,

* See Table A4-1 for definitions oégcommonly used terms and sfmbols.'

’ A—jo’
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determined from the curve in Figure NC-231l(a)-l1 from Reference lc. For
convenience, the table and the figure are reproduced as Table A4-2 and Figure
A4-1, respectively. Materials for components whose LST exceeds 150°F are also
exempt from impact testing.

Drop weight tests afe'not_reqdiréé for marterisitic High alloy (Series
4xx) and precipitation-hardening steels listed in Appendix I of Reference le.
Chafpy V-Notch testing or alternative tgsting as described in NC-2331 [1lc]
applies for these steels in all thicknesses.. For nominal wall thicknesses
greater than 2.5 in, the required Cv values shéll>be 40 mils lateral

expansion.

o A-31
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Table A4-1

Definition of Commonly Used Fracture Toughness
Terms and Symbols .-

Symbol R _ . Definition
TNDT A temperature at or above the nil ductility temperature as. .-

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

the temperature at.which at least two spec1mens show no-break

performance.
RTypr The higher of Typp or (T, = 60°F).
Tev A temperature above Typy 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.

LST 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. o

. 'H’EES < . . A=32
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Table A4-2 -

TABLE NC- 2311(a) 1

EXEMPTIONS FROM IMPACT TESTING UNDER

NC-2311(a)-8
Material .
Material' Condition? Twondeg. F
SA-537-Class 1 ’ N -30
SA-516-Grade 70 CQ&T -10
SA-516-Grade 70 N ’ 0o
SA-508-Class 1 Q&T +10
SA-533-Grade B Q&T +10
SA-299* N - +20
SA-216, Grades © Q&T +30
‘ WCB, WCC : a
SA-36 (Plate) . HR +40
SA-508-Class 2 QT +40
NOTES:

(1) These materials are exempt from toughness testing when A
or LST — Tupris above the curve in Fig. NC-2311(a)-1, for the

thickness as defined in NC-2331 or NC-2332.
(2) Material Condition letters refer to:

N - Normalize

Q & T - Quench and Temper

HR - Hot Rolled

(3) These values for Typr were established from data on heavy
section steel (thickness greater than 2¥%2 in.). Values for sections
less than 2V in. thick are held constant until additional data is

obtained.

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

3
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Class 3 Components

Pressure-retaining materials foerlass 3 components afe réquired to be
tested, except as outlinéd for Class 1 components and the materiais listed in
Table ND-2311-1 [1d] in the thicknesses 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. 1In addition, materials for components for

which the LST exceeds 100°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 Ad4-4, A4-5, and A4-6 for Class l,

- Class 2, and Class 3 components or systems,.respectlvely.

Example -

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

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

1l. The LST is taken as 130°F. From Table A4-3, Typp = 0°F for 'SA-516
Grade 70. From Figure A4-l, A = 48° for materlal 3. 75 in thick: -

(LST - Typp) = 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 1 would not exempt it from impact testing based on present code
requirements. However, the fact that the LST exceeds the TypT DY more
than 1508 of A allows us to conclude that the primary coolant piping
material used in the construction of the Pallsades plant is adequate, .
provided that exposure to radiation does not -induce an increase of the
Typy Sufficient to require the fracture mechanics approach outlined in
Appendix G [4e]. In this regard, note that paragraph NB-2332(b) ([1b]
-indicates that if the LST exceeds the reference nil ductility transition
temperature (RTypr) by 100°F, then the fracture mechanlcs approach of
'Appendlx G is not required. In this example ; :

(LST - Typp) = 130°F > 100°F

so that the material for the Pallsades prlmary coolant plplng lS .

' considered adequate. e . 5 ‘ S e
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Table A4-3

TABLE ND-2311-1 :
EXEMPTIONS FROM IMPACT -TESTING UNDER ND- 2311(3)(8)

PR SRR 1t

Lowest Service Temperature for the Thickness Shown

Over %4 in. - Over % in. Over 1 in. Over 1! in. -
to 3 in., incl " to.1 in., incl. _to 14 in., incl. to 24 in., incl.
Material (Over 16 mm .~ (Over 19 mm (Over 25 mm (Over 38 mm
Material .. _ . Condition? to 19 mm, incl.) to 25 mm, incl.) - to 38 mm, incl)" to 64 mm, incl.)
SA-516 Grade 70 N -30 F (-34 C) =20.F (-29 C) - 0F (180 0 F (-18 C)
SA-537 Class 1 N -40 F (=40 C) F0F (34 0) =30 F (-34 Q) =30 F (-34 ) S
SA-516 Grade 70 _Q&T : @ @ 2 - = -l0F(-230)
SA-508 Class 1. LQ&T 2) . @ (- - +10F(¢-120
SA-508 Class 2 Q&rT @ @ . @ 40 F (4 C)
SA533 ‘Grade B} Q&rT ) . @ - - . L@ . -10FE120
Class 1 B : o \ R _
‘ . SA-216 Grades .- Q&T ) S @ 30 F(-10)
. WCB, wce : o -. : T o
SA-2993 N ) . ' ) K 2) 20 F (-7C).
NOTES:

(1) Material Condition letters refer to:

N — Normalize

Q&T — Quench and Temper ~ . S
(2) The lowest service temperature shown in the column “Qver 1'/1 in. to 2'4 in.'* may be used for these thicknesses..
(3) Material made to a fine grain meiting practlce C :

A

e bl
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Table A4-4

Evaluation for Fracture Toughness of Pressure-Retaining
Material for Class 1 Component/System
Nuclear Power Plant.

FSAR Page

I. Component/System Data

1.

2.

3.

4.

s,
6.
7.

II. Evaluatiopi

8. " Material is exempt

Deséription of Component/System:

Material Description and Thickness: P'ﬁo.
Design Temperature: °F

Design Pressure: psi'

Lowest Service Temperature‘l)‘(LST): °F
Pressure at LST:' ___psi

Fracture Toughness Requi:ement? ‘Yés No

(2,3) from impact testing because:

(a) Nominal thickness 5/8 in or less

(b) Bolts 1 in or thinner

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

(d) Pipes, flttlngs, pumps, and valves, nomlnal pipe size of
6~in dlameter or smaller

s

- . - . R X .. t - '.‘ l.!

NOTES:

Uﬂﬂ Franklin Research Center

Lowest -Service Temperature (LST),;s 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 preoperatlonal sy stem hydrostatlc test pressure

f1i.

Welding material used to join materials with P Nos. 1, 3, 4, 5, 6, 7,

.9, .and 11, whi¢h are exempt from impact testing because of 8(a) -

through 8(5))';5 likewise exempt from impact testing. However, : .
exemption .9 does not exempt either the weld metal (NB- 2430) or the

‘ wela1ng procedure qualification (NB—4335) from lmpact testing. See
_paragraph NB-2431 of Reference lb.

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

"NB=2311but i conservative adaptation of- NC—23ll(a)(8) “for-€lass: 2=

components 'to facilitate the SEP review.

. A=37
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Table A4-4 (Cont.)

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

9. Fracture toughness of_material(3)

appears

m— . e -

does not appear 7
to be adequate on the basis of the followlng evaluatlon-

" (a) for materlal other than boltlng and up to 2-1/2 in thlck.

T™5pT % o °F
(See Table NC-231ll(a)-1l)

( Other reference used Y. - ' ' ) -
and, o : :
" (LST - Typp) = _ ___°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:

‘RTNpT = ____° F

(Reference used(4) -)

andg, _ . L .

(LST '~RTNDT).= _ °F : which exceeds 120°F

: ‘which does not exceed 120°F"
10. For Qg}tlng materlal 1n excess of l-1n dxameter, reference '
data s

has been available
has not been available
and found to
satisfy .
not satisfy
the requlrements of NB-2333 [4(b)]

11, Fracture toughness cannot be evaluated because of.
1nsuff1c1ent 1nformat10n.

12. Material is not exempt from impact testing.

NOTE:

4. When using references other than the current code to- obtaln TypT and
RTyppr be sure that the data have been obtained from specimens whose

condition matches the material ‘being evaluated (e.g., normalized or

quenched and tempered) and that have designation such as "SA-516 Gr. 70“{

A-38 .
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Table A4-4 (Cont.)

III. Conclusions-

Fracture toughness appears to be adequate.

Adequacy of fracture toughness not establlshed, request supplemental
test data and supporting documents. :
Welding material is is not exempt from lmpact testmg on
the basis of foregoing data and Note 2.

' . : A-39
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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

1. Description of Component/System:
2. Material Description and Thickness:. PeNo}
3. Design Temperature: - °F

-4, Design Pressure: psi

(1)

5. Lowest Service Temperature (LST) : °F

6. Pressure at LST: psi

7. Fracture Toughness Requirement? Yes ~ No

II. Evaluation

(2)

8. Material is exempt " from impact teéting because:"

(a)  Nominal thickness 5/8 in or less

(b) Bolts 1l in or thlnner

(c) Bars with nominal 1 sg in cross sectlon or less

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

‘(e) Austenitic stainless steel

(£) Non-ferrous material -

NOTES:

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

exceeds 20% of the préoperational system hydrostatic test pressure
.[l] _

o o : 2. Welding material used to join materials with P Nos. 1, 3, 4, 5, 6, 7,
5 o 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 lmpact testlng. See
paragraph NC-2431 of Reference lc.

n‘. - A . :_f‘;.'A—AO
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Table A4-5 (Cont.)

(g) LST of material listed in Table NC-231l(a)-l (see Table
A4-2) exceeds Typp by at least "A" (A depends on
thickness). ' o .

LST '~ ' °F (from FSAR) , ’
TNDT °F (Table NC-2311(a)-l, Summer 1977 Addenda)
A °F (Figure NC=-231l1({(a) l, Summer 1977 .Addenda)
-(Reproduced on p. )
LST - Typp = °F is _'is not _ greater than A,

(h) LST exceeds 150°F,

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

10. Material is not -exempt from-impact testing.

A—

~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 A.4-6
" Evaluation for Fracture Toughness of Pressure-Retaining
Material for Class 3 Component/Sy;;em L
Nuclear Power Plant o

FSAR Pagde
I. Component/System Data

1. Description of Component/System: -

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

4. Design Pressure: psi . ]
5. Lowest Service_Temperature(l)'(LST); °F
6. Pressure at LST: psi '

7. Fracture Toughness Requirement? Yes No
II. Evaluation
8. Material is exempt‘z) from impactitesting because:

(a) Nominal thickness 5/8 in or less

{b) Bolts 1l in or thinner

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

(d) Pipes, fittings, pumps, and valves, nomlnal plpe ‘'size of
6~in diameter or smaller

(e) Austenitic stainless steel

(€£) Non-ferrous materia;

NOTES:

1. Lowest Service Temperature (LST) is the min;mdm temperature of
the fluid retained by the component or, alternatively, the
" calculated minimum metal temperature whenever the pressure w1th1n
the component exceeds 20% of the preoperatlonal system
bydrostatxc test pressu:e [1j.

2. Welding material used to ]01n materlals WLth P Nos. 1, 3, 4, 5,
© 6, 7, 9, and 11, which :are exempt from lmpact 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 14d.
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Table A4-6 (Cont.)

(g) LST equals or exceeds Typyp in Table NC-231l(a)-1l for the
material and thlckness being evaluated
- {h) LST exceeds 100°F.

9. PFracture toughness: cannot be evaluated because of 1nsuff1c1ent
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 1mpact testing ~
on the basis of foregOLng ‘data and Note 2.
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, ) . (1)
4.1.2 Quality Assurance Requirements .

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

, 2
design and construct:.on( )

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 xn
. accordance with Article NCA-4000(3) for Class 1 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 andraccepted by the

society.

For Class 1 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:

a. an otganlzatlon with sufficient authorlty, freedom,- and 1ndependence
from cost and schedule consxderatlons to:

oD ) 1dentify quality prob;ems

2. initiate, recommend, or provide solutions
g © 3. verify implementation of solutions
4. limit and control further work on nonconforming items until

proper disposition, and with direct access to appropriate levels
.of management to assure proper execution of the program

“'b.. indoctrlnatlon and traxnlng of quallfled persdnnel

c. notlflcatlon of the ,authorized lnspectlon agency of slgnlflcant
changes in the program

1. Quality assurance requirements have been determined to be outside the scope: .
of SEP Topic III-1l according to the letter from S. Bajwa to S. Carfagno
dated December 10, 198l. This discussion is provided as general
information. o ' : :

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

3. See Summer - 1977 and Summer 1978 Addenda to ASME III (1977) General
Requirements. ,
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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 those
who performed the original design L ' '

f. documentation for procurement of materials and subcontracted serVices
requiring compliance with Section IIT

g. document control with‘provisions for review of‘changes

f

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, storage, shipping, and preservation of materials and
components

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

m. prompt identification and corrective action of significant conditions
adverse to quality, with documented measures to preclude repetition 7

n. maintenance of quality assurance records as speCified in NCA- 4134 l7
of Reference 1, including maintaining. for the life of the plant as a
minimum, the following: a.permanent record file, certified design
and construction specifications, drawings and reports, data reports, °
certified stress reports,'certified as built draWings,'material test

reports, non—destructive examination reports, and- test treatment
: reports

"o. a comprehenSive system of planned ‘and periodic audits w1th : E
documentation of results, follow-up action, and re—audit of defic1ent

-areas.
Class 3 items are to be designed and constructed in- accordance With the'

quality control requirements of NCA-4135 of Reference l, wnich include-
a. an organization chart which reflects the actual organization

i - be .2 quality.control system suitable Lo the- compleXity of the work and
- size of the organization . ... . L 7T T o ETER TN
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persons who perform quality control functions with sufficient
responsiblity, authority, and independence to implement the quality
control system, identify problems, and 1n1t1ate, recommend, and
pIOVIGe solutions. .

T a

The quality control system for Class 3 construction is evaluated for
compllance with the requirements of Section III [1l] by the authorized
inspection agency and either a representatlve of the American Society of
Mechanical'Engineers or ‘the jurisdictional authority at the construction site’
as required by ﬁCA-BlZZ. If the Jurlsdlctronal .authority also performs dutles

as an authorized inspection’ agency, a representatlve of the National Board of

BOlleI and Pressure Vessel Inspectors or a representatlve of the facxllty will

part1c1pate in the evaluatxon._

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 Soc1ety.

Past codes did not provide for a quality assurance program for: Class 1
and 2 constructlon,'nor for a quality assurance system for Class 3 construc-

’tloni-as required by the current code. Although an 1ntegrated program or

system was not requlred by past code’s, many qual1ty assurance features were -

,requrred

-_-Although the program or system was not specifically'required,'neverthe-
" less, construction organizations typically did operate'under "in-house"
quallty assurance programs which prov1ded for the lnspectlon, testing, and

’survelllance of - components and constructlon act1v1t1es.;v,

De51gn organlzatlons d1d not typlcally operate under an 1ntegrated
-program. Two nuclear plants were rev1ewed by the author .as part of ‘the de51gn'
adequacy'task of the Reactor Safety Study.* Approx1mately 20% of the ltems

3reviewed for one plant either d1d not fully comply wlth the FSAR crlterla or
Qere not adequately documented for assessment. slmxlarly, 0% of the items

examlned for the other plants could- not demonstrate full compllance with FSAR ;»

crlterla.

*Appendix X to the ?Reactor Safety‘Study - An AsSessment“of'Accident»Risks in
'U.S. Commercial Nuclear Power Plants," WASH-1400, USAEC, Draft August 1974..
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It is recommended that the quallty assurance program used in both the
design and construction phases for each SEP plant Class 1 and 2 item should be
compared with the current requirements previously outllned. If the comparison
shows a weak or non-existent program'with'design andyor'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 de51gn
deficiency ex1sts. The followxng would then be recommended-

1. a de51gn review of the def1c1ent area w1th deSLgn change
recommendations :

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

4.153 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 andfcore'support

structures and are outside the scope of this study. Current classification

standardsvare as follows:

Quallty'Group A (Class 1)

A component of the reactor coolant pressure boundary lS currently

desxgnated as a Class 1 component.

"Quality:Group‘B (Class 2) -
Components are currently designated as ClaSS'Z provided'that:;

1. They are not part of the reactor coolant pressure boundary, but part
cofs . : _— . . S

a. emergency core cooling systems, post-acc1dent heat removal
systems, post-accident fission product removal

" D. reactor shutdown or residual heat removal systems

A-47
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c. BWR main steam components described in Reference 2:

main steam line from second isolation valve to turbine stop valwve '
‘main steam line branch lines to first valve

main turbine bypass line. to bypass valve.

first valve in branch. lines. connected -to -either: main. steam lines -
or turbine bypass lxnes

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 automatlc closure during normal reactor
operation

_e. systems connected to the reactor coolant pressure boundary not
capable of being isolated from the boundary by two valves
normally closed or capable of automatic closure durlng normal
reactor operatlon.

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

. designated as Class 1 because either the component is not needed for
safe shutdown of the reactor in the event of an accident or the

component can be isolated by two valves as described in footnote (2)
of Section 50.55a of Reference 2.

Quality Group C (Class 3)

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

nor designated Class 2 "but are part of:

1. cooling water and auxiliary feedwater systems important to safety,
such as emergency core cooling or pdst-accidént heat removal

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

4 ‘ ) 3. systems connected to the reactor coolant’ pressure boundary that are

capable of being isolated from the boundary by two valves normally
- . closed or capable of,automatic{closure:during normal operation -

T e o ' 4. ’'systems not previously defined, other than radioactive waste
‘ - ' management systems that contain or may contain radiocactive material,
and whose postulated failure would potentlally result in off-site
doses that exceed 0.5 rem. .
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. F Compar‘ison with Past Codes

The past B3l.1 (1955) piping. .code does not designate qualrty classes for -
piping or valves.( ) Comparlson,of the component ‘classification desxgna-
‘tions in the FSAR with the standards previously described for each 'SEP plant
is required before a comparison;with”cnrrent codeirequirements can 'be*’ v o
initiated. ' ' '

- The past pressure vessel code, ASME III (1965), designates Class A

vessels which are essentially equivalent to currently designated Class 1

vessel._ Class B vessels designated in accordance WithAthe'past-code would

AT D

.currently be cla551f1ed as MC vessels, whlch are out51de ‘the’ scope of this
review. Prevxously de51gnated Class .C or ASME Sectlon VIII vessels may be

i 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 Classt2‘recuirements such asdthe quality assurance .

. program. -

. 4.1.4 Code Stress Limits

4Strength~Theories'

_ Past codes (4, S], except  ASME 111 (1965) for Class A vessels, have been
based on- the assumptlon that 1nelast1c behav1or beglns when the maximum’ '
* principal stress reaches the yleld p01nt of the materlal,, ¥ It has been ;;
’ commonly accepted that both ‘the max1mum shear stress theory (Tresca crlterlon)
+and the maximum dlstortlon energy theory (Mlses crlterron) are much better
than the. max1mum prlnc1pal stress assumptlon in predlctlng yleldlng and
A '% o ;;fatlgue fallure in ductile metals. Although most experlments show that the
P ' - Mises crlterlon is more accurate than the max1mum shear stress theory, the *‘
present code {1] uses the maxlmum shear stress. theory of strength for Class l N
U '4‘ ’ :components because (1) 1t is more conservatlve, (2) 1t lS easxer to apply, and
'_i» S '(3) it facilitates fatlgue analy51s. Class 2( ) and Class 3 components
‘ continue to be de51gned in accordance w1th the maxlmum pr1nc1pal stress

assumption.

1. Code Case N-1 classifies piping into two categories: - nuclear piping,
designed to contain-a fluid whose loss from the system could result in a

“‘f£41J3=4%7*rad1atlon -nazard-=-to- eltheﬁzthe-plant-personnel_ornthemgeneral publlc, .and _ .

" conventional steam and service non-nuclear plplng. .

-+ 2.  Except for Class 2 vessels desxgned in accordance w1th the alternatlve"
- rules of NC-3200. : ¢
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If the pr1nc19al stresses at a poxnt are 0y > G0 > O3, then.
yielding occurs :

when:
Thax = (1/2) (0p.=o3) = (1/2) Sy
according to the maximum shear stress theory. Forlconvenience, the present .

code uses the term'?stress intensity,"” which is defined as:

2Thax = the largest algebraic dlfference between any of
two of the three prlncxpal stresses,.

'gl : Consider a thin-walled cyllndrlcal pressure vessel or pipe,
-.away from any discontinuities and subjected to an lnternal pressure, p,
" which induces a hoop stress ¢  and an axial stress 1/2c. The three
] prlncxpal stresses in descendlng magnltude would be.

Gl = g
02 = (1/2)0
03 = -p

" According to the current code, the "stress intensity” is:-
(01 -03) = (0+P)
whlch together with the stress llmlt controls the de51gn. Accordlng to.

past codes,  the design would be controlled by ‘the maximum. stress
together with the stress limits used. in the past codes.

. Stress Categories

The current code recognlzes the advances in computer alded structural

g analysxs capablllty which enable a more comprehenS1ve and detailed determlna-_
tlon of stress and strain: flelds, ‘in both the elastlc and plastxc states due
'to thermal as well as mechanlcal loads, gross structural dlscontlnultles, and‘
local structural dlscontlnultles such as’. small holes and fillet radll._‘

' Accordxngly, the current code recognlzes varxous stress categorles deflned ln]fj

VB-3213 of Reference 1ib. and brlefly summarlzed as follOws'(l)

1. Prlmaryfstresses

Any normal or shear stress 1nduced by an 1mposed load whlch lS )
necessary to satlsfy equlllbrlum between the external and 1nternal

1. See Figure NB-3222-1 {1lb].
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forces and moments. A primary stress is not self-limiting. The
- .existence of primary stresses in excess of the yield strength across
_the thickness of the material will result in failure due to gross
distortion. or rupture, inhibited only by the strain. hardening
characteristics of the materlal. Primary stresses are further
' categorized as: - I T L S

N

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

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

.C. Bending Stress. That component of a prlmary stress whlch is
proportional to the dlstance from the centroid of a solid
section, excluding effects of gross and local structural . .
dlSCODtlﬂUltleS, e.g., the bending stress across ‘the thickness of

. the central region of a flat head of a vessel due to lnternal
.pressure. " The stress components associated w1th a. prlmary
',tbendlng stress are symbollzed by Pp.

A 2. Secondary Stresses

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

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 - symbollzed by Pe.

b.'.Secondary Membrane and Bendlngistress;' Occurrinq at gross'
structural discontinuities and caused by mechanical loads, N
pressure, or differential thermal expansion, symbolized by Q.

t
i
H
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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: suppressed, such-
as the local thermal expansion coefficient of the. austenltlc steel
cladding of a 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 o’ for Class 1 compo-
nents are given ‘in Tables I-1. 1 and 1-1.2 of Appendlx I of Reference le for
ferritic and austenitic steels, respectlvely. ‘For materials other than '
bolting, the de51gn stress lntenSIty value s is essentlally ‘the, lower of
1/3 (UTS) or 2/3 (YS) at deSIgn temperature for ferritic steels.( ) For
‘austenitic steels, sm is the lower of 1/3 (UTS) or 0.9 YS at design tempera-

ture or 2/3 (YS) at room‘temperature.( )

Assuming that S is essentially the lower of 1/3 (UTS) or 2/3 (¥S), -
then the stress llmxts for the various serv1ce level 1oads and stress category

combinations for materials other than boltlng may be . summatlzed as follows-

l}-xDeSIQn Condition '(See-Flgure NB—3221—1,[lb])

| Stress Category Limit of Stress Intensity
Primary Stresses Tabulated . . YS UTS
P o s,  £2/3(Ys) ‘< 1/3 (UTS)
2R oo Lssy o sys o £1/2 Ts)
PP . Ll.5s . <v¥s <172 (UTs)

1. See 11I-2110(a) of Reference 1e.
2. See III 2110(b) of Reference le.

a-s2
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2. Level A and B Service (Operating and Upset conditions)
(See Fig. NB=-3222-1 [lb])

Stress Category - . ' . Limit of Stress Intensity

(a) Expansion Stress Intensity ‘Tabulated - ¥S uTs
Po (not for vessels) .. . 383 . . <2YS  <UTS
(b) Primary and Secondary R n'(l) : o
"Pp + Pp + Pg +Q . .3 8q o 2 ¥s ~LUTS
(c) pPeak Stresses(2) . : ' (3) o .
_Pp, + Pp + P + Qr+ F Sa - .(See fatigue curves,

Fig. I-9.0, Reference le)

3. tLevel A and B ServiceiLimits for Cyclic Operation (N§—3222.4)2-

Unless the analysis for cyclic service is not required.by NB-3222, 4(d)(1)

. through NB-3222-~ 4(d)(6) [1}, the ablllty of the component to w1thstand cylic

servlce without fatigue failure shall be demonstrated by satisfying the

-requ1remen;s of_NB—3222.4(e).as.follows:

‘a;.'Determlne the stress difference and the alternatlng stress 1nten51ty,
Sa, ‘for each condltlon of normal service.

bl Use stress'concentratlon factors’to account f£or local structural
discontinuities, as determined by theoretical, experimental,
’photoelastlc, or numerical stress analysis techniques. Experlmental
‘methods shall comply with Appendix I1-1600, except for high strength
“alloy steel bolting, for which NB-3232. 3(c) shall apply. The fatique
strength reduction factor shall not exceed 5, except for crack- like
defects and for spec1f1ed piping geometrles given in NB-3680.

c. De51gn fatigue curves in Figure I-9.0 for the various materials shall
. ~be used to determined-the number of cycles Nj for a given alterna-.
ting stress value (S,1¢)i. The alternating stress determined oo
from the analysis should be multlplled by the ratio of the modulus of
elastlclty given on the design fatigue curve divided by the modulus -
of elasticity used in the analy51s before enterlng the de51gn fatigue
curve.. : .

1. 3 Sy may be exceeded provided the: condltlons of NB-3228 3 are satlsfled

2.  For cyeclic operatlon.

3. 2 84 for full-range of fluctuatlon.
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d. Cumulative usage for multiple stress cycles ‘is be determined from

U = Sum of (Mj/Nj)

) , , R where M; is:the expected number.of cycles associated:with:
b T (Sa1t)i and N; is the correspondlng number- of .cycles from. the -
" ' ' design fatigue curve. The ‘cumulative usage factor U shall not- exceed
1.

4. Level C (Emergency Conditions)-v
(See Fig. NB~3224-1 ([1lb])

Stress Category. -~ . Limit - . S Type of'Analysis
Primary Stresses _ S s ) :
Pp (pressure and . 1.2 sy or.YS(l)” ' Elastic-
' “mechanical) B ' o
P, (pressure - onlyv,' 1.1 Sp or 0.9 XS(l) o »ElastiC-;'
for ferritic ‘ . : : R
material)
PL - 1.8 8y or 1.5 ¥s(1) - - Elastic
' o - . .0.8 (collapse load) Limit
'.PL f'Pb , ‘1.8 Sy or 1.5 Ys(l):”f ' .Elastlc o s :
: L 0.8 (collapse load) " Limit e o .
4.8 Sm L o ,vTrlax1al Stresses(z)
,secondary/Peak' S ) f ) "1  Ju';. 2dByaluation not
- T - ‘ ' ' required

' Bolting Material Stress Limits —:Class 1 Components ZNB-3230)'

_ DesianConditions

. Pressure-retalnlng bolts are desxgned rn accordance w1th the procedures
- of- Appendlx E '[le], which account for gasket materlals and deszgn as well as

" . bolting maserlal stress allowables given . in Table I-1. 3 of Reference le, whlch

- are based on the lower of:

1/3 (¥S) at room temperatire
1/3 (¥S) at design temperature (up to 800°F)

1. Whichever: is greater. : o
2. Based,onisum,of prlmary prxnclpal 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 (neglectlng stress concentratlons) shall not exceed 2
times the Table 1-1.3 [le] values, -

(Sp) £ 2 (¥9)
avg -3
b. Maximum stress at bolt peflphery kor maximum stress 1ntené1ty if

tightening method induces torsion) due to direct tension and bending
shall not exceed 3 tlmes the value given in Table 1-1. 3 [le],

(Sp) < (¥S)
max

Fatigue Analysis of Bolts

Fatigue analy51s of bolts is requ1red unless all the condltlons of

NB-3222. 4l(d) {1] are satlsfled Su1tab111ty for cycllc serv1ce of bolts

" shall be determlned as descrlbed in NB—3222 4 (e) . and as follows (NB-3232 3):

a. Use the design fatigue curve of Figure I -9.4 [1] u51ng 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 (1) -
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 :inches, and (3) the
ratio of the shank flllet radius to the shank dlameter 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 be
justified by analysis or test. For: h1gh strength alloy bolts, ‘use’ a
fatique strength reductlon factor not less than 4 0..
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Code Stress Limits - Class 2 and Class 3 Components .

Design Allowable Stress Values

Design allowable stress values are given. in Table‘Ie7;0(l).for-Class'Z
and Class 3 and .in Table I-8.0 for Class 3 component materials. --These design .
allowable stress values are limits on maximum normal stresses rather than:the

stress intensity values for Class 1 components.

1. Ferritic Steel Non-Bolting Materials

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

III-3200A[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 (¥S at temperature).

" 2.  Austenitic Steel Non-Bolting Materials.

. The stress allowable for austenitic steeis is the lowest of:

.. 1/4 (UTS at room temperature)
1/4 (UTS -at tempe:ature)
2/3 (¥S at room temperature)

“0.9 (YS-at room temperature);

"3, .Bolting Materials.

Deslgn stress allowables for bolting materlals a:e based on the same

criteria as for non-boltlng materials, except that for. heat treated’ bolting

materials, the allowable sball be the lower of:

~1/5 (ﬁTS at room_témperature)

Ted . 1/4 (¥S at room temperature).

'l. Except for Class 2 vessels designed in accordance with the alternative
* design rules of NC-3200, where stress lnten51ty llmlts aze based on Table
. I-1.0, i.e., the. same as for Class’ l components.5 '
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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 on primary stresses are prescribed;

" thermal stresses are not considered. When compressive stresses are present,

component stability must be assured. The potential for unstable crack growth

should also be considered.

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

inelastically.

Elastic System Analysis

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

by:

a. Elastic Analysis: - in which the computed primary stress appears to
exceed the ¥YS by as much as 60% but remains within 70% of. the UTS,
except for piping in which the pressure does not exceed two tlmes the
design pressure, in which case the primary ‘stress computed by
Equatlon 9 of NB- 3652 should not exceeed BSm (2 X YS)

‘,

b. Collapse Load Analysis: -in which the level D loads do not exceed 90%
of the collapse load determlned by either a :lower bound limit (1) ’
analysis (which assumes an elastlc-perfectly plastic material), ‘a
plastic analysis which accounts for the. straln-hardenlng :
characteristics of the materlal, or by experlment.,

€. Stress Ratio Analxsls. which is a pseudo-elastlc analysis method
utlllZlng the technlques and curves dgiven 1n Appendlx A-38000 ([le], in-

which the apparent stress(?) is limited to. the lesser of 3 Sqp or
0.7 S, except when the methods of A-9000 [le] permit hlgher llmlts

’when the type of stress fleld is taken into account._ N

. Inelastlc Sz;tem Ana1151s

When a system is analyzed lnelastlcally,‘the level D prlmary stress or .
load llmlts for components permit plastic deformatlon dependlng on thev'

component ‘analysis method as follows.

7-2. Computed -value of stress assumlng elastic behav1or.

1. A load which' is in equilibrium with a system ofmstreSSes whichAsatiSfies

equilibrium everywhere, but nowhere exceeds the YS”at or below the
.collapse, load. e e O S
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a.” Elastic Analysis: in which the computed primary stress intensity is
limited to the greater -of 0.7 UTS or ¥S + ((UTS - ¥8)/3).

o : b. Collapse Load Analysis: .in which the load.is limited to.90% of the
: . collapse load. The: collapse ‘1load may - be. ‘determined by one of the
. three methods prev1ously descrlbed

c. Stress Ratio Analysis:-Aas described previously.

d. Plastic Instability Analysis: in which a plasticity analysis is used -
to determine the load, Py for which the deformation increases '
without bound. The load P is limited to 0.7 P; or ¥S + (SI - ¥S)/3
where Sy:is the true effectlve stress associated with plastlc
1nstab111ty.

"e. Strain Limit Load Analysis: in which the'load P is limited as
described in (d) but not to exceed Pg associated with a specified
strain limit. ' : -

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

~Comparison with Past Codes

"The fundamental dlfferences between current and past codes w1th regard to

stress llmlts are summarlzed -as follows.

l.' The current code . for Class 1l items is based on the. maxxmum shear
stress theory of failure. ASME III (1965). is based on the same
theory for Class A (equxvalent to Class 1) vessels. B3l.1l (1955)
plplng code is based on maxlmum 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 Drimary as well as-
'<~'secondary stresses and peak stress categorles, as does ASME 1II
. {(1965). B3l.l1 (1955) power piping code does not consider peak
stresses. ASME I (1965) considers (for plplng)‘prlmary membrane .
stresses due to pressure only, except for mitered bends where the
required thickness for a stralght pipe is multlplled 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 plpe.

4. The current code for Class 2 and 3 vessels cons;ders primary stresses

" for size selection, as does ASME III (1965).(1) -The current code '
for Class 2 and 3 piping consrders prlmary and secondary stresses, as-
does the past piping code.

'l;= Unless ‘the vessel is deSLgned in accordance w1th the alternative NB—3200
rules which are.based on prlmary, secondary, and_peak'stresses.
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5. The current code glves stress limits 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 overall gross deformations that may require replacement
for service level D. The ‘equivalent of service levels C and D was
not specifically considered by past codes. The FSAR, however, doces
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 1nformat10n glven 1n the FSAR for the plant

‘belng evaluated.A

4 1.5 Weldlng Requ1rements

Welding materlals must currently satlsfy the quallflcatlon requlrements

of Sectlon 1X of the ASME B&PV Code as well as the mechanical property and

‘chemical analysis test requirements of NB/NC/ND-2430 [1].

A determination 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 metél cladding. A-No.8 weld material would

typlcally be used to join chrome-nlckel austenltlc stainless steels such as

. SA=-312 Grade TP 316. The mlnlmum acceptable delta ferrlte shall be S5FN and

results shall be included in the certified material test report.

" Full radiographic examination of vessel welds is. currently requlred,

depending on thickness of materials joined, weld joint category (see

NB/NC/ND-3351 ([1]) 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 joiht caéegory,ipipe size, and code

class as discussed in Section 4.2 of this Appendix.

It is concluded that past weldlng requlrements for vessels were more

. severe than current requlrements, but past code requlrements for plplng,

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

components. -
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It is recommended -that the FSAR be carefully eiamined for radiography
requirements for pipes, pumps, and valves which would currently be classified
as Class 1 or 2. - It is also  recommended that welded components and systems in
SEP plants made from austenitic stainlees steel be spot-checked to determine
evidence of hot ehort cracking in the weld region unleSS'evidence of the use’

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

4.1.6 . Design Considerations for Boltedrﬁlange_Connections

Appendix XII of the current code (1] provides supplementary information

to prevent leakage in boltedvflange connections with unusual features such as

‘a very iarge diameter or under.unusual conditions such as highfpressure, high
_ temperature, or severe temperature gradieqts; Appendix XII permits analysis

‘of the joint which considers changes in bolt elongation, flahge‘deformation,

and gasket loadbthat can take place upon pressuriiation and that.may indicate
a required bolt preload greater than 1.5 times the design value; This"
practlce is permltted provided that excessive flange distortion and gross
crushxng of .the. gasket is prevented. Bolt relaxation.under hlgh temperatures

should also be 1nvestlgated. Methods for assuring adequate bolt tlghtenlng

-for large diameter bolts are dlscussed in Appendix XII.

Past codes dia- not consider special sxtuatlons as described above. The

current consxderatlons of Appendlx XII may be useful in: evaluatlng 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 betweenAcurrent.and past require-

ments are that:

1. The current code expllc1tly con51ders 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 the stress
intensification factor i of the past code {4]. The )
current code magnifies gross discontinuity stress by Vki)-
multiplying C, by a local stress index K,. The past code
‘considers the effect of cyclic loading b% reducing the
allowable expansion stress by a factor f which varies-
between 1.0 for less than 7,000 cycles and 0.5 for more .

~ than 250,000 cycles.

Flgure A4~2 shows .a plot of the allowable‘expansion stress .
based on the past code and labelled past '"fatigue'" curve super-
imposed against the design fatigue curves for carbon, low ‘ '
alloy, and high tensile steels (Fig. I-9.1 of Reference

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

The past "fatigue" curve is based on a 70 kei ultimate-

tensile strength (UTS) material whose allowable sttress range
SA,(Z) is f (1.5)(UTS)/(4) (0.9) where 0 9 accounts for

the eff1c1ency of a welded joint, and j 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 alternmating stress fur a given number

of cycles. K varies between K(10) = 25 and the K (1,000,000)

"= 1.0. Notice that K is, the allowable local stress index for

a design which is based on the past code-and being evaluated

in light of the present code, all other things being equal.
Assuming that for most piping systems the maximum local stiress
index is not likely to be higher than 5, but higher than 1.4

we conclude from Figure A4-2 that’ plplng systems. de51gned 1nA
accordance with the past and the present code: c

’a.~~are conservative for serv1ces w1th less than 500 cycles

b. p0551bly are unconservatlve for services w1th cycles
greater than 500 but less than 100, OOO

7c.‘ are probably unconservatlve for serv1ces w1th more
than 100,000 ¢ycles and 51gn1f1cant load charges. '

1.

) UHUE Frankiin Reseafch Center

B31l.1 (1955) only, ASME I (1963) does not exp11c1tly con51der cyclic loadst

Sp = f (1.25 S + O 25 Sh)'_.U51ng Se- approx1mately equal to Sh and
Sh.< 0.9(1/4 UTS) gives Sy < f (1.5(US)/4)0. 22 -
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Figure A4-2.

Number of Cycles '

“(For Mecal Temperatures Hot’ l:.xceeding 700°F) (Reference 4e)

Design thigue Curves for Carbon, Low Alloy, and High Tensile Steels
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where:

!

The current code con51ders "the influence of thermal gradients
through the thickness of piping elements, together with the
effects of the range of pressure and moments due to changes
in service temperature and pressure, when determining the
peak stress intensity Sp

The current secondary stress indices C. are either equal ar
less than twice the corresponding streds intensification
factor 1 of the past code. This implies that expansion
stress computations based on the past code are comservative
from the viewpoint of margin against excessive distortion.

NB-3653.2 gives a simplified expression for'Sp which conservétively

estimatés the sum of primary and secondary and peak.stréssea as follows:

PD ' D

QO 0 o]

- 20 2y,
So = KC e YRS T N
.1 ‘

+ K3Ea|ATll

2(1-v)

+ KyC,E , x ‘laara-,abrbl

373
ot —— ) . ] :
1-=-v) EQ|AT2l S ‘ (1) |
Kl’KZ’K3 = local stress indices

AT, = linear portion of thermal gradient through the
thickness » :

AT2 = non-linear portion of" thermal gradient through
the thlckness .

M = resultant range of moment due to service changes

1 in temperature iATi‘ or mechanical loads such as
earthquake o - :
_ L S L
l’CZ’C3 secondary stress Lndlces

"P_ = range of service pressure
v =0.3

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

D = out51de dlameter of tbe plpe :ﬁ
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t = nominal wall thickness
I = sectional wmoment. of inertia-

Ta(Tb) = range of average temperature on side a(b) of
" - gross structural or. material discontinuity.

"Values of stress indices for the various piping elements are given in Table

NB-3682 2-1 of Reference 1b and reproduced as Table A4-8. ‘For the purpose of
-

the discussion which follows, the fourth term in . the expre551on for Sp is

neglected since it is atypical.

'.The past 'biping code [4] sets limits on the first two terms in the
expression for Sp which will be derived herewith. Equation 13 of Sectiom 6 of

Reference 4, neglecting contributions due to torsion, is giveh'by:

S i é?

- <
B -

~A

where:

Mb = resultant moment due to change in temperature
from the minimum operating temperature (usually
e o e - -. taken as erection temperature 70°F as noted in
' ) Section’ 619(b) Section 6 of Reference 4 to the
maximum normal operating temperature plus move-
" ments of pipe ends attached to equipument.)
Note that Mi = X, My (approx) where:

721
. AT,
A ‘= ———-._l__—
21 [(To)-70°F]
'z = sectiou.modulu31of pipe = (I)/(DO/Z)e.
is= stress'inteusification factor given in Figure 2

" in Section 6 of Reference 4 for various piplng
elements ’ :

Substitutlng the expression for Z in Sg, Ve obtaln
’ D '

[e] .
St

Comparison of the stress intensification factors, i, given in Section 6, :
Flgure 2 [4] with the stress lndlces C2 glven in Table NB—3682 2-1 reveals that

: C2 is approx1mately 1.9 X 1

1. Thls discussion can be used -to compare current requlrements w1th plplng
de51gned to B31l.1 (1955). It is not appllcable to plplng de51gned to .
ASME ‘T, (1965). , o g .

UUHE Fraﬁklin Reseérch Center
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Note further that the limit on SC is:

S, = f(1.25 Sc + 0.25 Sh)=
where:

S = allowable stress in cold condition

S, = allowable stress in hot condition

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

Table A4~7
Stress Reduction Factor - 7
Wo. of Full Temperature - .- Stress Reduction
Cycles over Expected Life Factor, f
7,000 and less - o . " 1.0

14,000 and less )
22,000 and less - - - - -
45,000 and less .
100,000 and less
250,000 and léss

© o o o o
WV -y~ 0 O

Note that for ferritic steels, both sC and_Sh'approximately equal 0.9*'(1/4 UTS) -
such that:. . o ‘ T '
5, = 1.5 £(0.9) T2 = 0.34 F(uTS)

(ferritic'steel) - -

.is'apﬁroximately équél’to 3 Sc so that:

For austenitic steels, $ 3

h

sy -7 (3 ) (93] 00
S; = 0.33 f (UTS)
(austenitic_steel)

* The factor 0f 0.9 is used to account for a butt-wélded‘joint'efficiency.
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- - Table A4-8
Table NB-3682.2-1 SECTION 111, DIVISION | — SUBSECTION NB" " -
TABLE NB-3682.2.1
STRESS INDICES FOR USE WITH SQUATIONS IN. NB-36:0
(Not. Applicable for.;D,/¢>100) - -
Internal Moment Thermai
Pressure Loading® Loading
Piping Products and Jaints B G K . B G L1 G (-3 K
Straight pipe, remote from weids or other ) ‘ :
" discontinuities 0.5 Lo Lot Lo Lo Lo Lo - Lo
Girth butt weid between straight pipe or between '
pipe and butt weiding mpmm R e . B
(a) flush 0.5 Lo L1 s Lo pS 4 L0 -0S 1l
(®) as weided t>3/16 in (and §/¢<0.1) - 0.8 L L2 L0 L0 18 Lo oS L7
(c) a3 weided t<3/16 in. [cr.él t>0.1] . 03 PE D - L X | L4 25 L0 0.2 L7
Glrth fillet weid to socket weld fittings,
stip on flanges, or socket weiding - .
flanges 0.75 20 3.0 LS 21 2.0 . L3 Lo b X )
Longitudinal butt weids in straight piped
(a) ftush a5 Lo LY Lo Lo 11l L0 - 11
(8) as weided £>3/16 in. ] ' 0.5 11 L2, 1o L2 13, . B I
(c) as weided t<3/16 in. ’ 0.5 . L4 25 Lo L2 13 L0 . L2
Tapered transition joints per NB-4423
‘and Fig. NB-4233.12a42 . o
_ (a) flush or ng girth wetd closer than /r 0.5 ¢ L2 L0 ° ¢ 11 s 10 11
(D) as weided - . ‘0S8 . 12 L0 4 1.3 ¢ L0 L7
Branch connections per NB-3643331 BV | 20 w7 7 LA L8 Lo L7
Curved pipe-or butt weiding etbows per : 2
ANSI B16.9. ANS] 816,28 Lo - 2 1o . ¢ 10 1.0 05 10
or MSS SPagisu 2/
Butt-weiding-tees per- ANSI B16.9 : _
or MSS SPegian Lo 15 4.0 ’ ’ L0 Lo o3 L0
. ~
Butt-weiding reducers per ANSI 816.9 . .
or MSS SPegizis RN ¥ 13 e Lo ) L4 10 0.5 1.0
NOTES: ) ' o
(1) (2} The values at X, shown tor thess components are {e) If Dmax = Omin. i3 not greatsr than 0.08 0o, and ac
. icapie for with out of roundness nat’ *caotabie valus of X, may be obrained by muitiglying the
" greatsr than 0.08¢, where out of roundness is defined as " utuiated values of X, by the factor £ .
Omax = Omine and S
. ' Fip=1 i, 24
Dmax -mx-mum outside dlmmer of u'oa saetion, in. POgi2t
Omin * ia of cram section, in. : : : :
* = nominal wall thickness, in. . where M = 2 for territic steels and nonferrous marerials
v except  nickelchromssiron  alloys  and
(5) If the coss section is out of roung such that the crors nickel-iron-chromas ailoys
: saction is aporoximately eilipticai, an acceprable vaius of M=27 for itic steels, nickel
K, mav be nbtained by muitiplying :m mbum'd values alloys, and nickel-iron-chromium alloys
of K by the factor £ 4. Sy =yield srength it design temperdture, P
(Tabtes {-2.0) N
D, 0 1.8 P = Design Pressure, p -
£ “*'mL, ua o\’ P Dg and t are defined in (a) and (v).
1v0488 (%) 7
- ) SN ) (21 Weids 1 accordancs wich the  requicements of this
. . . ‘Supsection. .
W“"‘Do 4 ide di ,in, (a) Flush weigs ae defined as those weids which have been
p = internal pressure, oS : . ground on boin inerior and exienor surface (0 remove
{use maximum value of .pressuru in the load weid irreguianines and airupt cnanges in contour due 1o
cvete undsr consideration) . i misalignment. Thickness af weid reinforcement (total -
£ = modutus ot elasticity ot mauna( at room tem- inside znd outsiae) snall not cxceed 0.1r. No concavity
perature, Psi - . . © . on‘tne‘roor side » derraitted. The tinisned contour snall
Qtnar symbuis aro defined ;n (al. =~ " nowhere nave a_siope (angie measured from tangent to
154
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Table A4-8 (Cont.)

" NB-3000 — DESIGN

surface of pipe or, on tapered transition side of weid, 10
the nominal transition surfacel grester than 7 deg., sae
skateh Below.

7 deg. max,

b) Asweided is defined as weids not meeting the specisl

requirements for flush wekss. At the intersaction of a
longitudinal butt weid in straight: pipe with 3 girth bure
weid or girth fillet wetd.

8, =08and 8. =~ 10
The C,, X,. C,, K,, and K, indices shall be the product

aof the respective indices fof the longitudinal weid and
girth weid, For exsmpie, at ths intersacrion o' an

Table NB-3682.2-1
Far My
My = VML oMy MR, = resul n
ForM,

My =M T yr*M 77 = resultant moment on run
_vhere My, Myp and Myp are determined as tollows:

It M;, and M;, have the same 3igebraic sign, then M, =0, If
My, and M;, bave ditferent algepraic signs, ineii’ My, is the
smailer of M;, or M;, wherei=x,y, 2

- - A
For branch connections of tees, the M; term of Equations

(91 {10, (1), ar (12) shail be ced by the followang
. mmoftm
T oW
Equation (9} B2 +8,,~
2y 2,

M,

Eauanom(w)&(ﬂ) c,,;‘b'c,,z ' .

awelded girth butt weld with an as
btmvmd c. is 1.1 1.1=121, C, for a girth hlmm
. " inter longitudinal weid shail be taken as 2.0.
{3) The sress mcacu given ars apolicable only to branch
onnections in SEight Dipe with branch axis normal to the
pige surface and which meet the dimensional requirements
and limitstions of NB8-3588 and Fig. NB-3686.1-1, -
(4) A = curved pipe or eibaw radius, in.
¢ = mean radius of cross isction, in.
= (Dg = t}/2, where ¢ = nominal wall thickness
(S} The -waluss of moment, M,,. shall be obuined from an
analysis of the giging system in accordance with NB-3672.
My is detinect 23 the rangs of moment icading agolied during

. Me specified opereting cvcte.
. Cop My
__1

."3

Struigit Through Pipe

" My ® moment at Point A

N
N
R
N
N

eoN
R

Curved Pioe ar Weiding Eibow

My = moment st Point A
ey
Me =M, P M, oM,

Sranch Pipe . -

Moments calcuhnd tor point at mnruc'non of un . and '

: bnndv cunter jines
'y “yJ

UHHE Franklin Research Center
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E : ien (11} c‘lbx‘lbz cirxarz ! ' "

Zy = mir' ) Ty

Zp=aRm’Tr

For branch connections per NB8-3843 sse Footote 3 above
*'me T Am, and T, are defined in Fig, NB-3686.1-1
For butt-weiding tess per ANSI 816.9 or MS SP 48: :
'y = mesn radius of designated branch pioe
Ty = nominsl wail thickness of designated branen
pipe
Ay = mean radius of dwgmud run pioe
Tr = nominal well thickness ot designated run ruo.

(6) indices are agplicable 10 tapered transition joints vam a gmf\-
butt weid at the thin end of the transition.
Cy =1.3+0.003(0p/t) + 1.5 (5/1)
but not grearer than 2.0 .
Cy » 1.4+ 0.004 (Do/t) + 3.0 (6/2}
But not greater than 2.1
Cy = 1.2+ 0.008 (Dy/t}

(7 8,5 =0.78 C, 5 but not less than 1.0
8., »0.78C,, but not less than 1.0
c,,,-:m,.,.,/r,J"’ {F /R ' (r',rr,a (r,,,/r,) but not
less than 1.5
Ame Tn 'me T’b, and r,, are defined in F-g.
! NB-3688.1-1 - . : .
K,p=10 .
 Gyr=08 m,,,rr)"’ 1r'm/Am). but nat less than 1.0 )
Ky =20 . !
.+ + The groduct of C, K, , shall be 3 rmnimum of 3.0 '

1 - :
8- &y = ,9,5, .but not less than 1.5: 8, »0.75 ¢,

By e # winere ¢ = nominal pioe wall thickness
’ R = bend radius of curved pioe or elbow
- .r™ mesn pige radius
@ {Dg =2




Table NB-3682.2-1 .« . ::

(9) B1p = 8,, 2 0.75Cyp
Cib = C;p = 0.67 (Ams/T*, but not less than 2.0
Rm = mean radius of. dwgnnec run pioe

Tre inal wall s of detig: run pips

Kip=Kyp=10 :
{10) The X indices given for fittings per ANSI 816.9, ANSI
B16.28, or MSS SP48 apply oniy to sesmiess fitlings with no
connections, artachments, of Other extraNEOUs SITeTS rBisers
on the bodies thereof. For fittings with longitudinal- butt

flush weids a3 defined in Note 2; by 1.3 for waids not
_ Mmeating the requirements for flush weiat,

{11) The sress indices given predict stremes which occur in the
body of a fitting, It is not required to take the product of
stress indices for (woO Diping products such as a tes and a
reducer, or & tee and a girth butt wetd when weided together

. except for the case of curved pioe or butt weiding

. eibowes weided togerner or joined by a piece of straight pipe
the length of which is iess than 1 pipe diameter. For this
wecilic case the stress index for the curved pipe or butt
weigding elbow must be muitiplied by that for the girth butt

indices. Their value is to be: 8, = 1.0, C‘, = 0.50.
(12)5 is deti

d as the é i as sht
used orovided he \ is for
farication. For flugh weids, cmm-u in footnote (2), 8 may -
be tsken a3 Zero.

.-(13i ({a) Nomenciature
&

. ‘P"]l
¥

b Wz

. [
o | ? a2

'1(”  ;

L2

042 i ] T
i
(’2 . 02/2
1 * .
H l
t, = nominal wall n;icknni. qutcnd'
¢, = nominasl wall thickness, smail end -
[» s} outuge di . large end

0. = nominal outside d\imcnv smail end
a = cone angh. geg.
[
= (5] The indices given in (c) and (d) aoply if the following
conditions are met. -
(1) Cone angle, o, does not exceed 80 deg. and the
reducar is cancantric. ’

SRS SIPIR IR

bodv of -the reducer, except in and immediataly
adjacent 10 the cylindrical portion on the smaill end,
where :he thickness shail not be less than ¢, Wail

Eguation (1), N8-3641.1,

HUUE Frankiin Rese.arch Center
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weids, the K indices shown shall be muitiolied by the 1.1, for -

weid. Excluded from this muitiplication are the 4, and C°,

in Fig. N8«4233.1. A value ot 3 tess than 332 m. mny be -

(2) The wall thicknees is nOt [e13 than €, 5 throughout the

- thicknesses ¢, and .y are to be obtained by ...

Table A4-8 (Comt.)

SECTION I1l. DIVISION | — SUBSECTION NB-

fe) Reducers in which 7, and 7, » 0.10,
¢ =1 J.ooSawm
Cy = 1+0.38a* D1y *40: "" =08
where Dp/ty -HM'mma /t, and O /t,.
{d) Reducars in wmen r, andlorr, <0.10,
C =1 00004850""(0,,/? )‘-"
Gyt »OOI&J—
where O/t it the targer of D, /2, and D, /1.

{14) The X indices given in (a}, (b), and (c) appiv for recducsrs
' 1 the ing pipe with flush or as-weided
girth weids as defined in footote (2). Neta inat the
connecting girth weid must 2iso be checked ssparately for

comuoiisnce, .
' {a) For riducers connected to pipe with flugh girth buct
. weids:
K, =11 =0.1- . but not fess than 1.0

Brmim

. : Lm .
Kyt -01 F, but not tess than 1.0
VOmim ’

. Omim is the smultr of L, Is/D t, and
L../ 0 r,.

) For reducers conmend t0 pipe with as-weided girdy
butt weids where t,, t, > 3/168in. and &, /t,, 6,2, €
0.1:

X, “12-02 , but not less than 1.0

VDmim

Lm

K,*13-08 .but not less than 1.0 -

ﬁ
-

wmn /\/ mmmmllorofL/Dr.am
Y. D,r,.

{c) For reducsrs conmected (0 pipe with as-weided girth
b\mwnldt.whmr ovr,<3/18m oréy /e, ors /r,

Q.1: - -
K, *1.2=02 =—=== but not lez then 1.0
VOmim
K. =25 =18 ===  but not less than 1.0

vam‘m

[ where L,,,/./ mim i3 the smaller of L .A/B ¢, and

L AND,ty.
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gé‘ Noting that Mi = AiMb and conservatively assuming that a nuclear power plant
._ﬁ : designed in accordance with past‘codes is such that SE = SA and recalling that
- 5 C2 * 1.9 i, the second term in the expression ﬁp:_Spvbecgmes;x. .
- D, Y
KplaaT My = %y K 19 (i gp My
ff% = 1.9 SA (AZi.KZ) = 0.65fF AZ; Kz (UTS) (2a)
.E. " for ferritic steels
" 0.63f Ay, K, (UTS) -(2b)
iié fof austenitic steels
D Past piping codes determine pipe thickness in accordance with the ‘formula
3 PD_ | o h
- - S o L -
. tm Z(Shﬁ'0.4P) o (quatlon 1, Section ;-9f Rgferen e 4),"
o where:
Q P = design pressure
DO = outside ﬁipe diameter
C = allowance for corrosion
i Sy, = allowable stress at temperature
: tm = minimum pipé wall thickness

When C is small compared to the thickness and O.QPAis snall compared to

3
b

S, the minimum thickness is approximated by =

- Since the actual pipe thickness, t, is not less than tgr Ve have

PD_ L (uTs) (0.9) ferritic steel
-9 < S = 4-
: .2t = "h 1 : - - .
! g'(UTS)(O.9) austenitic steel

1. Based on v 0.4 for ferritic materiaié below 900°F.

3' o ' HUUE Franklin Research Center
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Assuming that the range of service pressure‘Po is a fraction Xi,of the design-

pressure, we have

PD A.PD - 1/6 A, (UTS)(0.9) ferritic steels’
[ e} = 1 Q < )\s ‘a3 1 .‘
2t 2t = - 1/5 Xi(UTS)(O.Q) austenitic steels

=

so that the first ﬁerm in the expressioﬁ for-_Sp may_be put in the form

e PoDo- 3 Al (UTS) KlCl FO.9) ferritic steel (3a)'
171 \.2¢t 1 . ' S '
3 Al (UTS) chl (0.9)'au§tenlt1c steel - (3b)

Substitdting Equations 2a and 3a on Equation 1 éndAnéglecting,the fourth temm
in Equation 1, we obtain: ’

(UTS)

21 2

: sp=%(09)xxc (UTS)+065fA

1  Ea o | |
O EQ‘IAT‘+K3 2(1- V) IAT' o 4

for ferritic'steels.

Slmilarly substituting Equatlons 2b and 3b-in Equatlon 1 and neglectlng the

fourth term in Equation 1, we obtain:

0.9 ,
sp 5 A, (UTS) K cl + 0.63f ), K Ts)
1 i v‘ . Fa . I
+ (l_v)_;a[uzlf Ky 3a ooy 14T | R (1b)

“for austenitic steels.

These expféésions can be further simplified by noting’frodeébles'I-S.O.and

" I-6.0 [le] (Winter 1978 Addenda) ;hat:

S 3 -6 :
Ee_ 27.9 x 107 x 7. 3 X lO = 0. 291 _— for ferrltic steels
(L=-v) - 0.7 - . S RN .
‘éa' 28 3 x lO3 ‘5'4'; iO 6‘”. | hlk.Si: o
~ - O 380 - for austenltlc steels
(l-\)) 0.7 - T CSF ‘

' o . A=70 .
UUUE Franklin Research Center-: - - »
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Subs:ituting appropriatély in Equations la and 1b and multiplying the second

term by 1.3 to account for movements of pipe ends attached to equipment, we have:

= 0. UT: + 0.85F A, K, (UTS)
sp 0.23 Al (UTS) chl 0.85f AZi K, (UTS)

+0.291 |aT,| + 0.145 &, a7, | - " (1a)
for ferritic steels

- ) . . . +‘ .‘ . N
s, -o 18 A, (UTS) K,C, q 82f A, K, (UTS)

©+0.380 Jat,| +0.190 &y |aT | - S (1b)
. for austenitic steels |

where: E : C .
. - P

A, = (range of service pressuté)/(design pressure) = 7?

UTsS = uitimate,tensile strength of material at 70°F.'
f= sﬁress-rgduction factor.(see Table A4—7)

" A,. = [Change in ;emperaturé fqr:ithservicé cycle] divided
by [maximum operating temperature - 70°F] '

|ATi| / |(T0>ma# - 70°F|

Kl,cl,Kz;lAT2|,K3,|ATl| - previously defined.

The altermating stress intensity, S.1c7

is one half of the peak stress
intensity, Sp; that is:- o o B
.1
Sa1e =28
For a given value of'alternating'stress-corresponding to actual o, serﬁice,cycles,
the number of such cycles Ni allowed may be found - from the épplicable design

fatigue curve, Figure I-9.0 (le]. The usage factor for the given n, service

S e e o T aEL o e ewamee oo Tl 0D Ll oL L tmosn ce el R

cycles is defined as:.

Il

U, =
: 1

P4

i

TT’E§E> e
o Uﬂ Franklin Research Center ' '
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The cumulative usage factor, U = ZUi shall not exceed 1.0 as required by
NB-3222.4(e) (5). of Reference 1b. '

~ Equations la and 1lb may be used to évaluate»Class 1 piping designed in
accordance with past code requirements from the viewpoint of present code re-

quirements. Some examples will bé used to illustrate use of the formulae. -

Example 1

Consider the 42-in ID prihary coolant piping'between thejreactor_vessel and
steam genefator for the Palisades plant [ll].'_These pipes were fabricated from

3-3/4-in thick ASTM 516, Gr. 70 plate with a rolled band l/4-in nominal cladding

of 304L stainless steel. A review of transient conditions given in Section 4.2.2

of Reference 11 indicates the following step power change service cycles:’

1. 15,000 cycles of 10% full load step power changes’
increasing from 10%Z to 90% of full power and de- =~ ,
creasing from 100% to 20% of full power =

2. 500 reactor trips from 100%. power. S I | ' 4

Exami#étidn of Figure 4-3 of ﬁeférence il’éhbws che:réactor coolant temper-
ature as a straight line function obeSSSApdwer.‘ Considering the hot témperature
function, note that this full power T = 5§4°F,and-ét 0% power T =~532°F. This.

uindicateé that the temperature changg associated with the reactor trips is
 62°F. For each AT, we shall assume thaﬁiAil = O;ZS'AT and ATZ =.O.25 AT.

A.more accurate determination of AT; and AIzlmay be obtained from Reference

12, so that?

E N 'Service Cycle - 1 n

, = 15,000 . " AT of Service Cycle 1 = 62°F

AT, = 0.75.x 62 = 46.5°F .
o | f=0.8
AT .

, = 0.25 x 6.2.= 15.5°F

o o LA=T2
' ﬂﬂﬂﬁ Franklin Research Cénier
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2

Service Cycle - 2 . n, = 500 . , . AT of Service Cycle 2 ='62°F.

)
ATl = 0.75 x 62 = 46.5°F
' f=1.0"
AT2 = 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

1}

5 x 46.25 = 231.25, 2R = 462.5 -
From Table A4-8 for curved pipe or a butt welding elbow

Kl_=dl'0

(@]
1}

L= (@R-1)/[2(R=1)]

(462.5 - 23.13) /[2 x (231.25 = 23.13)]
= 1.06 ' '

K2 = l.q,-v K3 = 1.0

Longitudinal Butt Weld-Straight Pipe -

A longitudinal buct weld flush in a stralght plpe would be a more crltlcal )

element to investigate 51nce for thls element:

[}

K, = 1.1, .C, =10, K,=1.1, K.

1 1 2 Ll

Branch Connections

and obv1ously would be most critical. These Kl‘énd_c values are taken from theAl

A branched connection which may possibly have been used to connect the»-~

12-1n Schedule 140 316 stainless steel surge line from pressurizer to the hot

leg would have stress indices as follows:

Kp.=2:0,  Ky=1.7, Ry =220 C=LlS 0oL

-1
Summer of 1979 Addenda [1]..
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Determination of Usage Factors .

finally (S_.). =% (5)

UTS = 70 ksi  (ASTM 516 - Gr..70)

th

For the i~ service cycle:

"(sp)i = 0.233, x 70 x K,C, + 0.85 x 70 f, K,

11 2" 21

+ 0.291|AT2| +0.145 K3]AT1|

'A55uming that the pressurizer maintains pressure within + 50 psi during these

service cycles, then:

~7
_ L lOO
‘ -Xl 2500 = 0. 04 so that
= 0. + 59. ' + 0.29] + 0.14 :
(sp)i 0 644 RCy +59.5 A f K, +0 911AT2| 0.145 KBIATII
Determination of.XZi'for each service cycle . = 1

A __
21 - 70°
_ _[(To)max 79 ]
(To)max = paximum operating temperature = 594°F
AT of Service Cycle 1 = 62°F AT of Service Cycle 2 = 62°F
A1 =‘62/(594 - 70) = 0.12
= 62/(594'- 70) =.0.12

)

alt’i 2 P l.‘

s R ST SIS WA IR IR S SAPERETLE SIS S :

A summary of the results for each of the twé{éervita-cycles as itvaffects the .-

usage of the three elements is éiven in Tables A4-9 thtough»AA—ll It is. apparent

from the usage factors calculated 1n these tables that cumulatlve damage Erom

 cycles 1 and 2 is- negllglble ';

TA-74
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Table A4-9

Usage Factors Due to Thermal 'Gradient Through Thickness

Example: Hot Leg of Palisades Primary Coolant Piping

Piping Element: Elbow

s rbes oot Aot e ek B it

1

; gl = 1.0, ¢ = 1.05,_ K, = 1.0, Ky =1.0
Service Cycle - 1 a, = 15,000 - f=o0.8 A, =0.12

21

ATZ = 15.5°F _ AT‘1‘== 46.5°F

5, = 0.644 KiC\ + 59.5 f K

16 .ZAZi + 0.291[AT21.+ 0.145 K3|AT1| = 18.7 ksi-

o S R .

| | . Salt > Sp 9.3 ksi - }
@ o 6 5 P
o ' N, > 10 " (See Figure A4-2) - U, = =— =70.02
.. A - o1 Nl . .

Service Cyele =2 n, = 500 F=1.0 Ayy = 0.12

AT, = 15.5°F . AT, = 46.5 °F

1

= 5 £ ’ | ‘ :._—...‘V i
sp 0.644 RiCL+59.5 FR M, + 0.291|AT2| + 0.145 K3|AT1[ 19.1 ksi

o

i | : Sae =7 S, = 95 ksi

P

o

=]
N
"
o ..

N' > 1m0 (See Figure A4-2) T "U =

N
=z
B N

-+ =
ULy =002

A-75
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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-

K, = ;.1, .oc = 1.9,__. K, = 1.1,  Ky=1.1.

Service Cycle - 1 a, = 15,000 £ =0.8 ,'.AZI = 0.12

ATZ = 15.3 F . ATl = 46.5°F

sp = 0.644 K\C) +59.5 f RyA, + 0.291|AT2| + 0.145 K3[Arl| 18.9 ksi

I
Salt ) S .9.3 ksi

P
n

N. > 10° - (See Figure A4-2) - U. = == ='0.02
| _ 17§ T

)

Service Cycle - 2

- 500 - .. f=1.0" A,y = 9.12

™. 5 1§ .80 . . ‘= °
0T, = 15.5°F AT, = 46.5°F

5, - o.§44 K, C, +59.5 f 52*22 + Q.291|AT2| +0.145 K3IAT11 = 20.5 ksi -

1. .
Salt = 2‘Sp .10.2'k51

z‘.
N

[}
[w]

> 10 (Seg'Figure AL=2)

=
[

le +»U2 = 0.02

- A=76
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Tablel A4-11

Usage Factors Due £o Thermal Gradient Through Thickness .

Example: Hot Leg of Palisades Primary.Coblént-. Piping. ,

Piping Element: Branch Connection. (Kl and Cl from Summer 1979 Addenda 1D

Kl = 2.2, . Cl = 1.5, Kz = 2.0, . K3 =. 1.7

Service Cycle - 1 n, =.15,000 -~ f=0.8. = A, =0.12

! = °F . = .5°

AT, = 15.5 | _ AT, = 46.5°F
- . | N L |
.Sp . 0.644 K Cy + 39.5 f KA, + 0.291IAT2| + 0.145 K31ATIL = 29.5 ksi

1. .
Sa1c =35, =168 ksi

|-°

N, > lO6 (See Figuré A4=2) - - -Ui = == = 'O._OZ

=
o

Service Cycle =2 . @, = 500 : F=1.0 A, =0.12

2 22

AT2 = 1‘5.5 F‘ '.L\Tl =‘46.5 F

= ; + 0. + 0. = 25.2 ksi
sp 0.644 K C; + 59.5 f Kyhyy + 0 291|A:2J - 0.145 K3|Ap1| 25.2 ksi

.-.-l- '= - . 7.
Sape = 7 5,7 126 ksi

.

~
L=
[¥)

N, = 10 (See Figure A4-2) . . U, = == = 0.0005'

Ul + U2 = 0.0205

o U[] Frankiin Research Center
A Division of The Franidin Institute
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Example 2

The same Palisades primary coolant piping will be:considered aé in
Example l, 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 ' a7y , - o

2i
i-n; o °Fy - | (]8T4 |/ (524))

1-15,000" o :

(10% to 100% full power) - 59° R - 0.113
2-15,000 A : S : '

(50% to 100% .full power) 31° o - 0.059
3-15,000 S , :

(10% to 90% full power) 55° o 0.105
4-15,000 : -

(100% to 20% full power). 49° . ‘ : 0.094

Comparing the‘abdve valdes XZi with the value of 0.12 obtained in
Example 1, the usage factors associated with the'above_fou:'additiqﬁal cycles

are negdligible.

-Comparison With. ASME I (1965) Requifementé

- Piping from a BWR reactor vessel up’to_aﬁd~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 B3l.1 (1955).

1f requirement (a) was invoked, expanéion;stress limits due to cyclic

- thermal ioading are‘not~specifically<imposed. Héwever,'ASME I (1965) does

require consideration of loads other than wofking pressure or static head,

- which "increases the average stress by more than'10% of theé allowable working

stress." For example, the aliowable'workinQ~st}ess for wéldéd‘éllcy_steelA
SA-250-T1 at 600°F‘is'll,7Qd-psi.v'Expansién étresées would typicailyibe'in_
excess of 1170 psi and -should be considered. ‘Licensees that designed their
piéing based on ASME 1 (1965):crite:ia shouid,fuknish details as tbvhbw

thermal stresses were considered.

: ) A—_73-.
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If requirement (b) was invoked, then paragraph 102(b) of Section 1 (4]
requires that valves, fittings, and piping for boilers as prescribed in ASME I
are w1th1n the scope of B31l.1l, but provisions of ASME I shall govern where .
they exceed correspondlng requlrements of B31l.1. Accordlngly, plplng bUIlt to
requlrement (b) would have to satisfy the spec1f1ed expansxon stress limits of
B31l.1 due to cyclic thermal loads as well as the full radiography requirements
for all lonéitudinal-and circumferential fusion welded butt joints of -ASME I.

Welding Requirements

Full radlography of welded- joints in plplng, pumps, and valves as
stlpulated 1n past [4] and current codes [1,13] depends on weld ]01nt

category, plpe size, and code class as shown in the following table:

7 Full Radiography Code Requirements
for Welded Joints in Piping, Pumps, and Valves

Current Codes

4 ' o © - ASME III (1977) ~ ANSI B16.34 (1977) . Past Codes(l)
Description of =~ | Class - : Class o ASA B3l.1 (1955)
- _Welded Joint . 1 2 3 Standard Special - . & ASME I (1965)
" A. Longitudinal Yes Yes - No(') " No . ‘Yes -7+, No (b
B. Circumferential '~ Yes Yes No .  VNo © Yes . No (1)
C. Flange connectlon - Yes Yes(3) No - No U Yes . .- ‘No
D. Branch and plplng
*  connections to
- pipes, pumps, and
-valves of nominal
pipe size exceed-
ing 4" as follows
(1) Butt-welded . - Yes Yes . No . No Yes ' No
(2) Corner-welded Yes Yes - No o No . - Yes o . No -~
full penetration ’ . . . ‘ S Lo -
(3) Full penetration Yes Yes = No °~ = 'No' Yes .© . . No

1. Full radiography of butt-welded joints may be specified under B31l.1 (1955)
but it is not mandatory. Full radiography is required for all longitudinal
.and circumferential fusion welded butt jOlntS for plpes built to ASME I
(1965) requirements.

2. Except when spec1f1ed by materxal specxflcatlon for plplng 1n excess of 2

. in nominal diameter. T : _ ‘ =i o -
" 3. When either member thickness exceeds 3/16 in, ' ' S :

! .
Jﬂﬂﬁ Franklin Research Center
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In conclusion, full radiography was not requlred by the past code, but it
lS a current requirement for . Class 1l and Class 2 welded joints for. plplng,
pumps, -and valves. It is recommended that welded Class 1 and Class 2.
components and systems be checked to learn what radiography. requlrements 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 dependlng on the SEP

nuclear plant group as defined Ln Table Al-l.

Qﬁggp 1 ' ’A:. . " Pressure Vessel Code
1 T AsE 1II (1965)
. ASME VIII* (1965)
7 aswE viIm (1962)
rr s VIII* (1956, 1959)

" The current code requlrements {1]- and ‘the- past ASME III (1965) code are

.essentlally the. same- w1th regard to 51gnlflcant items w1th the follow1ng

_exceptlons.'

Fracture Toughness - Class A Vessels

The current code, except for exempt materlals as noted in Sectlon 4.1,

'requlres 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 whlch the vessel is to be pressure tested is as follows:

' ‘ Past o Current
Minimum Absorbed - .~ . " 15 to 35 ft-lb. .. - 50 ft-1lb
Energy .-, depending-on - '
: o : yield strength-
Mimimum : _ ol L - .
Lateral - S Not specified - 35 mils -
Expansion a e

- .*Plus nuclear code cases.

. A-80
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It is recommended that past‘Class'A'vessels should be evaluated from the
viewpoint of current Class 1 fracture toughness requirements as outlined in

Section 4.1.

Practure Toughness - Class B Vessels (Outside Scope) e

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 materialé,vexcept.that the maximum test temperature éhould be at least
30°F lcwer than the lowest service metal .temperature (LST). - The current code
permits Charpy V-Notch testing at temperatures"up EO'the lowest service metal
temperature. The acceptance étandard.forvthe Cv test of the current code,
however, requires a lateral expansion between 20 and 40 mils and sets no
absorbed energy requirement. The current code provides for exemptions from
impact testing. Where the exemption does not apply, drop weight testing for
materials exceeding 2.5-in thickness ehall demonstfate'a:nil-ductility

transition 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 24-2.

Class B vessel materials built according to the past code and evaluated

in accordance with the current fracture toughness :equirements:,

1. would satisfy current requlrements provided the material thickness is
less than 2.5 in

2. may not satisfy current requirements for thicknesses .in excess of 3
in (exclusive of cladding) for those materials not otherwise exempt

from impact testing as noted in Sectlon 4.1.

Fracture Toughness - Class C Vessels

Materials for Class C vessels built ih accordance with ASME‘III”(1965)
were required to satisfy impact testlng prov151ons of ASME VIII (1965) {5].
Paragraph VCsS- 66(c) of Reference 5 exempts materials whose LST is -20°F or
greater. .Apparently, impact testing was intended prlmarlly for outdoor

vessels. The current code exempts materials for vessels whose 'LST exceeds

‘ : . A-81
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"1L00°F. Therefore, all Class C vessels built in accordance with.the past code

should be evaluated in accordance with Section 4.1 Class 3( ) criteria to

determine if current Class 3 requirements would-be satisfied.j

DesiggARequirementsi.

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 mannerfas‘is’currently
required for.Class 1 design condition as well as the equivalence of service
levels A and B, i. e., for expected operatlng and upset conditions which the
vessel must withstand without substaining damage requ1r1ng‘repa1r. The bas1s
for establishing design stress intensity values, Sm, as noted in Appendix II
[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

':condltlons whlch may produce large. deformatlons in the areas of gross

structural dlscontlnultles (serv1ce level C) or condxtlons whlch may produce

. gross general deformatlons (service level D) requlrlng removal.of the vessel

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

_dlscu5510n of the evaluatlon of the 'FSAR stress limits for these loads agalnst

current llmrts is presented in Sectlon 4.1.4 of this appendlx.

Class B’ vessels, as deflned by ASME III (1965), are contalnment vessels,

which are outside the scope of this study.

Class C vessels are designed in accordance with ASME VIII (1965) except

that:

l. Class C vessels currently de51gnated as Class 1 or Class 2. should be
evaluated agalnst Sectlon 4.1 Class l or Class 2 crlterla.v'

- E o A%BZ'
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1. the exemptions from inspection def1ned in U-1(g) of Reference S are
‘not applicable . o _ ) S L o e

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-462.1
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 for1Classf3 vessels designed in

accordance with the current code. The past code allowable normal stress was

" the lower of 1/4 (UTS) or 0,625 (YS) compared w1th a current allowable of the

lower of 1/4 (UTS) or 0. 677 (YS) The past code is at_least as conservative

as the current code.

The current code does set l1m1ts on comblnatlons of prlmary membrane and

bendlng stress at 3/2 S = YS.

Class c vessels which would currently‘be.classified as‘Class 1 or Class 2

vessels should be evaluated against current Classil or Class 2 code require- -

ments, with special attention belng glven to current radlography requlrements.

' Evaluatlon of past vessels for the equlvalent of service levels C and D

for stress llmlts set in the FSAR should be compared to current stress llmlts

‘for these service levels.

.The Palisades'FSAR'classifies‘the‘pressurizer as-a Class A vessel and
deflnes the stress 1limit for the de51gn baSIS acc1dent (equlvalent of serv1ce
level D) as lO% above YS based on an equlvalent elastrc stress.. ‘Current

requlrements permxt computed stress levels to exceed the YS by as much’ as 20%

for an elastic analy51s. We conclude that Class A Palisades vessels satlsfy

_current requlrements for level D loads.‘
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Welding Reguirements

The following. table provides a comparlson between current and past code
requlrements when radiographic.'examination . of- butt—welded joints. is mandatory.
- The values given are thickness lxmlts above which full radiographic examination

of butt—welded JOlntS is mandatory.

From the table, 1t can‘be.seen that-

0 Vessels built to ASME III (1965) Class C requlrements and currently
classified as Class 2 or Class. 3 would more than satisfy the current
. .. , radiogtaphy requirements for joints of Category A or B. (Refer to
Lo : NB-3351, NC-3351, and ND-3351 for definitions [1l}.) :

2. Joints of Category C (Refer to NB-3351, NC-3351, and ND-3351 for -

"+ definitions [l1]) in a Class C vessel currently classified as Class 2
would have been examined in accordance with ASME VIII (1965)
requirements, which do not satisfy current Class 2 requirements.

3. Vessels built to ASME III (1965) Class A or ASME VIII (1965) would

- .. satisfy current requxrements for. Class 1l and Class. 3. vessels,
i respectlvely.

It is concluded that current Category . C ]01nts in Class 2 vessels. bullt

to past Class C requxrements do not’ satlsfy current radlography requlrements.A"
4.4 PUMPS
Pumps furnished‘under the requirements of- the Hydraulic Institute
Standards [14] were deSLgned to satlsfy functlonal requlrements. 'Integrity'of
the pressure boundary was not covered by thlS standard.. The desxgn of'thez .

pump pressure boundary should be evaluated in accordance w1th ‘the current

requlrements -of NB/NC/ND-3400 [l]

;

ar .

See Sectlons 4.1. 5 and 4,2 of. thls Appendlx for dlscu551on of pump weld-

" ing requlrements.

i 4.5- VALVES

Class l valves current des1gn requlrements are glven in Subartlcle ’

NB-3500 of Reference lb.‘ All Class .1l valve materlals must meet the fracture-”
toughness requxrements‘of NB-2332.d All Class l llsted pressure rated valves .3

should have a mlnlmum body wall thlckness as determlned by ANSI BlG 34 [13],
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P-No. VCurrent Code Requirements Past Code Requirements
‘Material Code Class . ASME B&PV Sect. ITI (1965) ASME VIII (1965) (6)

% Classification - 1 2 3 ‘ Class A '~ Class c (1)

1 0¥ 3716 in 11/4in o34 ol2:3) 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 o

7 0 3/16 5/8 0 0 See Note 3

8 0 3/16 1 1/2 0 0 See Note 3

9 0o 3/16 ~ See Note 3 0 o 5/8

10 o 3/16° 5/8 0 0 "0

1 0 3/16 5/8 0 0 See Note 3

‘-

ASMh B&PV Code Section III, 1965 Edltlon, Class C may currently be. c1a551f1ed as Class 2
or 3 of the current code.. = .- ¢
All thicknesses requlre full radlography when "0" is indicated.

‘Requirements not spec1f1ed for this P-No. -
"These requxrements are for full penetratlon welded 301nts of Categorles A, B, or C (N 463

{31).

These requirements are for £ull penetration welded joints of Categorles A or B (N- 2113

f3}). Butt-welded joints of other categorles shall satisfy the requirements of ASME B&PV
Code Section VIII, 1965 edition.

Vessels containing lethal substances shall have welded )o1nts for materlals of all
thicknesses fully radlographed :

B S
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except that .the inside diametet,.dm,-will be the larger of the basic wvalve

body: inside diameters in the region near the wel&ing ends. --Class 1 valves may -

be designed in.acéordance with either the standard design rules of NB-3530
through -NB=3550 "or- the alternative design rules of NB-3512.2.:- Alternative
design rules require either computer analysis oréekperimental-stress analysis

procedures.

Listed pressure rated Class 1 valves should be hydrostatically tested to

‘assure,integrity’of the pressure boundéry.(leakage‘through'the stem packing is-

not a cause for rejeétion) at not ‘less than 1.5 times: the 100°F rating rounded
off to the next higher 25-psi increment as tequited by Reference 13, except
that valves with a primary pressure rating of less than Class 150 will

be subjecﬁed to the required test pressure for Class 150 rated valves.

Class 1 valves may be subjected to normal duty within ‘the cyclic load
limits of NB-3550; otherwise the valve may have to be designed in accordance

with the alternative design rules for severe duty. applications.

Class 1 valves are .to be designéd for service levels A, é, C, and D with
stréss'limits of NB-3525‘throu§h NB?3527-[ib]." Stresé limits for levél B 4
loads are based on 110% of operating‘limits...LevélAC pressureé‘are limited ﬁo
-120% of operating limits.: Pipe reactioh stresses for level C loads are
Iiﬁited to 1.8 Sm fpr the valve body material ét‘500°F, with S taken at.l.2
'¥S for the pipe at 500°F.  Primary and secondary stressés for level C loads
are based on C, = 1.5, Q; = 0, and limited to 2.25 S_. Level D loads

may be evaluated in accordance with Appendix F [le].

A design report for Class l valves will be prepared in accordance with

. the requirements of NB-3560 ([1lb].

, ‘Class 1 valves-designed in accordance with the standard rules must
' satisfy the body shape rules of NB-3544 which are intended-tddlimit.the local
stress index to a maximum of 2.0. .Primary. and secondary‘stresé intensities’

’may:;hen be calculated by the formulas given in NB-354S.1‘and'NB-3545.2 (1b], -

.respedtiVely,'and subject to the stress limits described in Ségtionv4.l.l for -

Class 1 items. Fatigue evaluation is performed by the rules and formulas of
" NB-3545.3. | ' R o
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Comparison With Past Requirements
‘E . The past code {4] requlred that sceel valveslfor power prping Systems:.
a l. be recommendedrforachezintended service by the manufacturer
'g 2. be made from code materials suitable for the pressure and temperature

3. have a minimum body metal thickness as requlred for ASA Bl6.5
fittings ({15]

4. shall.be hydrostatically tested as required by Reference 15, i.e.,
1.5 times the 1l00°F rating rounded off  to the next higher 25-psi
increment, using water 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 2500-1b valve deSLgned in accordance with-the
past code [15]. Body ;nlckness_would be based on Table 33 [15]. Comparlson
f ‘ with current requirements may be obtained fromiTablew3"[l3] as shown in the

. ! following table:

‘Minimum Wall Thickness Based on Past and Current Codes .

' 2500-1b Class
Minimum Wall Thickness

' Nominal Pipe "Inside . : Past Code Current Code'
Size fin! .  Diameter (in) _ Table 33 [15] Table 3 [1l3]

4 2.88 ' 109 - L9
5 3.63 : ' 1.3 . 1.34°
: -6 4.38 S 1.59 .. 1.59
s 5.5 2006 7 < 2,06
w.- 725 © 2590 2.s9
12 8.63 - | 3.03’. S 303

Notlce that past valves would satisfy. current thlckness _requirements,

"~ It is concluded that Class 1l valves de51gned in accordance with past,
requirements would satlsfy current requlrements wlth the followlng p0531ble

exceptions:
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'l, Fracture toughness requ1rements may not be satlsfzed.. Evaluate as
recommended by Section 4. l .of this appendix.

2. Valves may not satisfy the primary, secondary and peak stress.

combination limits if body shape differs sxgnlflcantly from, the rules.u--
of NB-3544 (lb].

Lo N

‘3. Valves may not satlsfy the- prlmary plus .secondary: 'stress. 11m1t for e e
service level C.

It is recommended that SEP Class 1 valves be evaluated on a case-by-case

basis as follows:

1. Use fracture. toughness evaluatlon forms glven in Section 4.1 of this
' appendlx. : :

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
e provide calculations and an evaluation based on alternative rules for .-
I g 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 ([lc] and ND=-3500 [1ld4], respectively. Class 2 valves_

,satisfying the standard'design‘rules comply with 'the - standard class.

requirements of ANSI BlG .34 except that valves with flanged and butt welded
ends may be deslgnated as Class 75 Ln sizes larger than 24-in nomlnal Dlpe
size provided tnat NC-3512. l(a) is satlsfled. Valves with flanged ends in
sizes larger than 24-in nominal plpe size mav.be used provided that
NC-3512.1(b) is satisfied. avshelllhydrostatic test satisfying ANSI Bl6.34 is
required. Class 2 and 3 valve stress limits‘for‘service limits A, B, C, and D

are as given in Table A4-12.

:Class 2 and 3 valves with butt'velding or socket welding ends conforming

b e

to the requirements of NC-3661 and ND-3661 should satisfy'the_special»class
requirements of ANSI B16.34 except that: ' i '
‘a. the nondestructive examination (NDE)'requirements of ANSI B16.34,

- special class, shall be applied-to all sizes in accordance with
© NC-2500 for Class 2 valves and ND-2500 for Class 3 valves.

'b. stress limits for service levels B, C, and D shall be as shown in
Table A4-12. : ' : ‘ S
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Table A4-12

Level B,'C, and D Service Limits
for Class 2 and 3 Valves

"TABLE NC-3521-1
LEVEL 8, C, AND D SERVICE LIMITS

Service Limit ~ Stress Limitsi= Proas
0, < 1135 )

Level B : (o or o) +0,< 1.655 11

: a,< 1.5 5§ . .

!,evel [ , W (qm or a,.)+c,g' .‘1.8“ S ‘ ‘ R 1.2

’ . . . g, < 205 )
Level D - (o 0ro)+0,< 2.4 S : . 1.5
NOTES:

(DA castm:j quality factor of 1 shail be assumed in satlsfymg ‘these stress hmtts

(2) These requirements for the _acceptability of valve design are.not. mtended to assure the functlonal ’

adequacy of the vaive.

(3)Design requiremnents listed in this table are not applicable to valve disks, stems, seat rings, or other .

parts of the valves which are contained within the confines of the body and bonnet.
(4) These rules do not apply to safety relief vaives.

(5) The maximum pressure shall not exceed the tabulated factors listed under P, times the.Design

Pressure or times the rated pressure at the applicable service temperature.
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c. openings for auxllzary connectlons shall satisfy ANSI.Bl16.34 and the -

relnforcement requirements of NC-3300 and ND-3300.

Comparison -With Past Regquirements

Class 2AandnClass*3'valves'desiénedﬂbyipast code“requirementSonuld'havef-

the required minimum body thickness but may not comply with pressure-tempera-
ture ratings of B16.34, which depend on material group and a rational

formulation as compared to the edpirical basis of B16.5.

It is recommended that the p:eséure-temperature‘rating of'Claas 2 and 3
SEP valves be compared with the current,pressure—temperatufe rating of
B16.34. For example, the isolation valves of engineered safeguafd'sfstem"of
the Paliéades planﬁ would be consideréd‘Qualiﬁy 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 316.34.givea an allowable

pressure at 300°F which:depends on the material group as shown in Table A4-13.

It is apparent from Table A4-13 that the engineered safeguard 1solat10n

valves for the Pallsades plant would satisfy 'the current standard. prov1ded

that the valve materlal was 1n one of the’ tabulated material groups other than

. 1.12, 2.1, or 2.3.

4.6 HEAT EXCHANGERS

Heat exchangers are currently designed ahd’consﬁructed in accordance with °

the rules of ASME B&PV Code Section III, 1977 Edition (1]. The design.

- requirements for the pressure boundaries of the heat exchanger are found in

the following sections of the current code: R _ ) -

. . Section
Shell Side ~ 3300
Tube Side 3600
~Tube Sheet 3300

Shell Flange 3200 (Class l); Appendlx X1 (Class 2 and 3) -

Heat exchangers designed to ASME III (1965) or ASME VIII (1965) are

compared as pzessure vessels with current requlrements in Section 4.3 of this
Appendxx. .
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Table A4-13

Allowable~Workin$Pre'SSure(1) for a 150 1lb Standard Class'Valve at 300°F

Material Group

Allowable Preésure‘ (psiqg)
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‘1. Based on ANSI B16.34 (1977)
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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." TEMA

- Class R-heat exchangers are .for the more severe requirements:of:petroleum.and. . ..

chemical processing applications. . TEMA Class C heat ‘exchangers are for the

.moderate requirements of commercial and general process applications.

The TEMA standards give designArules whieb_“supplement-and,define the -
code for heat exchanger applications.™ Allowable sﬁrese values,.ideﬁtical
with Tables UCS-23 and UCS=-27 of the 1959 editien.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 spec1f1ed minimum tensile -

strength multrplled by a qualxty factor of 0. 92.'

Group I heat exchangers desxgned to TEMA (1959) would be governed by the

code requirements of ASME VIII (1965). Comparlson of . ASME VIII (1965) WLth

current requirements is as follows:

- 1. Class 1 heat exchangers shell flanges would ‘have Eofbe‘designed'by
' computer analysis to determine primary, secondary, and -peak stress’
‘intensities, rather ‘than design formulas as previously used.

2. Materials for'Class 1, 2, and 3 heat ekchangers must comply with

current fracture toughness requlrements outlined in Section 4.1l. l of
thls Appendix.

3. ,Radiography requirements for vessels designed.end construéted to ASME
III (1965) or ASME VIII (1965) are compared with: current requlrements .
in Section 4. 3 of this Appendlx. '

4.7 .STORAGE TANKS

Storage tanks may chrren;ly be classified as Class 2 or Ciass 3 and.are

designed in accordance with the rules of‘NC/ND43900_[ll-for.etmospheric tanks

or 0 to 15 psi tanks, resbectiVely."Atmospheric tanks may be within buildinq
structures or above grade, exposed to atmosphefic,donditidns. :Storage'ranks-
of 0 to 15 psi design are normally located above ground-within building-

structures.
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Atmospherig Storage- Tanks

Atmospheric stpragé tanks are currently required to satisfy the generél
design requirementé of NC/ND-3100 and the vessel design requirements of
NC/ND-3300 except that a-stress report is not zeéuired. Stresé limits on the
maximum normal stress for Service Levels 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 least 1/3 of thinner plate thickness for
plates éreater 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 £t or 1/4 in for tanks of 50 to 120 ft nominal

diameter, but not greater than 1 1/2-in thick.

Roofs shall be designed to carry dead load plus a uniform load of at
least 25 psf for outside tanks or at least 10 psf for inside tanks. Minimum
roof plate thickness is 3/16 in plus corrosion allowance. ‘Allowable stresses

are summarized as follows:

a. tension - for rolled steel, net section: 20 ksi; full penetration
groove welds in thinner plate area: 18 ksi.

. b. 'comgression - 20 ksi where lateral deflection is prevented, ofléé
. determined from column.formulas.of.NC/NDf3852.6(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 compression for unsymmetric members laterally supported
at intervals no greater than 13 times the compression.shape width;
and for other rolled shapes, built-up members, and ‘plate girders: 20

ksi in tension and compression as determined by the buckllng formulas
of NC/ND-3852. 6(c)(4) .

'd. shearing - 13.6 ksi in fillet,'plug,'slot, and partial pehetration
- groove welds across throat area, 13 ksi on the gross area of beam
webs where the aspect ratio (h/t) 1s less than 60 or:

19.5
(h/t) 2

L =300
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0 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 Referernce le if both meridional and
latitudinal forces are in tension, or this value multiplied.by the tensile
stress factor N (less than 1.0) determined from the Biaxial Stress Chart,viig.
NC/ND-39222.1-1 [1] if one of these forces is compressive. Maximum
compressive<st:ess in the outside wall shall be determined by the rules of
NC/ND 3922.3 [1]. 'Maximum allowable stress values for structural members
shall be as determined from-NC/N§43923. The 0 to 15 psi storaQe tank shall be
designed in accordance with the detailed rules of NC/ND-3930. A

Comparison with Past Code Reguirements

Storage tanks in q:oup I SEP plants were designed eithet in accordance’
with A/E specifications, USAS B96.1 (1967) [9], API-650 (1964) [10], ASME III
(1965) Class C, -or ASME VIII (1965) . Stress-allowables for ASME III.'(1965)
Class (o] vessels are’as given in ASME VIII (1965). Examlnatlon of ‘the ASME
VIII (1965) allowable stress valves for carbon and low alloy plate steels
lndlcates 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 k51, respectively.. ASME VIII (1965)
does not consider biaxial stress flelds.wlthuassociated reduction in.teﬁsile‘
‘allowables.l'Stress allowables for reofs in Reference lo‘are the same as for

current atmospheric storage tanks.

A compazlson of API-650 (1964) roof ‘design requxzements, 1nclud1ng stress
allowables, shows agreement with current requirements; shell ‘material and
 tensile stress allowables may, however, not satisfy current requirements. The
past code allows the use of A-7 piate material not currently listed as an

acceptable>material."The past'codelpermits an allowable tensile shell stress
21,000 psi times the joint efficiency. Assuming spot radiography of a double
vAwelded 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 |

Aefflcxency; which exceeds the current 12,600 psi allowable. -
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USAS B96.1 (1967) for welded aluminum alloy-field-erected storage tanks

cannet be used for Class 2 storage tanks since aluminum alloy is not a

permitted Class 2 material as listed in Table I-7.0 (1].

However, allumimum

alloy can be used for Class 3 storage tanks 51nce alumlnum alloys are llstedA

in Table I-8. 4, wblch is currently used for alumlnum shell desxgn, ‘and in
.Tables ND-3852,.7-2 through ND-3852.7-6 for aluminum roof design.

A comparison

of allowables based on past and current codes is shown in the following'table:

Aluminum Specified Min.

Allowable Stress

(1)

Structures - Material " Strength ‘Past Current
(Type of Stress) (Temper) : YQS/YS (USAS B96.1) (ASME III (1977))
Shell (Tension) 5050 (0) 18.0 ksi/6.0 ksi 4.8 ksi 4.0 ksi
Shell (Tension) 6061 (T4,T6) 24.0 ksi/ - 7.2 ksi 6.0 ksi
Bolts (Tension) . 6061 (T6) - - 18.0 ksi 18.0 ksi
Roof Support . o
(Axial Compres- . 6061 (T6) LT - 19.0 19.0
"sion, L/r.i 10) - .
Roof Support ) . »

(Axial Compres- 6061 (T6) - - 20.4- : 20.4~
sion 10 < L/r < 67) : : © 0.135 L/c -

. 0.113 L/r

From this table, it can be concluded that:

1. shells designed to USAS B96.1 (1967) may be overstressed by as. much as

20% compared to current allowables,

2. bolts designed to USAS B96.1 (1967) satisfy current requirements"

3. roof supports with slenderness ratios up to 10 satlsfy current

requirements

4. roof supports with slenderness ratios between 10 and 67 more than satlsfy
current compression allowables by as much as 13%.

L7

Therefore, alumlnum alloy storage tanks bullt to USAS B96 1 (1967),.when

evaluated agalnst current requ1rements-

l. At temperatures to l00°F.
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may not satisfy materials requlrements in Table I-7.0 if the tank 'is

a Class 2 component

may be unconservatively,designed-when.compared-to-current stress
allowables, by as.much .as 20% for the shell,’

conclusion,

Tanks designed to A/E specification should ‘be carefully compared to
current code requirements

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 4.1.2 of this Appendix.

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 requlrements dlscussed in
Section 4.1.2 of this Appendix.

Atmospheric storage tank roofs de51gned to API-650 (1964) satlsfy
current stress allowables.-

Atmospherlc welded steel storage tanks deszgned to API- 650 . (1964) may
not satlsfy current requlrements with regard to:

a. use of A-7 plate material not currently acceptable
b. 'shell-tensile stresses may exceed current code allowables

Atmospherlc storage tanks designed to USAS 396 1 (1967) may not
satlsfy current requirements.
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) 5. BASIS FOR SELECTING REQUIREMENTS MOST SIGNIFICANT
i © TO COMPONENT INTEGRITY :

i - The selection of code requiiements mGSt"significént to domponent'integriﬁy
has been based on the experience'of the author.and colleagues in indusﬁry,
government, and academia. Codes pertaining to the design and cons;:uction 6:1
nucleér power plants have been modified and expanded. The changes reflect new
"state of the art" knowledge, new techniques of'fabricaﬁion, examination,
testing, and methods of achieving quality that have been ﬁfiltétﬁd" and
accepted by the technical cdmmunity. It is the author's view that current
codes represent a consensus of whatris'best for achieving both ecbnomy cf
construction and public safety. Accéxdingly, changes in stress limits, full
radiography requirements, -and fatigue'evaluation for piping, as well as more

) éonservative requirements for fracture toughness, have been given special “:

‘attention.
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