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FOREWORD

l'
1
4

This Technical Evaluation Report was prepared by Franklin Research Center<

i under a contract with the U.S. Nuclear Regulatory Commission (Office of

Nuclear Reactor Regulation, Division of Operating Reactors) for technical
;

essistance in support of NRC operating reactor licensing actions. The

t'chnical evaluation was conducted in accordance with criteria established by

the NRC.;

Mr. L. Berkowitz contributed to the technical preparation of this report
t

through a subcontract with Innovation Technology, Inc.
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1. INTRODUCTION

__

j Systems and components in nuclear power plants should be designed,
fibricated, 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 [1] , " Quality

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

Containing Components of Nuclear Power Plants," which classifies components

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

to cich group.

The rystems and components of plants being reviewed as part of the

Syntimatic Evaluation Program (SEP) were designed, fabricated, installed, and ~
tectcd to standards different from those applied today. This report is the

rccult of work that addresses the safety margins of these systems and

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

The work is part of SEP Topic III-1, " Classification of Structures,

Syct:ms, and Components (Seismic and Quality) ." NRC has div_ided this topic
into two technical areas: (1) Seismic review, which will be performed by the

NRC, and (2) Quality Group review, which this report addresses for the Haddam

Neck Nuclear Power Plant.
.

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

( Contract No. NRC-03-79-ll8. .
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t 2. SCOPE OF THE EVALUATION
,

__

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

plcnts on the basis of current licensing criteria. Topic III-l is one of 137

1. SEP top %s. Of the 11 SEP plants, the following 10 are being reviewed- -

Plant Name Docket No. FRC Task No.

Palisades 50-255 17428,

Ginna 50-244 17429
e
* Dresden Unit 2 50-237 17430

| Oyster Creek 50-219 17431
1

Millstone Unit 1 50-245 17432
'

San Onofre' Unit 1 50-206 17433

j Big Rock Point 50-155 17434

Haddam Neck 50-213 17435( '
!, Yankee Rowe 50-29 17436

'

Lacrosse 50-409 17437

[ Specifically, Topic III-l entails a' review of standards in effect from
i
" 1955 to 1965 used in the design of systems and components in older plants, and
, tha 1977 American Society of Mechanical Engineers (ASME) Boiler and Pressure
s
{ Vora01 (B&PV) Code as supplemented through the Summer 1978 Addenda [2,3]. The

ob]cctive of the present evaluation is to assess the ability of systems and

3 components in the Haddam Neck plant to perform their safety functions as
judg;d by current standards. This involves two steps: (1) ccmparison of

curr:nt codes and standards with those used in the design, fabrication,

j inctallation, and testing of the plant's systems and components to identify
) cignificant differences that might affect structural integrity, and (2)
ccccccment of the effect of these differences on the safety margins of the

cyst:ms and components.r

4
I

1. Plant discussed in this report.
7
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| The scope of this evaluation is limited by or to the following:
_

'
1. Table of Systems and Components (including updates and revisions) [4],

compiled by the NRC, corrected and completed by Connecticut Yankee
Atomic Power Company. This table contains the 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, it was completed as well as

| possible (see Table 4-1) .

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

document [5).

3. NRC Regulatory Guide 1.26, Revision 3 [1] .

| 4. Standard Review Plan 3.2.2 [6].
I

5. Major older codes and standards: American Standards Association

| (ASA) B31.1 (1955) , " Code for Pressure Piping" [7] and ASME 1962
'

Boiler and Pressure Vessel Code, Section VIII, "Unfired Pressure

| Vessels" [8] and applicable code cases.

6. Current code: 1977 ASME Boiler and Pressure Vessel (B&PV) Code,
'

Section III, Division 1, to include the General Requirements
1 (articles with "NA" subscript) , Subsection NB, NC, and ND, and

Appendices, supplemented through the 1978 Summer Addenda [2].
,

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

8. Although discussed in this report, quality assurance for design and3

L
construction is outside the scope of the SEP.(1)

1

| Also, the following subjects are explicitly excluded because they have
r
4 be:n tddressed under other SEP topics:

*
1

Topic Description

3

[ III-5.A Effects of Pipe Break on Structures,

j Systems and Components Inside Containment

h
j III-5.B Pipe Break Outside Containment

#

$ III-6 Seismic Design Consideration

!

J
j 1. Letter from S. Bajwa to S. Carfagno dated December 10, 1981.
1
4

1
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Topic Description

III-7.A Inservice Inspection, Including
~

Prestressed Concrete Containments with
Either Grouted or Ungrouted Tendons

b
'

~

III-7.B Design Codes, Design Criteria, Load
.- Combinations, and Reactor Cavity Design
. Criteria
$

I-
III-7.D Containment Structural Integrity Testsg

i

! III-9 Support Integrity

V-3 Overpressurization Protection

V-6 Reactor Vessel Integrity.

f V-8 Steam Generator Integrity

IX-6 Fire Protection

,

f
!

|
|
1

|
?
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3. METHOD OF REVIEW
_

I To accomplish the objective of this evaluation, a review was performed as

follows:
_

i

1. Components from the Table of Systems and Components (Table 4-1)
referred to in Section 2 were listed in three tables according to
Quality Group. For example, all Quality Group A vessels, piping,

; valves, pumps, and storage tanks are listed in one table. Table
4-2(a) contains Quality Group A components, Table 4-2(b) Quality
Group B components, and Table 4-2(c) Quality Group C components.;

j Within each table, the components are arranged according to type.
i

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

3. The results in Appendix A were used for a comparative analysis which,

'

formed the basis for an engineering judgment of the safety margins
exhibited by the systems and components by current quality require-
ments. Details are given in Section 5.

Appendix A lists all the requirements of the current code, the 1977 ASME
,

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

| considered applicable and significant for structural integrity (designated as

h "A"); which are not considered significant (designated as " "); and which are
outside the scope of this review (designated as "O") . For each significant

,

f requirement in the current code, a similar requirement was sought in the older
1:

; codes. The ma]or older codes for the San Onofre Nuclear Plant are ASA B31.1
1

? (1955) [7] and ASME B&PV Code, Section VIII (1962) [8]. Differences between
t
s significant requirements, such as additions to the older cra... were reviewed,
n

t and recommendations were made for assessing their impac'. on the safety margin
2
; of the particular component.
N

j Knowledge of the historical development of the codes and the reasons for
n

the changes was an important element in making effective comparisons. A
literature survey, supported by consultation with experts in the field, helped
to identify certain changes for special attention, e.g., changes in design

;
j criteria, analytical methods, load combinations, quality assurance require-

ments, fabrication techniques, and testing requirements.

5
-
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4. QUALITY CLASSIFICATION OF SYSTDiS AND COMPONENTS
_

Systems and components are Quality Group classified according to the

safety functions to be performed. Table 4-1 contains the systems and
> -

components for the Eaddam Neck Plant, the Code required for current licensing'

criteria, based on NRC Regulatory Guide 1.26 [1] and Section 50.55a of the
,

Code of Federal Regulations [3], and the codes and standards used when the

systems and components were originally built. The table also contains

c information regarding the Seismic Classification of the systems and components.

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

i components:

k
l Reactor Coolant System
j Safety Injection System

J Containment Spray System
i Chemical and Volume Control System
j Sampling System
j Residual Heat Removal System
i Component Cooling System
I Service Water System

| Main Steam System
j Feedwater System
i Auxiliary Feed System
j Containment Purge System
j Containment Cooling System
2 Containment Isolation System

Spent Fuel Pit Cooling System-

I Structures (for information only, not in the scope of this review) .

Table 4-2(a) lists all Quality Group A components, Table 4-2(b) lists all

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

components. Components in Table 4-2 are grouped as pressure vessels, piping,
.

pumps, 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 the,ir definitions.
! Additional information on the review procedure for System Quality Group

; Classification can be obtained from Section 3.2.2 of the Standard Review Plan
* [6].
|

.

I A -6-
i
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T;bla 4-1
Cl m ific* tion of Structurna, Sy~t a , and Cosconents I

Haddam Neck Nuclear Power Plant - -

c_-
?6 Ouality Classification j~d Codes and Codes and Seismic Classification

FP, f Structures, Systems, Standards Standards Used Used in
gh a nd Component s RG 1.26I1) in Plant Design RG 1.29 Plant Design Remarks
( 5'

{Q REAC10R EOUIPMENT
M p

'

4 Fuel Assemblies NA -
* .

Category I Class I NA(2) 4

s*
~

Category I Class I NAgQ Control Element Assen- NA --
-,

=R blies
|%
[

Control Element NA -- Category I Class I NA I
Drive Mechanisms [-

I
l

Core Support Structure ASME III -- Category I Class I NA i
Subsection NG l

Reactor Vessels Inter- NA -- Category I Class I NA
g nals Other Than Above

6a
I

REAC10R COOLANT SYSTEM
,

hI
Reactor Vessel ASME III -- Category I Class I NA Y

Class 1 I
k

Reactor Vessel Supports ASME III -- Category I Class I NA -

Subsection NF

Steam Generators - ASME III ASME VIII (1962) Category I Class I NA
Tube Side Class 1 and Code Cases y

1270N and 1273N

k]Stean 3enerators - ASME III ASME VIII (1962) Category I Class I NA -

Shell Side Class 2 and Code cases '
,

1270N and 1273N g

1. ASME III stands for the Boiler and Pressure Vessel Code Section III Division I, published by the American in 4
Society of Mechanical Engineers,1977 Edition with Addenda through the Summer 1978 Addenda. When Class A, B, or U @C is listed in this column for a system or component, these components should be designed, fabricated, erected, y ' *

and tested to quality standards commensurate with the safety function to be performed (1). g2. NA stands for additional information provided in this table that is outside the scope of this report. tn
* The edition of the code is an assumption because this information was not provided at this time. Confirmation 4

,

of code edition is required.
j

e. ,
v
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$ Table 4-1 (Cont.)
a

>y [/
F o. .gg Giality Classification
g5 Codes and Codes and Seismic Classification

f:0 Structures, Systems, Standatds Standards Used Used in
and Components RG 1.26(1) in Plant Design RG 1.29 Plant Design Remarks

f4
,

=S Pressurizer ASME III ? Category I Class I[A Class 1 .

.E "R *

4 Reactor Coolant ASME III ASME VIII (1962) Category I class I
Pumps (RCP) Class 1

.

Reactor Coolant ASME III ASA B31.1 (1955) Category I class I
System Piping Hot and Class 1

-

Cold leg

Interconnecting ASME III ASA B31.1 (1955) Category I class I
Piping of Systems Class 1,

'm That Form Part of'
Reactor Coolant '

Pressure Boundary
)

(RCPD)
{

Interconnecting ASME III ASA B31.1 (1955) Category I Class I
Piping of Systems That Class 2 jForm Part of Reactor
Coolant Pressure Boundary j

'

Pressurizer Surge ASME III ? Category I Class I
and Spray Class 1

Piping 3/4 Inch and ASME III ASA B31.1 (1955) Category I class I 1
Smaller Within class 2 2
RCPB g .

Pressurizer Relief ASME III ASA B31.1 (1955) Category I class I f I
Discharge Piping Class 1 and Nuclear $vi
Upstream of Safety Code cases (3) U I
valves 4

-on' 3. Nuclear code case not specified. This information is required. I

:-

$

J.. , ,
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Fi Is
gf Table 4-1 (Cont.) (

l'g.T I'
" '

EG Ouality Classification ;

iL 3 codes and Codes and Seismic Classification '

2e3 Structures, Systems, Standards Standards Used Used in 5

.? $ and Components RG 1.26III in Plant Design RG 1.29 Plant Design Remarks h[.

#
5 Pressurizer Safety ASME III ? Category I Class I

kh and Relief Valves Class 1
* *

~b C:
' Power-Operated ASME III ? Category I Class I {

f
Relief Valves Class 1 *

w

Block Valves ASME III ? Category I Class I b
fClass 1 -

* '

Other Valves Within ASME III ? Category I Class 6 1

Quality Group A Class 1 4
8 Portiores of RCPB

'e
8

Other Valves Within ASME III ?
Quality Group B Class 2 Category I Class I
Portions of RCPB

SAFETY INJECTION SYSTEM
(EMERGENCY CORE COOLING SYSTDt)

s

Refueling Water ASME III ? Category I Class I
Storage Tank Class 2

tilgh and Low Pressure ASME III ASME VIII (1962) Category I Class I
Safety Injection Class 2
Pumps

Boron Injection Tank ASME III ? Category I Class I
class 2 ,

A
Accumulators ASME III ? Category I Class I (n

Class 2 $'

4
I
b
(*J
(JI

.

I
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h

c-g Table 4-1 (Cont.)
E'

. .

'

Eg
}7

Quality classificat hn
kE Codes and Cotes and Seismic classification s

'

E3 Structures, Systems, Standards Standards Used Used in ?
Ne7 and Components RG 1.26(l) in Plant Design RG 1.29 Plant Design Remarks if
E ;i Interconnecting ASME III ASA B31.1 (1955) Category I class I %

.N Piping and Valves Class 2 and Nuclear!h Required to Perform Code Cases (3)
.

*h Safety Injection *
'

Function
-i

aBoron Injection ASME III ? Category I class I N
Recirculation Tank Class 3

,
Boron Injection ASME III ? Category I Class I y
Recirculation Pump Class 3 '

s

kI
H Interconnectinj ASME III ? Category I Class I
7 Piping and Valves Class 3 '

;

Required to Perform jRecirculation Function
6

CONTAINMENT SPRAY SYSTEM

Pumps ASME III ? Category I Class I
Class 2

Heat Exchanger - ASME III ? Category I Class I
Tube Side Class 2

Heat Exchanger - ASME III ? Category I Class I hi Shell Side Class 3
0

4 .Spray Nozzles ASME III ? Category I Class I g ;d
Class 2

g
- on

N .

<
1

A eLJ s
@

. k-

3
t*
%
4
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fIh Table 4-1 (Cont.) I5 71 L I

f5
I

}g'h Ouality Classification
{gx codes and Codes and Seismic classification (* il Structures, Systems, Standard s Standards Used Used in j,,

$U and Components RG 1.26(II in Plant Design RG 1.29 Plant Design Remarks dkh '

In Interconnecting ASME III * ASA B31.1 (1955) Category I class If$ Piping arul Valves Class 2 %,

Q Required to Perform
Spray Function

Spray Chemical ASME III ? Category I Class I
.Storage Tank Class 3 b

h
Chemical Storage ASME III ? Category I Class I dTest Pump Class 3 3 -

'
[ Interconnecting ASME III ? Category I Class I

i

[l Piping and Valves Class 3
gRequired to Perform
h

Test Function
[
F.CllEMICAI,AND VOi,UME
{CONTROI, SYSTEM

Regenerative Ileat ASME III ASME VIII (1962) Category I Class I
Exchanger Class 2 and Code Cases

1270N and 1273N .-

|f
Drain Cooler lleat ASME III ASME VIII (1962) Category I class I

iExchanger - Tube Side Class 1 and Code Case
1270N

,

>

Drain Cooler lleat ASME III ASME VIII (1962) Category I Class I
Exchanger - Shell Side Class 2

.

[
*

Reactor Coolant Filter ASME III ? Category I Class I y
Class 2 -J |

1 kw t

L

h

s

e

_
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g Table 4-1 (Cont.)

S Ouality classification
E Codes and Codes and Seismic Classification
p Structures, Systems, Standards Standards Used Used in

0 and Components RG 1.26(1) in Plant Design RG 1.29 Plant Design Remarks
a3

5N

[h
I Volume Control Tank ASME III ASME VIII (1962) Category I Class I

*

n Class 2 and Code Case
{*g 1270N*

!!
Charging Pumps ASME III ASME VIII (1962) Category I Class I '

Class 2 and Standards of
Hydraulic

Institute (1961)
Letdown Orifices ASME III ? Category I Class I

Class 2 *

sy Non-Regenerative Heat ,ASME III ASME VIII (1962) Category I Class I
e Exchanger - Tube Side Class 2 and Code Case

1270N

Non-Regenerative Heat ASME III ASME VIII (1962) Category I Class I
Exchanger - Shell Side class 3

Seal Water Injection ASME III ASME VIII (1962) Category I class I
Filter Class 2 and Code case

1270N

Seal Water Heat ASME III ASME VIII (1962) Category I Class I
Exchanger - Tube Side Class 2 and Code Case-

1270N

Seal Water Heat ASME III ASME VIII (1962) Category I Class I fExchanger - Shell Side Class 3
1

1

Seal Water Filter ASME III ASME VIII (1962) Category I Class I I(n
class 2 $ $

4 '4Boric Acid Tanks ASME III ASME VIII (1962) Category I Class I
.

fClass 3
' j(n
j
2

~

<

i
.i | *
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Table 4-1 (Cont.)

VD i:-

|b h
Ouality classificationg 5-

_ Lades and Codes and Seismic Classification -g
mg Structures, Systems, Standards Standards Used Used 1p 4

"

R and Conoonents RG 1.26(1) in Plant Design RG 1.29 Plant Design Remarks

J -

Boric Acid Filter ASME III ASME VIII (1962) Category I Class IgQ
3 Class 3.

3
*

Boric Acid Transfer ASME III 7 Category I Class I

Pumps Class 3

Boric Acid Blender ASME III ASA B31.1 (1955)(4) Category I Class I -'

Class 3 5
7

Boric Acid Strainer ASME III ASME VIII (1962) Category I Class I
,

j Class 3
w
' Piping (Icop 1) Le tdown ASME III ASA B31.1 (1955) Category I Class I

via Regenerative Class 1
Heat Exchanger and
Letdown Valves to and
Including Letdown
Isolation Valves

Interconnecting ASME III ASA B31.1 (1955) Category I Class I

Piping and Valves Class 1 y
f rom Pump Discharge to J
and Including Valves
399 and 296 to
Reactor Coolant System

Piping and Valves from ASME III ASA B31.1 (1955) Category I class I

hPump Discharge to Class 2 and Nuclear 9
Containment Isolation Code CasesI3) W

Valves 399 and 296

: :
M a

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

jin

$

j. ,
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gg; Table 4-1 (Cont.) 3
c F,

.>n -)
A '

{ Ouality classification 3'

g 5- Codes and Codes and Seismic Classification
;/ m Structures, Systems, Standa rds Standards Used Used in 5

* h, and Components RG 1.26(1) in Plant Design RG 1.29 Plant Design Remarks 1,

{#
5 Piping and Valves ASME III ASA B31.1 (1955) Category I Class I i

-

sA from Pump Discharge Class 2 and Nuclear
$$ via Reactor Coolant Code CasesI3) [

*

!! Pumps and from TV-1847 ;
to Seal Water Heat *

Exchanger $

1.

Piping and Valves AS E III ASA B31.1 (1955) Category I Class I
Downstream of Letdown Class 2 and Nuclear i

Isolation Valves to Code CasesI3) d
"

the Volume Control *

i Tank (VCT) and Other
5 Interconnecting Piping

8 and valves of the VCT

Mixed Bed Demineralizer ASME III ASME VIII (1962) -- Ti

Class 3 and Code case
1270N f

Interconnecting AS E III ASA B31.1 (1955) --

.)Piping and Valves Class 3
Required to Perform

,

Demineralizer Function f
3

Boric Acid Tank ASME III ASA B31.1 (1955) Category I class I 5
Connecting Piping Class 3 and Nuclear
and Valves Code,CasesI3)

SAMPLING SYST m
.

a

Piping and Valves AS E III ASA B31.1 (1955) Category I Class I O
>

4

Class 1 and Nuclear $ h
Code CasesI3) y N

.b ,
5

.

i

&

fla I -
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4.

i
B

:L iE? Table 4-1 (Cont.)7
Vy ,

kE .

'

Giality Classification '/Codes and Codes and Seismic Classification
,@0

Structures, Systems, Standa rd s Standards Used Used in
and Components RG 1.26(I) in Plant Design RG 1.29 Plant Design Remarks

2@.
*

5gn Piping and Valves ASME III ASA B31.1 (1955) Category I Class I ?j
?@ Class 2 nd Nuclear
*G it

Code Cases (3) f
-

s.

RESIDUAL HEAT
-

'

REMOVAL SYSTEM
,

.

Residual Heat Removal / AS E III ASE VIII (1962) Category I Class I
Low Pressure Class 2 g
Safety Injection Pumps

,

Heat Exchanger - ASE III AS E VIII (1962) Category I Class II Tube Side Class 2 and Code case -

1270N ~

Ifeat Excharvjer - ASE III ASME VIII (1962) Category I Class I
Shell side Class 3 and Code Case

-*

1270N

4
Interconnecting ASME III ASA B31.1 (1955) Category I class I iPipifF3 and '/alves Class 2 and Nuclear
Required to Perform Code CasesI3)

5Residual Heat
Removal Function

COMPONENT COOLING i
'

SYSTEN ft
-

,

4Pumps ASME III ? Category I Class I
f hClass 3 m f

N I

Y
a
w

&

P
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Q Table 4-1 (Con,t.)

Ih '

a, s

y:o Quality Classification
,U Codes and Codes and Seismic Classification

5k Structures, Systems, Standards Standards Used Used in
5- and Components RG 1.26(1) in Plant Design RG 1.29 Plant Desten Remarks9
in
$k Heat Exchanger - AS M III ASM VIII (1962) Category I Class I

4 Tube Side Class 3 and Code Case
* 1270N

.

Heat Exchanger - ASME III ASME VIII (1962) Category I Class I
Shell Side Class 3 and Code Case

1270N

Surge Tank ASME III ASME VIII (1962) Category I class I
,

a Class 3 and Code case
$ 1270N
i

Interconnecting Piping AS M III ASA B31.1 (1955) Category I class I
and Valves Required to Class 3
Service Quality Groups B
and C System Components

SERVICE WATER SYSTEM

Pumps ASME III Industry Category I Class I
Class 3 Standards (5)

Strainers AS M III ? Category I Class I -

Class 3 |

S. Standards not provided for review.

A
. w

DJ
V
4

m-.

a

i ; -

_
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Table 4-1 (Cont.)
q,

E. .
cra

/ Quality classification

y;; Codes and Codes and Seismic Classification
g{ structures, Systems, Standards Standards Used Used in
g5 and Components RG 1.26(I) in Plant Design RG 1.29 Plant Design Remarks
# 22

h Interconnecting Piping and AS E III ASA B31.1 (1955) Category I Class I

{%
# Valves Required to Service Class 3

"

Quality Group C Syr*em
{

*

gQ Componenta '3
aR j

4 MAIN STEAM SYSTEM |. t
Interconnecting Piping ASMB III ASA B31.1 (1955) Category I class I
and Valves Comprising Class 2 3.
Main Steam Lines 1

Extending From the h
Secondary Side of the

fSteam Generators up to *
-1

4 and Including the Outer-
4 most Containment Isola-

8 tion Valve in Each Main
,

Steam Line and Connected
Piping up to and Includ-
ing the First Valve That

;
is Normally Closed or

gCapable of Automatic
7Closure During All Modes

of Normal Reactor
-s

Operation
,

Relief Valves ASM III AS M VIII (1962) (6) Category I Class I
Class 2

Safety Valves (16) ASME III AStet VIII (1962) (6) Category I Class I
Class 2

-|A6. Safety and relief valves are mentioned in Section VIII in reference to capacity requirements, not design tn .

requirements. It is more likely that ASA B31.1 and code cases would have been used in the design of safety $ 5
and relief valves. Y

s z
tab y;
(D ;

P

B
H
H

I

f
. i p
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f#a Table 4-1 (Cont.)c

7
M

[$ Ouality Classification
a5 Codes and Codes and seismic Classification

Q Structures, Systems, Standards Standards Used Used in
y and Components M 1.26(1) in Plant Design M 1,29 Plant Design Remarks
a n
t:Rr Piping and Valves ASM III ASA B31.1 (1955) Category I class Iy

gQ (Blow-o f f) from Steam Class 3 ,

. ?. Generatota to and
4 Including Blotr-off '

valve TV-1312-1
through 4 and 506,
515, 522, and 529.
Piping from Valves
PICV-1206A, B to
Auxiliary Feed Pumps .

Including Valves

f4 SV-1216A, B
oo '

8 FEEDWATER SYSTEM

Interconnecting Piping ASM III ASA B31.1 (1955) Category I class I ,

and valves comprising class 2
Feedwater Lines
Extending From the
Secondary Side of the
Steam Generators up
to and Including the i

'Outermost Containment
Isolation valve in '

Each Feedwater Line
and Connected Piping

-

up ta and Including
f

the First Valve That H

[h
is Normally Closed j
or Capable of Auto- j
matic Closure During y q
All Modes of Normal u i
Reactor Operation Y

O' ,

m

a.

f

e

fi i .
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Table 4-1 (Cont.)
eb
SE tg-
p Ouality classification D(
,3 "Codes and Codes and Seismic Classification*

N Structures, Systems, Standards Standards Used Used in Y

|hK and Conoonents RG 1.26(1) in Plant Design RG 1,29 Plant Design Remarks
In
[g AUXILIARY FEED SYSTEM

!!
_

Pumps - Turbine. Driven ASME III ASA B31.1 (1955) (7) Category I Class I
Class 3

Demineralizer Storage ASME III USAS B96.1 (1967) * Category I class I
Tank Class 3 '

Piping and Valves ASME III ASA B31.1 (1955) Category I class I ,

e from and Including Class 2

[ Valves 156-1 through
4 156-4, 182 and

Main Feed Valves
MOV-11, 12, 13, 14, and
135-1 through 135-4
to steam Generators

f
n

Piping and Valves to ASME III ASA B31.1 (1955) Category I Class I
'

Suction of Auxiliary Class 3 -

Feed System Pumps :.
from Demineralizer ;

Water Storage Tank

Piping and Valves from ASMB III ASA B31.1 (1955) Category I class I -

Pump Discharge to Class 3

{fValves 156-1 through
156-A and 182 g;.]

g ( '.
,

an7. It is noted that pump design is not covered under ASA B31.1. Clarification of this discrepancy is required. y ,,

Y..e *-

. ta
,

- d t#l .,

;c

c
k' :-

i'.
y

u

-
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Table 4-1 (Cont.)1
'

IE , 'x" ~,

$j . v.b
'" "

-Quality Classification

~ Codes and Codes and Seismic Classification{
^

Sthctures' Systems, Standa rds ' Standards Used Used ing5 s ,

pm and Components RG 1.26(I) l'n Plant Design RG 1.29 Plant Design Remarks
'

*
!

I
' )

f g'g
, WNTAINMENT PURGE SYSTEM \

? E ' -

n i Interconnecting Piping ASME III ASA B31.1 (1955) Category I Class I

ki $d rend Valvps That Form C1.as2
g

|| \sQ an T.xtension of the
s Containment Boundary up '

| to aM Including the '8
7

I Outermost Containment -

' "
s

f Iedlation Valve
,

"

!"
i

~^
i CCNTMmdlT ODOT.INI bYGTEM ' '

~

[ t .

I3 : C6atainment Fan Coolers Class B ? Category I Class I WA
'

,

j $ (Fants and Cooling Coils)
'

,

t -
i

,

f'
|

-

~

dystem D0ctwork and Class'B,

Dampers ? Category I Class I NA
b \ /

,

CONTAIHMIMT ISOTATION SYSTEM
L

Interconr:ecting Piping and ASME III ? Category I Class I,
'

Valves of the Reactor Class I

hf Coolant Pressure Boundary i .. :
,

' '
. . That Penetrate the Con- h

2

I

|
'

Including the Outeranat
tainment up to and

*,

! ' Containment Isolation
Valve

fi / . 8
Interconnecting Piping and ASMB III ? Category I Class I

'

g
Valves of the Reactor ' Class 2 g

- Coolant Pressure Boundary un
That Penetrate the Con- $
tain: pent up to and 'J

Including the outermost 1*
s

f ontainment Isolation U
Wlve

i

e

p
, i .
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{ Table 4-1 (Cont.)
c,
>n [

h Quality Classification

Codes and Codes and Seismic Classification
p Structures, Systems, Standards Standards Used Used in
,3 and Components RG 1. 26 (1) in Plant Design RG 1.29 Plant Design Remarks :3y
t, c

359 Interconnecting Piping and ASME III - 7 Category I Class I 4Jn Valves of Quality Groups B, Class 2 , H

[(@
C, or D System That Pene-

i.

trate the Containment From k

the First Isolation Valve
Inside Containment up to
and Including the Outer- p,

g!atost Containment Isola- e

tion Valve *
y

D
SPEttf FUEL PIT

,

g COOLING SYSTEM
w {
H 6

t
8 Spent Fuel Pit AS E III ASME VIII (1962) Category I Class I

fHeat Exchanger Class 3 and Code Case "

1270N (.[
. 8

Spent Fuel Pit Pumps ASME III 7 Category I Class I ''

C1_ ass 3 *

.

g .

Spent Fael Pit Filter ASME III ASME VIII (1962) Category I Class I
Class 3 and Code Case '

1270N

Piping and Valves ASME III ASA B31.1 (1955) Category I class I
Class 3 fZ*

STRUC1tJHES

Primary Auxiliary Building NA ACI 318 (1963) (8) Category I 0.17g NA [
(Including Pipe Gallery) AISC (6th Edition) h

l "

N
Ut
4 t.

|.;.e
i 8. ACI stands for American Concrete Institute. AISC stande for American Institute of Steel Construction. k'

a.
t W :

u,
!

!
-

a| '.
I - .

;h

k,

.. I p'

<
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[ Table 4-1 (Cont.) '

7k f
fE; f

5
Ouality Classification

E3 Codes and Codes and Seismic Classification
N<s

,

Structures, Systems, Standards Standards Used Used in
Dh and Components RG 1.26(l) in Plant Design RG 1.29 Plant Design Remarks

la
Service Building: Control NA ACI 318 (1963) (8) Category I 0.17g NA

gg Room and Switchgear Room AISC (6th Edition)
*

g Portlons.Only
,

New and Spent Fuel Building NA ACI 318 (1963) Category I 0.17g NA

AISC (6th Edition)
.

Waste Disposal Building NA ACI 318 (1963) Category I 0.17g NA
'

AISC (6th Edition) '

fDiesel Generator NA ACI 318 (1963) Category I 0.17g NA,
w Building AISC (6th Edition) )w

1

Service Water Intake NA ACI 318 (1963) Category I 0.179 NA i
(Screenwell House) AISC (6th Edition) 0.0 3g
Pumphouse Discharge '

8

Structure

Refueling Water NA ACI 318 (1963) Category I 0.179- NA'

,*

Storage Tank (WST) AISC (6th Edition) '

Foundation

Demineralized Water Storage NA ACI 318 (1963) Category I 0.039 NA j
Tank Foundation AISC (6th Edition) ?

h
Primary Water NA ACI 318 (1963) Category I 0.0 3g NA
Storage Tank (WST) AISC (6th Edition)
Foundation

Containment NA ACI 318 (1963) Category I 0.17g NA h
AISC (6th Edition) $

$ I

$
'

"'.

.

J

[. i .

__ _
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TER-C5257-435

Table 4-2(a)
Quality Group A Components (1) ~

Code ASME III-Class 1(2)

.
-

Pressure Vessels Code

Pressurizer (RCS) ?
+

Drain Cooler Heat ASME VIII (1962)
Exchanger - Tube Side (CVCS) and Code Case 1270N

Piping

Reactor Coolant System Piping: ASA B31.1 (1955)
j Hot and Cold Legs (RCS)

!
| Interconnecting Piping of Systems That Form Part of ASA B31.1 (1955)'

Reactor Coolant Pressure Boundary (RCS)
;

f Pressurizer Surge and Spray (RCS) ?
|

} Pressurizer Relief Discharge Piping ASA B31.1 (1955)
! Upstream of Safety Valves (RCS) and Nuclear
j Code Cases (3)
!

Piping (Loop 1) Letdown via Regenerative ASA B31.1 (1955);

Heat Exchanger and Letdown Val'res to Letdown,

Isolation Valves (CVCS),

,

' Interconnecting Piping from Pump Discharge Via ASA B31.1 (1955)
[ Valves 399 and 296 to Reactor Coolant System (CVCS)

Sampling System Piping (SS) ASA B31.1 (1955)
and Nuclear,

Code Cases (3)
.

! Interconnecting Piping of t%e Reactor Coolant ?
! Pressure Boundary That Penetrate the Containment

up to the Outermost Containment Isolation Valve (CIS)
!

>

$ 1. See Table 4-2(d) for abbreviations.
2. American Society of Mechanical Engineers, Boiler and Pressure Vessel Code,>

Section III Division 1, Subsection NB, 1977 Edition and Addenda through,

the Summer 1978 Addenda.
3. Nuclear code cases not specified. This information is required.j

,

h

-23-
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TER-C5257-435

4 Table 4-2(a) (Cont.)
V

-

2 Pumps Code
e

Reactor Coolant Pumps (RCS) ASME VIII (1962)
,

-

Valves
3

l
Pressurizer Safety ?

. and Relief Valves (RCS)

h Power-Operated Relief Valves (RCS) ?

Block Valves (RCS) ?

j Other Valves Within Quality Group A ?
j Portions of RCPB (RCS)
)
,1 Letdown Valves and Letdown Isolation Valves ASA B31.1 (1955)

in Loop 1 (CVCS)
,

!

) Valves from Pump Discharge to and ASA B31.1 (1955)
.! Including Valves 399 and 296 (CVCS)

d
j Sampling System Valves (SS)

_ ASA B31.1 (1955)
; and Nuclearj Code Cases ("
:f
j Interconnecting Valves of the Reactor Coolant ?
il Pressure Boundary That Penetrate the Containment
.; up to and Including the Outermost Containment
f Isolation Valve (CIS)y

$

Storage Tanks (Atmospheric and 0-15 psig)
8 *

f

|j None

j
b
-

,

i

i

?

b

1 -24-
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) TER-C5257-435

k
Table 4-2 (b).

5 Quality Group B Components (1)
~

Coder ASMC III-Class 2(2),

i
|

-
-

'

Pressure Vessels Code

Accumulators (SIS) ?,

I

| Containmenc Spray System
Heat Exchanger - Tube Side (CSS) ?

Regenerative Heat Exchanger (CVCS) ASME VIII (1962) and
4

Code Cases 1270N, 1273N

'

Drain Cooler Heat ASME VIII (1962)
3 Exchanger - Shell Side (CVCS)

!
'

Reactor Coolant Filter (CVCS) ?
,

! Volume Control Tank (CVCS) ASME VIII (1962) and .

Code Case 1270Ni

f Non-Regenerative Heat ASME VIII (1962) and
| Exchanger - Tube Side (CVCS) Code Case 1270N
i

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

!

Seal Water Heat Exchanger - ASME VIII (1962) and,

; Tube Side (CVCS) Code Case 1270N
f

Seal Water Filter (CVCS) . ASME VIII (1962)
|

| Residual Heat Removal Heat Exchanger - ACME VIII (1962) and
' Tube Side (RHRS) Code Case 1270N

Piping

| Interconnecting Piping of Systems That Form Part of ASA B31.1 (1955)
Reactor Coolant Pressure Boundary (RCS)

Piping 3/4-Inch and Smaller Within RCPB (RCS) ASA B31.1 (1955),

f
!

f 1. See Table 4-2 (d) for abbreviations.
| 2. American Society of Mechanical Engineers, Boiler and Pressure Vessel Code,
1 Section III Division 1, Subsection NC,1977 Edition and Addenda through

the Summer 1978 Addenda.

-25-O
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Table 4-2(b) (Cont.)3

~

Piping (Cont. ) Code
l'
i; Interconnecting Piping and Valves Required to ASA B31.1 (1955)

Perform Safety Injection-Function (SIS) and Nuclear -

Code Case (3),

)
Spray Nozzles (CSS) ?

? Interconnecting Piping Required to Perform ASA B31.1 (1955)
Spray Function (CSS)

.

3 Letdown Orifices (CVCS) ?
(j Piping from Pump Discharge to Containment ASA B31.1 (1955)
p Isolation Valves 399 and 296 (CVCS) and Nuclear
W Code Cases (3)
L

Piping from Pump Discharge via Reactor Coolant Pumps ASA B31.1 (1955)a

'} and from TV-1847 to Seal Water Heat Exchanger (CVCS) and Nuclear
} " Code Cases (3)
d

j Piping Downstream of Letdown Isolation Valves ASA B31.1 (1955)
to the Volume Control Tank (VCT) and Other and Nuclear,

Interconnecting Piping of the VCT (CVCS) Code Cases (3)

)) Sampling System Piping (SS) ASA B31.1 (1955)
i and Nuclear
@ Code Cases (3).

Interconnecting Piping Required to Perform ASA B31.1 (1955)
s Residual Heat Removal Function (RHRS) and Nuclear
3

Code Cases (3)
h

Interconnecting Piping Comprising Main Steam Lines ASA B31.1 (1955)
2

h Extending From the Secondary Side of the Steam
; Generators up to the Outermost Containment
$ Isolation Valve in Each Main Steam Line and Connected
k Piping up to First Valve That is Normally Closed or

Capable of Automatic Closure During All Modes ofy'

Normal Reactor Operacion (MSS)
$
9

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

t
a
N

6

m

E
-26-
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i

Table 4-2 (b) (Cont.)
, -

)i Piping (Cont. ) Code
?

i
j Interconnecting Piping Comprising Feedwater Lines ASA B31.1 (1955) -

Extending From the Secondary Side of the Steam
; Generators up to the Outermost Containment Isolation

) Valve in Each Feedwater Line and Connected Piping up to

] the First Valve That is Normally Closed or Capable of

]j
Automatic Closure During all Modes of Normal Reactor
Operation (FWS)

1

3 Piping from Valves 156-1 through 156-4 and 182, and ASA B31.1 (1955)
) Main Feed Valves MOV-11, 12, 13, 14, and 135-1 through
1 135-4 to Steam Generators (AFS)
!
s

i Interconnecting Piping That Form an Extension of the ASA B31.1 (1955)
Containment Boundary up to the Outermost Containment
Isolation Valve (CPS)

Interconnecting Piping of the Reactor Coolant Pressure ?*

,
Boundary That Penetrate the Containment up to the

* Outermost Containment Isolation Valve (CIS)
.

j Interconnecting Piping of Quality Groups B, C, or D ?

? System That Penetrate the Containment From the First

(- Isolation Valve Inside Containment up to the Outermost

Containment Isolation Valve (CIS)

.

Pumps

High and Low Pressure Safety Injection Pumps (SIS) ASME VIII (1962)
,,

] Containment Spray System Pumps (CSS) ?

d

] Charging Pumps (CVCS) ASME VIII (1962)
'l

] Residual Heat Removal / Low Pressure ASME VIII (1962)
] Safety Injection Pumps (RHRS) and Standards of
j Hydraulic Institute

] (1961)
:;

A

l Valves
p

|, Other Valves Within Quality Group B ?

|j Portions of RCPB (RCS)

,i
||

} -27-
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Table 4-2 (b) (Cont.)

--

Valves (Cont. ) , Code
t

Interconnecting Valves Required to Perform ASA B31.1 (1955)
'

Safety Injection Function (SIS) -

and Nuclear -,

Code Cases (3),

Interconnecting Valves Required to ASA B31.1 (1955)
Perform Spray Function (CSS)i

%

Valves From Pump Discharge to ASA B31.1 (1955)
;

- Containment Isolation Valves 399 and 296 (CVCS) and Nuclear
Code Cases (3)

!
Valves from Pump Discharge via Reactor Coolant Pumps ASA B31.1 (1955)

L and from TV-1847 to Seal Water Heat Exchanger (CVCS) and Nuclear
d

Code Cases (3)

3 Valves Downstream of Letdown Isolation Valves to ASA B31.1 (1955)
Volume Control Tank (VCT) and Other Valves of and Nuclear
the VCT (CVCS) Code Cases (3)

Sampling System Valves (SS) ASA B31.1 (1955)
and Nuclear

q Code Cases (3)
i

j Interconnecting Valves Required to Perform ASA B31.1 (1955)*

Residual Heat Removal Function (RHRS) and Nuclear
Code Caaes(3),

Interconnecting Valves Comprising Main Steam Lines ASA B31.1 (1955)
h Extending From the Secondary' Side of the Steam

Generators up to and Including the Outermost Contain-
ment Isolation Valve in Each Main Steam Line and up to
the First Valve That is Normally Closed or Capable of,

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

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

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

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

capacity requirements, not design requirements. It is more likely that
ASA B31.1 and code cases would have been used for the design of safety and

g relief valves.
,

,
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I

$ Table 4-2(b) (Cont.)
i _

|
t -

| Valves (Cont.) Code

|
Interconnecting Valves Comprising Feedwater Lines ASA B31.1 (1955) -

Extending From the Secondary Side of the Steam,

Generators up to and Including the Outermostr
"

Containment Isolation Valve in Each Feedwater Line
j Including The First Valve That is Normally Closed
j or Capable of Automatic Closure During All Modes
; of Normal Reactor Operation (EWS) .

J

i Valves From and Including Valves 156-1 through ASA B31.1 (1955)
' 156-4, 182 and Main Feed Valves MOV-ll, 12, 13, 14, and

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

1

Interconnecting Valves That Form an Extension of the ASA B31.1 (1955)
Containment Boundary up to and Including the Outermost
Containment Isolation Valve (CPS)

Interconnecting Valves of the Reactor Coolant Pressure ?

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

t

Interconnecting Valves of Quality Groups B, C, or D ?

| System That Penetrate the Containment From the First
| Isolation Valve Inside Containment up to and Including

L the Outermost Containment Isolation Valve (CIS)
L

|
-

Storage Tanks (Atmospheric and 0-15 psig)
>

Refueling Water Storage Tanks (SIS) ?

Boron Injection Tank (SIS) ?
,

.

s

i

!

,

;

,
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Table 4-2 (c)
Quality Group C Components (1) -

Code: ASME III-Class 3(2)
t

Pressure Vessels Code
~

f ContainmentSprAySystem
Heat Exchanger - Shell Side (CSS) ?

Non-Regenerative. Heat Exchanger - Shell Side (CVCS) ASME VIII (1962)

Seal Water Heat Exchanger - Shell Side (CVCS) ASME VIII (1962)
,

i Boric Acid Tanks (CVCS) ASME VIII (1962)

Boric Acid Filter (CVCS) ASMS VIII (1962)j
Boric Acid Strainer (CVCS) ASME VIII (1962)q

h
Mixed Bed Demineralizer (CVCS) ASME VIII (1962)

and Code Case 1270N

f Residual Heat Reraoval System ASME VIII (1962)
Heat Exchanger - Shell Side (RHRS) and Code Case 1270N

.

Component Cooling System ASME VIII (1962)
,f Heat Exchanger - Tube Side (CCS) and Code Case 1270N

Component Cooling Systes. ASME VIII (1962)
Heat Exchanger - Shell Side (CCS) and Code Case 1270N

Surge Tank (CCS) ASME VIII (1962)
and Code Case 1270N

?

g Service Water System Strainers (SWS) ?

3

'

l. See Table 4.2(d) for abbreviations.
2. American Society of Mechanical Engineers, Boiler and Pressure Vessel Code,

Section III Division 1, Subsection ND, 1977 Edition and Addenda through the8

the Summer 1978 Addenda.
m

i

i

h

4
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Table 4-2(c)
-

4

; Pressure Vessels (Cont.) Code

~

Spent Fuel, Pit Heat Exchanger (SPCS7 ASME VIII (1962) and -

| Code Case 1270N

i
t Spent Fuel Pit Filter (SPCS) ASME VIII (1962) and
[ Code Case 1270N
:

|
Pipinq

;

; Interconnecting Piping Required 7
t to Perform Recirculation Function (SIS)
3

1

i Interconnecting Piping Required 7
i to Perform Test Function (CSS)

Boric Acid Blender (CVCS) ASA B31.1 (1955) (3)
9

i Interconnecting Piping Required ASA B31.1 (1955)
to Perform Demineralizer Function (CVCS)

' Boric Acid Tank Connecting Piping (CVCS) ASA B31.1 (1955),

i and Nuclear

f Code Cases (4)

| Interconnecting Piping Required to Service ASA B31.1 (1955)
f Quality Groups B and C System Components (CCS)
!

f Interconnecting Piping Required to Service ASA B31.1 (1955)
; Quality Group C System Components (SWS)
r

Piping from Steam Generators to Blow-off Valve ASA B31.1 (1955)
i TV-1312-1 through 4 and 506, 515, 522, and 529.

| Piping from Valves PICV-1206A and B to Auxiliary
j Feed Pumps (MSS)
!

Piping to Suction of Auxiliary Feed ASA B31.1 (1955)
System Pumps from Demineralizer
Water Storage Tank (AFS)

,

>

|
t

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

| 4. Nuclear code cases not specified. This information is required.

:
w
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Table 4-2(c)
__

Piping (Cont.) Code

? Piping from Pump Discharge to - ASA B31.1 (1955) ,

Valves 156-1 through 156-A and 182 (AFS)

r Spent Futti Pit Cooling System Piping (SFPCS) ASA B31.1 (1955)

i
( Pumps

,

Boron Injection Recirculation Pump (SIS) ?

[ Chemical Storage Test Pump (CSS) ?

?

.
.

Boric Acid Transfer Pumps (CCS) ?

p Component Cooling System Pumps (CCS) ?

Service Water System Pumps (SWS) Industry Standards (5)

Pumps - Turbine Driven (AFS) ASA B31.1 (1955) (6) -
i
g Spent Fuel Pit Pumps (SFPCS) ?

!
t

; Valves
.

Interconnecting Velves Required ?

to Perform Recirculation Function (SIS)

i Interconnecting Valves Required ?
L to Perform Test Function (CSS)
6

i Interconnecting Valves Required ASA B31.1 (1955)
' to Perform Demineralizer Function (CVCS)

$ Boric Acid Tank Connecting Valves (CVCS) ASA B31.1 (1955)
I and Nuclear

Code Cases (3)

Interconnecting Valves Required to ASA S31.1 (1955)
Service Quality Groups B and C,

System Components (CCS)
,

:

| ,
5. Standards not provided for review.
6. It is noted that pump design is not covered under ASA B31.1.

-32-4
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Table 4-2 (c)
3

~

h valves (Cont.) Code
';

i Interconnecting Valves Required to ~ ASA B31.1 (1955) "

Service Quality Group C System Components (SWS)

[ Valves (Blow-off) from Steam Generators ASA B31.1 (1955)
to and Including Blow-off Valve TV-1312-1,

y through 4 and 56, 515, 522, and 529.

j valves PICV-1206A and B to Auxiliary Feed
j Pumps Including Valves SV-1216A and B (MSS)
,

Valves to Suction of Auxiliary Feed System ASA B31.1 (1955)
from Demineralizer Water Storage Tank (AFS)

) Valves from Pump Discharge to ASA B31.1 (1955)
j Valves 156-1 through 156-A and 182 (AFS)
'

4

Spent Fuel Pit Cooling System Valves (SFPCS) ASA B31.1 (1955),

?
:t

5

}
Storage Tanks (Atmosphere and 0-15 psig)

'

Boron Injection Recirculation Tank (SIS) ?

!

Spray Chemical Storage Tank (CSS) ?

.;

j Demineralizer Storage Tank (AFS) USAS B96.1 (1967) (7)
l
l
j 7. The edition of the code is an assumption because this information was not
9 provided at this time. Confirmation of code edition is required. .

.

1

4

4

:1

:j
9

b

I
i
i
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j - Table 4-2 (d) ;

y
I Index of Abbreviations for Systems

~

!
$

Abbreviation
,

Definition*
,

y AFS Auxiliary Feed System

CCS Component Cooling System
;.

CIS Containment Isolation System

,9, CPS Containment Purge System
* CSS Containment Spray System

- CVCS Chemical and Volume Control System
F FWS Feedwater System
%

J MSS Main Steam System
i:: RCS Reactor Coolant System
1

(l RHRS Residual Heat Removal System

; SFPCS Spent Fuel Pit Cooling System

'l SIS Safety Injection System

i SS Sampling System

.

Service Water SystemSWS

}

{
.} -

4

A
3

;

*g

2

1

i
i
<

h

l
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: 5. EVALUATION GF SPECIFIC COMPONENTS
. _

I 5.1 GENERAL REQUIREMENTS

The purpose of this section is "o evaluate, for the specific components -

tj
of the Haddam Neck Plant, how the general code requirements of the current

,

code affect the safety margin to which these components were originally

l designed.
1

I General code requirements are those requirements that apply to all the
4

3 components discussed in this report (i.e., piping, pressure vessels, valves,
i

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

; Appendix A to be general requirements that have changed from older codes to

fracture toughness, quality assurance, (1) quality group
'
'

the current code:

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

i

.

5.1.1 Fracture Toughness
i

1 As indicated in Section 4.1.1 of Apper' dix A, the current code [2]
requires that pressure retaining material be impact tested, but there are

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

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

impact-test the ma'terial used for each specific component of the Haddam Neck

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

] ductility transition temperature (T * #*" "" * * * ##" *
NDT

found in References 9, 10, and 11.

.' Of 87 items reviewed in Table 5-1:

o Thirty--six items (41%) do not require impact testing

o Material used was not specified for 39 components (45%)
|
4 o More data are required in order to assess 12 components (14%).
*

: 1. Although discussed in this report, quality assurance is outside the scope
'

of the SEP according to a letter from S. Bajwa to S. P. Carfagno

{ dated December 10, 1981.

.

k
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Table 5-1
Review of Fracture Toughness Requirementsc---

y lladdam Neck Nuclear Power Plant '

D
fes|b Structures, Systems, Quality Group Impact Test Beason for
25 and Components Classification Naterial Required? Exemption (1) Remarks
No
?$ REAC1DR ODOLANT SYSTEN

EW -
.

$7 Pressurizer Class A Carbon Steel Insufficient No information
Q (Thickness - Data on T

|$
NDT

5-7/16 in) available*

- . .

Reactor Coolant Class A A-351, Gr CF8M No 8e
Pumps Casing

Reactor Coolant Class A SA-430, Type 316 No 8e
Systems liot and

*Cold Leg

I
w Interconnecting Class A Not Given Not discussed iny Piping of Systems FSAR

That Form Part of
Reactor Coolant,
Pressure boundary (RCPD)

Interconnecting Piping Class B Hot Given Not discussed in
of Systems That Form FSAR
Part of Heactor Coolant ?

Pressure Boundary

Pressurizer Surge Class A Not Given Not discussed in -

and Spray FSAR,

1

Piping 3/4 Inch and Class B Not Given Not discussed in
Smaller Within RCPD FSAR l

e-3 1
Pressurizer Relief Class A Not Given Not discussed in
Discharge Piping FSAR d 'l
Upstream of Safety U 5
Valves in

w
1
6
w

1. Refer to Table A4-4 through A4-6 of Appendix A for explanation of exemptions. tn

H
|l*

1
.

a I -
.

. _ _ _ _ . _



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

&
f

*

<

1

\t-

E
|1ca

> Table 5-1 (Cont.)
N

=E '!.EL 3 Structures, Systems, Quality Group Impact Test Reason for '-N and Comronents Classification Material Required? Exemption (1) Remarks b5

f' N. Io
g;; Pressurizer Safety Class A * tbt Given Not discussed in7 and Relief Valves FSAR '

y Power-Operated Class A tbt Given Not discussed in L'
' Relief Valves FSAR v

ulock Valves Class A Not Given Not discussed in i
FSAR [f

b(Other Valves Within Class A Stainless Steel Insufficient Probably
Quality Group A Data Austenitic h
Portions of ICPB, Stainless Steel 2w

Y Other Valves Within Class B tbt Given Not discussed in )Quality Group B FSAR
Portions of RCPB i

ii
SAFETY INJECTION SYSTEM

.

'

(kitERGEtCY CORE WOLING SYSTkM)
J

Refueling Water Class B Aluminum No 8f
Storage Tank

Q
w!!!9h and low Pressure Class B Stainless Steel Insufficient Probably [$Safety Injection Pumps Data Austenitic

,

Stainless Steel ]
Boron Injection Tank Class B Austenitic No Be

.

Stainless Steel
}], .

Accumulators Class B Not Given Not discussed in h -

FSAR y fi
- :
I
b
W

.

||

Y

C
.. t g

I



m u. m .m w, w .=.= . n .n n - - - . . , . , w -w - - _ -
-- ~, . ,. . - .

. ., ,_ _ ..

E
"E' Table 5-1 (Cont.)a

D 'T1

Py3
5E Structures, Systems, Quality Group Impact Test heason for

and Components Classification Material Required? Exemption (1) RemarksL
4 Interconnecting Piping Class B Austenitic No Se1

2h and Valves Required Stainless Steel
*

y to Perform Safety

{g Injection Function

4 . .

Doron Injection Class C Not Given Not discussed in
kecircult. tion Tank FSAR

Boron Injection Class C Not Given Not discussed in
Recirculation Pump FSAR ,

Interconnecting Class C Not Given Not discussed in
I Piping and Valves FSAR

$ Required to Perform
8 Recirculation Function

CONTAINMENT SPRAY SYSTEM

Pumps Class B Not Given Not discussed in
FSAR

Heat Exchanjer - Class B Not Given Not discussed in
Tube Side FSAR

.

Heat Excha.ejer - Class C Not Given Not discussed in
Shell Side FSAR

Spray Nozzles Class B Not Given Not discussed in
FSAR g-

| InterconnectinJ Class B Not Given Not discussed in fPiplaj and Valves FSAR m
kequired to Perform y
Spray Function y

s
,y
Ul

| e

,s | = 1
,
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>r Table 5-1 (Cont.)

n
$

@VE
'g5 Structures, Systems, Quality Group Impact Test Reason for ;'

gg and Components Classification Material Required? Exemption (1) Resarks <

?$
{d' Spray Chemical Class C Not Given Not discussed in (
' :r Storage Tank [FSAR %hh
s ?, Chemical Storage Class C Not Given Not discussed in L4 Test Pump

FSAR (.
.

iInterconnectisyj Class C Not Given Not discussed inPipirrj and Valves
FSAR

Required to Perform g
Test Function

* ,

. *CHEMICAI. AND VOLUME
d CONTHOL SYSTEN J

e ,

1 s
Regenerative Heat Class B Austenitic No 8e C,Excharvjer Stainless Steel #

Drain Cooler Heat Class A Austenitic No Be
Excharvjer - Tube Side Stainless Steel

Drain Cooler Heat Class B Carbon Steel Insufficient Naterial thicknessExcharyjer - Shell Side Data not given

Reactor Coolant Filter Class B Not Given Not discussed in
FSAR

[
Volume Control Tank Class B Austenitic No Be fStainless Steel

;7>3
Chargityj Pumps Class B Austenitic No 8e g [Stainless Steel

{
~ ,
Ln
4
I
*

,

{w
U

.

,[,
'

ga

|
.

.. . '
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Table 5-1 (Cont.),

k
cm

EU(/
d Structures, Systema, Quality Group Impact Test Reason for

and Components Classification Material Required? Exemption (1) Remarks
k ~

a3 Letdown Orifices Class B Austenitic No 8eN Stainless Steel
?$
f% Non-Hegenerative Heat Class B Austenitic No 8e

*

7y Exchanjer - Tube Side Stainless Steel
E0
b {> Non-Hegenerative Heat Class C Carbon Steel Insufficient Material" Exchanger - Shell Side Data thickness not

given

Seal Water Injection Class B Austenitic No 8e
Filter Stainless Steel

,

1,

Seal Water Heat Class B Austenitic No 8e
Exchanger - Tube Side Stainless Steel

f
,

.r.

7 Seal Water Heat Class C Carbon Steel Insufficient Material
.

fExchanjer - Shell Side Data thickness not i

given f
Seal Water Filter Class B Austenitic No 8e

Stainless Steel

bBoric Acid Tanks Class C Austenitic No 8e 2

Stainless Steel
e

:
Boric Acid Filter Class C Austenitic No Se I

Stainless Steel f
Boric Acid Transfer Class C Austenitic No 8e

]d! Pumps Stainless Steel
'

~ ' g
.. tg

.,Boric Acid Blender Class C Austenitic No 8e 3
Stainless Steel

un
'N

un iHoric Acid Strainer Class C Not Given Not discussed in 4 i

FSAR 1 i
{w

un ,

i.

~

l
>

k
}, t -

\
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Table 5-1 (Cont.)
[\>n

f5 bStructures, Systems, Quality Group Impact Test Reason for
and Coinponents Classification Katerial Required? Exemption (1) Remarks*

,u J
jN Pipinj (M op 1) 14tdown Class A . Austenitic No 8e (-

'..

[h
E via Regenerative Stainless Steel
n tieat Exchanjer and [

[@ Letdown Valves to and p
''

$ Including Letdown'

Isolation Valves (

Interconnecting Class A Austenitic No 8e
Piping and Valves Stainless Steel
f rom Pump Discharge to
and Including Valves
399 and 296 to i*

g Heactor Coolant System
P
I Piping and Valves from Class B Austenitic No 8e $

Pump Discharge to Stainless Steel i*
Containment Isolation
Valves 399 and 296 .k

'!
/

PipfwJ and Valves Class B Austenitic No 8e ifroin Pump Discharge Stainless Steel
via Reactor Coolant Q
Pumps and f rom W-1847 )
to Seal Water lleat t

Exchanj er h
ij

.RPipimJ and Valves Class B Austenitic No 8e IIDownstream of Letdown Stainless Ste.
Isolation valves to (

ethe Volume control
3Tank (VCF) and Other bInterconnecting Piping *

(~and Valves of the ver DJ
* ~

=J 4

a
'w

U1

I.

p.

. .
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1E' Table 5-1 (Cont.)>q g

-

$E k
Structures, Systems, Quality Group Impact Test Reason for

dnd ComDOnents Classification Material Required? Exemption (1) Remarks f;a ?

$ Mixed Bed Demineralizer Class C Austenitic No 8e
,h Stainless Steel

,

8A
!g;g Interconnecting Class C Austenitic No 8e
3! Piping and Valves Stainless Steel'

Required to Perform
>

Demineralizer Function 4

'

Doric Acid Tank Class C Austenitic No Be
Connecting Piping Stainless Steel

4

and V,alves ,

i
| SAMPLING SYSTEM I
b

*M
EI Piping and Valves Class A Austenitic No 8e
,s

Stainless Steel
[11

Piping and Valves Class B Austenitic No 8e

[fStainless Steel

RESILMJAL HEAT
REMOVAL SYSTEM

P
Residual lleat Removal / Class B Austenitic No 8e
Low Pressure Stainless Steel '

):Satety Injection Pumps

lieat Exchanger - Class B Austenitic No 8e
Tube Side Stainless Steel

,

Ileat Exchanger - Class C Carbon Steel Insufficient Material fStaell Side Data thickness not on $

M - 5.

given ui 2M s
. hm

iLn g

f
j|a

.
.
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> Table 5-1 (Cont.) hVB(/ VIc; p
E3 Structures, Systems, Quality Group Impact Test Reason for M

N and Components Classification Mi.terial Required? Exesotion (1) Remarks f|
?$ $-

Ol;a Interconnecting Class B Austenitic No 8eP; . N
-

Piping and Valves Stainless Steel M

$9 Required to Perform N
8$ Residual Heat

, h' Removal Function ?

E
COMPONENT COOLING $h
SYSTEM b

4
Pupps Class C Cast Iron Insufficient Sizes and steel {

Data type not given ?
bI

.5- Ileat Exchanger - Class C Admiralty Brass No 8f 'j

Y Tube Side +'

N.
Ileat Exchanger - Class C Carbon Steel Insufficient Sizes and steel h:
Shell side Data type not given [.

;
Surge Tank Class C Carbon Steel Insufficient Sizes and steel i

Data type not given -.

Interconnecting Piping Class C Carbon Steel Insufficient Sizes and steel M
and Valves Required to Data type not given j
Service Quality Groups B s

"

and C System Components #

, . ,

SERVICE WATER SYSTEM

y
Pumps Class C Not Given Not discussed in N f

FSAR W m

A B
Strainers Class C Not Given Not discussed in $ :.3

FSAR $ [:e
.a. -

*
443
Ln

.

, | 1
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pa Table 5-1 (Cont.) +

$
as j

y Structures, Systems, Quality Group Impact Test Reason for |
,, u and Components Classification Material Required? Exemption (1) Remarks
30
L=h Interconnecting Piping Class C Not Given Not discussed in '

(*

In and Valves Required to FSAR
$$ Service Quality Group C !

4 System Components

MAIN STEAM SYSTEM j
aInconnectiwJ Pipinj Class B Carbon Steel Insufficient No information on i

and Valves Comprising Data TNDT available ]
Main Steam Lines

),

Extendinj From the
J, Secondary Side of the
A Steam Generator up to -{l'

and Including the Outer- ''

most Containment Isola-
tion Valve in Each Main
Steam Line and Connected
Pipinj up to and Includ-

in) the First Valve That
is Normally closed or i
Copable of Automatic !

Closure During All mdes )
of Normal Reactor S

Operation $j
4

f
Relief Valves Class B Not Given Not discussed in

FSAR J
#

Safety Valves (16) Class B Not Given Not discussed in
FSAR

u
N
(D
4 ;

I
a . r

4,J ! 1

U d
5

t

(
.

I q
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$
M .e

EE'
>r Table 5-1 (Cont.)

Ig;
L

E$ Structures, Systems, Quality Group Impact Test Reason for ?
g and Components Classification Material Required? Exemption (1) Remarks }iis i[3 Piping and Valves Class C Not Given Not discussed in

*

'

;F (Blow-of f) from Steam PSAR
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5.1.2 Quality Assurance (1)i

i
~

; The quality assurance requirements for the design and construction of Class
i

|
1, Class 2, and Class 3 components as per the current code [2] are outlined in

( Section 4.1.2 of Appendix A. Most of these requirements were not considered in -

g past codes [7, 8, l?]. Quality assurance requirements for the design, and

) construction, fabrication, and ',nstallation of components at the Haddam Neck
i
;' Plant are addressed in Section 13 of the FSAR [5] .
i
!

I
i 5.1.3 Quality Group Classification

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

| Classification," classification of components was not considered in the old

j piping code [7] or in the ASME B&PV Code, Section VIII, 1962 Edition [8].

f The ASME B&PV Code Section VIII [8] in conjunction with Code Case 1270N
?

j classifies vessels in two different categories, primary ve sels and secondary

[ vessels. Primary vessels were defined as vessels which contain reactor coolant

and are equivalent to current Class 1 vessels. Secondary vessels do not contain

reactor coolant and are not subject to irradiation and are equivalent' to current
Class 2 and 3 vessels.

Note in Table 4-2(a) that the drain cooler heat exchanger-tube side,

currently classified as a Class 1 pressure vessel, was designed to Section

VIII [8] with Code Case 1270N invokad. The design code used for the

j pressurizer has not been provided. Note in Table 4-2(b) that current Class 2
c

j pressure vessels were constructed to ASME B&PV Code Section VIII [8] with Code

Case 1270N invoked, except for accumulators, containment spray system heat

; exchangers-tube side, and the reactor coolant filter, for which the design

j code we.s not provided. Code Case 1270N was not invoked for the drain cooler
i heat exchanger-shell side.

.

L

.
1. Although discussed in this report, quality assurance is outside the scope of

j the SEP as indicated in a letter dated December 10, 1981 from S. Bajwa to
S. P. Carfagno.

I

s
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Similarly, in Table 4-2 (c) , all current Class 3 pressure vessels were
Y

_

designed to ASME Section VIII [8]. Code Case 1270N was invoked for the mixed
f bed demineralizer, residual heat removal system heat exchanger-shell side,
5
g , component cooling system heat exchanger-shell and tube sides, surge tank,

_

f spent fuel pit heat exchanger, and spent fuel pit filter. Codes used in

a designing containment spray system heat exchanger-shell side and service water
( '

4 system strainers have not been provided. Currently classified Class 1, 2, and
3 pressure vessels, if previously classified as secondary vessels, should be

Y

k
evaluated against current radiography requirements (see discussion on full

j radiography in Section 5.2 of this report). Class 1 pressure vessels should
6 be evaluated against current fatigue analysis requirements (Section 5.2 of

this report) .

'I
1

'! 5.1.4 Code Stress Limits
,

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

.i the use of different strength theories, and the additional consideration of
3
3 service levels C and D as possible loading conditions with different stress

limits.>

1j Design based on the old piping code [7] and the ASME B&PV Code, Section

VIII [8], was based en the maximum normal stress theory of failure as compared
to design based on the maximum shear stress theory of failure of the current,

1
] code [2] for Class 1 components. The maximum shear stress theory currently
] used is advantageous for analysis because it is less conservative and it
a
i facilitates a more precise fatigue analysis. The current code for Class 2 and

Class 3 components uses the same theory of failure as past codes.

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

; is not mentioned in the Haddam Neck FSAR [5].
g
s

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

components is performed by the NRC.

.
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5.2 PRESSURE VESSEIR
-

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

requirements [2] and old requirements [8] for the construction of pressure

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

tion, design, and full radiography requirements.

'

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

group classification is discussed in Section 5.1.3. The basic difference in

design requirements concerns stress limits and consideration of service level

C and D loading conditions. This topic is addressed in Section 5.1.4 of this

report.,

'
Full raciography requirements.for pressure vessels are discussed in

I Section 4.3 of Appendix A. The conclusion to be drawn is that, in general,

past full radiography requirements were dependent on material of construction,

' total plate thickness of the vessels, code cases invoked for design purpose,

and whether or not the vessel contained lethal radioactive substances.

Section VIII (1962) required that all joints whose material thickness exceeded'

l-1/2 inches be fully radiographed. All longitudinal and circumferential'

'
welded Joints with material thickness less than 1-1/2 inches should be fully

radiographed as described in Paragraphs UCS-57 VHA-33, and UCL-35 of

Reference 8. *

Presently classified Class 1 vessels were referred to as primary vessels

(containing radioactive lethal substances) when constructed to Section VIII

(1962) [8] and Code Case 1270N. All longitudinal and circumferential welded

Joints of primary vessels were fully radiographed when designed to Section

VIII [8] with Code Cases 1270N and 1273N invok'ed. Information :;egarding the;

radiography requirements imposed on drain cooler heat exchanger-tube side and

the pressurizer should be provided for review against current radiography

requirements (see Table 4-2 (a)) . A primary vessel (Code Case 1270N) designed

to Section VIII (1962) requirements with Code Case 1273N invoked would meet

current full radiography requirements.

Fatigue analysis was not required for vessels built according to Section

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

A -51-
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6 current fatigue analysis requirements. Discussion on current fatigue analysis

h requirements is provided in Section 5.4 of this report. For the pressurizer -

and drain cooler heat exchanger-tube side, the Licensee should provide the

j following:
, ,

-

e
'

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

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

| or

b. if the five conditions were not met, calculations showing compliance
with the current requirements for analysis for cyclic loading as.-

i described in Section NB-3222.4 of Reference 2.
11
;t
i Vessels built according to Section VIII [8] with Code Case 1270N invoked
a
i and formerly classified as secondary vessels (not containing radioactive
l

letha_ substances) are currently categorized as Class 2 and 3 vessels. Allj
longitudinal and circumferential welded joints of secondary vessels with

. material thickness exceeding 1-1/2 inches were fully radiographed when designed

] to Section VIII [8]. All longitudinal and circumferential welded joints with

' ,t material thickness less than 1-1/2 inches should be fully radiographed as

[ described in Paragraphs UCS-57, VHA-33, and UCL-35 of Reference 8.

:$
)

Information regarding the radiography requirements imposed on the all

.j Class 2 and 3 vessels should be provided for review against current
1

; radiography requirements.

I
!
1 5.3 PIPING
]

] In addition to the general requirements previously discussed, the follow-

ing items are considered in the design of Class 1 piping for fatigue stresses

y based on the current code [2] but were not considered or were considered
M

differently in the past code [7]:

4 o Gross discontinuities in the piping systems are accounted for
b

o Loading due to the thermal gradient through the thickness of the pipe
is consideredq

1
-; o Indices used in calculating secondary stresses are equal to or less
7 than twice the corresponding stress intensification factors in the

past code.
1

1 a -52-
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The last two items pose no problem as far as the structural integrity of the-

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

f When considering gross discontinuities of piping systems, two loading

y cases can prove to be potentially unconservative designs when evaluated to -

h current code requirements. Two examples are given in Section 4.2 of Appendix
|
t A in order to assess the potential problems of temperature loading for a large
f

number of cycles and temperature loading for a medium range number of cycles.,

F

f From Figure 7.2-1 of the FSAR [5], the drop in average reactor coolant

temperature is 29.3*F for 1004 to On power variation. Stress calculations for

the Haddam Neck plant that are similar to two examples given in Section 4.2 of

Appendix A for the Palisades plant [12) will indicate that no problem exists

for medium and large numbers of cyclic loads.

| Specific code cases invoked for piping systems designed to ASA B31.1
(1955) [7] should be specified in Table 4-1. This information is required in

order to perform a more comprehensive assessment of the piping systems.
I Discussion of code cases used in conjunction with ASA B31.1 (1955) is provided
4

5 in Section 4.2 of the appendix.~ In general, piping designed to ASA B31.1
h (1955) [7] with Code Case N-1 invoked had safety requirements imposed for
?

y loss of radioactive fluid. If Code .'ase N-7 (1) was invoked for piping made

from austenitic stiainless steel, full radiography requirements and allowable

} stress values up to a temperature of 650*F would meet current requirements.
! Code Case N-9 provided gu'idelines for centrifugally cast austenitic steel
h
j for nuclear service and required fully radiographed welded joints. Code Case

N-10( permitted the use of cast austenitic butt-welded fittings for-

nuclear service and required full radiography. Stress allowables for Code

Cases N-9 and N-10 meet current stress allowables for a temperature range up
to 650*F.

For Class 1 and 2 piping systems designed to ASA B31.1 (1955),

information on the radiography requirements imposed should be provided in
order to determine if the systems meet the current requirements.

[

j' l. Mechanical Engineering , August 1962 (Cod? Cases N-1, N-7) , December 1960
c and October 1964 (N-9), and April 1960 (N-10).
; i

8
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5.4 PUMPS
-

,

j Table 4-2(a) shows that Class 1 pumps (recirculation system pumps) were
i
j designed to ASME VIII [8]. Table 4-2(b) shows that Class 2 pumps were

designed to ASME VIII [8], except the containment spray system pumps, for

j which no design code was specified. Table 4-2 (c) shows that the turbine-
!

'

driven pumps were designed to ASA B31.1 (1955) [7]. It is noted that pump

j design is not covered under the piping code; therefore, clarification of this

j discrepancy should be provided by the Licensee. No information was provided
1

1 regarding design codes used for the remaining pumps listed in Table 4-2(c) .
4

.I The Licensee should provide additional design information with reference to
ij
- the current requirements imposed on these pumps.
,

Items to be reviewed regarding pumps are general requirements as discussed1

in Section 5.1 of this report and full radiography requirements discussed in
,

Section 5.2 of this report, and the fatigue analysis discussed herein.

Information on the radiography requirements imposed on the welds of Class 1

! and 2 pumps listed in Tables 4-2(a) and 4-2(b) should be provided and compared

J with current requirements given in Section 4.2 of Appendix A.

.i
The recirculation system pumps are currently classified as Class 1

[ pumps. Class 1 requirements specify fatigue analysis if a set of conditions
1

'

are not met (see NB-3222-4 (d) of Reference 2).
l.
q If any one of the following conditions is not met, the recirculation

1 system pumps should be analyzed for cyclic loads:

)j (1) Pressure Fluctuations: the specified full range of pressure

') fluctuations during normal service does not exceed:
,

a

j (1/3) (Design Pressure) (S /S )a m

d] where:
1

Sa = alternating stress from fatigue curves corresponding to the
j number of pressure fluctuations

I
j Sm = allowable stress intensity at the service temperature
1

l
f

.1
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(2) Atmospheric to Service Pressure Cycle
1

__

N21 N(3S )m
3

| where

N2 = the maximum number of atmospheric to service pressure cycles
$

N(3S )a number of cycles from design fatigue curve for Sa = 3Sm=

1_

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

[ 2 (Rt) (1/2) where R is the mean radius and t is the mean thickness
] between the two points:
;

i i S /(2Ea) (i = 1,2)AT a

where:'

<|

ATi = temperature differences between two adjacent points

i = 1: startup and shutdown

f i = 2: normal service
.

E = modulus of elasticity at mean temperature between points
a

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

:1 Sa = alt.ernat'.ng stress from design fatigue curve corresponding to
L the number of startups and shutdowns, N , and the number of

1
significant temperature difference fluctuations during normal

j service, N . A significant number of temperature fluctuations2
|| are greater than S/(2Ea) where S is the endurance limit, i.e.,

j the value of S from the fatigue curve at 106a cycles.
a

j (4) Temperature difference - dissimilar materials - see paragraph
|j NB-3222.4 (d) (4) of Reference 2
4
,!

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

h. The Licensee should provide the following:
?

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

!!
1
i
"
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il
M b. if the five conditions were not met, calculations showing compliance
3 with the current requirements for analysis for cyclic loading as

_

described in Section NB-3222.4 of Reference 2.
q

] Of the twelve pumps reviewed in this report, four were desigt'ed to ASME

l VIII. Information is needed on the pumps that were not designed to ASME B&PV *

3
i Code, in order to determine if they meet current standards: codes, code
o

j classes, editions, code cases, design calculations, and radiography
. requirements should be provided. Information on the radiography requirements
3

y imposed on Class 1 and 2 pumps should be provided in order to determine

whether they meet the current requirements.

3
i

1 5.5 VALVES
l

Ma]or differences between current requirements [2] and past requirements
[7] for valves are discussed in Section 4.5 of Appendix A.

.J

1 Class 1 valves designed in accordance with past requirements should be
:

3 adequate when judged by current standards except for:
3

| 1. fracture toughness requirements .

2

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

(2, 13]
,

1
'

.

3. stress limits for service level C might be satisfied
y
a

4. full radiography requirements (Class 1 and Class 2) . .;
1
'

The following recommendations should be followed in order to evaluate the
2

i adequacy of Class 1 valves (see Table 4-2 (a)) in the Haddam Neck plant:

d
Tj 1. See Table 5-1 for the fracture toughness requirements evaluation.
?

9 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

7 adequacy of the valve.

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

}) need not be investigated.

l

-
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1

) The following recommendation should be foIlowed in order to evaluate
4

-

Class 2 and 3 valves:j
|i

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

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

: current pressure-temperature rating [13] .
-

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

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

] is that, currently, full radiography is required for Class 1 and Class 2 welded

] joints, whereas it was not required in the past code (7]. However, Code Case

II
| N-1 in combination with codes cases N-7, N-9, or N-10 to Reference 7
1 required full radiography for circumferential and longitudinal welds. If these

code cases were applied, then current full radiography requirements are met.

Using Table 4-1, the Licensee should provide information indicating which code

cases were invoked.

5.6 STORAGE TANKS

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

designed to USAS B96.1 (1967) (14] for welded aluminum alloy field-erected
,

storage tanks should be evaluated to determine if the current design
'

requirements are met. Welded aluminum alloy tank shells are currently,

permitted for Class 3 storage tanks only. Shells designed to USAS D96.1

|. specifications may be overstressed by as much as 20% above the current

j allowables. Calculations and specifications for the demineralizer storage

] tank which is designed to USAS B96.1 (1967) and currently classified as a

J Class 3 storage tank should be provided to determine whether they meet current

; standards.
J
:, Information on codes, calculations, and specifications used for the
|

| design of the following tanks should be provided: refueling water storage

tank, boron injection tank, boron injection recirculation tank, and spraya

chemical storage tank.

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

, -57-

Jbbranklin Research CenterI

; o .m.n. ~ .~.
? - . .. _ . . - _ _ _ . . .. - - --. - - -



,_. , _ _ _ ~ ~ - == - wmammar w m s m - w w 3
a . .

1
i

n

TER-C5257-435

6. CONCLUSIONS AND RECOMMENDATIONS

$
~

j A comparison of the design standards in effect during the design and
construction of the Haddam Neck Plant against current standards indicates

-

] differences in the following areas: fracture toughness requirements,

quality assurance requirements, quality group classification, code stress

limits, full radiography requirements, and fatigue analysis of Class 1 piping
j systems, pressura vessels, and pumps.

s

4
Although the requirements for code stress limits and fatigue analysis of

2 piping systems have changed throughout the historical development of the
1

| current code, the changes in these areas have not significantly affected the

y safety functions of the systems and components reviewed in this report. In
'

many instances, information provided by the Licensee in the table of quality
group classification of systems and components and the FSAR is not sufficient,

. or clear enough to enable FRC to make a proper judgment on the safety functions
!

j 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
r

; changed requirements of the current code [2] on the safety functions of the
J

systems and corponents reviewed in this report.,

j A summary of conclusions and recommendations is as follows:

f 1. Fracture toughness - Eighty-seven items in Table 5-1 were reviewed to

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

o Thirty-six items (41%) do not require impact testing
j o Material used was not specified for 39 components (45%)
4

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

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

i

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

3
f

f
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primary vessels (Code Case 1270N) and for which Code Case 1273N was
not invoked. Information on the radiography requirements imposed onj
Class 2 and 3 vessels for which Code Case 1273N was not invoked andj with welded joint thicknesses less than 1-1/2 in should be provided. _

Piping systems designed to ASA B31.1 [7] and Code Case N-1, in!

j combination with Code Cases N-7, N-9, and N-10, meet current full
; radiography requirements. Information on the radiography
( requirements imposed on Class 1 and 2 piping and valves designed onlyj

to ASA B31.1 (1955) should be provided in order to determine if thesej components meet current radiography requirements. Information on theg radiography requirements imposed on Class 1 and 2 pumps should be
provided in order to determine whether the pumps meet current
radiography requirements. Tables 4-2 (a) , (b) , and (c) should be used

{ in providing the required information.

3. Pressure vessels - Information regarding the radiography requirements
s

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

4. Piping - In addition to the impact testing and full radiographyg

requirements previously di2 cussed, information on the code cases
invoked for the piping system designed to ASA B31.1 (1955) [7] should
be provided.

.

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

l order to evaluate if they meet current body shape and pressure-
temperature rating requirements as discussed in Section 5.5 of this

] report.

y 6. Pumps - Of the 12 pumps reviewed in this report, four were designed
) to Section VIII of the ASME B&PV Code. Information is needed on thel eight remaining pumps in order to evaluate if the current

requirements are met. Codes, code classes, editions, codes cases,j design calculations, and radiography requirements should be provided''

for these pumps in the Haddam Neck plant. Proof of compliance with
current fatigue analysis requirements, as discussed in Section 5.4 of
tnis report, for current Class 1 pumps (the recirculation system

; pumps) should be provided. Information on the radiography
requirements imposed on Class 1 and 2 pumps should be provided.

-

! 7. Storage tanks - (i) Calculations and specifications for thel demineralizer storage tank designed to USAS B96.1 (1967) [14] shouldd

be proviced in order to determine whether they meet current standards;

a?C32,'

'
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(ii) information on codes, calculations, and specifications for the
four remaining tanks reviewed in this report should be provided in

-

3

- order to determine if they meet current standards.

8. Missing information - The.following information, which is incomplete -

or missing from Table 4-1 or Tables 4-2 (a) , (b), and (c) of this
report, should be provided:

g" i. Information on codes, class, and code cases used in the design
of 56 out of 114 components (Table 4-2)

{ ii. Any specifications or calculations used in designing pumps,
valves, and tanks that may assist in conducting this evaluation

i

111. Confirmation of assumptions made regarding code editions (Table
4-1)a

!
iv. Clarification or additional information on notes 3, 4, 6, and 7

{ in Table 4-1.

(
-

3
h
1
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1. INTRODUCTION

|' The purpose of this appendix is to compare the code currently used in the
design, fabrication, erection, and testing of systems and components for

__

* nuclear power plants against the codes and standards used in the design of
I
; plants being reviewed under the Systematic Evaluation Program (SEP) . The

_

-

: current code is the American Society of Mechanical Engineers' Boiler and
$
g Pressure Vessel Code (B&PV) , Section III, 1977 Edition as supplemented by the

Sununer 1978 Addenda (1, 2] . The three major older codes being compared
9

; against the current code are the B&PV Code, Section VIII,1962 Edition (3) for

j vessels and the " Code for Pressure Piping," American Standard Association

, B31.1, 1955 Edition (4] and/or the B&PV Code, Section I, 1962 Edition [5] for
piping.

Table Al-1 groups the SEP plants according to the major codes used to
design them. In order to take advantage of the similarities in each group,
this appendix applies only to the Group II plants: Lacrosse, San Onofre, and

Haddam Necx plants.

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

discussed in Section 4.

The scope of this comparison is limited to quality classification of

systems and components as discussed in Regulatory Guide 1.26 [6] and Section,

3.2.2 of the Standard Review Plan (7] . The reactor vessel, steam generators,,

o

p and supports are outside the scope of this appendix, as is the seismic
f classification of systems and components. All these subjects are addressed in

it
i

p 1. Together with Code Cases 1270N, 1271N, 1272N, and 1273N for vessels and/or
! Code Cases N-1, N-2, N-4, N-7, N-9, N-10, N-ll, and N-12 for piping , when
h invoked.
b

r
!
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-

h
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other SEP topics. Quality assurance has . .:o been determined to be outside

l the scope of this comparison, but has been included for informational purposes

only. (2)

4

-

-
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2. Letter from S. Bajwa to S. Carfagno dated December 10, 1981.
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Table Al-1

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

_

! Commercial
I Plant Operation Major Codes

|
~

i Group I (1969-1971)
!
?

L Palisades Dec. 1971 1. ASME III (1965)

| Millstone 1 March 1971 2. ASA B31.1 (1955)
j and Code Cases
I

; Ginna July 1970 3. ASME VIII (1965)
2 and Code Cases
i
j Dresden 2 July 1970 4. ASME I (1965)

(Oyster Creek,>

_ Millstone 1,

Dresden 2)
Oyster Creek Dec. 1969

,

Group II (1969)

Lacrosse Nov. 1969 1. ASME I & VIII (1962)
and Code Cases
1270N, 1271N, 1272N,
1273N, 1273N 4,
1274N, ar.d 1275N

.

P San Onofre Jan. 1968 2. ASA B31.1 (1955)
and Code Cases N-1,
N-2, N-4, N-7, N-9,
N-10, N-ll, and N-12

Haddam Neck Jan. 1968
,

L
,

( Group III (1961-1963)

|

Big Rock Point March 1963 1. ASME I & VIII (1959)
and Code Cases

1

2. ASA B31.1 (1955)i

L and Code Cases
'

Yankee Rowe July 1961 1. ASME I & VIII (1956)
and Code Cases

P

I 2. ASA B31.1 (1955)
and Code Cases

4 A-3
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) 2. SUMMARY OF RESULTS OF CODE CDMPARISON

I
) 2.1 GENERAL
1

| The current code requirements for the construction of nuclear power plant -

1
i components (1) are outlined in Table A2-1. For each' article or subarticle,

the applicability to Code Class 1, 2, or 3, corresponding to Quality Class A,
_

j B, or C, respectively, is noted. Requirements considered especially signifi-

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

in the "Significant" column. The basis for selecting significant items is

1 discussed in Section 5 of this appendix.

t

$
i 2.2 PIPING

1 Table A2-2 presents a comparison of tne current and past code requirements
i for the materials, design, fabrication, examination, and testing of piping
;

systems and components for nuclear power plants. The past codes for piping are
the B31.1 (1955) power piping code and Section I of ASME B&PV Code (1962) [5],
" Power Boiler s," for piping between the reactor vessel up to and including theJ

valve or valves required by ASME I. A comparison of significant past and
4

;

current piping requirements may be found in Sections 4.1 and 4.2 of thisi

! appendix.

.1

1 2.3 PRESSURE VESSELSj . .

-

Table A2-3 compares the current code [1] requirements for the materials,
s

i design, fabrication, examination, and testing of pressure vessels for nuclear
] power plants against ASME B&VP Code Section VIII (1962) [3]. -

;

4

! A ccuparison of significant past and current pressure vessel requirements
i
3 may be found in Section 4.3 of this appendix.
l
l 2.4 PUMPS

See Section 4.4 of this appendix.

1

1

j

:

i

,
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2.5 VALVES
a

See Section 4.5 of this appendix.

A
_

2.6 HEAT EXCHANGERS
k

j Ileat exchangers were usually designed to the ASME Boiler and Pressure

l. Vessel Code, Section VIII ~[3], which is discussed in Sections 2.3 and 4.3 of -
~

| this appendix, and possibly to the Standards of the Tubular Exchanger

Manufacturers Association (TEMA) , 1959 Edition (8]. Discussions regarding
.,1
'

TEMA may be found in-Section 4.6 of this appendix.,:

]
-

2.7 S'IORAGE TANKS

Storage tanks that must withstand pressures above atmospheric may have

.i been designed to the ASME Boiler and Pressure Vessel Code, Section VIII,1962

Edition (3), which is discussed in Sections 2.3 and 4.3 of this appendix.,

:

Aluminum tanks might have been designed to " USA Standard Specification for'

Welded Aluminum-Alloy Field-Erected Storage Tanks," USAS B96.1-1967 [9] ..

Storage tanks were also designed to the American Petroleum Institute (API)

Standard 650 [10], 1964 Edition. USAS B96.1 and API-650 are discussed in

! Section 4.7 of this appendix.
,j .

I
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Table A2-1

gl Current Co:le Requirements ille
.

<=,

Dh Article *

[g or Class Class Class Signi-
gg; Subarticle Description 1 2 3 ficant Remarks
1:3

N NA-1000 SCOPF. OF SECTION III A A A -

S8 ;
'

NA-2000 CLASSIFICATION OF COMPONENTS A A A A-

Y
kh NA-3000 RESPONSIBILITIES AND DUTIES A A A -

-E
=
' NA-4000 QUALITY ASSUdANCE '

NA-4100 Quality Assurance Requirements A A NA A
J

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

Inspection Agencies and Inspectors
NA-5200 Duties of Inspectors A A A A i

y NA-6000 QUALITY CONTROL SYSTEMS FOR CLASS 3 jm CONSTRUCTION
j

NA-6100 General Requirements NA NA A A
;NA-6200 Organization and Responsibilities NA NA A A

NA-6300 Control of Operations NA NA A A
:j

1

NA-6400 Records and Forms NA NA A A
f,

NA-8000 CERTIFICATES OF AUTHORIZATION, A A A -

fNAMEPLATES, STAMPING, AND REPORTS

1000 INTRODUCTION
1100 Scope A A A A

$}
2000 MATERIAL
2100 General A A A A

,

2200 Material Test Coupons and SpecimenJ A A A -
$
1

for Ferritic Steel Materials
_fa

$
iA Addressed in the Code for the specified class or considered significant for this review. '

|- Not considered significant for this review.
O Outside the scope of this review. }

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

Article number in current Code will be preceded by N8 for Class I component, NC for Class 2 component, and ND for -

Class 3 component.

3
.

4
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Table A2-1 (Cont.)

Article *

a 5- or class class class Signi-
g Subarticle Description 1 2 3 ficant Remarks
+

fII 2300 Fracture Toughness Requirement . A A A A

g' 9-
for Material2

O 2400 Welding and Brazing A A A A

h$ 2500 Examination and Repair of Pressure A A A -

t; Retaining Materials
s

2600 Material k nufacturers' Quality A A A A *

System Program
2700 Dimensional Standard A A A -

3000 DESIGN
3100 General A A A A I

3200 Design by Analysis (C1. 1)3 Alternate A A NA A '

p Design Rules for vessels (C1. 2)
I 3300 Vessel Design A A A A"

3400 Pump Design A A A A
3500 valve Design A A A A
3600 Piping Design A A A A
3700 Electrical and Mechanical Penetration HA 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 INSTALLATIOt4
4100 General A A A -

4200 Forming, Fitting, and Aligning A A A -

4300 Wlding Qualifications A A A A
4400 Rules Governing Making, Examining, A A A -

and Repairing Welds
4500 Brazing A A A -

4600 Heat Treatment A A A -

i i
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E' Table A2-1 (Cont.. )Dm *

Fg / Articie.
kE dor Class Class Class Signi-

Subarticle Description 1 2 3 ficant Remarks

a@s 4700 Mechanical Joints A A A - ih ,

4800 Expansion Joints NA A A -

s'n
gg 5000 EXAMINATION

E 5100 General Requirements A A A A' *

5200 Required Examination of Welds A A A A
(Cl.1) 3 Examination of Welds
(C1. 2 and C1. 3)

5300 Acceptance Standard A A A A
;

"45400 Final Examination of Items (C1. 1): A NA A A ESpot Examination of Welded Joints *

(C1. 3) $
5500 Qualifications of Nondestructive A A A AI Examination Personnel

O 5600 NA NA NA -

5700 Examination Requirement of NA A A -

Expansion Joints

f,6000 TESTING
A6100 General A A A -

6200 laydrostatic A A A - f
6300 Pneumatic A A A -

6400 Pressure Test Gages A A A -

6500 Atmospheric and 0-15 psig NA A A -

Storage Tanks
6600 Ilydrostatic Testing of Vessels NA A NA -

_

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

Designed to NC-3200
6000
6900 Proof Tests to Establish NA A A -

Design Pressure

.

O

o 1,

) 'I
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e ih Table A2-1 (Cont.) ft,, 3

%E r

gy Article *

p:0 or Class Class Class Signi-

[d
Subarticle Description 1 2 3 ficant Remarks

R *

9 s
4- 7000 PROTECTION AGAINST OVERPRESSURE
=A 7100 General A A A - *

,.

1$$ 7200 Definitions Applicable to A A A - f4 Overpressure Protection Devices
7300 Overpressure Protection Report A A NA - q

q
(C1. 1): Analysis (C1. 2)

7400 Relieving Capacity Requirements A A A - 1and Acceptable Types of
'u

Overpressure Protection Devices
y7500 Set Pressures of Pressure Relief A A A -

bDevices '

k:p 7600 Operating Design Requirements for A A A -

1 Pressure Relief Valves
7700 Requirements for Nonreclosing A A A -

Pressure Helief Devices
7800 Certification Requirements A A A - p7900 Marking, Stamping, and Reports A A A - (
8000 NAMEPLATES, STAMPING, AND REPORTS
8100 General A A A -

[t.

'

MANDATORY APPENDICES

I Design Stress Intensity Values, A A A A
Allowable Stresses, Material

Properties, and Design Fatigue
Curves

.

II Experimental Stresa Analysis A A A -

III Basis for Establishing Design A A A A
Stress Intensity Values and
Allowable Stress Values

..

)
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2 30 Article *

?M or Class Class Class Signi- i

f% Subarticle Description *
1 2 3 ficant HERJrksh7 4

||? IV Approval of New Haterials Under A A A -
(

83 the ASME Boiler and Pressure Vessel [
N i

Code for Section III Application
V Certificate liolder's Data Heport A A A -

Forms and Application Forms for ,

certificates of Authorization for -

Use of Code Symbol Stamps
VI Rounded Indications Charts A A A -

-

VII Charts for Determining Shell A A A -

Thickness of Cylindrical and ;

T Spherical Components Under
(; External Pressure ,

XI Rules for Bolted Flange NA A A -

Connections for Class 2 and 3
Components and Class HC Vessels

IXII Design Considerations for Bolted A A A A sFlange Connections g
~

XIII Design Based on Stress Analysis NA A NA -

for Vessels Designed in Accordance
with NC-3200

.

XIV Design Based on Fatigue Analysis NA A NA -

for Vessels Designed in Accordance ,,

with NC-3200 -'
XVI Nondestructive Examination A A A O

Methods Applicable to Core
Support Structures ,

'

XVII Design of Linear Type Supports by A A A O
Linear Elastic and Plastic Analysis

,-

*
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I.gg Table A2-1 (Cont.) a
#

Article *

or
~

Class Class Class Signi-Subarticle Description 1 2 3 ficant Rem rks

6"M4ANDATORY APPENDICES
A A NA NA -

''B Owner's Design Specification A A A -
,

p C Certificate Holder's Stress Report A NA NA -

[ D Nonmandatory Preheat Procedures A A A -P E Minimum Bolt Cross-Sectional Area A NA NA -

F Rules for Evaluation of Level D A A A AService Limits
G Protection Against Nonductile Failure A A A A

*

H Capacity Conversions for Class 3 NA NA A -

Safety Valves
J Owner's Design Specifications for A NA NA OCore Support Structure
K Recommended Maximum Deviations and A A A O

.-

Tolerances for Component Supports

;
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~

,

|g; Comparison of B31.1 (1955) 84] Aqsinat ASME Section III (1977) [1] (-

,

{cto ,

N Article * - Corresponding
i' N ''

or Cliass C1ssa Class Signi- Article in'

f$ SuteritcIe C- _ ' Descr1Ltion 1 2 3 ficant 831.1 (1955) Remarka.

7,- y _ 1
,

5h NA-1000 SCOPE OY SECTION III A A A - -
*

'

e1
. .

Nat Addressed' \
e4 .

A A A - ;A fNA-2000 C,LASSIFICATION OF COMPCNENTS'

Y
'

8
NA-3000 RESPONSIBILITIEd AND Ctf?IES A A A-

.
-

.

i]j
'

NA-4000 QUALITY ASSUR7NCE , /
' = j

NA-4100 Quality Assurance Requirements A A NA A Not Addressed j

NA-5000 INSPECTION -

'

NA-5100 General Requirements for Authorized A A A 'A Not Addressed
y Inspection Agencies and Inspectors

NA-5200 Duties of Inspectors- A A A A Not Addressed ,

' '
NA-6000 QUALITY CONTHOL SYSTEMS WR CLASS 3 <

CONSTHDCTION h
NA-6100 General Requirement,s NA ;MA A A Not Addressed

.
,

NA-620n Organization and' Responsibilities NA NA A A Not Addressed b
NA-6300 sControl of Operations NA 'MA A A Not Addressed :

NA-6400 kecords and Forms NA NA A A Not Addressed

NA-8000 CERTIFICATES,OF' AUTHORIZATION, A A A - -

-NAMEPLATES, STAMPING, AND REPORTS ,

N

f

,,

3
A Addressed in the Code for the specified class or considered significant for this review.

'

- Not. considered significant for this review. !

O Outside the scope of this review.
NA Not applicable to this review or not addressed in the Code for the specified class. $

* Article number in current Code will be preceded by Nu for Class 1 component, NC for Class 2 component, and ND for |
Class 3 co9ponent. - '

. $

i, .
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Table A2-2 (Cont.)
C o '

Article * Corresponding F;
or Class class Class Signi- Article in :p:o

3,0 Subarticle Description 1 2 3 ficant B31.1 (1955) Remarks j
o

g <=
,

f*

=9 1000 INTHODUCTION T
In 1100 Scope A A A A 201, Table 2a, J
$$ Note 2 A9

4
2000 MATERIAL
2100 General A A A A 105, Table 1 See Sect. 6

Sect. 7
2200 Material Test Coupons and Specimens A A - -..

*

for Ferritic Steel Materials .

2300 Fracture Toughness Requirement A A A A Not Addressed
,

for Material ' *

> 2400 Neldin3 and Brazing A A A A Sect. 6: Chapter -

h 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 Progra:n \

2700 Dimensional Standard A A A - -

3000 DESIGN
3100 General A A A A Not Addressed [
3200 Design by Analysis (C1. 1): Alternate A A NA A NA ~*

Design Rules for Vessels (C1. 2)
,

3300 Vessel Design A A A A NA
3400 Pump Design A A A A NA g, .
3500 Valve Design A A A A 107,108,124, *

129,134,139 y
3600 Piping Design A A A A Sect. 1
3700 Electrical and Mechanical Penetration NA A A A NA b

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

{"J 'Design
t..
(_
it
-

G '. .t
?.
e.

+ . 't.,
I

$'
* 1 o

- ,
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$5
3E Article * Corresponding

or Class Class Class Signi- Article in
Subarticle Description 1 2 3 ficant B31.1 (1955) Remarks

.,

t
5

ih *
4000 FABRICATION AND INSTALI.ATION Sect. 6

f 4100 General A A A Not Addressed

f{n
-

@ 4200 Forming, Fitting,.and Aligning A A A - -
,,

4300 Welding Qualifications A A A Appendix A to f-

,

sect. 6
4400 Rules Governing Making, Examining, A A A - -

and Repairing Welds
4500 Brazing A A A

.

- - q
4600 lieat Treatment A A A - - }4700 Hechanical Joints A A A - Chapter 2 of.

Sect. 6 'l
> 4800 Expansion Joints NA A A - Not Addressed
i

H
4- 5000 EXAMINATION

-

$100 General Requirements A A A A Not Addressed
$200 Required Examination of Welds A A A A Not Addressed

(CL.1); Examination of Welds

(C1. 2 and C1. 3)
5300 Acceptance Standard A A A A Not Addressed
5400 Final Examination of Items (C1. 1)3 A NA A A Not Addressed

Spot Examination of Welded Joints
(CL. 3) ||

5500 Qualifications of Hondestructive A A A A Not Addressed
Examination Personnel

5600 NA NA NA - -

5700 Examination Requirements of NA A A - -
.

Expansion Joints C

6000 TESTING
6100 General A ^A A - -

6200 ilydrostatic A A A - -

6300 Pneumatic A A A - -

.

. ; - J

4
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.>n Taole A2-2 (Cont.)
k

Article *
Corresponding

or Class Class Class Signi- Article ino subarticle Description 1 2 3 ficant B31.1 (1955) Renacks (g;l,, I $
k 6400 Pressure Test Gages YA A A - -

h
.

9 6500 Atmospheric and 0-15 pelg NA A A - -

p'gn Storage Tanks

$$ 6600 Hydrostatic Testing of Vessels MA A NA - -
p

4 Designed to NC-3200 f6700 Pneu:aatic Testing of Vessels NA A NA - -

-

Designed to NC-3200
6800 . t=

- f6900 Proof Tests to Establish NA A A - NA
-Design Pressure

'

7000 PHOTECTION AGAINST OVERPRESSURE
.

y 7100 General A A A - NAe 7200 Definitions Applicable to A A A - NA g*
Overpressure Protection Devices e,

7300 Overpressure Protection Report A A NA -
MA. [

.

G
(C1. 1) Analysis (C1. 2)

7400 Relieving Capacity Requirements A A A - NA
7

and Acceptable Types of If
Overpressure Protection Devices fy

(47500 Set Pressures of Pressure Relief A A A - NA WDevices
7600 Operating Design Requirements for A A A - NA $

b
Pressure Relief Valves

7700 Requirements for Nonteclosing A A A - NA W
Pressure Relief Devices p

7800 Certification Requirements A A A - NA N
b:'

7900 Marking, Stamping, and Reports A A A - NA *
v .,(8000 NAMEPLATES, STAMPING, AND REPORTS ['

8100 General 6cA A A -
.

P
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g Table A2-2 (Cont.)
g

>n Article * Correspondingh or Class class Class Signi- Article ingg Subarticle Description 1 2 3 ficant B31.1 (1955) Remarks9. 3

N MANDATORY APPENDICES
1

}

h*k jI Design Stress Intensity Values, A A A A Tables 1 and 2, i
*

f Allowable Stresses, Material Sect. I lh Properties, and Design Fatigue
e $~G Curves ;
' 4

II Experimental Stress Analysis A A A - -

III Basis for Establishing Design A A A A Not Addressed
Stress Intensity Values and
Allowable Stress Values |

IV Approval of New Materials Under A A A - -

fthe ASME Boiler and Pressure Vessel "
.

code for Section III Application '

;

y Certificate Holder's Data Report A A A - -
V

1 Forms and Application Forms for
$ Certificates of Authorization for ,

Use of Code Symbol Stamps
VI Hounded Indications Charts A A A - -

VII Charts for Determining Shell A A A - 122Thickness of Cylindrical and
ISpherical Components Under

External Pressure
.

XI Hules for Bolted Flange NA A A - 106.111,138,,

Connections for Class 2 and 3 145Components and Class MC Vessels [
XII Desipa Considerations for Bolted A A A A -

Flange Connections
XIII Design Based on Stress Analysis NA A NA - Not Addressedfor Vessels Designed in Accordance

with NC-3200
XIV Design Based on Fatigue Analysis NA A NA - NAfor vessels Designed in Accordance

with NC-3200

.
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.

- _ _ _ _ - _ _ _ _ _ - _



, ~ - . --. , , - ~ . .. .n ,~ .- ,,--.,,....n.......~- . .

1
-

$
1
?

.

E's .
i

E5' .

> ~T1

en ,

3I?; -

as
# 22
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D

'h Article *
*

Corresponding ,j
Class Class Class Signi- Article in dy

3 () or

$$ Subarticle Description 1 2 3 ficant B31.1 (1955) Remarks k
,If!!

XVI Hondestructive Examination A A A O NA g
E[iMethods Applicable to Core

.Support Struct*ures
XVII Design of Linear Type Supports by A A A O NA

Linear Elastic and Plastic Analysis .

,,
'|

JNONMANDATORY APPENDICES .

A A NA NA - -

{
P B Owner's Design Specification A A A - - p

C Certificate Holder's Stress Report A NA NA - - f"

D Nonmandatory Preheat Procedures A A A - - [?e-
E Minimum Bolt Cross-Sectional Area A NA NA - - 4

8'
F Rules for Evaluation of Level D A A A A

Service Limits .

11 Capacity Conversions for Class 3 NA NA A - - {|
G Protection Against Nonductile Failure A A A A

Safety Valves [,

J Owner's Design Specifications for A NA NA O NA F.

CCore Support Structure
K Recommended Maximum Deviations and A A A O NA :

t
Tolerances for Component Supports [.,

E

lh
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Table A2-3

;
Comparison of ASME VIII (1962) [3] with ASME III (1977) [1]

>npg j Article * *

{{ Correspondingor Class Class Class Signi- Article in
c

a 5' Subarticle Description 1 2 3 ficant ASME VIII (1962) Remarks 9
)N

~g NA-1000 SCOPE OF SECTION III A A A -

fgit *

[ NA-2000 CLASSIFICATION OF COMPONENTS A A A A NA s

hc p, NA-3000 RESIONSIBILITIES AND DUTIES A A A -

h.

e

NA-4000 QUALITY ASSURANCE 4

N A-4100 Quality Assurance Requirements A A NA A NA

NA-5000 INSPECTION
NA-5100 General Requirements for Authorized A A A A UG-90 *

Inspection Agencies and Inspectors qNA-5 200 Duties of Inspectors A A A A UG-90(c) s UG-93:P

b
NA-6000 QUALITY CONTROL SYSTEMS FOR CLASS 3*

CONSTRUCTION
NA-6100 General Requirements NA NA A A NA

j
NA-6200 Organization and Responsibilities NA NA A A NANA-6300 Control of Operations MA NA A A NANA-6400 Records and Forms NA NA A A NA

NA-8000 CERTIFICATES OF AUTHORIZATION, A A A - UG-115 through
f

NAMEPLATES, STAMPING, AND REPORTS '

UG-120
1000 INTRODUCTION
1100 Scope .

A A A A U-1
.*

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

O Outside the scope of this review.
NA Not applicable to this review or not addressed in the Code for the specified class.*

Article number in current Code will be neeceded by NB for Class 1 component, NC for Class 2 componentClass 3 component. , and ND for

g

1
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Article *

gg or CorrespondingClass Class Class Signi- Article inn. 5- Subarticle Description 1 2 3 ficant ASME VIII (1962) Remark sN
g 2000 MATERIAL
3R 2100 General A A A A UG-5

*

Sr 2200 Material Test Coupons and Specimens A A A -
! gQ for Ferritic Steel Materials
{ .R 2300 Fracture Tbughness Requirement A A A A UG-844 for Materiala

j 2400 Welding and Brazing A A A A UW & US2500 Examination and Repair of Pressure A A A -

Retaining Materials
2600 Material Manufacturers' Quality A A A A UG-93System Program
2700 Dimensional Standard A A A - *

y 3000 DESIGN
P 3100 General.* A A A A NA3200 Design by Analysis (C1. 1)p Alternate A A NA ADesign Rules for Vessels (C1. 2)

3300 Vessel Design A A A A UW-8, UF-12,
3400 Pump Design UG-16 through UG-55

A A A A NA3500 Valve Design A A A A NA3600 Piping Design A A A A NA3700 Electrical and Mechanical Penetration NA A A A NAAssen.blies
3B00 Design of Atmospheric Storage Tanks NA A A A NA3900 0-15 psi (0-103 kPa) Storage Tank NA A A A NADesign

4000 FABRICATION AND INSTALLATION
4100 General A A A A UG-754200 Forming, Fitting, and Aligning A A A4300 Welding Qualifications

-

A A A A UW-28, UW-294400 Rules Governing Making, Examining, A A A - ,

and Repairing Welds
4500 Brazing A A A4600 Heat Treatment

-

A A A -

.

h
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Article * Corresponding
or Class Class Class Signi- Article inm

J Subarticle Description 1 2 3 ficant ASMS VIII (1962) Remarks

|N
th 4700 Mechanical Joints A A A - UR-19

i 4800 Expansion Joints NA A A - NA

I{n 5000 EXAMINATION
5100 General Requirements A A A A UG-90 '

5200 Required Fxamination of Welds A A A A W-46
3

(C1. 1): Examination of Welds
(C1. 2 and C1. 3)

5300 Acceptance Standard A A A A W-51 (m)
3 5400 Final Examination of Items A NA A A UG-99 (g) , W-5 0 UG-99 (g) requires

(C1. 1): Spot Examination of inspection after

> Welded Joints (C1. 3) hydrostatic but does

[ not specify liquid

o penetrant or
magnetic particle
inspection: W-5 0
requires LPE or
magnetic particle

| inspection before *

pneumatic testing.
UG-91 gives
requirements for
qualification of
inspectors, but not
NDB personnel

5500 Qualifications of Nondestructive A A A A NA

Examination Personnel

5600 NA NA NA - -

5700 Examination Requirements of NA A A - -

Expansion Joints

6000 TESTING
6100 General A A A -

6200 Hydrostatic A A A -

6300 Pneumatic A A A -
,

'
9 |
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Table A2-3 (Cont.)

m. .

fk Article * Corresponding
= or Class Class Class Signi- Article in* *

[@ Subarticle Description 1 2 3 ficant ASME VIII (1962) Remarks
Ep
-R
Q 6400 Pressure Test Gages A A A -

6500 Atmospheric ard 0-15 psig NA A A -

~

Storage Tanks
6600 Hydrostatic Testing of Vessels NA A NA -

Designed to NC-3200

6800 Pneumatic Testing of Vessels HA A NA -

Designed to NC-3200
6800 ,

> 6900 Proof Tests to Establish NA A A A UG-101

b Design Pressure
H

7000 PR0frECTION AGAINST OVERPRESSURE
7100 General A A A -

7200 Definitions Applicable to A A A -

Overpressure Protectlon Devices

7300 Overpressure Protection Report A A NA -

(C1. 1): Analysis (C1. 2)

7400 Relieving Capacity Requirements A A A -

and Acceptable Types of
Overpressure Protection Devices

7500 Set Pressures of Pressure Relief A A A -

Devices
7600 Operating Design Requirements for A A A -

Pressure Relief Valves
7700 Requirements for Nonreclosing A A A -

Pressure Relief Devices

7800 Certification Requirements A A A -

7900 Harking, Stamping, and Reports A A A -

8000 NAMEPLATES, STAMPING, AND REPORTS
8100 General A A A -

I

,
. .

I
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Table A2-3 (Cont.)
56
13 <

}Q
)0 Corresponding [Article * .

,H Class Class Class Signi- Article in ij or

th Suba r ticle Description - 1 2 3 ficant ASME VIII (1962) Remarks

ho
5$ MANDATORY APPENDICES h,

4 <

I Design Stress Intensity values, A A A A Subsection C Fatigue Curves
Allowable Stresses, Material not included in -

Properties, and Design Fatigue Sect. VIII

Curves
II Experimental Stress Analysis A A A -

III Basis for Establishing Design A A A A Appendices PEQ
'

Stress Intensity Values and
Allowable Stress Valuesp

[ IV Approval of New Materials Under A A A - j
Jw the ASME Boiler and Pressure Vessel

Code for Section III Application

V Certificate" Holder's Dath Report A A A -

Forms and Application Forms for

certificates of Authorization for i

Use of Code Symbol Stamps ]
VI Rounded Indications Charts A A A -

VII Charts for Determining Shell A A A - UG-28 6 Appendix v

Thickness of cylindrical and
Spherical Components Under
External Pressure - *

,

XI Rules for Bolted Flange NA A A - Appendix II

Connections for Class 2 and 3
Components and Class MC Vessels j

XII Design Considerations for Bolted A A A A NA

Flange Connections ,

,

XIII Design Based on Stress Analysis HA A NA -

for Vessels Designed in Accordance j

'fwith NC-3200
XIV Design Based on Fatigue Analysis NA A NA -

for Vessels Designed in Accordance 7
with NC-3200 :

J
?

'

;

;

b.
'
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a Q. :-
y~ *1O j-f jgj Article * Corresponding p';

'

y or Class Class Class Signi- Article in I;',

Subarticle Description 1 2 3 ficant ASME VIII (1962) Remarks J

r~ i
XVI Nondestructive Examination A A A O

{j ].
X

Hethods Applicable to Core c

{[
Support Structures

XVII Design of Linear Type Supports by A A A O
,

Linear Elastic and Plastic Analysis p
> Db NOtetANDA10RY APPENDICES K

h.I
W

A A NA NA - b
B Owner's Design Specification A A A - V.
C Certificate lloider's Stress Report A NA NA - D
D Nonmandatory Preheat Procedures A A A - M

*
E Minimum Bolt Cross-Section Area A NA NA - d4
F Rules for Evaluation of Level D A A A A NA - .

"

Service Limits I [j
G Protection Against Nonductile Failure A A A A NA
11 Capacity Conversions for Class 3 NA NA A - [l

6
I

Safety Valves [1,
J Owner's Design Specifications for A ~ NA NA O p_

Core Support Structure
f_'i,

K Recommended Maximum Deviations and A A A O R
Tolerances for Component Supports g

bo
55
p

i' a
it
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3. CONCLUSIONS AND RECOMMENDATIONS
1

Nuclear components and systems for SEP " Group II" plants may have been
designed in accordance with the following codes (1) ~

i
1. ASME I (1962) - piping and valves

j 2. ASME VIII (1962, 1974) - vessels
j 3. ASME III (1963) - vessels' ~

! 4. B31.1 (1955) - piping and valves
9 5. TEMA (1959) - heat exchangersi 6. ASA B16.5 (1961, 1953) - steel pipe flanges and flanged fittings
) 7. Hydraulic Institute Standards (1965) - pumps
1 8. USAS B96.1 (1967) - aluminum field erected storage tanks
!d 9. API 650 (1964) - welded steel tanks for oil storage
q 10. B16.10 (1957) - valves and B16.9 (1958) - fittings
1 11. USAS B31.1 (1967) , ANSI B31.1 (1973), USAS B31.7 (1968 Draf t),
d Draft ASME Code for Pumps and Valves for Nuclear Power (1968).
[
q Current requirements are contained in the following:

i 12. ASME III (1977) - Div. 1 nuclear components
i 13 . ANSI B16.34 (1977) - steel valves.

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

;

g past codes and evaluated against current requirements:
! 1. Components currently classified as Class 3 would satisfy basic current

]j
requirements, except for full radiography requirements for welded
vessel joints less than 1-1/2 in thick for some materials as noted in

; Section 4.3 of this appendix.

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

; 3. Piping currently classified as Class 1 satisfies current requirements
i except possibly high cycle fatigue, fracture toughness, and full

radiography requirements. Piping currently classified as Class 2 may'

not satisfy current fracture toughness and full radiography
; requirements.

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

a 5. Vessels previously classified as " primary vessels" by Code Case 1270N
j would currently be categorized as Class 1 vessels. Vessels
4 previously classified as " secondary vessels" by Code Case 1270N may
] currently be regarded as Class 2 or Class 3 vessels.

I

k
i

j 1. Modified for nuclear components by code cases for vessels and piping when |

j invoked.
x

j As A-24

) branklin Research Center~ an.n - , |.
..
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i The following is recommended:
5
l
j 1. Component materials should be evaluated for fracture toughness as

described in Section 4.1.1 of this appendix.>

i
;

_

| 2. Standard class rated valves should be carefully checked against

current pressure-temperature ratings.
,

#

3. Atmospheric and 0 to 15 psig storage tanks should be carefully _

'

reviewed against current requirements.

4. Unless Code Case N-1 together with either N-2, N-7, N-9, or N-10 has
been invoked when designing to B31.1 requirements, Class 1 and 2

[ piping should be checked to see if full radiography of welded joints
was specified.

I 5. Past full radiography past requirements for Class 2 and Class 3

1 welded vessel joints less than 1 1/2 in thick should be reviewed in
'

light of Section 4.3 of this appendix.

6. Currently classified Class 1 vessels and pumps should be evaluated

for fatigue analysis requirements.

'

|
|

j

H

L

i

1>

L

)

i

U

V

|
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i 4. COMPARISON OF SIGNIFICANT CURRENT CODE REQUIREMENTS

AND PAST REQUIREMENTS,

s.

4.1 GENERAL REQUIREMENTS -

~

i Section 4.1 compares the significant general requirements of the current
a
a code [1] with past requirements. In addition, where feasible, an approach is

_

L
,

. ,
formulated which facilitates the review of nuclear components and systems

J designed and built in accordance with past requirements to be evaluated from

the viewpoint of current requirements. The general requirements discussed

t herein are fracture toughness, quality assurance, quality group classification,4

and code stress limits.

'

4.1.1 Fracture Toughness Requirements

Class 1 Components

The current code requires that pressure-retaining materials for Class 1

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

NDT

and RT y e arpy - ch test, except for materials whose nominal
NDT

3 thickness is 7/8 in or less; bolts 1 in oc less; bars with nominal sectional

N area 1 sq in or less; pipes, fittings, pumps, and valves with nominal pipey

A
j size 6 in or less; austenitic stainless steels; and non-ferrous materials.
s
t Drop weight tests are not required for martensitic high alloy chromium (Series

4xx) and precipitation-hardening steels listed in Appendix I [le]; however,'

j other requirements of NB-2332 [lb] do apply.
1
4
1
1 Class 2 Components

P
Pressure-retaining materials for Class 2 components are required to be,

,

e
impact tested with exceptions as outlined for Class 1 components. Also

exempted are commonly used plate, forging, and casting materials listed in
>
& Table NC-2311(a)-1 of Reference lc when used in Class 2 components whose

lowest service temperature (LST) * exceeds the tabulated nil ductility

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

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

j A-26
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Table A4-1

, Definition of Commonly Used Fracturr. Toughness
Terms and Symbols

'
__

j Symbol Definition

TNDT A temperature at or above the nil dactility temperature as
_' determined by a " break, no-break" drop weight test in

accordance with AS'IM E208. (The nil ductility temperature is
that temperature above which cleavage fracture c m be
initiated only after appreciable plastic flow at the base of
:.he notch and below which cleavage will be initiated with

'

little evidence of notch ductility.) TNDT is 10*F below
the temperature at which at least two specimens show no-break-,

performance.,

RTNDT The higher of TNDT or (Tcv - 60*F).

T A temperature above TNDT at which three specimens made andey

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.

. .

I
1 .

,

!

!

i

n

#

,

.;
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| determined from the curve in Figure NC-2311(a)-1 from Reference lc. For

f 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. -

g Drop weight tests are not required for mortensitic high alloy (Series
4xx) and precipitation-hardening steels listed in Appendix I of Reference le.

-

] Charpy V-Notch testing or alternative testing as described in NC-2331 [lc]
applies for these steels in all thicknesses. For nominal wall thicknesses

j greater than 2.5 in, the required C values shall be 40 mils lateraly

expansion,

y Class 3 Components

Pressure-retaining materials for Class 3 components are required to be
1
- tested, except as outlined for Class 1 components and the materials listed in

) Table ND-2311-1 [ld] in the thicknesses shown when the LST'for the component
h is at or above the tabulated temperature. For convenience, Table ND-2311-1
1
1 has been reproduced as Table A4-3. In addition, materials for components for
i

f.-| which the LST exceeds 100*F are exempt from impact testing.
4
j

~

The evaluation of materials based on past codes,for which fracture
1

toughness requirements may not have been specified or limited is facilitated

by the survey forms shown as Tables A4-4, A4-5, and A4-6 for Class 1,

f Class 2, and Class 3 components or sys'tems, respectively.

3 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

f past codes for which impact testing may not have been required. The
I following is an example of how the tables and the figure will be used.

J Consider the 42-in primary pipe line between the reactor vessel and steam
f generator in the Palisades plant. These pipes were fabricated from

3.75-in-thick ASTM 516, Grade 70 plate with a rolled bond 1/4-in nominal
cladding of 304L stainless steel. The design temperature is 650*F. The
safety injection system is designed to cool the primary system to 130*F

| in 24 hours with a maximum pressure of 270 psig as noted in Reference
' 11. The LST is taken as 130*F. From Table A4-3, TNDT = 0*F for SA-516
i Grade 70.

!

.

!|
tt
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-k Table A4-2
f

4
4
To

l
a
' -

;
,

4

i
'

_

t

'

1 TABLE NC-2311(a)-1
i EXEMPTIONS FROM IMPACT TESTING UNDER
I NC-2311(a)-8
i

Material
Material' Condition * T.o.,8 deg. F.i

i
SA 537-Class 1 N -30

SA-516-Grade 70 ' Q&T -10.

SA-516-Grade 70 N 0
SA 508-Class 1 Q&T +10
SA-533-Grade S Q&T +10
SA-299* N +20

3 SA-216, Grades Q&T +30
WCS,WCC

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

,

NOTES:4

(1) These materials are exempt from toughness testing when A
or LST- T.oris above the curve in Fig. NC-2311(a)-1, for the
thickness as defir'ed in NC-2331 or NC 2332.

(2) Material Condition letters refer to:*

t

/' N - Normalize
' Q & T - Quench and Temper

,| HR - Hot Rolled
;i O) These values for T.or were established from data on heavy
|' section steel (thickness greater than 2% in.). Values for sections

,,
! less than 2% in, thick are held constant until additional data is

|} obtained.
t

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

|'
!!
11

Hj

u

Li

|3

:i
11

!

;}
1* -

A
i!

A-29Lt O
h d' hJ Franklin Research Center|j 4 cim,on or n. Franen m.ou.
H



% _ ._ _ -- _ -________.-...--__..-_.mm -- . r v m . x.

b
4

-!

k-
.

If'
g

r

h
as
tw p

-

.n, '.:o

I,g.
.

120 j,

-n
g Permissible Lowest Service Temperature - TNDT#A

ro

3QQ a

E

$ #

B0
'

1 /~ -

60 - '

r

40

/30 ~

20

,

f .'

! ! ! | | | |O

5/8 2 4 6 8 10 12 14 ,

Thickness, In.

FIG. NC-2311(a)-1 DETERMINATION OF PERMISSIBLE LOWEST SERVICE TEMPERATURE

1.
.

,,

Figure A4-1 '

'

..

$

_ _



4

, o

I
I

Table A4-3
+

$

~

l
'i
4

-
.3

i

d
:
!

'

1

!
1

TABLE ND.23111,

4 EXEMPTIONS FROM IMPACT TESTING UNDER ND.2311(a)(8)
i
j Lowest Service Temperature for the Thickness Shown

i
| Over % in. Over % in. Over 1 in. Over 1% in.

to % in., ind. to 1 in., ind. to 1% in., ind. to 2% in., ind.
Material (Over 16 mm (Over 19 mm (Over 25 mm (Over 38 mm

Material Condition' to 19 mm, ind.) to 25 mm, ind.) to 38 mm. Ind.) to 64 mm, incl.)

SA 516 Grade 70 N -30 F (-34 C) -20 F (-29 C) 0 F (-18 C) 0 F (-18 C)
SA.537 Class 1 N -40 F (-40 C) -30 F (-34 C) -30 F (-34 C) -30 F (-34 C)
SA 516 Grade 70 Q&T (2) (2) (2) -10 F (-23 C),

: SA 508 C! ass 1 -Q&T (2) (2) (2) 10 F (-12 C)
SA 508 Class 2 Q&T (2) (2) (2) 40 F (4 C)
SA 533 Grade 88 Q&T (2) (2) (2) 10 F (-12 C)

L Class 1
SA 216 Grades Q&T (2) (2) (2) 30 F (-1 C)

L, WCB, WCC
| SA.2998 N (2) (2) (2) 20 F (-7 C)
:i

NOTES:
'

(1) Material Condition letters ref er to:
N - Normalize

||, Q & T - Quench and Temper
'; (2) The lowest service temperature shown in the column "Over 1% in. to 2% In." may be used for these thicknesses.

(3) Material made to a fine gram melting practice..

|i
3

:

!I
1

5
.

l
,

)!:

1
a
4

3
-

!i
a
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Table A4-4
4

4

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

y Nuclear Power Plant ~

[ FSAR Page
1

.
.

I. Component / System Data

$ 1. Description of Component / System: *

2. Material Description and Thickness: P No.

3. Design Temperature: 'Fp

,
4. Design Pressure psi

5. Lowest Service Temperature ( ' (LST): *F
I 6. Pressure at LST: psi

7. Fracture Toughness Requirement? Yes No,

4
i

'
II. Evaluation

<

Material is exempt (2'3) from impact testing because1 8.
i

c

) (a) Nominal thicxness 5/8 in or less
] (b) Bolts 1 in or thinner

(c) Bars with nominal 1 sq in cross section or less
(d) Pipes, fittings, pumps, and valves, nominal pipe size of,

) 6-in diameter or smaller
i
)
y NOTES:

i 1. Lowest Service Temperature (LST) is the minimum temperature of the'

fluid retained by the component or, alternatively, the calculated
minimum metal temperature whenever the pressure within the component,

exceeds 20% of the preoperational system hydrostatic test pressure
[1].

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

) welding procedure qualification (NB-4335) from impact testing. See
.

| paragraph NB-2431 of Reference Ib.
1

| 3. The current code does not exempt Class 1 components from impactj testing on the basis of tabulated TNDT and A values as it doesj Class 2 components. Item 9 is not an exemption listed in paragraph
] NB-2311 but a conservative adaptation of NC-2311(a) (8) for Class 2

components to facilitate the SEP review.

1
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Table A4-4 (Cont.)
i

i

i (e) Austenitic stainless steel
"

(f) Non-ferrous material -

9. Fracture toughness of material ( }

appears -
-

does not appear-

! to be adequate on the basis of the following evaluation:

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

TNDT = 'F
d (See Table NC-2311(a)-1)
j ( Other reference used(4): )

and,^

(LST - TNDT) 'F which exceeds 90*F=

f which does not exceed 90*F
l.

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

RTNDT = 'F

(Reference used(4): )
and,

,

(LST - RTNDT) *F which exceeds 120*F=
' which does not exceed 120*F
1 10. For bolting material in excess of 1-in diameter, reference

data (4) :,

i

j has been available
has not been available

j and found to
L s at.isf y

not satisfy
'

the requirements of NB-2333 [4(b)]

|:

[, 11. Fracture toughness cannot be evaluated because of

|1 insufficient information.

12. Material is not exempt from impact testing.

1
|

Li

4
NOTE:.

il 4. When using references other than the current code to obtain TNDT and
RTNDT, be sure that the data have been obtained from specimens whose,

h condition matches the material being evaluated (e.g. , normalized or
j quenched and tempered) and that have designation such as "SA-516 Gr. 70".
l
!t

|t
|k

|
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1

o

.I Table A4-4 (Cont.)'
.

s |

L1 |

III. Conclusions
,

:
1 __

Fracture toughness appears to be adequate.
Adequacy of fracture toughness not established; request supplemental,

I test data and supporting documents.
1 Welding material is .is not exempt from impact testing on -

,4
the basis of foregoing data and Note 2.

l
a
1

i
I
4

i
i

1,

J

i

r

1
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1
:
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>
.
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~

:i
4
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.

,

I

|

i
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A
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I Table A4-5
!

f Evaluation for Fracture Toughness of Pressure-Retaining
Material for Class 2 Component / System

! Nuclear Power Plant
(

-

'
,

i FSAR Page
i .

_

j I. Component / System Data
^

1. Description of Component / System:
1

; 2. Material Description and Thickness: P No.

3 3. Design Temperature: *F.

;

j 4. Design Pressure: psi
3 *

? 5. Lowest Service Temperature (1) (LST) : 'F
'i

; 6. Pressure at LST: psi

j 7. Fracture Toughness Requirement? Yes No

II. Evaluation

, 8. Material is exempt ( ' from impact testing because:
i (a) Nominal thickness 5/8 in or less

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

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

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

.

NOTES:

li
h 1. I.cwest Service Temperature (LST) is the minimum temperature of the

fluid retained by the component or, alternatively, the calculated
minimum metal temperature whenever the pressure within the component

"
exceeds 20% of the preoperational system hydrostatic test pressure

p (1).
h
l 2. Welding material used to join materials with P Nos. 1,3,4,5,6,7,
j 9, and 11, which are exempt from impact testing because of 8(a)
1 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
7 weld procedure qualification (NC-4335) from impact testing. See
: paragraph NC-2431 of Reference lc.
P
,

i
J
i
4
s

L
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Table A4-5 (Cont.)

q (g) LST of materiai listed in Table NC-2311(a)-1 (see Table
a A4-2) exceeds TNDT by at least "A" (A depends on
h thicknes s) . ( 2)

-

LST *F (from FSAR)
TNDT 'F (Table NC-2311(a)-1, Summer 1977 Addenda)

,
A *F ,(Figure NC-2311(a)-1, Summer 1977 Addenda)

_

(Reproduced on p. )

] LST - TNDT = 'F is is not greater than A.
(h) LST exceeds 150*F.

..

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

10. Material is not exempt from impact testing.

..

h III. Conclusions
:

Fracture toughness appears to be adequate.
j Adequacy of fracture toughness not established; request
j supplemental test data and supporting documents.
1 Welding material is is not exempt from impact testing
4 on the basis of foregoing data and Note 2.
?

'

?

}

$
:

:i

:s
) .

I

1

i

l

:j

d

i
8

:)
>>

i
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4
J
d
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t Table A4-6-
4

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

i Nuclear Power Plant

I
~

|
FSAR Page

I. Component / System Data - ,

1. Description of Component / System:

2. Material Description and Thickness: P No.

3. Design Temperature: *F

j 4. Design Pressure: psi

| 5. Lowest Service Temperature ( (LST) : 'F
A

6. Pressure at LST: psi
! 7. Fracture Toughness Requirement? Yes No

II. Evaluation

8. Material is exempt I ' from impact testing because:

(a) Nominal thickness 5/8 in or less
(b) Bolts 1 in or thinner
(c) Bars with nominal 1 sq in cross section or less

i
^

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

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

.. ,

NOTES:

i 1. Lowest Service Temperature (LST) is the minimum temperature of
.

h the fluid retained by the component or, alternatively, the
y calculated minimum metal temperature whenever the pressure within
| the component exceeds 20% of the preoperational system

hydrostatic test pressure [1].

2. Welding material used to join materials with P Nos. 1, 3 , 4 , 5 ,
k 6, 7, 9, and 11, which are exempt from impact testing because of
L 8 (a) through 8 (f) , or 8(h) , is likewise exempt from testing.

However, exemption 8(g) does not exempt either the weld metal
! (NC-2430) or the weld procedure qualification (NC-4335) from

impact testing. See paragraph NC-2431 of Reference ld.

&

!

.
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, Table A4-6 (Cont. )
$
t
.

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

_

(h) LST exceeds 100*F.
; 9. Fracture toughness cannot be evaluated because of insufficient
i information.
1 -

_

10. Material is not exempt from impact testing.

III. Conclusions,

}

Fracture toughness appears to be adequate.
Adequacy of fracture toughness not established; request:

f supplemental test data and supporting documents.
Welding material is is not exempt from impact testing
on the basis of foregoing data and Note 2.,

t
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From Figure A4-1, A = 48' for material 3.75 in thick:

(LST - TNDT) = 13 0 ' - 0 * = 13 0 *F > 4 8 '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
i requirements. However, the fact that the LST exceeds the TNDT by more

than 150% of A allows us to conclude that the primary coolant piping -

material used in the construction of the Palisades plant is adequate,
provided that exposure to radiation does not induce an increase of the
TNDT sufficient to require the fracture mechanics approach outlined in
Appendix G (4e). In this regard, note that paragraph NB-2332(b) (1b]

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

i
i (LST - TNDT) = 130*F > 100*F
i
j so that the material for the Palisades primary coolant piping is
! considered adequate.

!

4.1.2 Quality Assurance Requirements
!

! The current code [1] requires that activities in connection with the

design and construction of ASME III nuclear power plant components and-

f systems be performed in accordance with a quality assurance program that
provides adequate confidence in compliance with the rules of Section III. The

,

i program is to be planned, documented, controlled, managed, and evaluated in

5 accordance with Article NCA-4000 for Class 1 and 2 items, and in

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

i 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 af ter the program has been evaluated and accepted by the
society.

j 1. Quality assurance requirements have been determined to be outside the scope
of SEP Topic III-l according to the letter from S. Bajwa to S. Carfagno
dated December 10, 1981. This discussion is provided as general
information.

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

3. See Summer 1977 and Summer 1978 Addenda to ASME III (1977) General
Requirements.
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For Class 1 and 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 organization with sufficient authority, freedom, and independence
_

from ccst and schedule considerations to:
1

3
1. identify quality problems

_j
1

l 2.
1

. initiate, recommend, or provide solutions

j 3. verify implementation of solutions

4. limit and control further work on nonconforming items until
g proper disposition, and with direct access to appropriate levels

h, of management to assure proper execution of the program
" b. indoctrinacion and training of qualified personnel
I
j c. notification of the authorized inspection agency of significant

changes in the program
;

.

d. control of the design to assure compliance with the design,

j specification of Section III
l
j design review and checking by individuals or groups other than thosee,

[ who perfcrmed the original design

d

! f. documentation for procurement of materials and subcontracted services

j requiring compliance with Section III
4

j g. document- control with provisions for review of ch'anges .

1 -

* h. ident;ification and traceability of materials
I
] 1. 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
d s tandards (where such standards exist) at intervals sufficient to

maintain accuracy within necessary limits
|

3
?
d
1j
i
4

1
1
ii
d

| 4
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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 -

prompt identification and corrective action of significant conditionsm.

adverse to quality, with documented measures to preclude repetition

maintenance of quality assurance records as specified in NCA-4134.17n.
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

I.
s o. a comprehensive system of planned and periodic audits with
i documentation of results, follow-up action, and re-audit of deficient
i areas.
|

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

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

an organization chart which reflects the actual organizationa.

b. a quality control system suitable to the complexity of the work and
size of the organizationi

c. persons who perform quality control functions with sufficient
'

responsiblity, authority, and independence to implement the quality'

control system, identify problems, and initiate, recommend, and
; provide solutions.

I
.

The quality control system for Class 3 construction is evaluated for
r

; compliance with the requirements of Section III (1) by the authorized
i

inspection agency and either a representative of the American Society of
Mechanical Engineers or the jurisdictional authority at the construction site

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

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

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

! participate in the evaluation. *

s

E If jurisdictional laws do not require inspection or permit inspection
[ personnel to participate in the evaluation of the quality control system, then
i

i

!

!
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j the evaluation will be performed by a representative of the National Board or
f the Society.

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

~

9
4, tion, as required by the current code. Although an integrated program or
] system was not required by past codes, many quality assurance features were

-

* required.

f Although the program or system was not specifically required, neverthe-
! less, construction organizations typically did operate under "in-house"

quality assurance programs which provided for the inspection, testing, and
. surveillance of components and construction activities.
I

f Design organizations did not typically operate under an integrated
f program. Two nuclear plants were reviewed by the author as part of the design
' adequacy task of the Reactor Safety Study.* Approximately 20% of the items

reviewed for one plant either did not fully comply with the FSAR criteria or
; were not adequately documented for assessment. Similarly, 40% of the items

examined for the other plants could not demonstrate full compliance with FSAR.

cri teria.

It is recommended that the quality assurance program used in both the
design and construction phases for each SEP plant Class 1 and 2 item should be,

compared with the current requirements previously outlined. If the comparison,

shows a weak or no'n-existent program with design and/or construction phases,
g then the operating history of the plant should be examined to determine the
j frequency and origin of incidents in which the pressure boundary has been
1

breached. If subsequent repairs or replacement of the breached boundary havej

not provided a permanent fix, then it is reasonable to conclude that a design
deficiency exists. The following would then be recommended:

J
'

:
) *

* 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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1. a design review of the deficient area with design change
recommendations

2. a technical audit to determine design adequacy of selected Class 1

! and Class 2 items for the complete plant. _

!

4.1.3 Cuality Group Classifications (6)

Nuclear power plant components are currently classified as Class 1, 2, 3,

MC, or CS. Class MC and CS are for metal containment vessels and core support

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

standards are as follows:

i

| Quality Group A (Class 1)
|
k A component of the reactor coolant pressure boundary is currently

designated as a Class 1 componens.

Quality Group B (Class 2)

Components are currently designated as Class 2 provided that:

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

,

.

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

; systems, post-accident fission product removal

b. reactor shutdown or residual heat removal systems

c. BWR main steam components described in Reference 2:j

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

j valve

)
'

o main steam line branch lines to first valve,

,

main turbine bypass line to bypass valve| o
!
;

o first valve in branch lines connected to either main steam;

| lines or turbine bypass lines

d. PWR steam generator steam and feedwater systems up to and
including outermost containment isolation valves and connected

j
.

'

3

i
:
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piping up to and including the first valve that is normally
* closed or capable of automatic closure during normal reactor

operation
,

e. systems connected to the reactor coolant pressure boundary not
-

capable of being isolated from the boundary by two valves
normally closed or capable of automatic closure during normal

f reactor operation.
.

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 cesignated Class 2, but are part of:

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

! 3. systens 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

4. systems not previously defined, other than radioactive waste
management systems that contain or may contain radioactive material,
and whose postulated failure would potentially result in of f-site
coses that exceed 0.5 rem.

Comparison with Past Codes

The past B31.1 (1955) piping code and ASME I (1962) do not designate
quality classes for piping or valves. Comparison of the component classifica-

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

SEP plant is required before a comparison with current code requirements can
be initiated.

i
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[ Piping built to ASME I (1962 Edition) and for which Code Class 1270N was
1
? invoked would currently be designated as Class 1 piping.
5

Piping built to B31.1 (1955) for which Code Case N-1 was invoked would be
_

,

! classified in one of the two following categories:
u

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

could result in a radiation ' hazard either to the plant personnel or to '

the general public"

2. Conventional steam and service non-nuclear piping.,

Nuclear piping can currently be designated as Class 1 or Class 2. Code

Cases N-7, N-9, and N-10, when invoked for nuclear piping, together with ASA
| B31.1 requirements, have been evaluated in Section 4.2 of this appendix to

determine whether piping built to these requirements codes satisfies current
Class 1 or Class 2 requirements.

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

vessels for nuclear service as follows:

Reactor vessel (outside scope of this study)a.

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

c. Secondary vessels which do not contain reactor coolant or are,

otherwise subject to irradiation
.

d. Containment vessels (outside scope of this study)

Note that a vessel previously designated as a primary vessel under Code
o

! Case 1270N would currently be designated as a Class 1 vessel. A vessel
2

previously designated as a secondary vessel could be designated as a Class 2,

or Class 3 vessel under current rules.,

. Secondary vessels currently designated as Class 2 or Class 3 should be
i

carefully reviewed for possible non-compliance with current full radiography3

l requirements.a

.,

;i

|
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f 4.1.4 Code Stress Limits

I
i Strength Theories
t

h Past codes (3, 4, 5], have been based on the assumption that inelastic
, -

g, behavior begins when the maximum principal stress reaches the yield point of
the material, S . It has been commonly accepted that both the maximum shear

j stress theory (Tresca criterion) and the maximum distortion energy theory .

,

(Mises criterion) are much better than the maximum principal stress assumption
in predicting yielding and fatigue failure in ductile metals. Although mosty

1
J experiments show that the Mises criterion is more accurate than the maximum
w

1 shear stress theory, the present code [1] uses the maximum shear stress theory
of strength for Class 1 components because (1) it is more conservative, (2) it

I1Iis easier to apply, and (3) it facilitates fatigue analysis. Class 2 and

j Class 3 components continue to be designed in accordance with the maximum

principal stress assumption.

o
j If the principal stresses at a point are 01>02>03, then
| yielding occurs when:
1

Tmax = (1/2) (or-0) = (1/2) Sy3
2

according to the maximum shear stress theory. For convenience, the present
; code uses the term " stress intensity," which is defined as:

!
1 2Tmax = the largest algebraic difference between any of
; two of the three principal stresses,
f
a -

1 Example: Consider a thin-wallad cylindrical pressure vessel or pipe,
] away from any discontinuities and subjected to an internal pressure, p,
j which induces s hoop stress o and an axial stress q/ 2. The three
j principal stresses in descending magnitude would be:

i c1 = a
c2 " (L/2)o

la 03 " -P
l
j According to the current code, the " stress intensity" is:

(al - 03) = (a + p)

:i

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

1

.

.

A-46

0d) Franklin Research Center
A DMsen of The Frankhn insatute

.



-

,, e

1

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

i _

Stress Categories

The current code recognizes the advances in computer-aided structural
i

_

: analysis capability which enable a more comprehensive and detailed determina-
{

'

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

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

| local structural discontinuities such as small holes and fillet radii.

f Accordingly, the current code recognizes various stress categories defined in
NB-3213 of Reference lb and briefly summarized as follows:

,

1. Primary Stresses

Any normal or shear stress induced by an imposed load which is;

} necessary to satisfy equilibrium between the external and internal
; forces and moments. A primary stress is not self-limiting. The
j existence of primary stresses in excess of the yield strength across
{ tne thickness of the material will result in failure due to gross

distortion or rupture, ' inhibited only by the strain hardening,

{ characteristics of the material. Primary stresses are further

j categorized as:

*

a. General Membrane Stress. The average primary stress across a
solid section excluding the effects of gross and local
discontinuities. The six stress components associated with a,

- primary general membrane stress are symbolized by P * *

m

b. Local Membrane Stress. The average stress across any solid
section induced by a combination of mechanical loading and gross4

[ discontinuity which may produce excessive distortion when
L transferring the load from one portion of the structure to
i another, e.g. , in the crotch region of a piping tee due to
: internal pressure. The stress components associated with a
[ primary local membrane stress are symbolized by P .L

h c. Bending Stress. That component of a primary stress which is
3 proportional to the distance from the centroid of a solid

f section, excluding effects of gross and local structural

[ discontinuities, e.g., the bendingstress across the thickness of
1

I

1. See Figure NB-3222-1 [lb].

1
.i

.
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Y the central region of a flat head of a vessel due to internal
a pressure. The stress components associated with a primary
| bending stress are symbolized by Pb'
%

$ 2. Secondary Stresses
_

4
4 Secondary stress is a normal or shear stress induced by an imposed
f strain field necessary to satisfy compatibility and continuity
\ requirements within the structure. Secondary stresses are

d "self-equilibrating" and limited by local yielding and minor
,

j distortions so that failure due to secondary stresses induced by the
j application of one load will not occur. Secondary stresses are
C further categorized as follows:

k
a. Secondary Expansion Stresses. Induced by the constraint of free]

it end displacements due to gross structural discontinuities, such

[ as the stresses in a piping element of hot piping system whose
ends are constrained; does not apply to vessels. The stress-

[ components of the expansion stress are symbolized by P .e
1

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

J 3. Peak Stresses
,

1

] Peak stresses are induced by local discontinuities such as notches or

] thermal loads in which the expansion is completely suppressed, such
J as the local thermal expansion coefficient of the austenitic steel

cladding of a carbon steel component.

i Code Stress Limits for Material Other Than Bolting Class 1 Componentsj
j Current code stress limits depend on the code class and service levels
,a

] being considered. Design stress intensity values, S,, for Class 1 canponents

I are given in Tables I-1.1 and I-1,2 of Appendix I of Reference le for ferritic

and austenitic steels, respectively. For materials other than bolting, the
g design stress intensity value S is essentially the lower of 1/3 (UTS) or 2/3*
i
4 (YS) at design temperature for ferritic steels. (1) For austenitic steels,
".1
4 S, is the lower of 1/3 (UTS) or 0.9 YS at design temperature or 2/3 (YS) at

room temperature.( }

1. See III-2110(a) of Reference le.
l 2. See III-2110 (b) of Reference le.;1

.,

]
ij
M

N
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Assuming that S, is essentially the lower of 1/3 (UTS) or 2/3 (YS),
then the stress limits for the various service level loads and stress category
combinationc for materials other than bolting may be summarized as follows:

r

1. Design condition (See Figure NB-3221-1 (lb])
_

.

Stress Category Limit of Stress Intensity
- Primary Stresses Tabulated YS UTS

_

; P, S, i 2/3 (YS) i 1/3 (UTS)
P 1.5 S, i YS 1 1/2 (UTS)

P +P I b!*b m

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

! Stress Catecory Limit of Stress Intensity

! (a) Expansion Stress Intensity Tabulated YS UTS

| Pe (not for vessels) 3 Sm 12 YS 1 UTS

f (b) Primary and Secondary (1)
PL+Pb + Pe + Q 3S $ YS SUTSj m

'

e

(c) Peak Stresses (2) (3)
PL+Pb + Pe + Q + F S (See fatigue curves,a,

Fig. I-9.0, Reference le)

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

' Unless the analysis for cyclic service is not required by NB-3222.4 (d) (1)

through NB-3222-4 (d) (6) [1] , the ability of the component to withstand cylic

| service without fatigue failure shall be demonstrated by satisfying the

l requirements of NB-3222.4 (e) as follows:

$ a. Determine the stress difference and the alternating stress intensity,
'

Sa, for each condition of normal service.

i

i
1. 3S may be exceeded provided the conditions of NB-3228.3 are satisfied.; m

; 2. For cyclic operation.
i 3. 2S for full range of fluctuation.a

1

|

A
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I b. Use stress concentration factors to account for local struc'tural
; discontinuities, as determined by theoretical, experimental,
y photoelastic, or numerical stress analysis techniques. Experimental

y methods shall comply with Appendix II-1600, except for high strength
y alloy steel bolting, for which NB-3232.3 (c) shall apply. The fatigue
j strength reduction factor shall not exceed 5, except for crack-like -

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

:1

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

i be used to determined the number of cycles Ni for a given alterna- -

:; ting stress value (Salt)i. The alternating stress determined
*

from the analysis should be multiplied by the ratio of the modulus of

j elasticity given on the design fatigue curve divided by the modulus
; of elasticity used in the analysis before entering the design fatigue
- Curve.
<

'3,
.j d. Cumulative usage for multiple stress cycles is be determined from

[j U = Sum of (M /N )g
el

j where Mi is the expected number of cycles associated with (Salt)$' and N is the corresponding number of cycles from the design fatiguei
cur ve. The cumulative usage factor U shall not exceed 1.

4. Level C (Dnergency Conditions)
j (See Fig. NB-3224-1 (lb])

]

f Stress Category Limit Tyne of Analysis
~

Primary Stresses

I1) ElasticPm (Pressure and 1.2 S or YSm
|} mechanical)

Pm (pressure - only 1.1 S or 0.9 YS(l) Elasticm
fo.r ferritic,

: material)

[ PL 1.8 S or 1.5 YS I1) Elasticm
j 0.8 (collapse load) Limit
:1

*

Pg + P3 1.8 S or 1.5 YS I1) Elasticm,

d 0.8 (collapse load) Limit
'

I 4.8 S Triaxial Stresses (2)m
d
j Secondary / Peak Evaluation not

9)
required

:

u
F l
t i

fq 1. Whichever is greater.
N 2. Based on sum of primary principal stresses.

'4
.H

L!
;+

I ',f A-50
; -ef32s

ii Ch Franklin Research Center
!, A o-=c e n n.non mau.

L



.
. .

. ._ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ , _ _ _ _ _ . _ _ _ _ . _ _ _y ,
,

r. ,

il

1

Y

Bolting Material Stress Limits - Class 1 Components (NB-3230)

| Design Conditions
i
f Pressure-retaining bolts are designed in accordance with the procedures _

of Appendix E [le], which account for gasket materials and design as well as

| bolting material stress allowables given in Table I-1.3 of Reference le, which

are based on the lower of:
'

-

1/3 (YS) at room temperature
1/3 (YS) at design temperature (up to 800'F) .

t

,
Level A, B, and C Service Limits (NB-3232)

|

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

and differential thermal expansion may exceed the allowables given in Table
'

I-1.3 as indicated below:

| a. Average stress (neglecting stress concentrations) shall not exceed 2
times the Table I-1.3 (le] values,

'

> -

t

j (S ) 1 2/3 (YS)b
! avg
!
i b. Maximum stress at bolt periphery (or maximum stress intensity if

| tightening method induces torsion) due to direct tension and bending
; shall not exceed 3 times the value given in Table I-1.3 (le],

I. .

(S ) 1 (YS)b,

max'

Fatique Analysis of Bolts

Fatigue analysis of bolts is required unless all the conditions of

I NB-3222. 41 (d) [1] are satisfied. Suitability for cyclic service of bolts
|

, shall be determined as described in NB-3222.4(e) and as follows (NB-3232. 3) :
!

|
a. Use the design fatigue curve of Figure I-9.4 (1) using the appropriate

fatigue strength reduction factor described in NB-3232.3(c) for -

| bolting having less than 100 kai tensile strength.
,

I 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
|

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

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

,

?
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
j justified by analysis or test. For high strength alloy bolts, use a

fatigue strength redaction factor not less than 4.0.

1 .

Code Stress Limits - Class 2 and Class 3 Components

} Design Allowable Stress Values

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

] and Class 3 and in Table I-8.0 for Class 3 component materials. These design
1 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-3200 [le] for ferritic steel non-bolting materials is the lowest of:

i 1/4 (UTS at room temperature)
1/4 (UTS at temperature)

'

2/3 (YS at room temperature)

) - 2/3 (YS at temperature).

e .

u

2. Austenitic Steel Non-Bolting Materials
,

j The stress allowable for austenitic steels is the lowest of:
!

1/4 (UTS at room temperature)
1/4 (UTS at temperature)

j 2/3 (YS at room temperature)
f

f 0.9 (YS at room temperature) .
I
i
j -

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

b

d

1
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J 3. Bolting Materials
y

; Design stress allowables for bolting materials are based on the same

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

materials, the allowable shall be the lower of:

1/5 (UTS at room temperature)
_

_

1/4 (YS at room temperature) .

Level D (Faulted Condition) (Appendix F of Reference le)
j
t The rules for evaluating level D service conditions are contained in

Appendix F of Reference le. Only limits on primary stresses are prescribed;

j tnermal stresses are not considered. When compressive stresses are present,

component stability must be assured. The potential for unstable crack growth
1

9 should also be considered.
I

;i

i Component design limits on primary stress intensities for level D

conditions depend on whether the system has been analyzed elastically or

inelastically.

1
.;

i Elastic System Analysis
1

] For an elastic system analysis, the component design limits for level D

l conditions permit plastic deformations based on loads or stresses determined

by:
,

!};
a. Elastic Analysis: in which the computed primary stress appears to

i exceed the YS by as much as 60% but remains within 70% of the UTS,
l except for piping in which the pressure does not exceed two times the

aesign pressure, in which case the primary stress computed by
Equation 9 of NB-3652 should not exceeed 3Sm (2 x YS).

N
j b. Collapse Ioad Analysis: in which the level D loads do not exceed 90%j of the collapse load determined by either a lower bound limit (1)
d analysis (which assumes an elastic-perf ectly plastic material) , a

}j
plastic analysis which accounts for the strain-hardening
characteristics of the material, or by experiment.

'i

1
a
il 1. A load which is in equilibrium with a system of stresses which satisfies

|| equilibrium everywhere, but nowhere exceeds the YS at or below the
j collapse load,

h'

|

!j
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c. Stress Ratio Analysis: which is a pseudo-elastic analysis method
; utilizing the techniques and curves given in Appendix A-9000 [le) , in

which the apparent stress (2) is limited to the lesser of 3 S Of-
m

0.7 S except when the methods of A-9000 [le] permit higher limitsn
when the type of stress field is taken into account.

_

} Inelastic System Analysis
t
n

-

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

! load limits for components permit plastic deformation depending on the
,

component analysis method as follows:
,

!

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

*

} b. Collapse Load Analysis: in which the load is limited to 90% of the
: collapse load. The collapse load may be determined by one of the

three methods previously described.

c. Stress Ratio Analysis: as described previously.

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

: without bound. The load P is limited to 0.7 Pr or YS + (Sy -
! YS)/3 where S is the true effective stress associated with plasticy
i instability.

e. Strain Limit Load Analysis: in which the load P is limited as
described in (d) but not to exceed Ps associated with a specified

| strain limit.
?

f. Inelastic Analysis: in whien primary stress is limited as in (a).
'

f Comparison with Past Codes

i
The fundamental differences between current and past codes with regard to

} stress limits are summarized as follows:
!

1. The current code for Class 1 items is based on the maximum shearq(- stress theory of failure. The B31.1 (1955) piping code and the ASME
i Boiler and Pressure Vessel Code, Sections I and VIII (1962) are based
; on maximum normal stress theory of failure.
;

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

,

| 2. Computed value of stress assuming elastic behavior.

!

!
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3. The current code for Class 1 components considers primary as well as j

secondary stresses and peak stress categories. The B31.1 (1955) |

power piping and ASME I (1962) power boiler codes do not consider
peak stresses.

4. Tne current code for Class 2 and 3 vessels considers primary stresses -

for size selection, as does ASME VIII (1962) . (1) The current cod 3
for Class 2 and 3 piping' considers primary nnd secondary stresses, as
does the past B31.1 (1955) piping code.

_

5. The current code gives stress limits for the design condition as well

,as for service levels A and B which are equivalent ti'past code
requirements.

6. The current code gives stress limits which permit large deformations
,

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

4.1.5 Welding Requirements

Welding materials must currently satisfy the qualification requirements

of Section IX of the ASME B&PV Code as well as the mechanical property and

chemical analysis test 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 metal cladding. A-No.8 weld material would

typically be used to join chrome-nickel austenitic stainless steels such as'

SA-312 Grade TP 316. The minimum acceptable delta ferrite shall be SFN and

results shall be included in the certified material test report.

Full radiographic examination of vessel welds is currently required,

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

NB/NC/ND-3351 (1)) and code class as discussed in Section 4.3 of this appendix.

1. Unless the vessel is designed in accordance with the alternative NB-3200
rules which are based on primary, secondary, and peak stresses.

I

-

|
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' Full radiographic examination for piping, pumps, and valves based on

{ current and past codes, depends on weld joint category, pipe size, and code

; class as discussed in Section 4.2 of this appandix.

It is concluded that past welding requirements for vessels were more ~

i
severe than current requirements, but past code requirements for piping,
pumps, and valves were not as severe as current requirements for Class 1 and 2

.

components.

i '

g It is recammended that the FSAR be carefully examined for radiography

) requirements for pipes, pumps, and valves which would currently be classified
as Class 1 or 2. It is also recommended that welded components and systems in

,

'

SEP plants made from austenitic stainles;5 steel be spot-checked to determine
evidence of hot short cracking in the weld region unless evidence of the use
of A-No.8 welding rod with at least 5FN delta ferrite can be provided.

?
i
a

i 4.1.6 Design Considerations for Bolted Flange Connections
7

j Appendix XII of the current code [1] provides supplementary information
j to prevent leakage in bolted flange connections with unusual features such as
2

] a very large diameter or under unusual conditions such as high pressure, high
temperature, or severe temperature gradients. A'ppendix XII permits analysis

| of the joint which considers changes in bolt elongation, flange deformation,
J

j and gasket load that can take place upon pressurization and that may indicate
:

j a required bolt pr.eload greater than 1.5 times the design value. This
1 practice is permitted provided that excessive flange distortion and gross

f, crushing of the gasket is prevented. Bolt relaxation under high temperatures

{ should also be investigated. Methods for assuring adequate bolt tightening

% for large diameter bolts are discussed in Appendix XII.
r

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

1
; current considerations of Appendix XII may be useful in evaluating problem
f connections.
1

(

l
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f 4.2 PIPING
.

| The current Class 1 piping design requirements are given in NE-3600'of
Reference Ib. The fundamental differences between current and past require-

'

ments are that: -,

,,

,

j 1. The current code explicitly considers and evaluates the
margin against fatigue damage by a formulation for peak
stress which accounts for local as well as gross dis- -

,

| continuities. The secondary stress indices C in the

{ current code are equivalent in principal to the stress
; intensification factor i of the past code [4]. The'

current code magnifies gross discontinuity stress by
| multiplying C by a local stress index K . The past code

g
g

! considers the effect of cyclic loading by reducing the
; allowable expansion stress by a factor f which varies
: between 1.0 for less than 7,000 cycles and 0.5 for more
j than 250,000 cycles.
!

I Figure A4-2 shows a plot of the allowable expansion stress
'

based on the past code and labelled past " fatigue" curve super-
imposed against the design fatigue curves for carben, low
alloy, and high tensile steels (Fig. I-9.1 of Reference
le) of the present codes, labelled current fatigue curve.,

| The past " fatigue" curve is based on a 70 ksi ultimate
8 tensile strength (UTS) material whose all,ovable stress range,
| S ,(2) is f (1.5)(UTS)/(4) (0.9) where 0.9 accounts forA'

the efficiency of a welded joint, and f depends en the number
[ of cycles as shown in Table A4-7. The figure also indicates a
F value K (cycles), which is the ratio of the present over the
: past fatigue allowable alternating stress for a given number
r of cycles. I varies between K(10) = 25 and the K (1,000,000)
; = 110. Notice that K is the allowable local stress index for
j 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 sr.ress
; index is not likely to be higher than 5, but higher than 1.4,

we conclude from Figure A4-2 that piping systems designed in,

; accordance with the past and the present code:
;

I
'

!

| a. are conservative for services with less than 500 cycles

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

l c. are probably unconservative for services with = ore
i than 100,000 cycles and significant load changes.
,

:

| 1. B31.1 (1955) only; ASME I (1962) does not explicitly consider cyclic loads.

[ 2. SA = f (1.25 Se + 0.25 S ). Using Se approximately equal to Sh andh
| Sh li 0.9(1/4 UTS) gives SA li f (1.5(UTS)/4)0.9.
!
I A-S7
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! 2. The current code considers the influence of thermal gradients

through the thickness of piping elements, together with the
- effects of the range of pressure and moments due to changes

in service temperature and pressure, when determining the -

u peak stress intensity S .
; p

3. The current secondary stress indices C are either equal or
less than twice the corresponding stress intensification -

*

factor i of the past code. This implies that expansion
stress compuestions based on the past code are conservative

| from the viewpoint of margin against excessive distortion.

!

NB-3653.2 gives a simplified expression for S which conservatively
, p

estimates the sum of primary and secondary and peak stresses as follows:
i

| PD D

p" 11 2t +b2 i

.

+ 2 (1 - v) K Ec| AT |3 1

+KCE x |a T -c T |3 3 ab aa bb

1

+ (1- v) Es| AT | (1)2

where:

K ,K 'K = 1 cal stress indices7 2 3
1>

b AT = linear portion of thermal gradient through the7 thickness

AT = n n-linear p rti a f thermal gradient through2
.. the thickness
1
s
| M = resultant range of =oment due to service changesj
'

in temperature | AT | or mechanical loads such as
J earthquake
W
a

| C ,C.,,C = secondary stress m es
J 7 3-

|: P = range of service pressure
|. o
i.

v = 0.3
L
I

Ec = modulus of elasticity times the mean coefficients
j of ther=al expansion

D = outside diameter of the pipe.

L o
o
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1 * -

I
r
i t = nominal wall thickness
h

I = sectional moment of inertia

T,(T ) = range of average temperature on side a(b) of3*
gross structural or material discontinuity.

-e

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

NB-3682.2-1 of Reference Ib and reproduced as Table A4-8. For the purpose of -

the discussion which follows,(1) the fo~urth term in the expression for S;
ist

; neglected since it is atypical.
- p

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

Kererence 4, neglecting contributions due to torsion, is giveh by:i

b
Sg"i TISA,

.

j where:
a
4 P

h
g = resultant moment due to change in te=perature

from the minimum operating temperature (usually
j taken as erection temperature 70*F as noted in

Section 619(b) Section 6 of Reference 4 to the.

| mnvimum normal operating temperature plus =ove-
; ments of pipe ends attached to equipment.)

Note that M =l M3 (approx) where:g

4 AT
i< 1 =*

21 [(T ) - 70*F]

\ Z = section modulus of pipe = '(I)/ (D,/2)
+

.

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

>

[ Substituting, the expression for Z in S , we obtain:
3

D

= 1[FS gg

Comparison of the stress intensification factors, 1, given in Section 6,
. Figure 2 [4] with the stress indices C2 given in Table NB-3682.2-1 reveals that

C is approximately 1.9 x 1.2t

1. This discussion can be used to compare current requirements with piping
designed to 331.1 (1955). It is not applicable to piping designed to
ASME I (1962) .
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| Note further that the limte on S is :
*

,

i
'

S = f(1.25 S + 0.25 S )A h
-

. where:

S = allowable stress in cold condition,

2
. -

S = all wable stress in hot conditionh

] f = stress-range reduction factor to account .

for cyclic conditions as given in Table A4-7.i

:

.; Table A4-7

Stress Reduction Factor - f
A

No. of Full Temperature Stress Reduction
4 Cycles over Exoected Life Factor, f

7,000 and less 1.0 .

14,000 and less 0.9
[ 22,000 and less 0.8

45,000 and less 0.7
.

100,000 and less 0.6
250,000 and less 0.5

.

[ Note that for ferritic steels, both S and S approximately equal 0.9* (1/4 UTS)
i. c h
! such that: .

3S = 1.5 f(0.9) = 0.34 f(UTS)g
, .

(ferritic steel)

For austenitic steels, S isapproximatelyequaltofS so that:h
; '

. .

S =f )+f 3
(0.9)g

i

[ S = 0.33 f (UTS)g
r

|7 (austenitic steel)
i

I * The factor of 0.9 is used to account for a butt-welded joint efficiency.

L
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Table A4-8

Table N3-3642.31 SECTION !!!. DIVISION I - SUBSECTION NB

TABLE NB 3682.21
STRESS INDICES FOR USE WITH EQUATIONS IN N8 3650

_

(Not hewa for D,/t>100), .

Internal Moment Thermai*
'

Pressure Landhevs| Laading

P5peng Products and Joints 3 C. K. 5s C. Ks C. Q Ks
! Stra gnt poe. remote front weeds or other
j dlscorrementaes 0.3 La LQ' ' .3 1.0 L3 L3 La.

Girth butt weed between strasent pipe or between
poe and butt weidang casnoonents au

} (a) fban 0.3 LO' L18 L3 to M L3 0.5 L1
(b) as weded t>3/16 in. (and A/t$3.1) 0.3 L1 L2' La La La La 04 L7
(c) as wessed t$3/16 in. (or 4/t>4.1] OJ L1 L2' La Le 2.3 L2 0.3 L7i

Girth fluet weed to socket weed ftttings,,

i sue on ftanges or socmet weieng
) nengen 0.75 2.0 3.0 L3 2.1 2.0 La La 3.0,

I~.-*- - z butt weeds in stragnt moes
(4) fban . 0.3 LO L1' LO LO L1 LO Li(b) as wooded t>3/16 in. QJ L1 L2', LO L2 L3 L2 1.2
(c) as wooded t$3/14 in. OJ L4 2J8 L3 L2 IJ L2 - L2

Tasered transtion jourts per NB.a425
and Fig. NS-42331sma -

(a) fbaa or no garta weed doser than VW OJ * L2 La * L1 * La L1(b) as weiaed DJ * L2 La * 1.3 * La L7

3ranen w.h per N8 3643s.aa Lo 2,g L7 F r r L3 (g (7

C ,vad poe or butt weding enous per
ANSI 816.9. ANSI 816.23 L3 Lg* s e 1,3 Lg 0,3 L3or MS3 SPeemu W

.

Sutt.weiding.tses per ANSI 814.g
or MSS TP44ma LO 1,3 4,4 e e L3 L3 3.3 L3

. '.

Butt.weeanng reeucers per ANSI 814 g
or M55 $P44ma Lg is a La es u La g,3 Lg

NOTES
(ti tel The wesens of. Y, snown for mese componerris are (ca lf 0 se - 0 n. is not greater then ors a,. and ae.

assaicaede for cornoonents watn out of reunissess not mee wue of K mey be cotaened try trauconveg me
grooter tnen Q.C8r. waere out of rounenses is ce+ined as tmousated muss of K, by me factor 7, ;
c es - 0.,,,,,,and

M 3,
D e monarnunt outsede dueneter of crtyss section in. y et-8g

# 0,,2( O ,, e nen.mune ours.de diameter of cross sortion. in.
* . nonunes wines tn.cnness. in,

anere M = 2 for ferrme stoets and nonferrousinstena6sa er

h tbl if me cross sectsort es out of routed sucn met the tross - escent nickee<nrorre ron assovs and
neckee ron.cnrome allows, saCDen as accrossmetery el8eoticas.an arcatpfenes wasue of M * 2.7 for austonetic stests, necte - - - C foft; K, mov De cetained by rmamoeymg tne tatu&ated weause, alloys, and rncmas. econ.criremeum saloyt

of 4, try tne factor 7,e; S a vased strengtn at deogn tamoerature, pse,

y4

(Taosee 6 2.03

r, e - <
o_, , _ o_,,,

- -

u , - e cream.re. as.i
,, o,,nd a ar.d.fwa <an a..d u.,

1+0.455 ( t
1

, , gg) w,ecs e accoroasico nem the recu.rements of tnes

Suctecoon.
wnere 0, = nommes ours.co dianwise, in. tai piumn we.as are ce#.ned as mese .es wn.cn neve beenj p * meernae cressure, eu ground on born insenor and esterior surface to re novea

d

(use massemsm wasue of cressure en tne load w=eed erregu&annes and aeruut enanges en Jnrour due to

f. , . su,u. o,r caniaseratione
cycse unea m- c - Th esn=rs of weed re*nforcement (totaa

e..st.c,,, of ,n.te,,a. u ,co .em. .ns e and o - .ce, sn . : moed oa,. so .,ca tv
h o8'e'Uf e. o88 * on tne roof taue to aerfettled. The fen'ened CQnrour snail
| Cinee tymoues are cedeed a tal, nonnere nave a ucce '.ange measured from tangent to
a

f. a$

;
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j Table A4-8 (Cont.)
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~ NB4000 - DESIGN Table NB4682.21
_

surface of was or, on taomree trannasson sees of wsHf.to For MD
the nomenas traneteen martasel greater enen 7 cag see
sassen amen. . y, . que,,,ge,,,y.,, . ,suistant moment on brenen -

'

I 0'6 **'' For M,
b
b 7 aus neum.

M, =VM*,,*M*,,eu', a remastant moment on twog
- 1

i T i seine M,n M , and My are deserivenes as fossomes.y
4.

If M , anse Mr. have ene same aegnerees says, inea M,=0. If$ ,7 eso, anmu. i 7 eso, men. / i
Mr. and M , have ef ferent a.georees s gns. snes.IWieis ene7 C > >

i.,

n [ sutader of Mr or M , venere d a r. y, s .fg

; For brenan z ------ of tees tne Mr term of Eaustsons
|- tel As.esessauf is codined as wenes not trueeng me sommad (SI. (103. (111. or (123 snee he vuosaems by cne fossos.ng
a n_. for / Fuse meses. At tne mterescoon of 4 omure ot terne:

lonyttamenes butt wed in stresgne poo veta a yrtn bust

#,a h + #,,b"
Eeusman (9)

( #, * 4.5 and #: * 1.0 "
e -
'

The C,. K,. C,, K,. ane K, jno6 mms snesa be me oroouce Ecuanons (103 & 1123 C,es * C,, ;-
u.

of the renomuove enecus for the sanotumnas wood and 4 ''

prue vene. For summese. at me mescometion of an

ammusese girm butt vient met an asasemese Ionpaaemad Eausman (11) C,3K,3
I butt vamme. C, .s 1.1x1.1=1.21. C, for a gwin fWet wome I, C,,K,, 4

meuromunng a sonysusinus vesse snana be taaen as 2.0.
(33The areas meces grven are -- onry to tirenen anere .

_ . we strespit poe men brenen amm nornes to tne

snes surteam ane veneen most tne dwrensonas -- I ,a vtr*m4 7's_ . _ . .

8

arie 9- . of Ne4886 ane Fig.f484684.1 1e

(44 # = curses once or eemove reensa. .n. E, = sArm' Tr
r = mean ressus of crem saanen, we.

l = (Do - et/2. venere r = nominas vouse tnactmens
(5) The asum of moment, Mr.. sness be oceannes from an- For teenan cannectieses per N84643 see Fossione 3 aoove

,

anerves of tne pawn, systune we aceareance eats Ns4872. r'm T*s. #, . ane T, are cetines in Fig. Ns4sas.t.1
Mg rs oorsnme as tne range of nennuset teaming accuse cunnq For bustenseute tous our ANSI 816.9 or us SF 44:

*

me somefies operenng cyee. r ,,, e mean remus of omegnetes brancn osom
M 7"ae nemanas east tnocaneus of cemenesse brenureg

***A'
r 4.re * mean resius of congnetes rwe sposI Sarmest 7hraupe d'<se /g T, * nomones vuuni mecaneus of osapieces run pasg 7

M * nument as Poant A '

t / ($1 Inecas are sensecno+e to taosteus transtion scents van a pain#M *VM '*Ws'*M '
s 2 busca vesse et tne man end of me treneroon,t s s

9 C, * 1.3 e 0.003 (0,79 + 1.5 (4/rtoM
' A best not greater een 2.0

Carsee Poe or semnemmy 68eur / g, . 9,4,0.004 (0,79 * 3.0 (4/rl
h,

.f*" "3 but not greater inan 2.1
M * "''nmat as Fosnt At C, * 1.2 * 0.008 (Dortt
M e,jM,'*M,ho,'r # 2 (71 S,a * C.75 C,a but not less enan 1.0

#,, * 0.75 C,, but not less enan 1.0
## meet Moe C,, = Ot#,,,/T, Jars tr*m/#el"' (T's/7'rJ (r'm43. but not.. .

Isms unasi 1.5
j Moments casadates for point at meursecnon of run and A,,,, T. r* T'a. and rp are defwise in Piq.m,
j brusang center lines NS48ES.I.1
I &My3 K a * 1.0i

C,, * CJ lA ,,/7*,3 s/s fr'm/A,,,J. but not less enen 1.0f

K,, = 2.0
The oroeuct of C,,K,, snad be a trenernuen of 24

I#13
A Y A Y2 (83 C* . but not less tnen 1.S:#, = 0.75 C,

'
rM

_ 4, * == . wnere t a nornenes caos west tfHenness
#* A = bene raosus of curved pas or eebose

at O h 'IM
r o mean once radeva

1 = (Co - tti:Mg1 M,g,

.
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) m s,, - e., - cas 4 tes ase.cers in wa.cn r, ane e, - 0.10,
t c . c,,- as7 (n.,,a,:'a. but not ie tr.n 2.0-

-; 4, - mesa remus os asa.gnmes run
m r, - am ease tn.cnne os ass.gn se n.n se e, - i .acQsa uv.O,,.te-

K,,-K,,-to
3 (10 N K ine,ese ,,en for nenn,s o Aus s18.s. Aus e, - 1. a:s e* (0,,A,,pfogo, - asij sis.:s.or uss sras aserv oney to =='ve= fitt==es == ae

_ astacamena. or omer eenneoue s== ,s.e-s n-e 0,,4,, .s ine <arg os 0, a, an. O,4,.
es me bannes mereof. For fretwigs seta longituanes tnset
weses. time X inoces snonen stud tse tresassos.ee try the 1.1 for Id1 Resumers in wnen r, ane/or r, <a!O,

u

d fuse meses as def6ned en Nose 2; try 1.3 for vunnes not
enesung tne en _- _.for flusa usades. ,,,g ,

j (115 N stress enecos green preesse saremmes win.cn osuur in me
boev of a fitting. Is es not resumens to tame the posucz of c,.1 +0.018Sev O,,,t,,oress enesces for two o.oen, orosucts sucn as a tem and a
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Noting that M = Af and conservatively assuming that a nuclear power plantg

designed in accordance with past codes is such that S =S and recalling that -g g
C : 1.9 1, the second. term in the expression for S becomes:2

,

' p
D / D )

b2 i 21 2 1*9 i

Mh
~"

'
.

= 1.9 Sg (A21 2E)= 0.65f 1 'E2 (UTS)
~

(2a)
-

21
,

for ferricic steels

; 0.63f A K2 (UTS) (2b)g,

for austenitic steels

Past piping codes determine pipe thickness in accordance with the formula (1}
PD

h+0*4p) + C (Equation 1, Section 1 of Reference 4),t =
2(S

where:

P design pressure=

D outside pipe diameter
- =

C allowance ~for corrosion=

S all wable stress at temperature=
h

.

t = m4"4 mum pipe wall thickness

I When C is small compared to the thickness and 0.4P is scall compared to
S, the m4"4m"m thickness is approximated by

PD
t *
m 2S

I
31nce the actual pipe thickness, t, is not less than t , we have

1

PD,18 7 (UTS)(0.9) ferritic steel
|

*
2t h

f (UTS)(0.9) austenitic steel

1. Based on y = 0.4 for ferritic nacerials below 900*F.

A A-65
DU0Eranklin Research center-



. . . - . . , . _ - ,. . , ~ . -,__ _-ne,_ q

L
'

f
f:

?

Assuming that the range of service pressure P is a fraction A of the design
ty pressure, we have

i

1,

'
~

. PD 1 PD 1/4 A (UTS)(0.9) ferritic steelsk o0 1 0 g
. < A3

h " 1/5 A (UTS)(0.9) austenitic steels
2t 2t -

l
_

g
_

( s o that the firs't term in the expression for S may be put in the form
p

{PD fA (ITIS) gCy (0.9) fe m tic steel (3a) s.
, k1 "

2t j 7
yA7 (UTS) g C1 (0.9) austeniti.e steel (3b)

j Substituting Equations 2a and 3a on Equation 1 and neglecting the fourth term
f in Equation 1, we obtain:
)

i
1 -

S = 7 (0.9) A K C (UTS) + 0.65f A 2i 2 (UT3)K

a

1

i Es|aTl+K |aT|+ (1 .y) 2 32( - v) t (la)i ,
.

.

] for f edtic steels.
*

,

, .

j Similarly substituting Equations 2b and 3b in Equation 1 and neglecting the
; fourth term in Equation 1, we obtain:
.

4

j S 1, (UTS) Q C + 0.63f A K2 (.UTS)
'=

3;
I
i
f
3. + (1- v) Es|aT | + K |aT| (lb)

"
2 3 2 (1 - v) 1

t for austenitic steels.
.

These expressions can be further si=plified by noting from Tables I-5.0 and,

;

I-6.0 (lel (Winter 1978 Addenda) that: l

i1

' lEa , 27.9 x 1 x 7.3 x 10 8= 0.291 for ferritic steels
b

\-
.

-0Es , 28.3 x 10 x 9.4 x 10
= 0.380 for austenitic ' steels(1 - v) 0./ I

7 ay
|I
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Substituting appropriately in Equations la and lb and multiplying the second
term by 1.3 to account for movements of pipe ends attached to equipment, we have:

_

S = 0.23.A (UTS) (Cy + 0.85f Ah 2 (UTS)K

| +0.291|AT|+0.145K3|ATi| (la)
~

2

for ferritic steels.

;

S = 0.18 A7 (UTS) K C + 0.82f 1 K2 (UTS)7 3
.

+0.380|AT|+0.190K A ! (1D)
'

2 3 1

for austenitic steels-

:

| where:
~

p
A = (range of service pressure)/(design pressure) =

7

I
i

i UTS = ultimate tensile strength of material at 70*7

f = stress-reduction factor (see Table A4-7)-

t

th! A , = [ Change in temperature for i service cycle] divided

f by (=vd mm operating temperature - 70*7]
I *

! =|AT|/|(T)ax-70*7|i om<

,

| x,C,K latIKr l'T l - P"''*"* 7 d***"*d-
1 1 2 z i

.

|

The alternating stress intensity, Sd c , is one half of the peak stress,

j intensity, S ; that is:

"

alt p

'

For a given value of alternating stress corresponding to actual a service cycles,

the number of such cycles N allowed may be found from the applicable design.

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

g

i cycles is defined as: >

!
n *

4

i
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The' cumulative usage factor, U = IU shall not exceed 1.0 as required byg

NB-3222.4(e)(5) of Reference Ib.

Equations la and Ib may be used to evaluate Class 1 piping designed in
; accordance with past code raquirements from the viewpoint of present code re-
t quirements. Some examples will be used to illustrate use of the for=ulae.

_

.
~

i
).
j Examole 1 -

i Consider the 42-in ID primary ecolant piping between the reactor vessel and
steam generator for the Palisades plant [11] . These pipes were fabricat2d from
3-3/4-in thick ASTM 516, Cr. 70 plate with a rolled band 1/4-in noninal cladding,

i

! of 304L stainless steel. A review of transient conditions given in Section 4.2.2
1

,

I or Reference 11 indicates ,the following step power change service cycles:
i

i

15,000'cyclesfof 10% full load step power changes1.
increasing from 10" to 90% of full power and de-

! creasing from 100% to 20% of full power
>

>

2. 500 reactor trips from 100% power.

Emgation of Figure 4-6 |of Reference 10'shows the reactor coolant camper-
ature as a straight 1.w.e function of NSSS power. Considering the hot temperature
function, note that this full power T = 594*7 and at 0; power T = 532*?. This

'

j indicates that the tecpe :ature. change associated with the reactor trips is
: 4

i 62*?. ForeachAT,weshah.1casumethatAT = 0.75 4T and AT2 = 0.25 ST.! 1

A more accurate determination of AT and AT2 =ay be obtained from Referencey
11, so that:

.

,

,

i Service Cvele - 1 n = 15,000 aT of Service Cycle 1 = 62*F1i,

i
: AT = 0. 75 x 62 = 46.5*F.1.

\ f =.0.8,

AT = 0.25 x 6. 2 = 15. 5* 7
i
.

i
e

s

'

; A-68.
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i

f Service Cycle - 2 n - 500 AT of Service Cycle 2 = 62*72
)
j AT = 0.75 x 62 = 46.5'F7
)

-

f = 1.0
I AT = 0.25 x 62 = 15.5*7

- 2

Elbow
.

Consider an elbow in which the bend radius R is 5 times the. pipe diameter
2r

*
<

2r = 42.5 + 3.75 = 46.25

r = 23.13

R = 5 x 46.25 = 231.25, 2R = 462.5

From Table A4-8 for curved pipe or a butt velding elbow
.

K = 1.0y

.
.

C = (2R- r)/(2(R r)]7

*

= (462.5 - 23.13) /(2 x (231.25 - 23.13)).

= 1.06

x'l- K3-1o2

.

! Longitudinal Butt Weld-Straight Pine
j A longitudinal butt weld flush in a straight pipe would be a more critical

.1

element to investigate since for this element:
.

:

g = 1.1, C = 1.0, K ~ 1'1' K1 2 3" *1

;

Branch Connections

i A branched connection which may possibly have been used to connect the
12-in Schedule 140 316 stainless steel surge line from pressurizer to the hot
leg would have stress indices as follows:.

K2 = 2.0, x = 1. 7, g = 2.2 C = 1.53 1
and obviously would be most critical. These K and C values are taken from the1 y

+

Summer of 1979 Addenda (1].
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] Determination of Usage Factors

UTS = 70 kai (ASIM 516 - Gr. 70)
3

~

-

1

ch
1 For the i service cycle:
y

.

(S ) = 0.23A x 70 x g C + 0.85 x 70 f.K Ap 2Mi
1
1

! +0.291|aT|+0.145K|aT,|3 2 3 .

Assuming that the pressurizer =aintains pressure within + 50 psi during these
_

service cycles, then:
-

l 100
A

| l " 2500 = 0.04 so that
:

: (S ) = 0.644 K C + 59.5 A,,,f g + 0.291|aT | + 0.145 K |ar, [
t.

p 7 2 3-
*

!
>

LT! Determination of A.,, for each service evele A i=
! 21--

[(T )nax - 70* }3 o
'

.

t (T ) = maxi =u= operating te=perature = 594*F
,

I

AT of Service Cycle 1 = 62*F aT of Service Cycle 2 = 62*F'

.

l,

A = 62/(594 - 70) = 0.1221
,

i

j A = 62/(594 - 70) - 0.12, 22
,

1finally (Sg) = 7 (S )
i

i
A su: nary of the results for each of the two service cycles as it affects the:

i

usage of the three ele =ents is given in Tables A4-9 through A4-ll. It is apparent
i

{ fro = the usage factors calculated in these tables that cu=ulative da=sge fro =
cycles 1 and 2 is negligible.

!

,

3 A-70

_nklin Res,earch Center_ _.



.

. .

Table A4-9

Usage Factors Due to Thermal Gradient Through Thickness
_

Example: Hot Leg of Palisades Primary Coolant Piping

Piping Element: Elbow - -

K = 1.0, C = 1.06, K = 1.0, K = 1.07 7 2 3

Service Cvele - 1 g = 15,000 f = 0.8 A = 0.1221

Ai = 15.5'F AT = 46.5'F2 7
i
t
i S = 0.644 'gC + 59.5 f K A2 n + 0. 2?l| AT | + 0.145 K | AT | = 18.7 ksi2 3
.

s S =1 S = 9.3 kai
alt 2 p

s

6 "1Ny > 10 (See Figure A4-2) U = - = 0. 02,

7
1

-
a

Service Cvele - 2 n = 500 f = 1.0 A = 0.122 g

?
.

| AT2 = 15.5 'F AT = 46.5 'F

S = 0.644 (C + 59.5 f K A222+0.291|AT + 0.145 K | Ah | = 19.1 'ai2 3 t

.

; u,- S, = 9.5 ksiS

0
N2 > 10 (See Figure A4-2) * U =0=

2

t
'

U +U - 0.024

3
i
!

l

I
1

|

I
i
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4

, Table A4-10
|

j Usage Factors Due to Thermal Gradient Throuch Thickness

Exa=ple: Eot Leg of Palisades Pri=ary Coolant Piping
.

1

}
1 Piping Ele =ent: Lengitudinal Butt. Weld-Straight Pioe
!

.

l
; K = 1.1, C = 1.0, K 1- K 1- -1 1 2 3

}
'

j Service Cvele - 1 a = 15,000 f = 0.8 A = 0.12
#

|
| AT., = 15.5'F AT = 46.5'Fy

j S 0.644 (C + 59.5 f K A2 n + 0.291|aT + 0.145 K 0 1| = 18. 9 kai
=

2 3

S =1 S = 9.5 ksi.
; alt 2 p
,

4

! 6 "1N > 10 (See Figure A4-2) U = p = 0.02y 1
1:

1
1

j Service Cvele - 2 a = 500 f = 1.0 A.,,, = 0.122 .i

i

aT = 15 . 5 ' F ST. = 46.5'F. -

2 A

0.644 'qC + 59.5 f K A2 n + 0.291|aT | + 0.145 KS 1| , 20.5 ksi
= 0

2 3;

I

j S =1 S = 10. 2 ksi
alt 2 ps

4
9 U6 2j N., > 10 (See Figure A4-2) =0

7'24
'

j
U1 + U., = 0.02

.. -

4

s

i
t

-

.

'

t

- A-72

earch Center



. .

1

Table A4-11 *

Usage Factors Due to Thermal Gradient Through Thickness -

Example: Hot Leg .of Palisades Pri: nary Coolant Piping

Piping Element: Branch Connection ' ~

(K and C from Summer 1979 Addenda (1])y

K = 2.2, C = 1.5, K = 2.0, K3 " 1*7; y 7 2
!

<

Service Cvele - 1 a = 15,000 f = 0.8 A = 0.1221

aT = 15.5 F 4T = 46.5 F2 1 -

-
.

I .

S = 0.644 g C + 59.5 f K A221+0.291|aT + 0.145 K #
'

1| = 29.5 ksi2 3
t

. S =1 S '= 14.8 ksi
! de 2 p

0
Ny > 10 (See Figure A4-2) U = 0.02=

7 .

1
(
l

: Ser rice Cycle - 2 n = 500 f = 1.0 A = 0.122 n
.

!

I AT = 15 . 5 ' F . AT = 46.5'F2

S = 0.644 g c + 59.*5 f K A2 22 + 0.291|aT | + 0.145 K |aT | = 25.2 M7 2 3 yp

|

S =1 S = 12. 6 ksi-

| alt 2 p

0
N2 = 10 (See Figure A4-2) U = 0.0005=

2
2

; U +U = 0.0205
2

|

|

A-73

'

1 -_Research_ Center _ _ _ ._ - - - -

nklin
_



m = -,m wr eMWM% h::
! o .

,

!
I

f Example 2

The same Palisades primary coolant piping will be considered as in

Example 1, except that only a branch connection will be considered for service

r cycles in which there is a more significant change in average metal tempera-
~

l

ture as follows:

L
i Service Cycle ATi k21

~
*

i-ni (*F) (|aT|/(524))i

1-15,000

(10% to 100% full power) 59' O.113
2-15,000

; (50% to 100% full power) 31' O.059
3-15,000

, (10% to 904 full power) 55' O.105
i 4-15,000

! (100% to 20% full power) 49' O.094
|

Comparing the above valves k with the value of 0.12 obtained ing
Example 1, the usage factors associated with the above four additional cycles

'

are negligible.

5

(

; Comparison With ASME I (1962) Requirements

I Piping from a reactor vessel up to and including the first isolation valve

external to the containment structures could have been designed and built to,

the following requirements:

I
a. ASME I (1962)

j b. ASME I (1962) and B31.1 (1955).

,If requirement (a) was invoked, expansion stress limits due to cyclic
tnermal loading are not specifically imposed. However, ASME I (1962) does
require consideration of loads other than working pressure or static head,

[ wnich " increases the average stress by more than 10% of the allowable working

stress." For example, the allowable working stress for welded alloy steel
SA-250-Tl at 600*F is 11,700 psi. Expansion stresses would typically be in

excess of 1170 psi and should be considered. Licensees that designed their i

piping based on ASME I (1962) criteria should furnish details as to how
l

thermal stresses were considered.
||
|

| - |
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If requirement (b) was invoked, then paragraph 102(b) of Section I [4]

requires that valves, fittings, and piping for boilers as prescribed in
I Section I are within the scope of B31.1, but provisions of ASME I shall govern

where they exceed corresponding requirements of B31.1. Accordingly, piping
_

built to requirement (b) _would have to satisfy the specified expansion stress

limits of B31.1 due to cyclic thermal loads as well as the full radiography

I requirements for all longitudinal and circumferential fusion welded butt -

joints of Section I.

'Nuclear Code Cases N-1, N-2, N-4, N-7, N-9, N-10, N-11, and N-12,

when invoked, impose requirements as follows:

1. Code Case N-1 requires that nuclear piping (for which loss of fluidj

j could result in a radiation hazard) may be designed to B31.1 (1955)

| supplemented by the requirements of case interpretations identified
by the prefix "N."'

2. Code Case N-2 requires that valves used in nuclear power systems:

a. be of materials recognized by ASA B31.1-1955 and conform to a
recognized standard (e.g., ASA B16.5) .

b. meet physical and inspection requirements of Code Case N-10.

c. have a positive sealing or some provision for stem and bonnet
leakoff control.

d. screwed end valves (in which the thread provides the only seal)
are not permitted.

'

! 3. Code Case N-4 permits the temperature limit of 100*F for hydrostatic
media to be exceeded.

.

! 4. Code Case N-7 permits the use of nuclear piping made from austenitic,

; stainless steels, provided that:
:

a. materials conform to one of the following ASTM specifications:
: A376, A358, A312, and A430 for piping; ASTM-A403 for welded
I fittings; or ASTM-182 for forgings.
!

#

! 1. Mechanical Engineering, August 1962 (Code Case N-1, N-7), December 1960 and
| October 1964 (N-9) , April 1960 (N-10) , July 1961 (N-2) , December 1960 (N-4) ,
{ and November 1961 (N-ll and N-12).
'

!

I
;

h
'
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b. full radiography of longitudinal and circumferential welds is
k performed; however, fluid penetrant methods are permitted when f
$ size or configuration precludes full radiography, or for services

y at or near atmospheric temperatures up to 212*F provided that j

? piping is tested at 1.5 times the maximum allowable working
pressure.

~

>

E c. allowable stress values are used as shown in the following table:

Allowab e Stress Values
~

!
'

Steel Type
*

321H 321
Temperature 347H 347

(F*) 304H 304 304L 361H 316 316L 348H 348 309 310

-20 to 100 18750 18750 17500 18750 18750 17500 18750 18750 18750 18750
200 16650 16650 15300 18750 18750 16250 18750 18750 18750 18750
300 15000 15000 13100 17900 17900 14500 17000 17000 17300 18500
400 13650 13650 11000 17500 17500 12000 15800 15800 16700 18200
500 12500 12500 9700 17200 17200 11000 15200 15200 16600 17700
600 11600 11600 9000 17100 17100 10150 14900 14900 16500 17200*

650 11200 11200 8750 17050 17050 9800 14850 14850 16450 16900,

700 10800 10800 8500 17000 17000 9450 14800 14800 16400 16600
i 750 10400 10400 8300 16900 16900 9100 14700 14700 16200 16250
I 800 10000 10000 8100 16750 16750 8800 14550 14550 15700 15700
f 850 9700 9700 16500 16500 14300 14300 14900 14900
e 900 9400 9400 16000 16000 14100 14100 13800 13800
I 950 9100 9100 15100 15100 13850 13850 12500 12500
| 1000 8800 8800 14000 14000 13500 13500 10500 11000

1050 8500 12200 13100 8500 7100,

1100 7500 10400 10300 6500 5000
1150 5750 8500 7600 5000 3600,

1200 4500 . 6800 5000 3800 2500,

| 1250 3250 5300 3300 2900 1450
; 1300 2450 4000 2200 2300 750
; 1350 1800 2700 1500 1750 450
$ 1400 1400 2000 1200 1300 350

1450 1000 1500 900 900 250-

1500 750 1000 750 750 200.

i
7
A d. reheat treating at 1950*F for 1 hour per inch of thickness for
i pipe sections subject to cold or hot formings followed by fluid
*

pene trant testing of all accessible surfaces was performed.
C
4

) 3. Code Case N-9 allows tne use of centrifugally cast austenitic steel
d pipe for nuclear service provided that specified chemical and

mechanical properties are satisfied: inside and outside surfaces,

] shall (1) be machine finished to 250 micro-inch RMS or 225 micro-inch
AA or finer; (2) be pressure tested at 1.5 times the rated pressure

| and fluid penetrant inspected; (3) be fully radiographed; (4) meet the
y requirements of ASTM E-71 for Class 2 quality casting; and (5) be .

* reheat treated at 1950*F for hot formed sections.

_nklin Res_earch C_ enter. .
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;. Stress allowanles should be in accordance with the following table:*
,;

Maximum Allowable Stress Values in Tension, psi
;
;
' ASTM A451 Grade

CPFS CPF8M CPF8C -

Spec. Min.
Tensile 70000 70000 70000

l Temperature (*F)
~

-

; -20 to 100 17500 17500 17500
200 15700 16900 17000
300 14250 16500 15600

i 400 13100 16300 14200
| 500 12200 15900 13000

| 600 11700 15350 12200
650 11500 15000 11900'

. 700 11300 14700 11700

| 750 11100 14350 11600
800 10900 14000 11500
850 10650 13500 11350
900 10400 13000 11200,

; 950 10100 12350 11100
1000 9850 11700 11100
1050 9600 10600 10900

,

;
'

Note: These stress values are based an a casting quality factor of 1.00.

4. Code Case N-10 permits the use of cast austenitic steel butt welding
fittings for nuclear service provided that ASTM Specifications A-351
and ASA B16.9 are augmented by the following requirements:

I a. specified chemistry and mechanical properties shall be satisfied

r
| b. fittings shall be finished to 250 micro-inch RMS or 225
! micro-inch AA or finer

c. fittings shall be tested at 1.5 times the rated pressure

$

i d. fittings shall be inspected by the fluid penetrant method and be
fully radiographed in satisfaction of the ASTH E-71 requirements
for Class 2 quality castings

b -

e. fittings shall be heat treated at 1950*F followed by rapidj
f

cooling in air or a liquid medium

i
i f. Stress allowables shall be in accordance with the following table:

?

i

j * Values are applicable only af ter October 1964.

$
$
1

1

'
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Maximum Allowable Stess values in Tension, psi

ASTM A351 Grade
CF8 CF8M CF8C CH2O CK20

Spec. Min.
_

Tensile 70000 70000 70000 70000 65000

Temperature (F')
-20 to 100 17500 17500 17500 17500 16250

.

200 15700 16900 17000 16100 15300,

300 14250 16500 15600 15150 14900

[ 400 13100 16300 14200 14600 14600
500 12200 15900 13000 14550 14450
600 11700 15350 12200 14450 14450:

650 11500 15000 11900 14400 14400
700 11300 14700 11700 14350 14350
750 11100 14350 11600 14300 14300
800 10900 14000 11500 14150 14150
850 10650 13500 11350 13900 13900
900 10400 13000 11200 13500 13500'
950 10100 12350 11100 12500 12500

1000 9850 11700 11000 10500 11000
1050 9600 10600 10900 8500 9750

5. Code Case N-ll indicates that any sound means of providing for

( thermal expansion may be used and the following requirements must be
me t:

a. Must meet requirements of Section 6, Chapter 3 of ASA B31.1-1955.
>

b. Material recognized by ASA B31.1-1955.

c. If sliding or swivel type, have a positive seal or leakoff
control.

s

| d. Provide for thermal expansion due to rapid temperature
i fluctuations.
|

6. Code Case N-12 provides a procedure for qualifying new materials for
use in nuclear piping systems. The following subjects are
discussed: ASTM identification, alternate identification, creep and

; stress rupture data, physical properties, heat trea tment , hardness
measurements, impact strength and transition temperature, radiation
and temperature effects, microstructure variations, availability,

j weldability, and test results.

The following is concluded:

1. If ASME I (1962) was used, the Licensee should furnish information
regarding how expansion thermal stresses were determined. This.

A-78-ef31s,
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information should be reviewed against current fatigue requirements,

| especially for services with more than 500 cycles. Fracture
toughness should be reviewed against current requirements. See-

' Section 4.1.1.

2. If ASME I (1962) and B31.1 (1955) were used, the calculations for -

fatigue evaluation should be reviewed, especially for services with;

! more than 500 cycles. Fracture toughness should be reviewed against
'

current requirements. See Section 4.1.1.

3. Piping built to B31.1 (1955) and the code cases should be reviewed
for satisfaction of current fracture toughness requirements. See
Section 4.1.1.

j 4. When Code Cases N-1 plus either N-2, N-7, N-9, or N-10 were invoked,
| current full radiography requirements would be satisfied.

5. When Code Cases N-1 plus either N-7, N-9, or N-10 were invoked,
current stress allowables would be satisfied for a temperature range
up to 650*F.

,

i
i Comparison With USAS B31.1.0-1967 Requirements

USAS B31.1-1967 (13] is essentially the same as the power piping portions

| of ASA B31.1-1955. The comparison of ASA B31.1-1955 requirements with current
.

j requir.ements would also apply to USAS B31.1-1967 requirements.

[ Comparison With ANSI B31.1 (1973) Requirements

The ANSI B31.1 (1973) [14] power piping code requirements applicable to

j this review are essentially the same as the 1955 Code except that the Summer

j 1973 Addendum modifies the stress intensification i factors for butt welds and
i fillet welds and introduces new factors for 30' taper transition, concentric
,

i reducers, and branch connections. Comparison between these factors and half

the C factors (but not less than 1) from ASME III (1977) as shown in Table2

| A4-8 of this appendix indicates that the i factors are conservative when

! compared to current values.
|

{ ANSI B31.1 (1973) also introduces an equivalent full temperature cycle

| formula for variable temperature cycle service. A fatigue evaluation account-
f'

ing for local discontinuities is not required by either the 1973 power piping

I code or B31.1 (1955). The fatigue evaluation example and conclusions based on
;

!
l

i

I
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a comparison between the 1955 power piping code and current requirements (see
Section 4.2 of this appendix) are also applicable to a comparison of the 1973

power piping code with current requirements.

Comparison With USAS B31.7 (1968-Draf t) Requirements

The following items in the USAS B31.7 1968 Draft Code for " Nuclear Power

Piping" (15) are similar to items in the current code:

g 1. Piping systems are designed to Class I, II, or III requirements, as
'

given in Subsections 1, 2, or 3 of B31.7 (1968).

2.2 The snear theory of failure with its associated stress intensity
concepts and limits for primary, secondary, and peak stress

' categories for Class I piping are the same.

!

3. The formula for peak stress intensity range for Class I piping is the
same, and local and secondary stress indices are used in both codes.

4. Both codes require full radiography for circumferential and
longitucinal butt welds for Class I and II piping.

Differences between the USAS B31.7 1968 Draft Code and current requirements
are summarized as follows:

1. Stress indices in USAS B31.7 (reproduced in the table "USAS B31.7
(1968 Draf t) Stress Indices") may in some cases be lower than those
currently required. For example, for B1 the stress index for a
girth fillet weld-to-socket weld fitting is currently 0.75 (Table

j A4-8) compared to 0.5 in B31.7.

2. Fracture toughness (impact testing) requirements are not specified in
the older code.

! 3. Stress limits for the equivalent service levels C and D (emergency
and faulted) conditions are not specified.

In conclusion, piping built to the B31.7 code (15] should be reviewed for

the differences noted above and evaluated against current requirements.

Welding Requirements

Full radiography of welded joints in piping, pumps, and valves as
stipulated in past (4, 5] and current codes (1,16] depends on weld joint

4 A-80
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category, pipe size, and code class as shown in the table, " Full Radiography
Code Requirements for Welded Joints in Piping, Pumps, and Valves."

;
~

In conclusion, full radiography was not required by the past code, but it
__

is a current requirement for Class 1 and Class 2 welded joints for piping,
pumps, and valves. It is recommended that welded Class 1 and Class 2
components and systems be checked to learn what radiography requirements were -

| enforced.

$
$
?

| Pull Radiography Code Requirements
for Welded Joints in Piping, Pumps, and Valves

!

Current Codes
j ASME III (1977) ANSI B16.34 (1977) Past Codes (1, 2)

Description of Class Class ASA B31.1 (1955)
; Welded Joint 1 2 3 Standard Special & ASME I (1962)
i

A. Longitudinal Yes Yes No No Yes No ( '
. B. Circumf erential Yes Yes No No Yes No
I

C. Flange connection Yes Yes (4) No No Yes No'

| D. Branch and piping
I connections to
'

pipes, pumps, and -
,

valves of nominal
pipe size exceed-

,

| ing 4" as follows

i (1) Butt-welded * Yes Yes No No Yes No
(2) Corner-welded Yes Yes No No Yes Noi

full penetration
(3) Full penetration Yes Yes No No Yes No

,

!

I 1. Applicable also to B31.1 (1967) and B31.1 (1973). B31.7 (1968) requires
full radiography for circumferential and longitudinal butt welds for Class

! I and II piping.

| 2. Full radiography of butt-welded joints may be specified under B31.1 (1955)

{ but it is not mandatory. Full radiography is required for all longitudinal
and circumferential fusion welded butt joints for pipes built to ASME I
(1962) requirements.

3. Except when specified by material specification for piping in excess of 2
in nominal diameter.

4. Wnen either member thickness exceeds 3/16 in.
$

I
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4.3 PRESSURE VESSELS

The past code requirements for pressure vessels are given in one or more

of the following ASME Boiler and Pressure Vessel Codes depending on the SEP
nuclear plant group as defined in Table Al-1.

~

{ Group Pressure Vessel Code

I
- - ASME III (1965) -

ASME VIII* (1965)
II ASME VIII* (1962)

ASME III (1962)
'

| ASME VIII (1974)
| III ASME VIII* (1959, 1956)
i

Y

4.3.1 ASME VIII (1962)

The current code requirements [1] and the past ASME VIII (1962) [3] code

differences are summarized as follows:

~

Fracture Toughness - Class A Vessels

i

j Except for containment vessels, which are covered by Code Case 1272N and

! outside the scope of this study, impact test requirements for primary vessels
1

(the equivalent of Class 1 vessels) and secondary vessels (the equivalent of

3
current Class 2 or Class 3 vessels) designed and built to ASME VIII (1962)

'
were significantly less severe than current requirements as noted by the

r
j following compariaon table:
,

I II)Past Current
Description Requirements Requirements4

Maximum Temperature of LST o Class 1 - LST-60*F
*

Impact Testing When o Class 2 - LST,

g Required o Class 3 - LST
i

j LST Above Which Impact -20*F o Class 1 - None
| Testing Not Required o Class 2 - See Figure A4-1
: o Class 3 - 100*F

f
.

*Plus nuclear code cases.
1. See UCS-66(d), UHA-51, and UG-84 of Reference 3.

,

I

!
,

!
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j
j Past Current

Description Requirements Requirements

j Specimen Notch Type U or Keyhole V
i

.

|j Minimum Absorbed Energy 5 to 15 ft-lb o Class 1 - 50 ft-lb
depending on o Class 2 and 3 - Not
specimen type specified for thickness,

- less than 2-1/2 in; -

i 50 ft-lb for thickness
greater than 2-1/2 in

j Minimum Lateral Not specified o Class 1 - 35 mils
! o Class 2 and 3 - 20 to
i 40 mils, depending on-

j thickness

It is apparent from the comparison table that current fracture toughness
0 requirements are significantly more severe than past requirements when impact

testing is necessary. Use of Tables A4-4, A4-5, and A4-6 will aid in
"

evaluating material toughness of vessels built to the past code.

'

Design Requirements
;

f Vessels built to ASME VIII (1962) were not classified with regard to
quality class. Code Case 1270N, when invoked, classified nuclear vessels

within the scope of tnis study as follows:

'

Vessel Type Current Classification

Reactor Vessel (outside scope)
'

Primary Class 1

) Secondary Class 2 or Class 3
t

| Containment Vessel (outside scope)
,

i
Code Case 1271N deals with modifications to Section I and Section VIII'

! rules for safety requirements for devices such as pop-type safety or relief

valves, direct reading pressure gages, inspection openings, gage glasses, water
h columns, gage cocks, and rupture disks. In general, the code case eliminates
I
I the requirements for these devices or provides for the safe containment and
i

| disposal of the effluent of such devices if they are installed and activated

I by an accident. Safety devices other than relief valves are considered outside

the scope of this study. Section 4.5 of this appendix reviews the structural

integrity requirements of valves; operational requirements were considered

outside the scope of this study.

I A-84
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Code Case 1272N dealing with containment vessels and intermediate contain-

ment vessels (outside the scope of this study) may nevertheless have been;
,

iinvoked for SEP pressure vessels. The provisions of 1272N are briefly
,

summarized as followc: -

1. Stress relieving of containment vessels not inside a heated enclosure
is not required provided the vessel material shall conform to ASTM

'

specifications SA-300 and SA-350 for plates and forgings, ,

respectively. In addition, these materials shall meet the impact
test requirements of paragraph VG-84 at LST -30*F but not less than,

i -84*F. In addition, the thickness of shell and head shall not exceed
'

the thickness for which stress relieving is required by UCS-56,
except that for P-1 materials stress relieving is not required for,

thickness of 1-1/4 in to 1-1/2 in, provided a preheat of 200*F is
used during welding.

2. Stress relieving for intermediate containment vessels not containing
radioactive materials is not required except as may be required by
Section VIII.

! 3. Tne mandatory minimum corrosion allowance provisions of UCS-25 for
! compressed air service, steam service, or water service are not

applicable to containment and intermediate containment vessels,

t Code Case 1273N, when invoked, imposed the following additional

requirements on primary (Class 1) vessels built to ASME VIII (1962):'

f 1. Thicknesses shall be no less than that required by the code formulae.

I

2. Stresses due to thermal loads combined with pressure loads cannot
i exceed 1.5 times allowable working stress, that is 1.5XS.

i 3. The maximum allowable bolt design stress may be based on the
properties of the heat-treated metal for operating metal temperatures

; 100*F or more, below the tempering temperature, provided the
allowable stress does not exceed 1/3 YS at the tempering temperature
and the operating metal temperature does not exceed 800'F.

4. Creep and stress rupture properties must be considered for long-term
I exposure at temperatures that will assure adequate safety.
I

5. a. Compensation shall be made for all openings regardless of ,

diameter.

; b. When compensation is totally in the nozzle, the nozzle should be
attached by a full penetration weld.

c. Thermal stresses and external pipe reactions should be considered.

< d. Full penetration welds should be used wherever possible, except
where.not practicable, such as at closely spaced . openings.

.

k
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| 6. All welds are to be fully radiographed except where not practicable,
j such as at closely spaced openings.

7. Although no specific rules are provided for corrosion, radiation
effects, transient thermal stresses, mechanical shock, and vibration --

loads, these factors should be considered to obtain desired v'essel

{ life.
?
1

0 8. Particular consideration should be given to quality of materials, -

4 fabrication, and inspection.

4
j 9. Cladding thickness in not to be included in code design fctmulae.

Special ruling 4( } of the Code Case 1273N discusses attachment of
,

e' nozzles in primary vessels using partial penetration welds. Additional
3 requirements imposed on primary (Class 1) vessels built to ASME VIII (1962)
I'
e are:
$

j 1. Partial penetration welds are allowed only for attachments on which
h there are substantially no piping reactions, such as control rod
,

housings, pressurizer heater attachments, and openings for instrumenta-
[ tion for which there no thermal stresses greater than expected in the

vessel itself.,

| 2. All compensation shall be integral with the part of the vessel
* pene trat.ed.
c

j 3. Partial penetration welds shall be of sufficient size to develop the
full strength of the attachments.,

i
! 4. Full radiography shall be carried out on all the welds.
|

The past code's do not specifically consider loading conditions, other than
design, operating, and test.. The FSARs for specific SEP plants may, however,

| consider the equivalent of emergency and faulted conditions. A discussion of
the evaluation of the FSAR stress limits for these loads against current limits
is presented in Section 4.1.4 of this appendix.

Stress limits for vessels which would currently be classified as Class 2

or 3 are essentially the same as for 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 with 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 limits on combinations of primary membrane and
bending stress at (3/2) S = YS.

1. Mechanical Engineering, February 1961.

_nklin Rese_ arch Center.
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Secondary vessels which would currently be classified as Class 2 or Class

3 vessels should be evaluated against current Class 2 or Class 3 code require-

ments, with special attention being given to current radiography requirements.

Evaluation of past vessels for the equivalent of service levels C and D
__'

for stress limits set in the FSAR should be compared to current stress limits

for these service levels. . .
_

Fatique Requirements for Pressure Vessels

Class 1 vessels designed to the current code are required to be analyzed
for cyclic loads unless they can be shown to be exempt from analysis for

cyclic service by demonstrating compliance with all the conditions cf

NB-3 222.4 (d) of Reference Ib as follows:

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

(1/3) (Design Pressure) (S /S )a m

where

S, = alternating stress from fatigue curves corresponding to the
number of pressure fluctuations

Sm = allowable stress intensity at the service temperature

(2) Atmospheric to Service Pressure Cycle

2 < N (3'S )N m '

:

where:*

N2 = the maximum number of atmospheric to service pressure cycles

N (3 S,) = number of cycles from design fatigue curve for Sa = 3Sm

;
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4 (3) Temperature differences between adjacent points, i.e., two points

along (1/2)the meridian of a vessel, nozzle, or flange closer than2(Rt) where R is the mean radius and t is the mean thickness
between the two points:

i i S /(2Ea) (i = 1,2)
..

AT a

where:
t

-

ATi = temperature differences between two adjacent points
.

; i = la startup and shutdown

i = 22 normal service

E = modulus of elasticity at mean temperature between points

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

Sa = alternating stress from design fatigue curve corresponding to
the number of startups and shutdowns, N , and the number of

1
significant temperature difference fluctuations during normal
service, N . A significant number of temperature fluctuations2
are greater than S/(2Ea) where S is the endurance limit, i.e.,
the value of S from the fatigue curve at 106a cycles.

(4) Temperature difference - dissimilar materials - see paragraph
NB-3222.4 (d) (4) of Reference Ib

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

Fatigue evaluation was not required for Section VIII vessels. It is

recommended that Section VIII vessels which would be currently categorized as
Class 1 (e.g., pressurizer) be reviewed to see if the pressure fluctuation and
atmospheric to service pressure cycles, conditions (1) and (2), are satisfied.
The information needed to see if conditions (1) and (2) are satisfied should
be available from the FSAR or other source. It is also possible to see if

condition (3) is satisfied by assuming that the temperature difference between

two adjacent points at vessel inlet, outlet, and feedwater nozzles is equal to
the fluid temperature transients given in the FSAR. Note that fluid tempera-

ture transients would be an upper bound on metal temperature differences
between adjacent points. Accordingly, satisfaction of condition (3) based on
fluid temperature transients Laplies actual satisfaction of condition (3) .

|

|
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p Non-satisfaction on fluid temperature transients does not necessarily imply
1

! actual non-satisfaction of condition (3) based on actual metal temperature

i differences which can be determined on the basis of thermal analysis. The

following is recommended: _

(1) Determine if the limit on pressure fluctuation as defined by
condition (1) is satisfied based on FSAR information or other source.

r -
_

i (2) Determine if the limit on the number of atmospheric to service
! pressure cycles as defined by condition (2) is satisfied based on "

! FSAR information or other source.

(3) Determine if temperature difference limits for startup and shutdown
'

and normal service as defined by condition (3), but using fluid
temperature transients are satisfied based on FSAR information or
other source. *

If steps (1) and (2) show non-satisfaction of conditions (1) and/or (2),

I the vessel is not exempt from fatigue evaluation and the licensee should be

requested to furnish same for review by NRC.

If steps (1), (2), and (3) show satisfaction of conditions (1), (2), and

(3), the licensee should be asked to either demonstrate cocpliance with
conditions (4) and (5) or furnish fatigue evaluation for review by NRC.

If steps (1) and (2) show satisfaction of conditions (1) and (2) but non-

satisfaction of condition (3), the licensee should be asked to furnisn evidence

of compliance of conditions (3) based on metal temperature differences
determined by analysis, as well as satisfaction of conditions (4) and (5), or

furnish fatigue evaluation for review by NRC.
I

Vessels built to ASME VIII and currently classified as Class 2 or Class 3

do not currently require evaluation for cyclic load conditions.,

!

! Welding Requirements *

L

The table on the following page, " Weld Joint Thickness Requiring Full,

[ Radiography," provides a comparison between current and past code requirements
; when radiographic examination of butt-welded joints is mandatory. The values

i given are thickness limits above which full radiographic examination of butt-
I welded joints is mandatory.
e

I

f
*

|

s
t
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{ From the following table, " Weld Thicknesses Requiring Full Radiography,"

| it can be seen daat:

!
| 1. Vessels built to ASME VIII (1962) requirements only and currently

classified as Class 1, 2, or 3 vessels may not satisfy the current'

| radiography requirements.
.

{ 2. Primary vessels built to ASME VIII (1962) requirements may satisfy
current requirements for Class 1 vessels, provided that Code Cases
1270N and 1273N were invoked.

( *
l 3. Secondary vessels built to ASME VIII (1962) requirements and

currently classified as Class 2 or Class 3 may not satisfy the
'

current radiography requirements for butt-welded, joints of thickness,

less than 1 1/2 inch.

4. Currently classified Class 1 vessels built to Reference 3 and 1273N-4

r satisfy the current radiography requirements.
5

It is concluded that vessels built to past requirements may not satisfy

current radiography requirements, depending on materials and whether or not

Code Cases 1270N and 1273N were invoked.

'feld Joint Thicknesses Requiring Full Radiography

P-No. Current Code Requirements
Material Code Class Past Code Requirements>

Classification 1 2 3 ASME VIII (1962)(1)

1 0(2) 3/16 in 1 1/4 in o All joints whose material
'

3 0- 3/16 3/4 thickness exceeds 1 1/2-in
{ 4 0 3/16 5/8
l

| 5 0 3/16 0 o Lesser thicknesses for carbon
,

7 0 3/16 5/8 and low alloy steels, high alloy

8 0 3/16 1 1/2 steels, and clad plate steels as

9 0 3/16 See Note 3 specified in paragraphs UCS-57,

10 0 3/16 5/8 UHA-33, UCL-35 of Reference 3

11 0 3/16 5/8 which follow.

1. Vessels containing lethal substances shall have welded joints for
materials of all thicknesses fully radiographed.

2. All thicknesses require full radiography when "0" is indicated.
~ 3. Requirements not specified for this P-No.
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Carbon and Low Alloy Steels (UCS-57 Radiographic Examination)

"In addition to the requirements in Par. UW-ll, complete radiographic
examination is required for each butt-welded joint in vessel built of
steel complying with Specifications SA-202, SA-203, SA-204, SA-212,

SA-225, SA-299, SA-302 and SA-387 Grades A, B and C at which the plate -

thickness exceeds 1 in. and for each butt-welded joint in vessels built
of steel complying with specifications SA-333 Grade 4, SA-350 Grade LF4,
SA-353, SA-357, SA-387, Grades D and E, and SA-410 for all plate
thickness. (See Par. UCSD-19. )'" ~

High Alloy Steels (UHA-33 Radiographic Examination)

" (a) The requirements for radiographing prescribed to Pars. UW-ll,

UW-51, UW-52 shall apply in high-alloy vessels, except as provided
in (b) . (See Par. UHA-21).

(b) Butt-welded joints in vessels constructed of materials conforming
to Type 405 welded with straight chromium electrodes, and to Types
410 and 430 welded with any electrode, shall be radiographed in
all thicknesses. Butt-welded joints in vessels constructed of
Type 405 materials or of Type 410 with carbon content not to
exceed 0.08 percent, welded with electrodes that produce an
austentic chromium-nickel weld deposit or a non-hardening nickel
chromium-iron deposit shall be radiographed when the plate
thickness at the welded joint exceeds 1-1/2 in. The final
radiographs of all straight chromium ferritic welds including
major repairs to these welds shall be made af ter stress-relieving
has been performed.

(c) Butt-welded joints in vessels constructed of austenitic
! chromium-nickel stainless steels which are radiographed because of

the thickness requirements of Par. UW-ll, or for lesser
thicknesses where the joint efficiency reflects the credit for
radiographic examination of Table UW-12, shall be radiographed
following post-heating if such is performed."

Clad Steels (UCL-35 Radiographic Examination)

" (a) General Vessels or parts of vessels constructed of clad plate and
those having applied corrosion-resistant linings shall be
radiographed when required by the rules in Pars. UW-ll, and
UCS-57. The plate thickness specified under these rules shall be

the total plate thickness for clad construction and the base plate
| thickness for applied-lining construction.

(b) Base Plate Weld with Strip Covering. When the base-plate weld in
clad or lined construction is protected by a covering strip or
sheet of corrosion-resistant material applied over the weld in the
base plate to complete the cladding or lining, any radiographic
examination required by the rules of Pars. UW-ll and UCS-57 may be

|
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made on the completed weld in the base plate before the covering
is attached.

(c) Base Plate Weld Protected by Alloy Weld. When a layer or
corrosion-resistant weld metal is used to protect the weld in the --

base plate from corrosion, radiographic examinations required by
the rules in Pars. UW-ll and UCS-57 shall be made as follows af ter
the joint, including the corrosion-resistant layer, is completed:

(1) On any clad construction in which the total thickness of clad
plate is used in the design calculation;

(2) On lined construction, and on clad construction in which the
base plate thickness only is used in the design calculations,
except as otherwise permitted in (d) .

(d) The required radiographic examination may be made on the completed
weld in the base plate before the corrosion-resistant alloy cover
weld is deposited provided all of the following requirements are met:

(1) The thickness of the base plate at the welded joint is not less
than that required by the design calculations (See Par.
UG-16 (c) ) ;

(2) The weld reinforcement is removed down to the surface which is
to be covered, leaving it flush with the adjacent base plate,
reasonably smooth, and free from undercutting;

(3) The corrosion-resistant alloy weld deposit is not air-hardening;

(4) The completed corrosion-resistant weld deposit is examined by
spot-radiography as provided in Par UW-52. Such
spot-radiographic exa ination is to be made only for the
detection of possible cracks."

4.3.2 ASME III (1963)

The current code requirements [1] and the past ASME III (1963) [17] code
are essentially the same with regard to significant items with the following
exceptions:

Fracture Toughness - Class A Vessels

The current code, except for exempt materials as noted in Section 4.1,
requires greater toughness than the past code. A comparison of current and

past Charpy V-Notch acceptance levels at temperatures at least 60*F below the
temperature at which the vessel is to be pressure tested is as follows:

.
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! Past Current
! Minimum Absorbed 15 to 35 ft-lb 50 ft-lb

Energy depending on
yield strength

Minimum
Lateral Not specified 35 mils

~

Expansion

It is recommended that past Class A vessels should be evaluated from the
_

i viewpoint of current Class 1 fracture toughness requirements as outlined in
Section 4.1.

Fracture Toughness - Class B Vessels (Outside Scope)
,

'
The impact test requirements for Class B vessel materials built in

accordance with Subsection B of ASME III (1963) are the same as for Class A

{ vessel materials, except that the maximum test temperature should be at least

) 30*F lower than the lowest service metal temperature (LST). The current code

i permits Charpy V-Notch testing at temperatures up to the lowest service metal

temperature. The acceptance standard for the C, test of the current code,
however, requires a lateral expansion between 20 and 40 mils and sets no

absorbed energy requirement. The current code provides for exemptions from

impact testing. Where the exemption does not apply, drop weight testing for
materials exceeding 2.5-in thickness shall demonstrate a nil ductility

transition temperature below the LST by 30*F for 2.5-in thick material, and
,

increasing to 87'F, for 12-in thick material as show in Figure A4-2.

Class B vessel materials built according to the past code and evaluated

in accordance with the current fracture toughness requirements:

1. would satisfy current requirements provided the material thickness is
less than 2.5 in

2. may not satisfy current requirements for thicknesses in excess of 3
in (exclusive of cladding) for those materials not otherwise exempt
from impact testing as noted in Section 4.1.

Fracture Toughness - Class C Vessels

Materials for Class C vessels built in accordance with ASME III (1963)
were required to satisfy impact testing provisions of ASME VIII (1962) [3].

Paragraph VCS-66(c) of Reference 3 exempts materials whose LST is -20*F or
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greater. Apparently, impact testing was intended primarily for outdoor

vessels. The current code exempts materials for vessels whose LST exceeds

100*F. Therefore, all Class C vessels built in accordance with the past code
should be evaluated in accordance with Section 4.1 Class 3 I1I criteria to

~

determine if current Class 3 requirements would be satisfied.

.

8 Design Requirements

Class A vessels designed in accordance with ASME III (1963) are based on
an analysis which determines the stress distribution in the vessel. Stresses

were combined, categorized, and limited in the same manner as is currently
required for Class 1 design condition as well as the equivalence of service
levels A and B, i.e., for expected operating and upset conditions which the

vessel must withstand without substaining damage requiring repair. The basis

for establishing design stress intensity values, S,, as noted in Appendix II

[17] as well as the basis for establishing fatigue curves is the same as

j current code requirements. Class A vessels designed in accordance with ASME
! III (1963) [17] provided the compensation limits that are sufficient compared

to ones provided by Reference 1. In conclusion, Class A vessels designed in

accordance with ASME III (1963) would satisfy current Class 1 vessel
requirements for the design condition as well as service levels A and B.

Class A vessels were not, however, required to withstand loading
conditions which may produce large deformations in the areas of gross
structural discontinuities (service level C) or conditions which may produce
gross general deformations (service level D) requiring removal of the vessel
from service for repair.

The past codes do not specifically consider loading conditions, other

than design, operating, and test. The FSARs for specific SEP plants may,
however, consider the equivalent of emergency and faulted conditions. A

| discussion of the evaluation of the FSAR stress limits for these loads against
'

current limits is presented in Section 4.1.4 of this appendix.

' Class B vessels, as defined by ASME III (1963), are containment vessels,
which are outside the scope of this study.

1. Class C vessels currently designated as Class 1 or Class 2 should be
evaluated against Section 4.1 Class 1 or Class 2 criteria.
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Class C vessels are designed in accordance with ASME VIII (1962) except
that the exemptions from inspection defined in U-1(g) of Reference 3 are not

applicable.

_

Welding Requirements

The table on the following page, provides a comparison between current and
_

past codes, ASME III (1963) (17] and ASME VIII (1974) (18], requirements when
radiographic examination of butt-welded joints is mandatory. The values given
are thickness lhaits above which full radiographic examination of butt-welded

joints is mandatory.

From the following table, " Weld Joint Thicknesses Requiring Full

Radiography in Pressure Vessels," it can be seen that:

1. Vessels built to ASME III (1963) Class C requirements and currently
classified as Class 2 or Class 3 would more than satisfy the current
radiography requirements for joints of Category A or B. (Refer to
NB-3351, NC-3351, and ND-3351 for definitions [1].)

2. Joints of Category C (refer to NB-3351, NC-3351, and ND-3351 for *

definitions [1]) in a Class C vessel currently classified as Class 2
examined in accordance with ASME VIII (1974) requirements do not
satisfy current Class 2 requirements.

3. Vessels built to ASME III (1963) Class A or ASME VIII (1974) would
satisfy current requirements for Class 1 and Class 3 vessels,
respectively.

~

It is conclud'ed that current Category C joints in Class 2 vessels built
to past Class C requirements do not satisfy current radiography requirements.

|

~

i

l

|

|

|

|
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Weld Joint Thicknesses Requiring Full Radiography
>
"

in Pressure Vessels

P-No. and Grade No. Current Code Requirements Past Code Requirements
Material Code Class ASME B&PV Sect. III (1963) ASME VIII (1974)If

Classification 1 2 3 Class A Class C(1)
.

1 Gr. 1, 2, 3 0(2) 3/16 in 1 1/4 in' 0(2,4) O 1 1/4 in
I'I

,

3 Gr. 1, 2, 3 0 3/16 3/4 0 0 3/4
4 Gr . 1, 2 0 3/16 5/8 0 0 5/8
5 Gr. 1, 2 0 3/16 0 0 0 0q

7 0 3/16 5/8 0 0 See Note 3

8 0 3/16 1 1/2 0 0 See Note 3
|

| 9 0 3/16 See Note 3 0 0 5/8 Note 7
10 0 3/16 5/8 0 0 3/4 Note 8*

11 0 3/16 5/8 0 0 .See Note 3

.

i

l

1. ASME B&PV Code Section III, 1963 Edition, Class C may currently be classified
au Class 2 or 3 of the current code.

2. All thicknesses require full radiography when "0" is indicated.
3. Requirements not specified for . this P-No.
4. These requirements are for full penetration welded joints of Categories A, B,'

,

f or C (N-463 (17]).
h 5. These requirements'are for full penetrdtion welded joints of Categories A or B
! (N-2113 [17]). Butt-welded joints of other categories shall satisfy the
! requirements of ASME B&PV Code Section VIII,1962 edition.
i 6. Vessels c'ontaining lethal substiances shall have welded joints for materials of

all thicknesses fully radiographed..

1 7. Applicable for P-Nos. 9A, 9B and Group No. 1.
8. Applicable for P-Nos. and Group Nos. 10A, Gr. 1, 10A Gr. 6. Weld joint>

| thickness of 5/8 in is applicable for P-Nos. and Group Nos.10B Gr. 2 and 10C
Gr. 3.

i
,

d

,

t

a

!

{
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4.4 PUMPS

Pumps furnished under the requirements of the Hydraulic Institute

Standards [19] were designed to satisfy functional requirements. Integrity of

the pressure boundary was not covered by this standard. The design of the -

pump pressure boundary should be evaluated in accordance with the current

requirements of NB/NC/ND-3400 [1]. -
,

see Sections 4.1.5 and 4.2 of this appendix for discussion of pump weld-

ing requirements. The discussion in Section 4.3 of this appendix, under the

subheading, " Fatigue Requirements for Pressure Vessels," also applies to Class
1 pumps.

Comparison with Requirements from Draft ASME Code for Pumps and Valves for
Nuclear Power

Pumps and valves designed and constructed in accordance with the

requiremnts of the Draft AEME Code for Pumps and Valves for Nuclear Power,

1968 [20] would have been classified as Class I, Class II, or Class III in

accordance with the requirements of Section A, B, or C, respectively.

Class I valves and pumps would be designed to the same stress allowables

and fatigue limits as currently required [1]. Welding of longitudinal and

girth welds and cast products would be 100% radiographed as currently
required. Fracture toughness requirements, however, were not as stringent as

those currently required. Paragraph 313.4 of Reference 20, " Steel Material

for Iow Temperature Conditions," does require that such material subjected to
!

metal temperatures below 30*F during operation or cesting be evaluated and

selected to ensure adequate fracture toughness. Appendix E [20] included in*

the 197 Addenda calls for Charpy V-notch impact testing if required by the

! design specifications. Energy absorption is limited to the values given in

Table N-421 of the ASME Bt.PV Code, Section III. Lateral expansion must be

reported although no limits are set. These modified fracture toughness

requirements are not as stringent as those currently required.

Design requirements for valves are compatible with current requirements.
However, Class I pump design requirements were not as detailed in the past
Code as they are in the current Code.

|

,

,
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Section B of the past Code deals with Class II pumps and valves and does

require full radiography of welds and cast material. However, design rules
are not explicit. The past code states "that any design method which has been

demonstrated to be satisfactory for specified design conditions may be used." -

Section C of the past Code deals with Class III pumps and valves; the
requirement permits visual examination of welds unless pipe size is 4 in or -

greater, in which case random magnetic particle or liquid penetrant examination
is required.

In summary, Class I valves designed to the past Code would meet current

requirements except possibly current fracture toughness requirements. Class I
pumps designed to the past Code, however, should be evaluated against the
current design rules.

Class II and Class III pumps and valves should be evaluated to determine

if current design rules are satisfied.
.

4.5 VALVES

Class 1 valves current design requirements are given in Subarticle
NB-3500 of Reference Ib. All Class 1 valve materials must meet the fracture
toughness requirements of NB-2332. All Class 1 listed pressure rated valves

should have a minimum body wall thickness as determined by ANSI B16.34 [16),
except that the inside diameter, d,, will be the larger of the basic valve

body inside diameters in the region near the welding ends. Class 1 valves may
be Gesigned in accordance with either the standard design rules c. NB-3530
through NB-3550 or the alternative decign rules of NB-3512.2. Alternative

design rules seguire either computer analysis or experimental stress analysis
procedures.

Listed pressure rated Class 1 valves should be hydrostatically tested to
assure integrity of the pressure boundary (leakage through the stem packing is
not a cause for rejection) at not less than 1.5 times the 100*F rating rounded
off to the next higher 25-psi increment as required by Reference 16, except
that valves with a primary pressure rating of less than Class 150 will

be subjected to the required test pressure for Class 150 rated valves.

_nklin_Research Center_ _
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Class 1 valves may be subjected to normal duty within the cyclic load

limits of NB-3550; otherwise the valve may have to be designed in accordance
with the alternative design rules for severe duty applications.

Class 1 valves are to be designed for service levels A, B, C, and D with
~

stress limits of NB-3525 through NB-3527 [lb] . Stress limits for level D

loads are based on 110% of operating limits. Level C pressures are limited to
_

120% of operating limits. Pipe reaction stresses for level C loads are

limited to 1.8 S, for the valve body material at 500*F, with S taken att
.

1.2 YS for the pipe at 500*F. Primary and secondary stresses for level C

loads are based on C = 1.5, Q = 0, and limited to 2.25 S,. Level Dp T

j loads may be evaluated in accordance with Appendix F [le].

A design report for Class 1 valves will be prepared in accordance with

the requirements of NB-3560 (1b] .i

Class 1 valves designed in accordance with the standard rules must

satisfy the body shape rules of NB-3544 which are intended to limit the local

.

stress index to a maximum of 2.0. Primary and secondary stress intensities

may then be calculated by the formulas given in NB-3545.1 and NB-3545.2 [1b] ,
respectively, and subject to the stress limits described in Section 4.1.1 for

| Class 1 items. Fatigue evaluation is performed by the rules and formulas of

NB-3 54 5.3.

Class 2 and 3 valves are currently designed to the requirements of
subarticle NC-3500' [lc] and ND-3500 [1d], respectively. Class 2 valves

|

| satisfying the standard design rules comply with the standard class

j requirements of ANSI B16.34 except that valves with flanged and butt welded

| ends may be designated as Class 75 in sizes larger than 24-in nominal pipe
| size provided that NC-3512.l(a) is satisfied. Valves with flanged ends in

sizes larger than 24-in nominal pipe size may be used provided that
NC-3512.1 (b) is satisfied. A shell hydrostatic test satisfying ANSI B16.34 is

required. Class 2 and 3 valve stress limits for service limits A, B, C, and D

are as given in Table A4-12.

,
Class 2 and 3 valves with butt welding or socket welding ends conforming

|

| to tne requirements of NC-3661 and ND-3661 should satisfy the special class
|

| requirements of ANSI B16.34 except that:
l

.

1
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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.

c. openings for auxiliary connections shall satisfy ANSI B16.34 and the
reinforcement requirements of NC-3300 and ND-3300.

Comparison With Past Requirements

The past code (4) required that steel valves for power piping systems:

1. be recommended for the intended service by the manufacturer

2. be made from code materials suitable for the pressure and temperature

3. have a minimum body metal thickness as required for ASA B16.5
fittings [21]

4. shall be hydrostatically tested as required by Reference 19, i.e.,
1.5 times the 100*F rating rounded off to the next 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 B16.34 (16]. '

As an example, consider a 2500-lb valve designed in accordance with the
past code [15). Body thickness would be based on Table 33 [21]. Comparison
with current requi,rements may be obtained from Table 3 [16] as shown in the
following tables

Minimum Wall Thickness Based on Past and Current Codes

2500-lb Class
Minimum Wall Thickness

Nominal Pipe Inside Past Code Current Code
Size (in) Diameter (in) Table 33 [21] Table 3 [16]

4 2.88 1.09 1.09
5 3.63 1.34 1.34.

6 4.38 1.59 1.59
8 5.75 2.06 2.06

10 7.25 2.59 2.59
12 8.63 3.03 3.03

_

Notice that past valves would satisfy current thickness requirements.
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Table A4-12

Level B, C, and D Service Limits
for Class 2 and 3 Valves

_

-
-

TABLE NC-3521-1
LEVEL B, C, AND D SERVICE LIMITS

Service Umit Stress Umitsid P.,,5

a.S L1 S
Level 8 (a or oJ+a,$ 1.655 L1

a.$ 1.5 S
Level C (a. cr a )+a,S L8 S L2

t

a.s 2.0 S
Level D (a. or a )+a,$ 2.4 S L5

t

NOTES:
(1) A casting quality factor of 1 shall be assumed in satisfying these stress limits.
(2)These requirements for the acceptability of valve design are not intended to assure the functional

adecuacy of thevalve.
(3)Desgn requirements listed in this table are not applicaele to valve disks, stems, seat rings, or cther

parts of the valves wnich are contained within the confines of the body and bonnet.
(4)These rules do not apply to safety relief valves.
(5)The mammum 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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3
f It is concluded that Class 1 valves designed in accordance with past
I
h requirements would satisfy current requirements with the following possible
4
) exceptions:
Y ^

f 1. Fracture toughness requirements may not be satisfied. Evaluate as
4 recommended by Section 4.1 of this appendix.

$
~

2. Valves may not satisfy the primary, secondary and peak stress
combination limits if body shape differs significantly from the rules'

: of NB-3544 [lbl.
<

3. Valves may not satisfy the primary plus secondary stress limit for'
service level C.

|

It is recommended that SEP Class 1 valves be evaluated on a case-by-case
J

basis as follows:
+

1. Use fracture toughness evaluation forms given in Section 4.1 of this
appendix.

2. Compare actual body shape with body shape rules of NB-3544 (lb] . If
not significantly different, the valve would be considered adequate.
If significant differences are found, the Licensee should be asked to
provide calculations and an evaluation based on alternative rules for
the valve in question, unless it can be shown that the valve has been

subjected to level C conditions and did not have to be replaced.

Design requirements for Class 1 valves constructed to the Draf t ASME Code

for Pumps and Valves for Nuclear Power [20] are in compliance with requirements
for current Class 1 valves, except for fracture toughness requirements (see
discussion in Sect' ion 4.4 of this appendix) .

Class 2 and Class 3 valves designed by past code requirements would have
the required minimum body thickness but may not comply with pressure-tempera-
ture ratings of B16.34, which depend on material group and a rational formula-
tion as compared to the empirical basis of B16.5.

It is recommended that the pressure-temperature rating of Class 2 and 3
SEP valves be compared with the current pressure-temperature rating of B16.34.
For example, the isolation valves of engineered safeguard system of the
Palisades plant would be considered Quality Group B (Class 2) :omponents by
current standards. These valves are 150 lb rated valves designed to withstand
210 psig at 300*F by Table 2 of the past standard ASA B16.5 for flanged
fittings. The current standard ANSI B16.34 gives an allowable pressure
at 300*F which depends on the material group as shown in Table A4-13.
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It is apparent from Table A4-13 that the engineered safeguard isolation

valves for the Palisades plant would satisfy the current standard provided

that the valve material was in one of the tabulated material groups other than

1.12, 2.1, or 2.3. - -

ASA B16.9 (1958) [22] provides overall dimensions, tolerances, and mark-

ings for wrought carbon-steel and alloy-steel factory-made welding fittings.
_

It refers to ASA B31.1 for design requirements.
.,

ASA B16.10 (1957) [23] provides face-to-face and end-to-end dimensions for -

ferrous valves of various types and ferrous butt-welding end valves.
.

ASA B16.9 and ASA B16.10 do not provide design guidance for valve or
~

fittings . Valves and fittings built to these standards should be evaluated

against the current requirements [1, 16].

AWWA C504 (1958) [24] classifies valves in different groups based on

shutoff pressure and maximum pipe line velocity. Details on body and flange

dimensions for cast and fabricated valves are given for different groups.
Valves built to these standards should be evaluated against the current

requirements [2, 16].

4.6 HEAT EXCHANGERS

Heat exchangers are currently designed and constructed in accordance with

the rules of ASME ,B&PV Code Section III,1977 Edition [1] . The design

requirements for the pressure boundaries of the heat exchanger are found in
the following sections of the current code:

'
Section

Shell Side 3300
| Tube Side 3600
! Tube Sheet 3300

Shell Flange 3200 (Class 1); Appendix XI (Class 2 and 3).

Heat exchangers designed to ASME VIII (1962) are compared as pressure

vessels with current requirements in Section 4.3 of this appendix.

Heat exchangers designed to the standards of the Tubular Exchanger
Manufacturers Association (TDUL) 1959 Edition [8] require that "the individual
vessels shall comply with the ASME Code for Unfired Pressure Vessels." TEMA

Class R heat exchangers are for the more severe requirements .of petroleum and

,

. . . _ .
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Table A4-13

Allowable Working Pressure (1)for a 150 lb Standard Class Valve at 300*F
,,

Material Group Allowable Pressure (psig)

.
_

l.1 230
1.2 230

'
l.3 230
1.4 210
1.5 230
1.6 215
1.7 230
1.8 215
1.9 230
1.10 230
1.11 230
1.12 205
1.13 230
1.14 230
2.1 205
2.2 215
2.3 175
2.4 210
2.5 225
2.6 220
2.7 220

.

1. Based on ANSI B16.34 (1977) (16].
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chemical processing applications. TEMA Class C heat exchangers are for the

moderate requirements of commercial and general process applications.

The TEMA standards give design rules which " supplement and define the

code for heat exchanger applications." Allowable stress values, identical
-

with Tables UCS-23 and UCS-27 of the 1959 edition of the ASME Code for Unfired
Pressure Vessels, are reproduced in.TEMA as Table D-8 for carbon and low alloy

,

steels and as Table D-8W for carbon and low alloy pipe and tubes of welded

manufacture; the stress values are one-fourth the specified minimum tensile-

strength multiplied by a quality factor of 0.92.

Group II heat exchangers designed to TEMA (1959) would be governed by the
code requirements of ASME VIII (1962). Comparison of ASME VIII (1962) with

current requirements is as follows:

1. Class 1 heat exchangers shell flanges would have to be designed by
computer analysis to determine primary, secondary, and peak stress
intensities, rather than design formulas as previously used.

2. Materials for Class 1, 2, and 3 heat exchangers must comply with
current fracture toughness requirements outlined in Section 4.1.1 of_
this appendix.

3. Radiography requirements for vessels designed and constructed to ASME
VIII (1962) are compared with current requirements in Section 4.3 of
this appendix.

,

!

!

| 4.7 STORAGE TANKS

Storage tanks may cu rently be classified as Class 2 or Class 3 and are

designed in accordance with the rules of NC/ND-3900 [1] for atmospheric tanks
or 6 to 15 pai tanks, respectively. Atmospheric tanks may-be within building
structures or above grade, exposed to atmospheric condicions. Storage tanks

of 0 to 15 psi design are normally located above ground within building
structures.

Atmospheric Storage Tanks

Atmospheric storage tanks are currently required to satisfy the general
design requirements of NC/ND-3100 and the vessel' design requirements of
NC/ND-3300 except that a stress report is not required. Stress limits on the

maximum normal stress for Service Levels A, B, C, D is as shown in Table A4-12.

_nklin Rese_ arch _ Center.
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Minimum size of fillet welds should satisfy NC/ND-4246.6, i.e., 3/16 in for

3/16-in thick plate, and at least 1/3 of thinner plate thickness for plates
greater than 3/16 in but not less than 3/16 in.

Nominal thickness of shell plates should be at least 3/16 in for tanks of ~

nominal diameter less than 50 f t or 1/4 in for tanks of 50 to 120 f t 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 kai; full penetration
groove welds in thinner plate area: 18 ksi.

b. compression - 20 kai where lateral deflection is prevented, or as
determined from column formulas of NC/ND-3852.6 (b) (3) .

bending - 22 kai in tension and compression for rolled shapesc.

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
kai in tension and compression as determined by the buckling formulas
of NC/ND-3852.6 (c) (4) .

d. shearing - 13.6 kai in fillet, plug, slot, and partial penetration
groove welds across throat area,13 ksi on the gross area of beam
webs whe(e the aspect ratio (h/t) is less than 60 or:

19.5
1 + (h/t) (2)

7200

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 Reference le if both meridional and
latitudinal forces are in tension, or this value multiplied by the tensile
stress factor N (less than 1.0) determined from the Biaxial Stress Chart, Fig.
NC/ND-39222.1-1 [1] if one of these forces is compressive. Maximum

compressive stress in the outside wall shall be determined by the rules of
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bd Franklin Research Center

a wi<= c Tw. Fr non in tui.e

1



.. -

NC/ND 3922.3 [1]. Maximum allowable stress values for structural members
shall be as determined from NC/ND-3923. The O to 15 psi storage tank shall be

designed in accordance with the detailed rules of NC/ND-3930.

-

Comparison with Past Code' Requirements

Storage tanks in Group II SEP plants were designed either in accordance
_

with A/E specifications, USAS B96.1 (1967) [9], API-650 (1964) [10], or ASME

VIII (1962) [3) . Examination of the ASME VIII (1962) allowable stress values -

for carbon and low alloy plate steels indicates that the values do not exceed

20 kai except for SA-353 Grade A and B, with allowable stresses of 22.5 and

23.75 kai, respectively. ASME VIII (1962) does not consider biaxial stress

fields with associated reduction in tensile allowables. Stress allowables for

roofs in Reference 10 are the same as for current atmospheric storage tanks.

A comparison of API-650 (1964) roof design requirements, including stress
allowables, shows agreement with current requirements; shell material and
tensile stress allowables may, however, not satisfy current requirements. The

past code allows the use of A-7 plate material not currently listed as an

accept.able material. The past code permits an allowable tensile shell stress

21,000 psi times the joint efficiency. Assuming spot radiography of a double
welded butt vertical shell joint made from A-283 Grade C or A-36 plate
material, the allowable stress would be 17,850 psi based on 0.85 joint
efficiency, which exceeds the current 12,600 psi allowable.

USAS B96.1 (1967) for welded aluminum alloy field-erected storage tanks
canriot 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, aluminum

alloy can be used for Class 3 storage tanks since aluminum alloys are listed
in Table I-8.4, which is currently used for aluminum shell design, and in
Tables ND-3852.7-2 through ND-3852.7-6 for aluminum roof design. A comparison
of allowables based on past and current codes is shown in the following table:

.

.

i
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(1)Aluminum Specified Min. Allowable Stress
Structures Material Streng th Past Current

(Type of Stress) (Temper) TS/YS (USAS B96.1) ( ASME III (1977))

Shell (Tension) 5050 (0) 18.0 ksi/6.0 kai 4.8 ksi 4.0 kai
~

Shell (Tension) 6061 (T4,T6) 24.0 kai/ - 7.2 kai 6.0 kai
Bolts (Tension) 6061 (T6) - 18.0 kai 18.0 kai

Roof Support -

(Axial Compres- 6061 (T6) 19.0 19.0-

sion, L/r j[ 10)
Roof Support
(Axial Compres- 6061 (T6) 20.4- 20.4--

sion 10 j[ L/r ji 67) 0.135 L/r 0.113 L/r
1. At temperatures to 100*F.

From this table, it can be concluded that:

1. shells designed to USAS B96.1 (1967) may be overstressed by as much as
20% compared to current allowables

2. bolts designed to USAS B96.1 (1967) satisfy current requirements

3. roof supports with slenderness ratios up to 10 satisfy current
requirements

4. roof supports with slenderness ratios between 10 and 67 more than satisfy
current compression allowables by as much as 13%.

Therefore, aluminum alloy storage tanks built to USAS B96.1 (1967), when
evaluated against current requirements:

1. may not satisfy materials requirements in Table I-7.0 if the tank is
e Class 2 component.

2. may be unconservatively designed when compared to current stress
allowables, by as much as 20% for the shell.

In conclusion:

1. Tanks designed to A/E specification should be carefully compared to
current code requirements

2. Atmospheric tanks designed to ASME VIII (1962) are likely to satisfy
'

current requirements with regard to allowable tensile stress, but may
not satisfy current compression stress requirements.

3. O to 15 psig tanks designed to ASME VIII (1962) requirements may not
satisfy current tensile allowables for biaxial stress fields in which
one of the stress components is compression. These tanks should be
examined carefully in light of current requirements.
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4. Atmospheric storage tank roofs designed to API-650 (1964) satisfy
current stress allowables.

5. Atmospheric welded steel storage tanks designed to API-650 (1964) may
not satisfy current requirements with regard to

_

a. use of A-7 plate material not currently acceptable

b. shell tensile stresses may exceed current code allowables.
,

6. Atmospheric storage tanks designed to USAS B96.1 (1967) may not
satisfy current requirements.

l

.

!
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5. BASIS FOR SELECTING REQUIREMENTS MOST SIGNIFICANT
TO COMPONENT INTEGRITY

The selection of code requirements most significant to component integrity
has been based on the experience of the author and colleagues in industry,
government, and academia. Codes pertaining to the design and construction of
nuclear power plants have been modified and expanded. The changes reflect new
" state of the art" knowledge, new techniques of fabrication, examination,
testing, and methods of achieving quality that have been " filtered" and
accepted by the technical community. It is the author's view that current
codes represent a consensus of what is best for achieving both economy of
construction and public safety. Accordingly, changes in stress limits, full
radiography requirements, and fatigue evaluation for piping, as well as more
conservative requirements for fracture toughness, have been given special

} attention.
>
l
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