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1.0 SCOPE

The drywell of the Oyster Creek Containment was originally con-
structed to the requirements of Section VIII of the ASME Boiler and Pres-
sure Vessel Code and applicable Code Cases, with a contract date of July 1,
1964, The Code requirements for nuclear containment vessels at that time
were less detailed than at any subsequent date,

Is 1t proper to use the contents of a later Code, and specifically
the requirements of Subsection NE of Section 1II1I, as guidance in present
evaluations of the drywell?

2.0 CONCLUSIONS

It is proper to use the containment vessel requirements of the 1963
Edition or later editions or addenda of Section III as guidance in present
evaluations of the Oyster Creek drywell for issues not explicitly consid-
ered in the rules applied to the inftial construction or as amplification
of those rules when the later requirements have equal or more conservatism
requirements and all related requirements are met. As used by the Code,
requirements are “related requirements" if the approval of one action was
contingent on approval of a second action,

3.0 TA T H _USAGE

The ASME Code permits the use of later editions and addenda. For
example:

Section III, NCA-1140(b), 1989 Edition, states that “Specific
provisions within an GEdition or Addenda later than those
established in the Design Specifications may be used providing
all related requirements are met.,"
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the present document, Section 7.0 of the present document discusses the
history of the limitations on local membrane stress. Section 8.0 of the
present document compares the materiais, fabrication, examination and test-
ing procedures applied to the construction of the Oyster Creek drywell with
those of the Code rules at the time the drywell was constructed and with
the rules of the present Code, including Case N 284,

5.0 EVOLUTION OF THE CODE REQUIREMENTS FOR CONTAINMENT VESSELS
5.1 1 niti ti

The early development of the rules for nuclear vessels is dis-
cussed by E. 0. Bergman (“The Basis and Content of a Nuclear Pressure
Vessel Code," Preprint Paper No. 94, 1962 Nuclear Congress). Bergman
starts with the appointment of a Task Group by the Code Comaittee in 1954
and discusses the development of the pre-Section IIl nuclear code cases,
including those listed in 4,0 of this document, and of the original 1963
Edition of Section III.

The nuclear code cases required deviations from the rules of
the existing Section I or Section VIII, A few deviations, such as those
for safety devices, 1nspection openings, and gage glasses relaxed the
existing requirements because of the special hazards associated with
nuclear service., Others added requirements for new materials and new con-
structions. The majority of the deviations provided more restrictive
requirements, 1including the stress Tlimits which are discussed in
Sections 6.0 and 7.0 of the present document,

The many revisions to certain of these cases reflect changes
made to the cases to maintain consistency with the developing Section 111,
Nuclear Vessels, 1963. Bergman reviews the contents of this edition in his
paper, With respect to the requirements for containment vessels, Bergman
states:
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. There were a number of revisions during this time perfod, the
more important of which may be summarized as follows:

r Addenda: Redesignated the material used in
the Oyster Creek drywell as SA-516, Grade 70 rather than
A-212, Grade B, Firebox Quality.

winter 1967 Addenda: Revised the requirement in the event
that the operating condition did not satisfy the fatigue
exemption requirements to permit the local region to be
evaluated to the fatigue evaluation for Class A vessels,
rather than requiring the entire vessel to be upgraded to
Class A, Added alternative requirements with respect to
Cavegories C and D welded joints,

Summer 1969 Addenda: Improved the definftion of juris-
dictional boundaries, clarified the design rules without

. change in intent except for consideration of sefsmic con-
ditions, and clarified the references to Sectfon VIII.
Differentiated between the stress limits applicable to the
earthquake load for which the power system must remain
operational or must regain 1its operating status (OBE) and
that for which safe shutdown 1{s required (SSE). The for-
mer was categorized as a normal operating conditfon and
the latter as an emergency or as an upset condition
depending upon whether or not the structure was integral,
Wwith respect to the Oyster Creek containment, the seismic
condition considered is best described as twice the Design
Basis Earthquake. Although this quantityv is equivalent to
today's SSE, the Oyster Creek seismic condition wac, and
still is, considered to be a normal operating condition in
evaluating the drywell, Therefore, this revision is not
applicable to the present drywell evaluation,
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Since this was the first major rewrite of these rules, the
| MC vesse nstr he rul f fon

with the nuclear cases or to Section III 1963 Edition
through the Winter 1968 Addenda were essentially con-
structed to the same rules,

winter 1970 Addenda: In anticipation of the major revi-
sion to Section II] to appear in the 1971 Edition, intro-
duced the designation change from Class B Vessels to Class
MC Vessels, clarified the Scope for containment vessels,
specifically identified the Section VIII paragrephs refer-
enced, and described the technical change, between the
1968 Edition with addenda and the 1971 Edition., No such
changes were identified for containment vessels,

1971 Edition: Implemented the Winter 1970 Addenda.
Introduced the terms normal, upset, emergency, and faulted
conditions in NE-3321, but stipulated that the containment
function not be categorized as an emergency or faulted
condition,

Summer 1972 Addenda: Deleted the operating condition
categories introduced 1in NE-3321 of the 1971 Edition,
Eliminated the need to reference other Section 111 Sub-
sections and the contents of Section VIII by the devel-
opment of a self-contained documer* including a cross-
index between the applicable par as of the previous
text and those of the addenda. One of the revisions to
eliminate the need to refer to Subsection A was the addi-
tion of NE-3228 covering the application of plastic analy-
sis. This copied NB-3228 except that the use of Plastic
Analysis was restricted to the evaluation of local mem-
brane stresses because NB-3222 was not copied into Sub-
section NE. The Winter 1973 Addenda to Subsection NE
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included NE-3222 and NE-3228 s revised to permit ful)

application as was permitted f¢ Class 1 vessels,

\v(-if,c cEp \ “f"f"(fs'. from the previous

uo

14 essential differencec: the

the definition of Design Pressure and

‘)t"(’flfrf's in a manner consis-

I Code Cases: four

ress materials not being used for

ontainments, and added dditional materials:

nod indd .
' . anhg, i

‘:‘1‘“1, items chan 2 P ‘,‘ltf""(‘.l! pressure

ose of Section VI those of Section I
formulas f¢ ecial shapes, eliminated Sect

graphs not applicabd to containments, added repairs witl

out PWHT, added special examinatinns for appurtenances,

and added Appendi of these are pertinent to the

present issues with rusped 0 the Oyster Creek drywell

\ange in external pressure design r
of the present document.

r . f 4 r 142 . | -
Code Case N-284 applied to this reevaluati

rather than the design rules placed 1in NE-3000 by
addenda or subsequent changes to NE-3000 relative
external pressure desig the pertinent aspects of

("dn(}é‘ﬁ which resul Addenda are those wh

apply to forming to

Winter 2 Addenda requirements f«

igement and associated reactions in NE-3131

S S




Technical Report & TELEDYNE
No. TR-7377-1 -9~ ENGINEERING SERVICES

. identical to those in NB-3228., The requirements are iden-
tical to those in the 1989 Edition of Section III when
subsequent paragraph renumbering 1s considered.

1974 Edition: Definition of the containment system was
revised, but contained an anomaly which was corrected “y
the Winter 1974 Addenda. Clarified the stress limits

applicable to jet impingement and associated reactions in
NE-3131.2.

Winter 1974 Addenda: Modified the stress limits appli-

cable to jet impingement and associated reactions in NE-
3131.2.

Winter 1975 Addenda: The 1974 Edition anoma'y was cor-
rected by a complete rewrite of NE-1000.

. summer 1976 Addenda: Definition of local membrane stress
revised, see Section 7.0 of this document.

Summer 1977 Addenda: Defined the various design param-
eters and Service Levels for ccntainment in a manner con-
sistent with the generally applicable definitions placed
in NCA-2140 by the Winter 1976 addenda. Most importantly
from the viewpoint of the present document, NE-3000,
covering the design of Class MC vessels was revised to
place emphasis on the “"design by analysis" approach,

Specifically, NE-3131, Gen=ral Requirements, was revised

to make it clear that satisfaction of the Design by Analy-

sis requirements of NE-3200 was the primary requirement,

and that the Design by Rule requirements of NE-3300 only

applied "in the absence of substantial mechanical loads or

thermal loads other than pressure --- for those configura-
. tions which are explicitly treated in NE-3300."
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’ It is the opinion of the writer that this revision did not
change the requirements on containment design which had
been applicable from the time Case 1272N5 was developed
through the entire development of Section III to the date
of this addenda. However, the revision did properly state
the intended emphasis and, 1in conjunction with the added
requirements with respect to Service Levels, provided a
major clarification as to the intent of Section I1I.

5.3 Conclusion of Section 5.0

The original preparation of the 1963 Edition of Section I1II and
the revisions made through the Summer 1972 Addenda were evolutionary, and
did not change the basic considerations 1n containment design from those
contained in Case 1272N5 except for the change in the forming tolerance
rules which resulted from the change 1in external pressure rules from those
of Sectfon VIII to those applicable to Section III, Class 1 vessels, a-

‘ discussed in Section 8.0 of the present document, The intent of the ini-
tial construction rules applied to the Oyster Creek containment was main-
tained. Rules were amplified and clarified, there were detailed changes in
requirements without change in concept, and there were a number of changes
(such as the distinction between OBE and SSE, added requirements with
respect to jet impingement and associated reactions, and the definition of
the various service levels) which addressed 1ssues not applicable to the
present evaluation of the Oyster Creek drywell,

This review of the general evolution of the Code requirements
for containment vessels, when considered together with the more detailed
review of the stress limits beyond those of Section VIII contained in
Section 6.0 of this document and the even more detailed review of applica-
ble issues included in Sections 7.0 and 8.0 of this document, indicates the
appropriateness of applying the rules of Subsection NE to the present
Oyster Creek evaiuation,
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6.0 STRESS LIM

ITS_BEYOND THOSE OF SECTION VI

Al 11

6.1 Comparison of Case 1272N5 and 1963 Edition of Section 111

though the initia rules for construction were Section VIII
YU 308 B able nuclear coge cCases, the requirements of the ases
i ed wnen there was ,n‘vl'\\t with the requi C ! ectior \:v Thé
explicit Section VIII desigr rements, the - b nsider the genera
membrane stress due primarily t Design Pressure and Design Temperature,
were | t revise by the case eXx ent '\'(lt the has i . dibe "."(:l' i‘. iy
increased by 10% when the Desig Pressure and Temperature are based on the
maximum values which will be attained during the ma: “UPrE redible inci
jent., However, Case 1272N5 contained specifi " y mbined genera
membrane, general bending, and loca membrane stresse and on the sum of
these quantities plus secondary stresses uch limits were to
provide specific guidance 1in response to the Section VIII, Par, U-2(c)
reauirement that
The Code does not ntain rules t ver a details §
gesign and nstructior where complete details are not
jiven, 1t 1 ntended that the manufacturey atifitias 2
the d[“uml f the authorized {nspector, ha ol
details of aesign and nstructi which will be as safe
as those provided by the rules £t ila
Although the terminology used 1in Case 1272N differed slightly
from that agopted Dy ection [11, the fefinit A e L
ntent to be the same. The imits were also guite similar. The limit or
ymb { ned -:(‘v(‘r;\v ”l-‘:““( rane, ‘,“"“.’"(1-3 :‘6\"1::"‘,;., and w~]“ ail m(;’n\! rane tresces wa
tated as 1.5 times 1.1 5, whict is, in present terminology, 1.f '-m‘ s Th s
mit on the sum of these quantities plus secondary stresses was stated a
ne¢ tor : hetweer + hie ntent . t he p ;‘ 1 ; '
¢ b : . art even more - ot Ak wiih .
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contents of the 1963 Edition of Section 11l are considered. There, one of
the provisions for permitting an allowable stress of 1.1 S is, in N-
1310(f):

The requirements of N-414.1, N-414.2, N-414.3, and N-414.4
of Subsection A are met for the stress values specified
above,

The referenced N-400 paragraphs contain, respectively, the limits applica-
ble to general primary membrane, local membrane, primary memhrane (general
or local) plus primary bending, and primary plus secondary stress intensi-
ties in Class A (now Class 1) vessels. However, the basic stress allowable
for containment evaluations remained 1.1 S, not Sp.

Reference to the N-400 paragraphs for these requirements had
the effect of amplifying the requirements of Case 1272N, in that alterna-
tive procedures were permitted for some of the stress limits. For example,
N-417.5(b)(2) stated that:

In 1Heu of satisfying the specific requirements of N-414,2
N-414.4, N-417.3, and N-417.4, at a specific location, the
structural action is calculated on a plastic basis and the
design shall be considered to be acceptable if shakedown
occurs, as opposed to continuing deformation, and if the
deformations which occur prior to shakedown do not exceed
specified limits.

6.2 n atment of Limit
The subsequent treatment of these limits, until emphasis was
placed on this "Design by Analysis" approach by the Summer 1977 Addenda,

was reviewed in NEDO-24522 as follows:

Prior to the Summer 1972 Addenda, the specific rules were
not included in the containment vessel subsection, but
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. were referenced to the Class 1 (or A) rules, A symbol L1,
L2, L3, or L4 is used herein for the purpose of identify-
ing these requirements, For reference purposes, the fol-
lowing table identifies the pertinent paragraph references
using the usual Code terminology as follows:

L1  Pm General primary-membrane limit
AR Local membrane 1imit
L3 P+ Py Primary membrane plus bending limit

L4 P+ Py+Q Primary-plus-secondary limit

Ed, or Add. Applicable Limit

From To Ciass(es) L1 L2 L3 L4

63E 71E ALB N-414.1 N-414.7 N-414.3 N-414 .4

71E  S72A 1 & MC NB-3221.1 NB-3221.2 NB-3221.3 NB-3222.2
. S72A 74t MC NE-3221.1 NE-3221.2 NE-3221.3 NE-3222.2

74E S77A MC NE-3221.1 NE-3221.2 NE-3221.3 NE-3222.2

S77A  Now MC NE-3221.1 NE-3221.2 NE-3221.3 NE-3221.4

Given a specific allowable value for the limit on L1, the
numerical values on the other limits may be expressed as:

(L2) = (L3) = 1.5(L1)
(La) = 3.0(L1)

Case 1733, effective November 3, 1975, modified the L3
limit applicable to pressure and mechanical loads plus
the safe shutdown earthquake for structural members
other than solid rectangular sections. This modifica-
tion permitted use of 1limit analysis considerations in
establishing the numerical coefficient used with the L3
l1imit, Both the Winter 1975 and Summer 1976 Addenda
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contained revisions to the definitifon of Local Primary-
Membrane stresses in NE-3213,10, as discussed in 7.0 of
this document.

The numerical value of the stress limit (L1) and the
definition of the Design Pressure (Pd) when considering
the containment function changed from time to time as
follows, using S to designate the Section VIII allowable
value and Pm to designate the maximum containment inter-
nal pressure under conditions for which the containment
function is required:

Ed. or Add.

From To Numerical Value (L1)

—————— e

Case 1272N5 1.1 S with Pd = Pm

63E  W65A 1.1 S with Pd = Pm

WE5A  S69A S with Pd = 0.9 Pm

S69A S72A S with Pd = Pm, except Class 1 (or A) Sm
value used with L4 1in regions requiring
fatigue evaluation

S72A S77A 1.1 S with Pd = Pm

S77A Present Smc = 1.1 S with Pd = Pm

There has been some variability 1in these stress limits
as Code changes have been made, but there has been no
change in the required thickness which is dependent upon
the ratio of Pd and the numerical value of fL1). The
only significant change was in the Summer 1969 Addenda,
which permitted use of the Class 1 (or A) Sm values with
the L4 1imit in regions where fatigue evaluation was
required. Since the Sm value may be as large as 1.33 §,
this change may be significant, It is justified on the
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’ grounds that the purpose of this limit is primarily to
validate the elastic fatigue analysis.,

The Summer 1977 Addenda to NE-3000 clarifies the preced-
ing discussion by expressing the applicabie limits in
terms of the allowable stress intensity values Spp and

Sme where:
Sm1 are the values of Table I-1.0
Sme are the values of Tables 1-10.0, which are 1.1

S, where S 1is the Section VIII, Division 1
allowable value.

The Summer 1977 Addenda redirects thc containment design
effort to place emphasis on design by analysis proce-
dures, is consistent with the overall Code revisions to
clarify the use of Service Levels, and establishes vari-

‘ ous levels of design limits which are not specifically
associated with the operating conditions.

It should also be noted that certain of the limits on
primary and primary-plus-secondary stresses may be
waived if plastic analysis techniques are applied.
These alternative rules are provided in NE-3228 and may
be summarized as follows:

If rules of listed The 1imits on the

paragraph are met: following are waived:
NE-3228.1 L2 L%
NE-3228.2 L2, L3
NE-3228.3 L4
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. Note that use of these rules may also affect the evalua-
tion of other stress limits, {including the fatigue
Timits.

6.3 Conclusion of Section 6.0

Stress 1imits beyond those of Section VIII have been provided
throughout the time period of interest. Case 1272N5 contained explicit
limits which addressed what are now termed general membrane stresses, local
membrane stresses, primary bending stresses, and secondary stresses. These
provisions were incorporated in the 1963, original, edition of Section III
hy reference to Class A (now Class 1) requirements. Additional provisions,
such as that addressing fatigue, and alternative provisions, such as that
permitting limit analysis, were thereby incorporated.

Subsequently, these provisions have been clarified and ampii-

fied without change 1in the basic considerations 1n containment design

' except for forming tolerances as discussed 1in Section 8.0 of the present
document.

This review of the stress 1limits beyond those of Section VIII,
when considered together with the general evolution of the Code require-
ments for containment vessels contained in Section 5.0 of this document and
the even more detailed review of stress limit requirements included in
Section 7.0 of this document, indicates the appropriateness of applying the
rules of Subsection NE to the present Oyster Creek evaluation.

7.0 DEFINITION OF LOCAI_MEMBRANE STRESS

7.1 Evolution of the Definition of Local Membrane Stress

Although the limit on the sum of the Primary (General or Local)
Membrane plus Primary Bending Stress Intensity has remained a constant
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. is the wall thickness at the location where the general
primary membrane stress limit is exceeded.

summer 1976 Addenda, NE-3213,10: A stressed region may be
considered local if the distance over which the membrane
stress intensity exceeds 1.1 S, does not extend in the
meridional direction more than 1.0 v(Rt), where R is the
minimum midsurface radius of curvature and t is the mini-
mum thickness in the region considered. Regions of local
primary stress intensity involving axisymmetric membrane
stress distributions which exceed 1.1 Sy shall not be
closer in the meridional direction than 2.5 v(Rt), where R
is defined as (Ry + Rp)/2 and t is defined as (t; + t3)/2,
where ty and tp are the minimum thicknesses at each of the
regions consicered, and Ry and Ry are the minimum mid-
surface radiif of curvature at these regions where the
‘ membrane stress ntensity exceeds 1.1 Sp.

This is the definition 1in NE-3213.10 of the present Code,
except that Spe has replaced Sp.

7.2 Conclusion of Section 7.0

Since the definition in the Code Case applicable to the con-
struction of the Oyster Creek containment had no dimensional limitations,
use of the present definition is more restrictive than that used for ini-

tial construction and is proper for usage in the present Oyster Creek eval-
uation.

An important aspect in considering the use of the Subsection NE
rules as guidance in the present evaluation 1is the definition of the base
stress above which the stress 1is considered to be local. Neither Case
1272N nor the 1963 Edition or 1its Addenda defined this quantity. The
Summer 1965 Addenda included such a definition, and defined the base stress
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as 1.1 Sp. (Since reference was still being made to Subsection A for the
requirements which applied design by analysis concepts, the quotation is
from that Subsection., The rules 1in Subsection B made it clear that the
allowable value for S; was to be taken as 1,1 S, where S 1{s the
Section vill value of the allowable stress,) Currently, one would state
the base stress as 1.1 Spc.

There never has been a Code 1limit for the extent of the region
in which the membrane stress exceeds 1.0 Spe but 1is Tess than 1.1 Spe.
This 10% variation in allowable stress was provided because of the "beam on
elastic foundation" effects of such local regions, the stress decays as one
moves away from the thin region, but overshoots the general membrane stress
value by a small amount as the effects vary with distance. It may be pos-
sible for one to argue that this provision is equivalent to a 10% increase
in the allowable stress which can be taken advantage of in the original
design to save material, but this argument 1is clearly contrary to the
intent of the Code. However, given a design which satisfied the original
Code intent, as the Oyster Creek crywell did as originally constructed, it
is not a violation of the Code for the membrane stress to be between 1,0
Sme and 1.1 Spe over significant distances,

8.0 DISCUSSION OF MATERIALS, FABRICATION, AND EXAMINATION ISSUES

Attachment 1 of the present document 1is a copy of a report prepared
by Chicago Bridge and Iron Nuclear (CBIN) describing the materials,
fabrication, examination, and testing practices followed in the
construction of the Oyster Creek drywell, 1including any changes in the CBI
practices in the construction of the Mark I drywells constructed to
Section III requirements.

In general, the contents of Attachment 1 support the conclusion of
this document, Possible exceptions are discussed in the following
subsections of this Section 8.0,
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8.1 Material Requirements

The possible exception exisis because the Code requirements
with respect to impact testing when the OQyster Creek drywell was con-
structed, the requirements imposed by CBI on the construction of the Oyster
Creek drywell, and the requirement imposed by the present Code differ,
These differences are examined to establish that this possible exception is
not significant to the conclusion of this document,

Code Case 1272N5(b) (1) required that plates not inside a heated
enclosure be ordered to SA 300 and 1impact tested in accordance with UG-84
at or below the lowest metal service temperature (LST) - 30°F. UG 84, and
SA-300, required that the impact testing be of the Charpy Keyhole or U-
notch type (Cy) and indicate a 15 ft-1b minimum for the average of 3 speci-
mens and have a minimum value of 10 ft-1b for the three specimens at or
below the LST. In accordance with the Ralph M., Parsons Company, "Primary
Containment Design Report", Section 1.2.4, the LST is 50°F but to provide
an additional factor of safety, 30°F was wused for the design basis. UG-84
did not substitute the Charpy V-Notch (Cy) test for the Cy test until the
Summer 1969 Addenda, which required 15 ft-1b average and 12 ft- b minimum,
both for three specimens, at or below the LST.

The possible exception to nuclear requirements is that NE 1210
of the 1963 Edition of Section III required 20 ft-1b average and 15 ft-1b
minimum, both for three specimrns, using Charpy V-Notch (Cy) specimens and
testing at or below LST - 30°F., The Cy test is retained by the 1989 Edi-
tion of Section III but, when impact testing of this material is not
waived, the energy values required by Table NE-2332.1-2 for the thickest
sphere material are 25 ft-1b average and 20 ft-1b minimum, both for three
specimens, at or below the LST,

The yster Creek <cywell was constructed of carbon-silicon
steel piates ordered to SA-212, Gr. B, Firebox Quality meeting the require-
ments of SA-300., As indicated in 5.2 of the present document, the designa-
tion of this material was changed to SA-516, Gr. 70 by the Summe' 1966
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Addenda. By the material specifications, the material 1s normalized, fully
killed and melted to fine grain melting practice. The drywell plate was
impact tested, using the Charpy V-Notch specimen (C,) at 0°F to 20 ft-1b
minimum, The material specification and 1impact test complied with Code
Case 1272N5 and with the 1963 Edition of Section III; and, if testing were
required, with the minimum ener,y requirement of ~he 1989 Edition of
Section III.

The possible exception 1is further resolved by showing that
impact testing would not have been required 1{f the present Subsection NE
requirements were applied to the Oyster Creek drywell, The present
NE 2121(c) permits material which is not impact tested to be used if it is
normalized or quenched and tempered, fully killed, and melted to fine grain
melting practice and the provisions of Table NE-2311(a)-1 are satisfied.
That table exempts SA-516 Grade 70 in the normalized condition, from impact
testing if the listed value of Tnpt (0°F) 1is Jlower than the LST by an
amount established by the rules of Appendix R. By Appendix R, the permis-
sible LST is defined as Tnpt + A, For thicknesses wup to 2.5 inches
A = 30°F. ne:cfore impact testing would not be required by the present
Code rules unless the LST were less than 30°F, and the Oyster Creek drywell
material would not require impact testing.

8.2 Forming Tolerances

Code Case N-284, the rules for buckling applied in the present
evaluation, requires, in ~1500, that the forming tolerance requirement< of
NE-4220 be satisfied. The possible exception exists because the rectire-
ments of NE-4220 were not in effect wher the Oyster Creel drywell was con-
structed. The requirement imposed by Case N-284, the Code requirements at
the time of construction, and the requirements imposed by CBIi ra the con-
struction of the Oyster Creek drywell are examined tc establish that this
possible exception is not significant tn the conclusion of this document.

The present (1989 Edition) NE-4220 imposes “rouncness“ require-
ments and “shape" requirements, These may be summarized as t1ollows:
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‘ Roundness: the difference between the maximum and minimum
inside diameters at any cross section shall not exceed 1%
of the nominal diameter at the cross section under con-
sideration. For the drywell, this would be an allowable
difference of 8.4".

Shape: The maximum radial deviation from the true circu-
lar form shall not exceed the maximum permissible
deviation 'e' over a specified arc length. The value of
‘e' is determined from Fig. UG-80.1 as a function of the
outside diameter divided by the radius (730) and the
“length between stiffening rings" divided by the outside
diameter, For spheres the "length between stiffening
rings" is defined as one-half of the outside diameter, so
that the second ratio is 0.5. The resulting point falls
above the highest curve which permits e = t = 1,154", The
arc length over which the measurement is to be made is

. defined as twice that determined from Fig. UG-29.2 as a
function of the same ratios, so is 115" or 9.5°',

The Code rules in effect at the time of construction of the
Oyster Creek drywell, the 1962 Edition of Section VIII with addenda through
winter 1963 and Code Case 1272N5 contained fabrication tolerances for cyl-
inders and formed heads but not for spheres, Section III retained these
provisions for containment vessels until, as was noted in 5.2 of this docu-
ment, the Summer 1972 Addenda when the procedures required for Class A
vessels were adopted for containment vessels. The essential charges from
the previous Section VIII requirements were that sphericai vessels were
included and the rules previously applied to vessels subject to external
pressure were also applied to vessels subject to internal pressure. This
was implemented, in part, by defining the "length between stiffening rings"
for spherical vessels as one-half of the outside diameter.

The NE-4220 requirements in the 1989 Edition of Section III are
. essentially identical to those of the Summer 1972 Addenda, the slight
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changes in the curve for 'e', which make the curve slightly less conserva-
tive, do not affect the value for the drywell,

The procedures actually applied by CBI in the construction of
the Oyster Creek drywell are described in Attachment 1. The sequence of
fabrication was forming of individual plates, making vertical welds to
assemble the individual plates into rings, and making horizontal welds to
join the rings. Since Case 1272N5 and Section VIII had no requirements
applicable to this drywell, all dimensional checks made by CBI during con-
struction of this drywell were made to assure that the completed vessel was
within drawing tolerances and that the plates were formed to tolerances
intended to assure that the vessel could be fabricated. Attachment 1 sua-
marizes the procedures used and concludes that:

The vessel as faoricated is made up of cylindrical plates
which are considerably closer to the true curvature than
that required by today's Code. The out-of-roundness is
believed to also be compatible with today's Code, however,
specific documented checks ur procedures are not readily
available,

This review indicates that the specific dimensional checks
documented by CBI in fabrication of the Oyster Creek drywell were not suf-
ficient to demonstrate satisfaction of the NE-4220 requirement on the devi-
ation between maximum and minimum diameters or on the deviation from true
spherical shape. However, the measurements made by CBI to assure fabri-
cability provide reasonable assurance that the “"shape" control was equal to
or better than that required by NE-4220.

Based upon the buckling analysis performed by GE, the forming
tolerance issue of most importance is that of local shape, the lower modes
of buckling which are sensitive to gross out-of-roundness are not of inter-
est. Also, since the buckling analysis performed by GE considered the
eccentricity between the corroded and uncorroded regions in the shell, the
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provisions of NE-4221.4 are f{important., NE-4221.4 permits deviations from
the specific tolerances stated in NE-4220 “provided the drawings are modi-
fied and reconciled with the Design Report and provided the modifications
are certified by a Registered Professional Engineer in an addendum to the
Stress Report." The evaluation performed by GE is consistent with this
provision,

In summary, it is the opinion of TES that the matter of the
forming tolerances applied in construction of the Oyster Croek drywell is
not a valid basis for an exception to the conclusions expressed in Section
2.0 of this document.

8.3 Conclusion of Section 8.0

Based on the review conducted by CBIN, and included as Attachment
1, and the evaluation of possible exceptions contained in the other subsec-
tions of Section 8.0, the materials, fabrication, examination, and testing
procedures applied in the construction of the Oyster Creek drywell are
consistent with the Conclusion of this effort as stated in Section 2.0 of
this document,
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ATTACHMENT 1

FABRICATION, INSPECTION, NDE AND TESTING PRACTICES

FOLLOWED BY CBI

IN THE CONSTRUCTION OF THE OYSTER CREEK DRYWELL

Prepared by

CBI



-

I1.

General

The spherical plates were provided in accordance with ASME

VII1I, 1962 Edition, including the Summer 1964 Addendum and Code Cases
1270N-5 and 1272N-5. For purposes of comparisons, the requirements of
the Code of Record will be contrasted with those of the 1989 Edition of
ASME 111, Subsection NE.

fabrication Tolerances

The Code of Record, par. UG-8C, provide guidelines for Permissible
Out-of-roundness of cyclindrical shells subjected to a) Internal
Pressure and b) External pressure. The rules for external pressure
further define local deviations from a circular template. The code of
record does no provide tolerances for spheres, neither gross
out-of-roundness tolerances nor local deviations. Based on the lack of
detailed requirements at that time, CBI most probably reverted to
inhouse tolerance practices. These are based on CBI’'s interest in
having spherical shell plates which will ensure efficient field fit-up
and minimal field adjusting, including triming.

The following are excerpts from CBI's inhouse standards describing shop
fabrication tolerances. (These were in effect in 1965, but not formally
printed as a CBI Standard until 1970).
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For the 1.154" thick plate, the full lerjth sweep type template would have
been about 22 feet long and cut to a 35'-0 radius. The maximum permissible
deviation, using inhouse standards was "/4". This is equivalent to an

e« 0.25/1.154 or 0.217.

Similarly, the full width template would have been about 9’-3" wide and also
cut to a 35'-0 radius. The maximum permissible deviaticn, using 1inhouse

standards was 1/8". This is equivalent to e = (0.125/1.154) = 0,108,

Now compare the above values to those now regquired by NE-422]1 of ASME I1I,
Div. 1, 1989 Edition. From NE-4221.2 (c) (3) for spheres L is one half of
the outside diameter, Do in inches. In this case (840 + 2x1.154)/2 =
(B42.308")/2 = 421.154",

From Figure NE-4221-2-2; for L;"D0 « .5 and Do/t = (842.308/1.154) = 730,
template arc = .068 D,

From NE - 4221.2 (a) 1.
2x arc length = chord = 2 x .068 x 842,308 = 114,55 inches or 9.54 ft.

The chord lengths actually used were about 22 ft and 9'-3" which are either
about equal to or considerably greater than that now required.

The allowable eccentricity from Figure NE-4221.2-1 f¢r L/o = .5 and Do/t =

730 is in the region above 1.0t. To be conservative, we will assume the
maximum would be e = t =« 1,154", (or 1.0t)

It is therefore obvious that the actual "as produced” tolerance which
permitted a deviation of 1/8" over a 9'-3 wide template is considerably more
demanding than that permitted by the 1989 version of ASME [Il which would
permit a deviation of 1.154" over a 9.54 ft wide template.

The above fabrication tolerances are applicable to the shop only. The
justification of these tolerances, which are about 1/8 of those permitted by

Code lies in CBI’s interest in providing plates to the field site which are




so accurately formed as to preclude any possibility of requiring field
idjustments. Economics dictated these shop tolerances.

Having established this shape accuracy and linear dimensions within + 1/32"
as shown in this report, the field fitup was achieved by matching adjacent
seams and maintaining a constant weld gap throughout the entire length of the
seam. This normally established the correct curvature across a weld joint

Checking of this curvature at each weld joint by use of a 9 feet or 10 foot
sweep template was commonly done, but was not mandatory as far as we are able
to determine at this time. Judicious field personnel interested in being
assured that the closure plate would fit without readjustment of previously

welded seemed to plan ahead by using thise sweep templates as they progressec
around the sphere,

As far as we can determine, there were no diametral checks recorded at the
time the vessel was erected. None were required since the code did not
address spheres. The roundness was established by having accurately formed

ind‘vidual plates, a correct total circumference and some checks of curvature
across weld joints.

Conclusion: The vessel as fabricated is maue up of spherical plates which
are considerably closer to the true curvature then that required by today's
code. The out-of-roundness is believed to also be compatible with today's

code, however, specific documented checks or procedures are not readily
avaialble.

[11. Non Destructive Examinations
The project drawings called for the following NDE

A1l butt welds - 100% RT

A1) non-radiographable joints and fillet welds - 100% MT or PT

(before and after pwht)
So

ylution film test all welds at 5 psi, and at design pressure
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VI,

The 1989 Edition of ASME 111, NE-5000 requires the same level of NDE.
The technique and acceptance criteria is also essentially the same as
the 1962 Edition of ASME VIII.

Code Case 1270N-5, par. 4 allowed embedment of the bottom prior to test.
Welding

The past weld heat treatment, welding procedures, procedure
qualification essential variables and individual welder qualifications
are essentially the same in 1989 as they were in 1964, to the best of
our knowledge.

Materials

The materials were ordered to the Charpy requirements of A300. These
were 20 ft-1bs at 0 F, longitudinal Vee notch type tests. Although
there are some subtleties in today’s requirements, they are es:centially
the same as those provided.

Since the strain in the sphere plates is about .2%, the materials is
exempt from cold forming qualifications and not buffer need be added per
NE-4213.1 (d), of ASME Iil, 1989 Edition.

Conclusions

The above information is based on CBI's efforts to determine what
practices were in use at the time that the Oyster Creek Containment
Vessel was constructed. The information is based on verbal discussions
with many of ther personnel who were working in CBI's shops and
construction sites at the time. The accuracy of the descriptions, with
the exception of the exerpts from the the standards, are subject to the
ability of those poled to remember what they did 25 years ago.

Based on ai) of the above, it appears that the essential ingredients of
fabrication, ND., inspection and testing practices used at the time that
the vessel was built are compatible with those currently requires.
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