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FOREWORD

This Technical Evaluation Report was prepared by Pranklin Research Center
undar a contract with the U.S. Nuclear Regulatory Commission (Office of
Nuclear Reactor Regulation, Division of Cperating Reactors) for technical
assistance in support of NRC operating reactor licensing actions. The
technical evaluation was conducted in accordance with criteria established by
the NRC.

Principal contributors to the technical preparation of this report were
T. Stilwell, M. Darwish, and R. H. Hollinger of the Franklin Research Center.

Dr. E. W. Wallo, Chairman of the Civil Engineering Department, Villanova
University, and Dr. R. Koliner, Professor of Civil Engineering, Villanova
University, provided assistance both as contributing authors and in an
advisory capacity as consultants under subcontract with the Franklin Research

Center.
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1. INTRODUCTION

For the Seismic Category I buildings and structures at the R. E. Ginna
Plant, this report provides a comparison of the structural design codes and
loading criteria used in the actual plant design against the corresponding
codes and criteria currently used for licensing of new plants.

The objective of the code comparison review is to identify deviations in

design criteria from current criteria, and to assess the effect of these
deviations on margins of safety, as they were originally perceived and as they

would be perceived today.
The work was conducted as part of the Nuclear Regulatory Commission's

(NRC) Systematic Evaluation Program (SEP) and provides technical assistance

for Topic III-7.B, "Design Codes, Design Criteria, and Load Combinations."

The report was prepared at the Pranklin Research Center under NRC Contract No.

NRC-03-79~-118.

s
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2. BACKGROUND

With the development of nuclear power, provisions addressing facilities
for nuclear applications were progressively introduced into the codes and
standards to which plant building and structures are designed. Because of
this evolutionary development, older nuclear »ower plants conform to a number
of different versions of these codes, some of which have since undergone

considerable revision.

There has likewise been a corresponding development of other licensing
criteria, resulting in similar non-uniformity in many of the requirements to
whicn plants have been licensed. With this in mind, the NRC undertook an
extensive program to evaluate the safety of 1l older plants (and eventually
all plants) to a common set of criteria. The program, entitled the Systematic
Evaluation Program (SEP), employs current licensing criteria (as defined by

NRC's Standard Review Plan) as the common b.sis for these evaluations.

To make the necessary determinations, the NRC is investigating, under the
SEP, 137 topics spanning a broad spectrum of safety-related issues. The work
reported herein constitutes the results of part* of the investigation of one
of these topics, Topic III-7.B, "Design Codes, Design Criteria, and Load

Combinations.”

This topic is charged with the comparison of structural design criteria
in effect in the late 1950's to the late 1960's (when the SEP plants were
constructed) with those in effect today. Other SEP topics also address other
aspects of the integrity of plant structures. All these structurally oriented
tasks, taken together, will be used to assess the structural adequacy of the
SEP plants with regard to current requirements. The determinations with
respect to structural safety will then be integrated in%to an overall SEP

evaluation encompassing the entire spectrum of sartety-related topics.

*The report addresses only the Ginna plant.

s
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3. REVIEW OBJECTIVES

The broad objective of the NRC's Systematic Evaluation Program ‘SEP) is
to reassess the safety or 1l older nuclear power plants in accordance  ith the
intent of the requirements governing the licensing of current plants, nad to
provide assurance, possibly involving backfitting, that operation of these
plants conforms to the general level of safety required of modern plants.

Task III-7.B of the SEP effort seeks to compare actual and current
structural design criteria for the major civil engineering structures at each
SEP plant site, i.e., those important to shutdown, containment, or both, and
therefore designated Seismic Category I structures. The broad safety
objective of SEP Task III-7.B is (when integrated with several other
interfacing SEP topics) to assess the capability of all Seismic Category I
structures to withstand all design conditions stipulated by the NRC, at least
to a degree sufficient to assure that the nuclear power plant can be safely

shut down under all circumstances.

The oojective of the present effort under Task III-7.B is to provide,

through code comparisons, a rational basis for making the required technical
assessments, and a tool which will assist in the structural review.

Finally, the objective of this report is to present the results of Task
III-7.B as they relate toc the Ginna plant.

<!ﬁ%§;mu
Ul in Research Center
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4. SCOPE

In general, the scope of work requires comparison of the provisions of
the structural codes and standards used for the design of SEP plant Seismic
Category I civil engineering structures* against the corresponding provisions
governing current licensing practice. The review includes the containment and
all Category I structures within and exterior to it. Explicit among the
criteria to be reviewed are loads and loading combinations postulated for

these structures.
The review scope consists of the following specific tasks:

1. Identify current design requirements, based on a review of NRC

Regulations; l10CFR50.55a, "Codes and Standards"; and the NRC Standard
Review Plan (SRP).

2. Review the structural design codes, design criteria, design and -
analvsis procedures, and locad combinations (including combinations
involving seismic loads) used in the design of all Seismic Category I
structures as defined in the Final Safety Analysis Report (FSAR) for
each SEP plant.

3. Based upon the plant-specific design codes and standards identified
in Task 2 and current licensing codes and standards from Task 1,
identify plant-specific deviations from current licensing criteria

for design codes and criteria.

4. Assess the significance of the identified deviations, performing
(where necessary) comparative analyses to quantify significant
deviations. Such analyses may be made on typical elements (beams,
columns, frames, and the like) and should be explored over a range of
parameters representative of plant structures.

5. Prepare a Technical Evaluation Report for each SEP plant including:

a. comparisons of plant design codes and criteria to those currently
accepted for licensing

b. assessment of the significance of the deviations

*In general, these are the structures normally examined in licensing reviews
under Section 3.8 of the SRP (but note the list at the end of this section of
structures specifically excluded from the scope of this review).

/..:.'. -
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c. results of any comparative stress analyses performed in order to
assess the significance of the ccde changes on safety margins

d. overall evaluation of the acceptability of structural codes used

at each SEP plant.

A number of SEP topics examine aspects of the integrity of the structures
composing SEP facilities. Several of these interface with the Task III-7.B

effort as shown below:

Topic Designation

I1I-1 Classification of Structures, Components,
Equipment, and Systems (Seismic and
Quality)

III-2 Wind and Tornado Loading

III-3.A Effects of High Water Level on Structures

III-4 Missile Generation and Protection

III-5 Evaluation of Pipe Breaks

I11-6 Seismic Design Considerations

I1II-7.D Structural Integrity Tests

vVIi-2 Mass and Energy Release for Postulated
Pipe Break.

Because they are covered either elsewhere within the SEP review or within

other NRC programs, the following matters are explicitly excluded from the

scope of this review:

Mark I torus shell, supports, vents,
local region of drywell at vent
penetrations

Reactor pressure vessel supports,
steam generator supports, pump
supports

Equipment supports in SRP 3.8.3

A -3=
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Reviewed in Generic Task A-2,
A-lz .

Reviewed generically in Topic
III-6, Generic Task A-l12.



Other component supports (steel
and concrete)

Testing of containment

Inservice inspection; quality
control/assurance

Determination of structures that
should be classified Seismic
Category I

Shield walls and subcompartments
inside containment

Masonry walls

Seismic analysis

... Franklin Research Center
A Dwsion of The Franniin insgtute
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Specific supports have been
analyzed in detail in Topic
III-6. (Component supports may
be included later if items of
concern applicable to component
supports are found as a result of
reviewing the structural codes.)

Reviewed in Topic III-7.D.

Should be considered in the review
only to the extent that it

affects de. .qn criteria and

design alluwables. Aspects of
inservice inspection are being
reviewed in Topics III-7.A and
I11-3.C

Not within scope.

Reviewed in Generic Task A-2.

Reviewed generically in IE
Bulletin 80-l1.

Being reviewed by Lawrence
Livermore Laboratory.
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S. MARGINS OF SAFETY

Thete are several bases upon which margins of safety* may be defined and

discussed.

The most often used is the margin of safety based on yield strength.
This is a particularly useful concept when discussing the behavior of steels,
and became ingrained into the engineering vocabulary at the time when steel
was the principal metal of engineering structures. In this usage, the margin
of safety reflects the reserve capacity of a structure to withstand extra
loading without experiencing an incipient permanent change of shape anywhere
throughout the structure. Simultaneously, it reflects the reserve load
carrying capacity existing before the structure is brought to the limit for
which an engineer could be certain the computations (based on elastic behavior

of the metal) applied. -

This is the conventional use of the term and the meaning which engineers
take as intended, unless the term is further qualified to show something else
is meant. Thus, if a structure is stated to have a margin of safety of 1.0
under a given set of loads, then it will be generally understood that every
load on the structure may be simultaneously doubled without encountering
(anywhere) inelastic stresses or deflections. On the other hand, if (under
load) a structure has no margin of safety, any increment to any load will
cause the structure to experience, in a least one (and pcssibly more than one)

location, some permanent distortiou (however small) of its original shape.

Because the yield strengths of common structural steels are generally
well below their ultimate strengths, the engineer knows that in most (but not
all) cases, the structure possesses substantial reserve capacity--beyond his

computed margin--to carry additional load.

There are other useful ways, however, to speak of safety margins and
these (not the conventional one) are particularly relevant to the aims of the

systematic evaluation program.

*Factors of safety (FS) are related to margins of safety (MS) through the
relation, MS = FS - 1.

~J
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One may speak of margins of safety with respec: to code allowable limits.
This margin reflects the reserve capacity of a structure to withstand extra

loading while still conforming to all criteria governing its design.

One may also speak (if it is made clear in advance that this is the

intended meaning) of margins of safety against actual failure. Both steel and
concrete structures exhibit much higher "margins of safety®™ on this second

basis than is shown by computation of margins of safety based on code

allowables.

These latter concepts of "margin of safety" are very significant to the
SEP review. Indeed the basic review concept, at least as 1% relates to
structural integrity, cannot be easily defined in any quantitaiive manner
without considering both. The SEP review concept is predicated ¢n the
assumption that it is unrealistic to expect that plants which were built to,
and were in compliance with, older codes will still conform to current ‘
criteria in all respects. The SEP review seeks to assess whether or not
plants meet the "intent"™ of current licensing criteria as defined by the
Standard Review Plan (SRP). The objective is not to require that older plants
be brought into conformance with all SRP requirements to the letter, but
rather to assess whether or nct their design is sufficient to provide the

general level of safety that current licensing requirements assure.

With respect to aspects of tae SEP program that involve the integrity of
structures, the SEP review concept can be rephrased in a somewhat more
quantitative fashion in terms of these two "margins of safety." Thus, it is
not expected or demanded that all structures show positive margins of safety
based upon code allowables in meeting all current SRP requirements; but it is

demanded that margins of safety based upon ultimate strength are not only
positive, but ample. In fact, the critical judgments to be made (for SEP

plants) are:
l. to what extent may current code margins be infringed upon.

2. what minimum margin of safety based on ultimate strength must be
assured.

The choice of method for Topic III-7.B review can be discussed in terms

of these two key considerations.

s -
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6. CHOICE OF REVIEW APPROACH

The approach taken in the review process depends on which key gquestions

(of Section 5) one chooses to emphasize and address first.

One could give primary consideration to the second. If this approach is
chosen, one first sets up a minimum margin of safety (based on failure) that
will be acceptable for SEP plants. This margin is to be computed in
accordance with current criteria. Then one investigates structures designed
in accordance with earlier code provisions, and to different 1oidinq
combinations, to see if they meet the chosen SEP margin when challenged by
current loading combinations and evaluated to current criteria. This approach
gives the appearance of being efficient. The review proceeds from the general
(the chosen minimum margin of safety) to the particular (the ability of a
previously designed structure to meet the chosen margin). Moreover, issues
are immediately resolved on a "go; no-go" basis. The initial step in this
approach is not easy, nor are the necessary evaluations. One is dealing with
highly loaded structures in regions where materials behave inelastically.
Rulemaking in such areas is sure to be difficult, and likely to be highly

controversial.

The alternative approach is taken in this review. It proceeds from the
particular to the general, and places initial emphasis upon seeking to answer
(for SEP plants) questions as to what, how many, and of what magnitude are the
infringements on current criteria. No new rulemaking is involved (at least at

the outset). All initial assessments are based on existing criteria.

Current and older codes are compared paragraph-by-paragraph to see the
effects that code changes may have on the load carrying ability of individual
elements (beams, columns, frames, and the like). It should be noted that this

process, although involving judgments, is basically fact-finding -- not

decisionmaking.

This kind of review is painstaking, and there is no assurance in advance

that it in itself will be decisive. It may turn ocut, after examination of the

- o
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facts, that designs predicated upon the older criteria infringe upon current
design allowables in many cases and to extensive depths. If so, such
information will certainly be of value to the final safety assessment, but

many unresolved guestions will remain.

On the other hand, it may turn out that infringements upon current
criteria are infrequent and not of great magnitude. If this is the case, many
issues will have been resolved, and questions of structural integrity will be

sharply foucused upon a few remaining key issues.

/\._; -10- —
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7. METHOD

A brief description of the approach used to carry out SEP Topic III-7.B

follows. For discussion of the work, it is convenient to divide the approach
into six areas:

1. information retrieval and assembly

2. appraisal of information content

3. code comparison reviews

4. code change impact assessment

5. plant-specific review of the relevancy of code change impacts
6. summarizing plant status vis-a-vis design criteria changes.

7.1 INFORMATION RETRIEVAL

The initial step (and to a lesser extent an ongoing task of the review)
was to collect and organize necessary information. At the outset, NRC
forwarded files relevant to the work. These submittals included pertinent
sections of plant FSARs, Standard Review Plan (SRP) 3.8, responses to
questions on Topic III-7.B previously requested of licensees by the NRC, and
other relevant data and reports.

These submittals were organized into Topic III-7.B files on a plant-by-
plant basis. The files also contain subsequently received information, as
well as other documents developed for the plant review.

A number of channels were used to gather additional information. These
included information requests to NRC; letter requests for additional infor=-
mation sent to licensees; plant site visits; and retrieval of representative

structural drawings, design calculations, and design specifications.

In addition, a separate file was set up to maintain past and present
structural codes, NRC Regulatory Guides, Staff Position Papers, and other
relevant documents (including, where available, reports from SEP tasks
interfacing with the III-7.B effort).

7.2 APPRAISAL OF INFORMATION CONTENT

Most of the information sources were originally written for purposes

other than those of the Task III-7.B review. Consequently, much of the

s =il-
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information sought was embedded piecemeal in the documents furnished. These
sources were searched for the relevant information that they did contain.
Generally, it was found that information gaps remained (i.e., some items were
not referenced at all or were not specific enough for Task III-7.B purposes).
The information found was assembled and the gaps were filled through the

information retrieval efforts mentioned earlier.

7.3 CODE COMPARISON REVIEWS

The codes and standards used to represent current licensing practice were
selected as described in Appendix I of this report. Briefly summarized, the
criteria selection corresponds tc NUREG-800 (NRC's Standard Review Plan), the
operative document providing guidance to NRC reviewers on licensing matters

(see Reference 1).

Next, the Seismic Category I structures at the Ginna plant were
identified (see Section 8). For these, the codes and standards which were
used for actual design were likewise identified on a structure-by-structure
basis (see Section 9). Each code was then paired with its counterpart which

would govern design were the structure to be iicensed today.

wWorkbooks were prepared for each code pair. The workbook format
consisted of paragraph-by-corresponding-paragraph photocopies of the older and
the current versions laid out side-by-side on ll-by-l17-inch pages. A central

column between the codes was left open to provide space for reviewer comments.

The code versions were initially screened to discover areas where the
text either remained identical in both versions or had been reedited without
changing technical content. Code paragraphs which were found to be essentially

the same in both versions were so marked in the comments column.

The review then focused on the remaining portions of the codes where
textual disparities existed. Pertinent comments were entered. Typical

comments address either the reason the change nad been introduced, the intent

P -12~-
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of the change, its impact upon safety margins, or a combination of such

considerations.

As can be readily appreciated, many different circumstances arise in such
evaluations--some simple, some comple:. A few examples are cited and briefly

discussed below.

Provisions were found where code changes liberalized requirements, i.e.,
less stringent criteria are in force today than were formerly required. Such
changes are introduced from time to time as new information becomes available
regarding the provision in gquestion. DNot infrequently, code committees are
called upon to protect against fa‘lure modes where the effects are well known;
but too little is yet clear concerning the actual failure mechanism and the
relative importance of the contributing factors. The committee often cannot
defer action until a full investigation has been completed, but must act on
behalf of safety. Issues such as these are usually resolved with prudence a&ﬁ
caution--sometimes by the adoption of a rule (based upon experience and
Judgment) known to oe conservative enough to assure safety. Subsequent inves-
tigation may produce evidence showing the adopted rule to be overly cautious,

and provide grounds for its relaxation.

On the other hand, some changes which on first view may appear to reflect
a relaxation of code requirements do not in fact actually do so. Structural
codes tend to be documents with interactive provisions. Sometimes apparent
liberalization of a code paragraph may really reflect a general tightening of
criteria, because the change is associated with stiffening of requirements

elsewhere.

To cite a simple example, a newly introduced code provision may be found
making it unnecessary to check thin flanged, box section beams of relatively
small depth-to-width ratio for buckling. This might appear to be a relaxation
of requirements; however, elsewhere the code has also introduced a require-
ment that the designer must space end supports closely encugh to preclude

buckling. Thus, code requirements have been tightened, not relaxed.

s =13~
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Whenever it was found that code requirements had truly been relaxed, this
was noted in the reviewer's comments in the code comparison review. Because

liberalization of code criteria clearly cannot give rise to safety issues

concerning structures built to more stringent reguirements, such matters were

not considered further.

On the other hand, whenever it was clear that a code change introduced
more stringent criteria, the potential impact of the change on margins of
safety shown for the structure was assessed. When it was felt that the change
(although more restrictive) would not significantly affect safety margins,
this judgment was entered as a reviewer comment. When it was clear that tue
code change had the potential to significantly affect the perceived margin of
safety, this was noted in the comments and the paragraph flagged for further

consideration.

‘>metimes the effects of a code change are not apparent. Indeed,
depending upon a number of factors,* the change may reflect a tightening of
requirements for some structures and a liberalization for others. When
doubtful or ambiguous situations were encountered in the review, the effect of

the code change was explored analytically using simple models.

A variety of analytical techniques were used, depending on the situation
at hand. One general approach was to select a basic structural element (a
beam, a column, a frame, a slab, or the like) and analytically test it, under
both the older and the cuctrent criteria. For example, a typical structural
element and a simple loading were selected; the element was then designed to
the older ccde requirements. Next, the load carrying capacity of this
structure was reexamined using current code criteria. Finally, the load
carrying capacities of the element, as shown by the older criteria and as
determined by the current criteria, were compared. Examples of investigations

performed to assess code change impacts are fcund in Appendix C.

*Geometry, material properties, magnitude or type of loading, type of supports--
to name a few.

/ g =14-
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In making these studies, an attempt was made to use structural elements,
model dimensions, and load magnitudes that were representative of actual
structures. For studies that were paramnetized, an attempt was made to span

the parametric range encountered in nuclear structures.

Although one must be cautious about claiming that results from simplified
modeis may be totally applicable to the more complex situations occurring in
real structures, it was felt thgt such examples provided reasonable guidance
for making rational judgments concerning the impact of changed code provisions
on perceived margins of safety.

7.4 ASSESSMENT OF THE POTENTIAL IMPACT OF CODE CHANGES

As the scope of the Task III-7.B assignment indicates, a limited
objective is sought in assessing the effects of code changes on Seismic

Category 1 structures.

The scope of this review is not set at the level of appraisal of
individual, as-built structures on plant sites. Consequently, the review does
not attempt to make quantitative assessments as to the structural adequacy

under current NRC criteria of specific structures at particular SEP plants.

To the contrary, the scope is confined to the comparison of former
structural codes and criteria with counterpart current requirements. Corres-
pondingly, the assessment of the impact of changes in codes and criteria is
confined to what can be deduced solely from the provisions of tle codes and

criteria.

Although the review is therefore carried out with minimal reference to
actual structures in the field, the assessments of code change impacts that
can be made at the code comparison level hold considerable significance for

actual structures.
In this respect, two important points should be noted:

1. The review brings sharply into focus the changes in code provisions
that may give rise to concern with respect to structural margins of
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safety as perceived from the standpoint of the requirements that NRC
now imposes upon plants currently being licensed.

The review simultaneously culls away a number of code changes that do
not give rise to such concerns, but which (because they are there)
would otherwise have to be addressed, on a structure-by-structure
basis.

2. The effects of code changes that can be determined from the level of
code review are confined to potential or possible impacts on actual
structures.

A review conducted at the code comparison level cannot determine
whether or not potentially adverse impacts are actually realized in a
given structure. The review may only warn that this may be the case.

For example, current criteria may require demonstration of structural
integrity under a loading combination that includes an additional
load not specified in the corresponding loading combination to which
the structure was designed. If the non-considered load is large
(i.e., in the order of or larger than other major loads that were
included), then it is quite possible that some members in the
structure would appear overloaded as viewed by current criteria.

Thus a potential concern exists.

However, no determination as to actual overstress in any member can
be made by code review alone. Actual margins of safety in the
controlling member (and several others*) must certainly be examined
before even a tentative judgment of this kind may be attempted.
In order to carry out the code review objective of identifying criteria
changes that could potentially impair perceived margins of safety, the

following scheme classifying code change impacts was adopted.

7.4.1 (Clagsification of Code Changes

Where code changes involve technical content (as opposed to those which
are editorial, organizational, administrative, and the like), the changes are

classified according to the following scheme.

*rhe addition of a new load can change the location of the point of highest
stress.

- -16-
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Each such code change is classified according to its potential to alter
perceived margins of safety* in structural elements to which it applies. Four
categories are established:

Scale A Change - The new criteria have the potential to substantially impair
margins of safety as perceived under the fovmer criteria.

Scale A, Change - The impact of the code change on margins of safety is not
immediately apparent. Scale Ay code changes require
analytical studies of model structures to assess the
potential magnitude of their effect upon margins of safety.

Scale B Change - The new criteria operate to impair margins of safety but not
enough to cause engineering concern about the adequacy of
any structural element.

Scale C Change - The new criteria will give rise to larger margins of safety
than were exhibited under the former criteria.

7.4.1.1 General and Conditional Classifications of Code Change Impacts

Scale ratings of code changes are found in two different forms in this
report. For example, some ar? designated as "Scale A," and others as "Scale
cC.* Ot s have dual designation, such as "Scale A if --- [a condition state-
ment| or Scale C if --- [a second condition statement]."

In assigning scale classifications, an efficient design to original
criteria is assumed. That is, it is postulated that (a) the provision in
question controls design, and (b) the structural member to which the code
provision applies was proportioned to be at (or close to) the allowable

limit. The impact scale rating is assigned accordingly.

If the code change is Scale A, and it applies (in a particular structure)
to a member which is not highly stressed, then this may afford excellent
grounds for asserting that this particular member is adeguate; but it does not

thereby downgrade the ranking to, say, a Scale B change £or that member. The

*That is, if (all other considerations remaining t'e same) safety margins as
computed by the older code rules were to be recc juted for an as-built
structure in accordance with current code provis.ions, would there be a
difference due only to the code change under consideration?

— -17-

.... Frankiin Research Center
A Dmision of The Franiin insgtute



TER-C5257-322

scale ranking is neither a function of member stress* nor a ranking of member
adequacy. The scale system ranks code change impact, not individual members.

However, a number of code provisions are framed so that the allowable

limit is made a function of member proportion. When this kind of a code

provision is changed, the change may affect members of certain proportions one

way and members of other proportions differently.

For example, assume a change in column design requirements is introduced
into the code and is framed in terms of the ratio of the effective column
length to its radius of gyration. The new rule acts to tighten design require-
ments for slender columns, but liberalizes former requirements for columns that
are not slender. This change may be rataed Scale A for slender columns, and
simultaneously, Scale C for non-slender ones. Although some columns now appear
to be Scale A columns while others appear to be Scale C columns, the distinc-
tion between them resides in the code, and is not a reflection of member }
adequacy. Clearly, it is still the code changes that are ranked; but, in this
Ccase, the code change does not happen to affect all columns in a unilateral

way.

7.4.1.2 Code Impact on Structural Margins

This classification of code chanées identifies both (a) changes that have
the potential to significantly impair perceived margins of safety (Scale A) and
(o) changes that have the potential to enhance perceived margins of safety
(Scale C).

Emphasis is subsequently placed cn Scale A changes, not on Scale C
changes. The purpnse of the code comparison review is to narrow down and bring
into sharper focus the areas where structures shown adequate under former
criteria may not fully comply with current criteria. Once such criteria
changes have been identified, actual structures may be checked to see if the
potential concern is applicable to the structure. Depending upon a number of

structure-specific circumstances, it may or may not pertain.

*There are exceptions, but these are code-related, not adequacy-related.
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The same thing is true of Scale C changes, i.e., those that may enhance
perceived structural margins. Specific structures must be examined to see if
the potential benefit is actually applicable to the structure. If it is
applicable, credit may be taken for it. However, this step can only be taken
at the structural level, not at the code level.

A simple example may help clarify this point. Assume a steel beam exists
in a structure designed by AISC 1963 rules for the tren-specified loading
combination. Current criteria require inclusion of an additional load in the
loading combination (Scale A change), but the current structural code permits
a higher allowable load if the beam design conforms to certain stipulated
proportions (Scale C change). Several circumstances are possible for beams in

actual structures, as shown below.

w_Load Higher Stress Limit Results
Maximum stress in beanm Applicability Beam adequate under
under original loading immaterial current criteria

conditions was low with
ample margin for addi-
tional load

Maximum stress in beam Beam qualifies for Beam may be
under original loading higher stress limit adequate under current
condition was near former Criteria

allowable limit

Maximum stress in beam Beam does not qualify Beam unlikely to be
under original loading for increased stress adequate under current
condition was near former limit criteria

allowable limit

It is clear from this example that the function of the code review is to
point ou%t code changes which might impair perceived margins of safety, and
that assessment of their pertinence is best accomplished at the structure-

specific level.
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7.5 PLANT-SPECIFIC CODE CHANGES

There is substantial overlap among the SEP plants in the codes and stan-

dards used for structural design. Several plants, for example, followed the
provisions of ACI-318, 1963 edition, in designing major concrete structures.

Thus, the initial work of comparing older and current criteria is not
plant-specific. However, when the reviewed codes are packaged in sets
containing only those code comparisons relevant to design of Seismic Category
I structures in a particular SEP plant, the results begin to take on plant-

specific character.

The codo changes potentially applicable to particular structures at a
particular SEP plant have then been identified. However, this list is almost
surely overly long because the list has been prepared without reference to
actual plant structures. For example, the code change list might include an
item relating to recently introduced provisions for the design of slender

columns, while none actually exist in any structures in that particular plant.

In-depth examination of design drawings, audit of structural analyses,
and review of plant specifications were beyond the scope of the III-7.B task:
accordingly, such activities were not attempted. However, occasional
reference to such documents was necessary to the review work. Consequently,
it was possible to cull from the list some items that were obviously
inappropriate to the Ginna plant structures. Wherever this was done, the
reason for removal was documented, but no attempt was made to remove every

such item.

Code changes that may be significant for structures in general but did
not appear applicable to any of the Seismic Category I structures at the Ginna
plant were relegated to Appendix A. The Scale A or Scale Ax changes that
remained are listed on a code-by-code basis in Section 11.
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8. GINNA SEISMIC CATEGORY I STRUCTURES

SEP Topic III-l has for its objective the classification of components,

structures, and systems with respect to both quality group and seismic
designation. Based upon the review of the Ginna FSAR (5] and Gilbert
Associates, Inc. drawings (6] showing the location of Seismic Category I

equipment, the present report considers the following to be Seismic Category I

structures:

A.

Containment

Includes:
Cylindrical wall, dome, and slab
Liner (no credit for structural strength under mechanical loads)
Equipment hatch
Personnel locks

Internal Structures

Steam generator/reactor coolant pump compartments (reviewed in
Generic Task A-2)

Biological shield (reviewed in Generic Task A-2)

Fuel transfer canal

C. External Structures
1. Auxiliary Building

Contains the following Seismic Category I structures:
Spent fuel storage pit
New fuel storage area
480~V switchgear room
Portions of the fuel transfer tube

Houses the following Seismic Category I equipment:
Safety injection pumps and residual heat removal pumps (in

pit beneath basement floor)
Refueling water storage tank
Boric acid tanks
Containment spray pumps
Waste holdup tanks
480~V switchgear
/‘-:\’ -21‘
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3.

4.

S.

TER-C5257-322

Control Room Building
Contains:
Control room
Battery room
Relay room

Portions of the intermediate building
(which house auxiliary feedwater pumps)

Cable tunnel
Intake/discharge structure and screen house

Diesel generator annex.

Major structures not classified as Seismic Category I are the turbine
building and the service building.

/.___;\
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The structural codes governing design of the major Seismic Category I

structures for the Ginna Nuclear Power Plant are detailed in the following

table.

S ture
1. Containment
a. C(oncrete

(including shell,
dome, and slab)

b. Liner

¢. Personnel locks and

equipment hatches

<+ Auxiliary Building

Design
Criteria

ACI 318-63

ACI 301-63
(specifications for
concrete)

ASME B&PV Section III, 1965
(Provisions of Article 4%)

ASME B&PV Section VIII
(undated), (Fabrication Prac-
tices for Welded Vessels Only)
ASME B&PV Section IX
(undated), (welding procedure
and welders qualifications
only)

ACI 318-63 for Concrete
ASME B&PV Section III,
1965, for steel

AISC-1963
ACI 318-63

*The two significant applications of this article are:
1. determination of thermal stresses in the liner
2. analysis of pipe penetration attached to the liner.

-
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Current

Criteria

ASME B&PV Code,
Section III,
Division 2, 1980
(subtitled ACI
359-80)

ACI 301-72
(Rev. 1975)

ASME B&PV Code,
Section III ’
Division 2, 1980
(Subtitled ACI
359-80)

ASME B&PV Code,
Section III,
Division 2, 1980
(subtitled ACI
359-80)

AISC-1980
ACI 349-80
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Design Current
Structure Criteria Criteria

Control Room AISC~-1963 AISC~1980
Building ACI 318-63 ACI 349-80
4. Portions of the AISC-1963 AISC-1980
Intermediate ACI 318-63 ACI 349-80
Building
5. Cable Tunnel ACI 318-63 ACI 349-80
6. Intake/Discharge AISC-1963 AISC-1980
Structure and ACI 318-63 ACI 349-80

Screen House
7. Diesel Generator AISC-1963 AISC-1980
Annex ACI 318-63 ACI 349-80
REFERENCES IDENTIFYING MAJOR CODES USED FOR THE ORIGINAL DESIGN: -

1. PFinal Facility Description and Safety Analysis Report for the Robert
Emmett Ginna Nuclear Power Plant No. 1.

2. Rochester Gas and Electric Corporation's response to NRC's Request For
Information letter, Topic III-7.B.

.

.«.. Franklin Research Center
A Divsion of ™he Franiin institute



TER-C5257-322
10. LOADS AND LOAD COMBINATION CRITERIA

10.1 DESCRIPTION OF TABLES OF LOADS AND LOAD COMBINATIONS

The requirements governing loads and load combinations to be considered
in the design of civil engineering structures for nuclear service have been
revised since the older nuclear power plants were constructed and licensed.
Such changes constitute a major aspect of the general pattern of evolving
design requirements; consequently, they are singled out for special considera-

tion in this section of this report.

The NRC Regulatory Guides and Standard Review Plans provide guidance as
to what loads and load combinations must be considered. In some cases, the
required loads and load combinations are also specified within the governing
structural design code; other structural codes have no such provisions and
take loads and load combinations as given a priori. In this report, loads aéd
load combinations are treated within the present section whether or not the

structural design codes also include them.

Later sections of this report address, paragrapn by paragraph, changes in
text petween design codes current at the time the plant was constructed and
those governing design today; however, to avoid repetition, code changes
related to loads and load combinations will not be evaluated again although

they may appear as provisions of the structural design codes.

To provide a compact and systematic comparison of previous and present

requirements, two se%s of tables are used:

1. load tables

2. load combination tables.

Both sets of tables are constructed in accordance with current require-
ments for Seismic Category I structures, i.e., the load tables list all loads
that must be considered in today's design of these structures (as enumerated
in NRC's Standard Review Plan), and the load combination tables list all
combinations of these loadings for which current licensing procedures require

demonstration of structural integrity.

P -25-
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In general, the loads and load combinations to be considered are determined
by the structure under discussion. The design loads for the structure housing
the emergency power diesel generator, for example, are quite different than
those for the design of the containment vessel. Consequently, structures must
be considered individually. Each structure usually requires a load table and
load combination table appropriate to its specific design requirements.

The design requirements for the various civil engineering structures
within a nuclear power plant are echoed in applicable sections of NRC's
Standard Review Plan (SRP) 3.8. The tables in the present report correspond
to, and summarize, these requirements for each structure. A note at the
bottom of each table provides the reference to the applicable section of the
Standard Review Plan. Section 10.2 of this report lists, for reference, the

load symbols used in the charts together with their definitions.

The loads actually used for design are considered, structure by strutture,

and the load tables are filled in according to the following scheme:

1. The list of potentially applicable locads (according to current
requirements) is examined to eliminate loads which either do not
occur on, or are not significant for, the structure under
consideration.

2. The loads included in the actual design basis are then checked

against the reduced list to see if all applicable loads (according to
current requirements) were actually considered during design.

3. Each load that was considered during design is next screened to see
if it appears to correspond to current requirements. Questions such
as the following are addressed: Were all the individual loads
encompassed by the load category definition represented in the
applied loading? Do all loads appear to match present requirements
(1) in magnitude? (2) in method of application?

4. An annotation is made as to whether deviations from present
requirements exist, either because of load omissions or because the
loads do not correspond in magnitude or in other particulars.

S. 1If a deviation is found, a judgment (in the form of a scale ranking)
‘is made as to the potential impact of the deviation on perceived
Ynargins of safety.

v

6. *Welevant notes or comments are recorded.
L4
T
L]
v
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Of particular importance to the Topic III-7.B review are comments indicat-
ing that the effects of certain loadings (tornado and seismic loads, in
particular) are being examined under other SEP topics. In all such cases, the
findings of these special SEP topics (where review in depth of the indicated
loading conditions will be undertaken) will be definitive for the overall SEP
effort. Consequently, no licensee investigation of such issues is required
under Topic III-7.B nor is such effort within the scope of Topic III-7.B (see
Section 4). Licensee participation in the resolution of such issues may,
however, be requested under the scope of other SEP tcpics devoted to such

issues.

After the locad tables have been filled out, the load combination tables
are compiled. Like the load tables, the load combination tables are drawn up
to current requirements and the load combinations actually used in the design

basis are matched against these requirements.

Current criteria require consideration during plant design of 13 load
combinations for most structures, as shown in the load combination tables.
These specific requirements were not in effect at the time when SEP plants
were designed. Consequently, other sets of load combinations were used. 1In
comparing actual and current criteria, an attempt was made to match each of the
load combinations actually considered to its nearest counterpart under present
requirements. For example, consider a plant where the safe shutdown earthquake
was addressed in combination with other loads, but not in combination with the
effects of a LOCA (load combination 13). The load combination tables would
reflect this by showing that load case 9 was addressed, but that load case 13
was not. If six load cases were considered, only six (nearest counterpart)

load cases are indicated in the table--not partial fulfillment of all 13.

For ease of comparison, the load combinations actually used are super-
imposed on the load combinations currently required. This is accomplished in

two steps:

l. Currently specified load combinations include loads sufficient for
the most general cases. In particular applications, some of these
are either inappropriate or insignificant. Therefore, the first step

P -27-
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is to strike all loads that are not applicable to the structure under
consideration from all load combinations in whicu they appear.

2. Next, loads actually combined are indicated by encircling (in the
appropriate load combinations) each load contributing to the
summation considered for design.

Thus, the comparison between what was actually done and what is required
today is readily apparent. If the load combinations used are in complete
accord with current requirements, each load symbol on the sheet appears as
either struck or encircled. Load combinations not considered, and loads
cmitted from the load combinations stand out as unencircled items.

A scale ranking is next assigned to the load combinations; however (unlike
the corresponding ranking of loads), a scale ranking is not necessarily
assigned to each one. When the load combinations used for design correspond

closely to current requirements, scale ratings may be assigned :o all

combinations. However, when the number of load combinations considered in
design was substantially fewer than current criteria prescribe, it did not

appear to serve any engineering purpose to rank the structure for each
currently required load combination. Instead, a limited number of loading

cases (usually two) were ranked.
The following considerations guided the selection of these cases:

l. For purposes of the SEP review, it was not believed necessary to
require an extensive reanalysis of structures under all load
combinations currently specified.

2. SEP plants have been in full power operation for a number of years.
During this time, they have experienced a wide spectrum of operating
and upset conditions. There is no evidence that major Seismic
Category I structures lack integrity under these operating conditions.

3. The most severe load combinations occur under emergency and accident
conditions. These are also the conditions associated with the
gJreatest consequences to public health and safety.

4. If demonstration of structural adequacy under the most severe load
combinations currently specified for emergency and accident
conditions is provided, a reasonable inference can be drawn that the
structure is also adequate to sustain the less severe locadings
associated with less severe consequences.

‘ «28=
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The scale rankings assigned to loads and load combinations in tables are
intended as an appraisal of plant status, with respect to demonstration of
compliance with current design criteria, based on information available to the
NRC prior to the inception of the SEP review. A number of structurally
related SEP topics review some loads and load combinations in detail based
upon current calculational methods. In order that a consistent basis for the
tables be maintained, they are based upon load combinations considered in the
original design of the facility or, in the case of facility modifications,
they are based upon the combinations used in the design of the modification.
Loads that were not included in the original design or that have increased in
magnitude and have not been specifically addressed in another SEP topic should

be addressed by the Licensee.

10.2 LOAD DEFINITIONS .

D Dead loads or their related internal moments and forces (such as
permanent equipment loads).

E or Ey Loads generated by the operating basis earthquake.
E' or Egg Loads generated by the safe shutdown earthquake.

4 Loads resulting from the application of pre-stress.

H Hydrostatic loads under operating conditions.

H, Hydrostatic loads generated under accident conditions, such as
post-accident internal flooding. (P, is sometimes used by others*

to designate post-LOCA internal flooding.)

L Live locads or their related internal moments and forces (such as
movable equipment loads).

P, Pressure load generated by accident conditions (such as those
generated by the postulated pipe break accident).

P, or Py, Loads resulting from pressure due to normal operating conditions.

*See, for example, SRP 3.8.2.
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All pressure loads which are caused by the actuation of safety
relief valve discharge including pool swell and subsequent
hydrodynamic loads.

Pipe reactions under accident conditions (such as those generated by
thermal transients associated with an accident).

R, Pipe reactions during startup, normal operating, or shutdown
conditions, based on the critical transient or steady-state

condition.

Rg All pipe reaction loads which are generated by the discharge of
safety relief valves.

T, Thermal loads under accident conditions (such as those generated by
a postulated pipe break accident).

Ty, Thermal effects and locads during startup, normal operating, or
shutdown conditions, based on the most critical transient or

steady-state condition.

Tg All thermal loads which are generated by the discharge of safety
relief valves.

W Loads generated by the design wind specified for the plant.

W' or Wy Loads generated by the design tornado specified for the plant.
Tornado loads include loads due to tornado wind pressure, tornado-

created differential pressure, and tornado-generated missiles.

3 Equivaleﬁt static load on the structure generated by the impinge-
ment of the fluid jet from the broken pipe during the design basis
accident.

Yy Missile impact equivalent static load on the structure generated by
or during the design basis accident, such as pipe whipping.

¥y Equivalent static load on the structure generated by the reaction
on the broken pipe during the design basis accident.

The load combination charts correspond to loading cases and load defini-
tions as specified in the appropriate SRP. Each chart is associated with a
specific SRP as identified in the notes accompanying the chart. Guidance with
respect to the specific loads which must be considered in forming each load
compination is provided by the referenced SRP. All SRPs are prepared to a
standard format; consequently, subsection 3 of each plan always contains the

appropriate load definitions and load combination guidance.
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"COMPARISON OF DESIGN BASIS LOADS"
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STRUCTURE :
COMPARISON OF DESIGN BASIS LOADS
CONTAINMENT STRUCTURE (concrete)
PLANT; GINNA
Current |Is load |Is Load SEP Topic Does Load | Does Code
Design Applicablgqincluded Reviewing Magnitude | Deviation| Impact
Basis To This In Plant This Load Corrupon# Exist Scale Comments
Loads StructurelDesign To Present| In Load Ranking
asis? Criteria? | Basis?
>
- D Yes Yes ——— Yes No ———
B3
o L Yes Yes ——— Yes No ——
F Yes Yes —— Yes No
d i Yes Yes I11-5.A B . * .
B P Yes Yes R Yes No —
2 | "
5 ?, Yes Yes v1-2.D, I1I-7.3 . * ”
Pj No —_— ———— — No ———
o TO Yes Yes — Yes No — 1. 2
F
= o Yes Yes vi-2.D, III-7.3 . * . 1.
) ?S No — —— — No —
Ro Yes Yes —— Yes No —_—
3 =
T3 R. Yes Yes ——— Yes Neo —
RS No — ——— — No —
= o Yes Yes I1II-6 B * A é
; E Yes Yes IIl=6 » - *
3 W Yes No I12-2, I1l-é.A . * A
3 4 Yes Yes 111-2, I1I-6.A . . ' 2.
Yr Yes Yes I1I-5.A » - * 3.
= Yes Yes ITT-$.A * . - 3.
- Y, No Yes 11I-5.A * * . 3.

Ref.; SRP(1981) Section 3.3.1 or 3.8.2

* To be determined per results of SEP topics. Scale ranking shown for SEP topic items are independent
judgments, Dased on information in the FSAR or other original design documenrs.

1. FSAR (Pg. 5.1.2-56) states pemetrations were analyzed for these loads.

FSAR (Pg. 5.1.2-6) indicates wind loads were considered. Thev do not appear in Table 5.1.2-41,
(75 MPR used).

3. These loads were reviewed in all operating plants.
4. FSAR (Section 5.1.2.8) states that all sources of interzal missiles are shielded from comtaimment

1

Vali.ia.

"

S. R GSE engineers repors hrerological soil pressure was considered. Warer rable rakem ar slev. 250 ‘r.

6. Equivalent static analysis used for original design and checked by response spectrum analvsis using
housnar spectrum.

e =32- I a1 g

.«.. Frankiin Research Center
A Dwision of The Franmin insgtute



CCMPARISON OF DESIGN BASIS LOADS

TER-C5257-322

STRUCTURE :
SPENT FUEL POOL (concrete)

PLANT: GINNA
Current | [s Load |Is Load SEP Topic Does Load | Does Code
Design |ApplicablqIncluded Reviewing Magnitude | Deviation|Impact
Basis To This |Ia Plant This Load Correspond Exist Scale Comments
Loads Structure{Design To Presead In Load |Ranking
Basis? Criteria? | Basis?
E D Yes Yes —
>
= Tes Yes —_— A 4.
) x
N o =
3 o Tes Tes 11I-3.A * . .
a
»
= Lo No —_ I11-5.8 » - R
! T, Negl. 39 e P—
3 T Yes I11-5.8 . . *
-] a
g. Y '5 RO No -—— ——
P | R, Yo s A
b E' Tes I111-6 » * A
= x
g E Tes 111-6 . .
;E W' Tes I1I1-2, I1l-4.A *1. . AL
s “ Yo I11-2, ITI-4.A * *
Y — —_— I11-5.8 . . .
. r
-g' Yj — . I111-5.3 . . *
- b — _—— 1%« -
{. I11-5.8 * -

Ref.; SRP(1981) Section 3.8.4

Comments

* To be determined per results of SEP ropics.

fudgments

Scale ranking shown for SEP topic items are independent
based on information in the FSAR or other original design documents.

1. SEP Topic ITI-2 will determine whether or not pool exposure to possible tormado effects is aam allowable
spent fuel pool load.

L

Applicable only since roof over spent fual pool is not believed to be tornado resistant. J
J. No information on design loads specific to the spent fuel pool was found. However, loads an load

combinaticns for the auxiliary building (in which the pool is located) were provided by Roc' :ster
G & E's rasponse to NRC III-78 inquiry. These are assumed %o apply to the speant fuel pool .lso.

4. Roof loads have increased per SEP Topic II-2.A, and may increase per SEP Topic II-3.3 for _arapet roofs.

w

S

..u. Franklin Research Center
A Dhagion of The Frankhn insttute

«)3=

Fuel pool temperature (high density racks, fully loaded) i{s limited to 90°F for all reactors.
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TRUCTURE:
COMPARISON OF DESIGN BASIS LOADS AUXILIARY BUILDING
(Concrete)
PLANT: GINNA
Current |Is Load |Is Load SEP Topic Does Load | Does Code
Design |ApplicabldIncluded| Reviewing Magnitude | Deviation|Impact
Basis To This |In Plant This Load Correspond Exist Scale Comments
Loads Structure{Design To Present] In Load ([Ranking
Basis? Criteria? | Basis?
>
- D Tes Yes — Yes No -—
>
o Yes Yes e Yes No AL 4.
]
- F No _— —_— No ——- —
2 + Yes Tes I111-3.A . . * 3
n
= P, Yo s 111-5.3 * » .
i o Yes No ——— —— Yes 3 !!h.cn are small
é‘ a No -— I11-5.8 . * _—
g & R, Yes NO ﬁNPOIHATION FOUND
o v
At | R, o - e —— Yo P
- £ Yes Yes I1I-6 . . A 2.
[
H £ Tes No II1-6 . N * 2.
H el Yes Yo 111-2, IIl-4.A * . A
s - Yes “es I11-2, II1-4.A . . .
