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

1.1 PURPOSE OF REVIEW

A study of the Oyster Creek Nuclear Generating Station was undertaken by
Jersey Central Power and Light Company (JCP&L) to examine the ability of the
plant's civil engineering structures to resist a windatorm or 3 tornade
strike. The purpose of this review is to provide a technical evaluation of
the approach, analysis, and conclusions of the JCP&L study.

1.2 GENERIC ISSUE BACEGROUND

The current design criteria for nuclear power plant structures contain
provisions for protection agaiust windstorms and tornadoes. Thaese
requicements were not In effect at the time that some of the clder nuclear
plants were designed and licensed. Due to concerns regyarding the extent to
which theae older plants can satisfy rthe current wind loading licersing
criteria, the Nuclear Regulatory Commission (NRC), a@ part of Lhe Syastematic
Bvaluation Program (SEP), ipitiated Topic III-I, "Wind and Tornade Losdings,”
to investigate and assess the structural safety of axisting designs,

The SEP encompasses a broad range of safety-related issues, amany of which
are concerned with the integrity of plant structuregs. The Franrklin Reseacch
Center (FRC) provided technical assistance to the NRC in the review of several
SEP topics and was tesponsible for tachnical evtaluations for Topic III-2 under
Assignment 17 of NRC Contract No. NRC-03-81-130,

1.3 PLANT-SPECIFIC BACKGROUND
1.3.1 t tructural i

In a previocus Technical Evaluation Report (TER) (1], the PRC starf
examined a sample of the structures at the Qyster Creek plant for resistance
to high wind and tornade loadings. This effort determined that, although must
of the designs had adequate strenqgth, some of the structural components were
not designed to meet the provisions of current lLicensing criteria. The NRC
included the findings of the PRC study in the Integrated Plant Safety
Assessment (2] and also reported the safety-related concerns directly ro JCP&L

-L-
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in an evaluation lettezr [3] of a previocusly issued SEP Topic [II-2 Safety
Analysis Report (SAR) (47,

In response tO the salpty .ssues raised by the NRC, JCPAL ilssued a letter
and support documents, her»in referred to as the Oyster Creek Structural
Review (O°S®) (%), egtablishing the basis of the position taken in the SAR
concerning the adeguacy of the scinctural systems. These documents included
engineering calculaticrs that were useéd to establish the windspeed strength
ratings of structures. A subsequent letter (6] included information and
calculations on a tCrnado analysiz of the diesal generator building.

FIC was then charged wich making a technical evaluation of the OCSR
documents. ‘The approach tn this task was threefold:

1, teviiw the procedares, criteria, and conclusions of the OCSR.
2. audit the enyineecing calculations.

3. seek to resolve outstanding safety issues through incdependent
analysis (subject to the Limite of the resources assigned to this
task).

The particvlar review items are identified and discussed in Section 3 of
this repoct; the conclusions are summarized in Section 4.

1.3.2 Tucbine Building Structural Review

A draft TER (7] ceporting the review of the OCSR documents was issued on
November 30, 1983. Subseguent %o that date, the NRC requested FRC to examine
an addicional ternade analysis 8| performed Ty JC?&lL for the Qyster Creek
turbine building. The purpose of the Turhine 3uilding Ternado Evaluation
(TBTE) was identical to tha® of the OCSR, and the findings of the ceview of
the TETE documents have been incluced in the finel version of this report.

-2-
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2. REVIEW CRITERIA

The intert of code requlations is to ensure tht safety of systems vital
te the safe shutdown of a reactoc. The General Design Criteria (GDC) of
LOCTFRSO, Appendix A (9] regulate the designs of chese safety systems; in
particular, GDC 2 requires that structures hous.ng safety-related eguipment be
able %o withstand the effects of natura. phenomena such 29 tornadoes. The
Adesign basis must consider the most severe postulated tornade as well as the
combined effects of tornado, normal, and accident conditions.

The Nuclear Regulatory Cuide 1.76 (10 defines the design Basis rornade
(PBT) in terms of gix descriptive parameters: the marimum wind speed, the
rotational speed, the translational speed, the maximum atmospheric pressure
drop, the rate cof pressure drop, and the core radius. The specified
magnitudes of tnese regional parameters (listed with respect to geographical
location) are the acceptable regulation levels; however, where appropt iuts,
additional meteorological analysis may be performed to justify zhe selection
of a less conservative DBT. In Reference 11, the NRC established the tornade
perameters to be used in the SEF study of the Oyster Creek plant.

P ol s . b e

Regulatory Guide 1.1il7 (l2] identifies the structures and systeme that
should be protected from the effects of a DBT. Tris information is elaborated
on in Branch Technical Position AABR 3-2 found in the Standard Review Plan
(SRP), Section 3.%,.l1.4 (NUREG-2800) (13]., The OCSR analyeis reviewed _n th.s

d report included most of the safety-related structural systems of cthe Oyster
Creek plant.

—

A velocity pressure model of a windstorm can he constructed from the
pressure and air flow assumptiona stated in Sectior 31.3.1 of the SRP (l4] and
the American National Standards Institute (ANST) design loading guide (15]. A
velocity pressure model of a tornedo strike can he constructed from the LBYT
characteristics dased on the guidance of Section 1.3.2 of the SRP (16] and the
engineering literature (L7, 1l8]. The actual loads acting on & structure are

calculated from these models through the use of experimentally determined

e, W e i it gt ainne i S ot
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pressure coefficients 15, 19|. The loads act on the structural sucrfaces as
pesitive and negative pressuces induced by the change in momentum cf the wind
and in the atacspheric pressure.

An additioral tornado loaé is the impact of windborne missiles against
siructures. The potential missiles are Listed in che missile spe.Lrum of
Section 2,.5.1.4 of the SRP [13), and the particular rissiles %c be included in
this study were identified by the NRC as part of the SEP assigrment [Lli].
Refsrences 20 and 21 assist ir. the determination of the structural effects of
misaile impact, whersas the guidelines of the SPP ('f! indicate acceptable
combinations of impacet effects with the loads resulting from wind and
differential pressures.

Since the DAT (2 considered an extIieme environmental event, tornado-
induced loads are part of the loading combinations to be used in extreme
anvironmental design (see Articzie CC~2000 in the ASME Boiler and Pressure
Vessel Code (22] and Section 3.8.4 of the SRP [23]). The structural effects
of these loading combinations are deterwined by analysis; stresses ace
calculated elther by a working stress or an vitimate gtrength method,
whichever is appropriate for the structure under consiceration., The ASME Code
specifications for an extreme environmental event permit the application of
vegserve strength factors to allowable working stress design limits, The
specifications alsc permic local strength capacities to be exceedad by missile
leadings (concentrated loads) provided that this causes ro less of function in
any safety-~relatad systems.

rhe sources of criteria described above and other scurce documents used
in the evaluation are lListed telow:

WRC Regulatory Guide 1.76, "Design Basis Tornadc for Nuclear Power
Plants"™ [10)

NRC Regnulatory Guide 1.117, "Tornadc Nesign Classification® (12!
NUREG-0800, Standard Peview Flan
Section 3.3.1, "Wind Loadings" [14]

Section 3.3.2, "Tornado Loadings® (16]
Section 3.%5.1.4, *Misailes Generated by Natural Phenomena™ [13]
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Section 2.5.3,
Section 3.‘-10
Section 3.0.4,
Section 3.8.8,
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*Barrier Design Procedures" (24)
*Concrete Containment™ (25]

*"Other Seismic Category I Structures®* ([23]
*Foundations™ [26]

AISC Specitication for Design, Pabrication, and Erection of Structural
Stesal for Bulldings, Righth Bdition (27)

ACI-318-77, "Building Code Requirements for Reinforced Concrete® [182]

ASME Boiler and Préssure Vessel Code, Section I1I, Division 2 (ACI-359),
*Stendard Code for Concrete Reactor Vessels and Containments® [22]

VRC/SEB, "Criteria for Safety-Kelated Masonry Wall Evaluation,*
Structural Engineering Branch (198.) (29)

AC1-307-79, *Specificaticn for the Design and Construction of Reinforced
Concrete Chimneys® [30).
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<+« TECHNICAL EVALUATION

3.1 GENERAL INFORMATION

Based on a meteorological study of the Oyster Creek region, the NRC
established the following site-specific DBT characteristics:

Maximum wind speed 250 mph
Maximum pressure drop 1.5 psi
Rate of pressure drop 0.6 psi/sec
Core radius 150 £t

These characteristics correspond to a tornado with a probability of occurrence
of 10-7 per year (as required by current licensing criteria). The charac-
teristics were used to calculate the structural loadings of the initial review
{1, 11] and are used as the basis of computations in the present review.

The following subsections review the approaches, analysis, and conclu-
sions of the OCSR that are used by JCP&L to support the conclusions of the
Oyster Creek SAR. Important steps of the analysis are examined, and an
evaluation of the adequacy of the steps are made. Audit calculations are
performed to check the analysis. Where necessary, calculations supporting,
refuting, or correcting the JCP&L position were made and are included in the
appendices of this report.

The major structures of the Oyster Creek plant are the reactor building,
the control room, the intake structure, the diesel generator building, the
radwaste building, the turbine building, the ventilation stack, and variocus
exposed mechanical components. All of these structures, except for the
radwaste and turbine buildings, have been included in the OCSR. The TBTE
specifically addresses the turbine building structure alone. As an aid in
interpreting the structural review, a site plot plan is shown in Figure 1l.
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3.2 EFFECTIVE TORNADO LOADINGS

3.2.1 Atmospheric Pressure Change

Evaluation

¥

o e et

{
i
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a
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Given the translational core speed and the windspeed distribution of a
tornado, there is a well-defined procedure for calculating the magnitude of
the atmospheric pressure change (APC) that occurs at any given point in a
tornado (18]. The maximum APC occurs in the center of the tornado cure.
Since the intent of the calculations of the OCSR was to support the load
resistance ratings of the SAR, the wind speeds corresponding to the maximum

APC were never calculated.

PR ol

Conclusion

FPor structures that resist the full structural loadings resulting from a
tornado strike, it is unnecessary to find the limiting windspeed rating. For
those structural components that are being qualified for reduced loadings, the
limiting windspeed rating corresponding to the APC will be calculated in
Appendix A of this report.*

3.2.2 Wind Velocity Pressure
Evaluation

The methods used in the OCSR to calculate wind velocity pressures for
windstorms and tornado strikes follow the procedures delineated in Sections
3.3.1 and 3.3.2 of the SRP (14, 16] and ANSI AS58.1-1982 ([15].

B e

Conclusion
The wind velocity pressures were calculated in accordance with the

i Bl amidd

applicable criteria.

A

* Note that this calculation merely expresses the APC windspeed rating of the
components based on the strength reported in the OCSR. The adequacy of the
reported APC resistance is subject to the validity of the structural review
criteria (see Section 3.5).

- i
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3.2.3 Windborne Missiles

Evaluation

In evaluating the structural effects of missile impacts, the OCSR bases

its conclusions on equations and procedures provided in the engineering
literature [20, 31]. These procedures are consistent with the intent of
Section 3.5.3 of the SRP 24], which requires missile impacts to be modeled as
concentrated loads acting in combination with other applied loadings. The
overall response of the structure to such loadings was then examined.

The missiles used in analysis were the steel rod, telephone pole, and
automobile of the missile spectrum (13]. Therefore, the missile specifications
of Reference 1l were satisfied.

Conclusion

The global structural effects of missile impact were examined in
accordance with the applicable criteria (the components examined were limited
to those which satisfy the requirements of the othe tornado loadings).

3.3 STRUCTURAL LOADINGS
3.3.1 Differential Pressure Load

Evaluation

The atmospheric pressure change of a tornado leads to a lowering of the
amoient pressure outside of a structure. For an unvented structure, this
change results in differential pressure loadings acting outwardly on the
building surfaces. In the tornado strike analysis, the OCSR included the
differential pressure as a bas ¢ loading condition. For structural components
being qualified to resist the full effects of a tornado, the correct maximum
value of the differential pressure loading was examined. For those components
with limiting strength, loadings were examined that were more conservative

than the differential pressure loads.
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Conclusion

The differential pressure load was applied to the structures in accor-

dance with the applicable criteria [16].

3.3.2 Effective Structural Pressures
Evaluation

The wind velocity pressure is converted to actual structural loadings
through the use of pressure coefficients and gust factors. These coefficients
vary for the direction of wind flow and for the section of the structure under
consideration. The OCSR analysis draws from the appropriate reference sources
[14, 15, 16, 18] for the values of these coefficients.

The applicable criteria (16, 17] recognize that the peak wind velocity
pressure occurs in a limited region and that this pressure rapidly decays away
from this region. The overall structural pressure acting on a building
surface is therefore greatly reduced from a uniform pressure based on the peak
wind velocity. However, individual components on the building exterior must
still be qualified for the local application of the peak pressure. In the
OCSR, all of the components were examined for the peak pressure value.

Conclusion

The calculations for converting wind velocity pressures to effective
structural pressures are in accordance with the applicable criteria. The
local effect of the application of the peak pressure to exterior structural
components was examined.

3.3.3 Design Loads
Evaluation

The design loads that are to be considered acting in combinatiog,with
tornado loads and wind loads are dead, live, thermal, and pipe reaction loads
[23]. The analysis in the OCSR has included these additional loadings where
applicable. The magnitude of these loads while acting in combination with the
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differential pressure load was not always computed correctly; however, the

combinations formed were usually conservative.

Conclusion

The design loads were identified and included in the analysis in
accordance with the applicable criteria., Cases where the magnitude of the
design loads were incorrectly and unconservatively computed will be identified
in Section 3.6, Structural Systems, of this report.

3.3.4 Sshielding
Eva ti

The term “"shielding” refers to the reduction or elimination of wind loads
on a structure from the blockage of wind flow by an upstream obstruction
'(anotho: structure, physical formation, etc.). The provisions of the
applicable standard prohibit the reliance on shielding for the reduction of
wind loads. The OCSR does not rely on shielding for the qualification of
structural comporents and, where applicable, accounts for the transmission of
lateral forces through structures.

Conclusion

Shielding and the transmission of lateral forces were treated in accor-
dance with the applicable criteria and good engineering judgment.

3.3.5 Load Combinations

v tion
The correct load combinations for severe and extreme environmental events
are specified in various sections of the SRP (23, 25]. Specific load

combinations of the basic tornado-related loadings are given in Section 3.3.2
of the SRP (16]. In establishing the capacity of structural components, the

elle
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OCSR formed ioad combinations that are equal to or more conservative* than
those specified for combinations involving effective structural pressures and
differential pressures. Although missile loads were considered in proper load
combinations for the reactor building, the combination was not properly
considered for the control room, ventilation stack, and the diesel generator
building.

Conclusion

For some structural components, the missile load combinations were not
formed in accordance with the applicable criteria.

3.4 STRUCTURAL ANALYSIS AND MODELING

The review items included in this section (main structural frame,
sequence of failure, secondary members, roof decking, etc.) are either not
applicable to the OCSR or are addressed elsewhere in this report.

3.5 STRUCTURAL ACCEPTANCE CRITERIA

3.5.1 Steel Components

Evaluation

The extreme environmental structural acceptance criteria specified by the
SRP (23] recognized the severity of the loadings presented in the rare
occurrence of a tornado and, as such, permitted stress levels in steel
components to approach yield conditions. This allowance may result in large
deflections but will still guard against instabilities so that a failure
mechanism will not occur. In the review of steel components, the OCSR
acceptance criterion is based on the tensile strength of steel.** Such

*In many cases, the load combination formed in the qualification of components
whose strength was found to be limiting was excessively conservative. The
chief conservative measure was combining dynamic pressures and differential
pressures whose magnitude did not correspond to the same wind speed

**That is, for components subjected to bending loads, the stress levels were
compared with the tensile strength of steel. Compression members (columns)
were not examined in the OCSR but were reviewed in an earlier study [1].
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a criterion results in larger deflections than are permitted in the SRP and
does not ensure structural stability.

Conclucion

The structural acceptance criterion for steel components employed in the
OCSR is not in con’_rmance with the applicable criteria. It is also not
recommended on the basis of accepted engineering pr-ctice.

3.5.2 Concrete Components

Evaluation

As with steel components, the SRP recognizes a tornado strike as a
special event a.J permits levels of stress to occur that are above the
established code allowables. The strength of concrete components is therefore
based on the ultimate capacity of sections, which allows the stress in the
reinforcing bars to reach yield vai.es and the stress in the concrete to
approach the ultimate compressive “trength. In conducting the review of
concrete components,* the analysis of the OCSR adhered to these increased
upper limits,

Conclusion

The structural acceptance criterion for concrete components employed in

the OCSR is in conformance with the applicable criteria.

3.5.3 Masonry Block Walls
Evaluation

The NRC/SEB has established masonry block wall structural acceptance

criteria (23, 29] for stresses due to extreme environmental events. These

*In the ventilation stack analysis, the stresses in the steel rebar were found
to be slightly above yield values for the stated windspeed capacity. This
is considered acceptable in light of the analysis presented in Section 3.6.9
of this report.

«l3=
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criteria permit overload factors for all basic stress levels including tensile
masonry stresses for unreinforced blocks. In Reference 32, NRC asked if any
of the Oyster Creek masonry walls will be affected by tornado loads. JCP&L
responded that there are no masonry walls in the Category I areas of the
plant's structures (Reference 5, page 9, of "Responses to NRC Questions®).

Conclusion

This review item is not applicable for the structures at the Oyster Creek

plant.

3.5.4 Connections
Evaluation

Steel connections are permitted the same overstress factor for extreme
environmental loadings as steel members. This factor is applied to the
allowable stresses as specified in the steel code [27]). The OCSR does not
state the criteria used to examine steel connections and does not indicate if
these components were examined. However, in typical engineering designs, of
which the structures of the Oyster Creek plant are representative, connections
are designed t- meet the limiting allowable capacity of members. In this
case, given the manner in which loads are resisted in the Oyster Creek steel
structures, it is concluded that the connections will not be the limiting
components of the steel frames if they were sized in accordance with good
engineering practice,

Conclusion

This item is not critical for the structures at the Oyster Creek plant.

3.5.5 Roof Decks
Evaluation

Roof decks are typically constructed of light gage steel sheets. Under
extreme loadings, the bending compression zones of the decks will be suscep-
tible to local buckling failures. In establishing the capacity of the roof
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decks, the OCSR used beam bending formulas without any consideration of
reducing stresses for the buckling of local compression elements.

Conclusion

Roof decks were not analyzed in accordance with accepted practice. The
limiting failure mechanism of these components was not found.

3.5.6 Architectural Components
Evaluation

Large-scale architectural components such as structural siding and
roll-up doors must be reviewed for tornado resistance, and the consequences to
the main structure caused by their failure must be examined. No architectural
details were included in the analysis of the OCSR.

(] ion

Verification of the lack of architectural components in critical struc-
tures is recommended. If these components are present, they should be
included in the wind and tornado loading review.

3.6 STRUCTURAL SYSTEMS

3J.6.1 Concrete Components of the Reactor Building
Evaluation

For effective structural pressure and differential pressure loadings, the
analysis presented in the OCSR uses a working stress design method frr the
review of concrete components. Although this procedure is not in «.cordance
with the accepted criteria (23], the conclusions formed are valid since they
are in agreement with a previous study (1] and since the members in question

inherently have a high capacity against these loadings (Attachment 1 of
Reference 5, pp. 6-11).

Missile loadings acting in conjunction with other loads are reviewed
through the accepted review procedure, and the conclusions formed are based on
the appropriate criteria (Attachment | of Reference 5, p. 45).
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Conclusion
The SAR windspeed strength ratings for the react - ' .ilding concrete
components are valid and are based on the accepted criteria.

3.6.2 n he R tor Buildi
Evaluation

The steel components of the reactor building were not reviewed with
respect to the standard structural acceptance criteria. Furthermore, not all
of the important load-resisting members were included in the review of tornado
loadings (see Attachments 1 and 5 of Reference 5). The stated capacities of
some elements (girts, purlins, etc.) were based on procedures not consistent
with good engineering practice (member capacities based on material tensile
strength, see Section 3.5.1).

Conclusion

The SAR windspeed strength ratings for the reactor building steel
components are invalid and are based on criteria not in conformance with the
accepted criteria.

3.6.3 tal Sidin gtems of the Reactor Buildin

Evaluation

The analysis used to qualify the insulated metal siding of the reactor
building neither accounts for the possibility of buckling of local compression
components nor examines the capacity of the underlying connections. Neverthe-
less, the windspeed rating established for these components is of the level
predicted by an experimental procedure performed elsewhere (33]. Based on the
exper imental results and assuming that the connections of the siding systems
are comparable, the capacity of the Oyster Creek siding system has been
overestimated by approximately 15 to 20%.
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Conclusion

If a safety-related concern arises that involves the metal siding
systems, then their stated capacity should be reexamined.

3.6.4 control Room
Evaluation

The concrete walls and panels of the control room were examined in a
manner similar to that used to review the concrete components of the reactor
building (Attachment 1 of Reference 5, pp. 19-24). The capacity of the panel
connections to resist differential pressure loadings was examined in an
appropriate manner.

Conclusion

The windspeed ratings that are listed in the SAR for the control room are
valid and are based on the accepted criteria. Note that the OCSR concludes
that the control room walls will not be able to resist load combinations
involving missile impacts.

3.6.5 Intake Structure
Evaluation

The components of this structure were examined in accordance with the
accepted criteria.

Conclusion

The windspeed ratings listed in the SAR for the intake structure are
valid and are based on the accepted criteria.

3.6.6 Diesel Generator Building
Evaluation

The concrete walls and roof slab of the diesel generator building were
examined in a manner similar to that used to review the concurete components of

-17-
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the reactor buvilding (6]. Load combinations involving the impact of tornado
missiles were not reported.

Conclusion

The windspeed ratings reported in the SAR for the diesel generator
building are valid and are based on accepted criteria. This structure's
resistance to missile impacts was not examined in the OCSR.

3.6.7 Radwaste Building
Evaluation

The radwaste building is a structure whose failure may have significant
safety consequences. This building was not included in the tornado loading
review of the OCSR. Justification for excluding this structure from the study
was not presented.

Conclusion

The NRC has stated that it does not consider this structure to be an
essential review item.

3.6.8 Exposed Mechanical Components
Evaluation

The Integrated Plant Safety Assessment Report identifies the safety-
related mechanical components that are not housed in qualifled structures.
The majority of these components are reported to be enclosed in other
structures with adequate protection or are identified as being of insigni-
ficant safety-related concern. Some structures (condensate storage tank,
condensate storage pumps, and service water pumps) are to be reviewed under
SEP Topic III-4.A, "Tornado Missiles.® The three remaining components to be
reviewed for resistance to a tornado strike are the service water pump, the
emergency service water pump, and the start-up transformer.

- x.-
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The calculations used to qualify these components study the capacity of
the supports and the structural base to resist lateral loads and overturning
moments. In addition, depressu:‘zation loads (due to the APC) on the
component housing were addressed. The adequacy of the component structure was
therefore established. However, no attempt was made to qualify the mechanical
components' ability t~ remain functionsl after the application of tornado

loadings.

Sonclusion

The conclusions on the adequacy of the structural support and housing of
the mechanical components are valid and based on the accepted criteria. The
functional ability of the mechanical components to resist tornado loadings was
not examined.

3.6.9 yentilation Stack
Evaluation

The OCSR examined the ventilation stack through an approach based on
maximum stress design (MSD). This technique relies on working stress design
formulas [30] but allows the stress in the steel rebar to reach yield stress
and the stress in concrete to approach its ultimate compressive strength.
Although such a procedure is sound and in conformance with engineering
practice (34], the structural acceptance criteria for extreme environmental
events permit reinforced concrete structures to be reviewed only through
ultimate strength design techniques (USD). However, USD is not an accepted
d~sign theory for stack structures (but there is a current movement working
towards the acceptability of such a practice). To resolve this dilemma, it is
meaningful to examine the ventilation stack through USD to see (f the results
corroborate the conclusions formed from the MSD study.

The reviewers constructed a USD model of the chimney based on the
geometry, service loads, and material property information provided in the
OCSR documents. In addition, the following assumptions were included in the
model :
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The longitudinal steel is placed towards the outside face of the
stack, and there is a 2-in cover over the circumferential
reinforcement.

Thermal effects do not influence the strength conclusions for an
extreme environmental event. (This assumption is supported by the
acceptable stress criteria for working stress designs. See
attachment of Reference 5.)
Wind flowing past a stack gives rise to the regqular shedding of
vortices. These vortices cause a pressure drop across the cylinder which
gives rise to lateral forces. If the shedding frequency of the vortices
matches a natural frequency of the stack (resonance) , then significant dynamic
effects can result., Based on the natural frequencies of the vertical stack

(35], the wind speeds at which resonance is likely to occur were calculated.

Another dynamic effect due to wind flowing past a stack is ring vibration

(in the sectional plane). Wind speeds at which this phenomenon is Likely to

OCCuUr were also estimated.

-onclusion
s ® 0N

The results of the USD study corroborated the static strength conclusions
of the OCSR. However, the stack was found to have a limiting resonant wind
speed of 133 mph., Specific details of the analysis can be found in Appendix B.

i

J.6,10 Turbine Building

Evaluation

The turbine building is not Seismically classified as a Category 1 type

Structure. However, the turbine building is adjacent to the control room so

that its resistance against *ollapse Juring an extreme environmental event is

essential. Therefore, the purpose of the TBTE was to examine the ability of

the turbine building to remain stable with increasing windspeeds and

success ive component failure.

The TBTE modeled the turbine building structural systems as two- and

three-dimensional frames which were analyzed through the use of a standard

computer code. The TBTE document includes the results of this analysis and
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the design review of the critical components. It also includes the rationale
and procedure for iterating the level of loading vs. component failure to find
the windspeed level where the turbine building steel begins to impinge on the
control room structure. The conclusions of the TBTE are as follows:

1. At a windspeed of 107 mph, the anchor bolts of some frames will be
overstressed. However, the structure will remain stable.

2. At a windspeed of 139 mph, all of the anchor bolts will have
yielded. However, stability will still be maintained.

3. At a windspeed of 158 mph, the turbine building frames will have
deflected to the point where they will be in contact with the roof of
the control room structure.

4. At a windspeed of 212 mph, the anchor bolts will reach ultimate
strength and fail. This will result in the collapse of the
structure, In the pre-collapse state, the reactions acting on the
control room structure from the deflected turbine building frames are
less than the level of lateral loading that is expected to occur
during an operating basis earthquake (OBE).

The computer program inputs, the tornado loading conditions, and the
design review of some structucral components were not included in the TBTE
documents.

To judge the validity of the turbine building analysis, FRC studied the
structure, reviewed the TBTE documents, and performed checks on critical
structural members. Because the TBTE documents did not provide a
comprehensive report on all of the analytical procedures, FRC's conclusions
rely heavily on a subjective study of the structure (backed up Ly spot-check
calculations) and on the assumptions that the procedures found in the OCSR
documents are indicative of what was done in the TBTE (i.e., pressure
calculations, load combinations, component reviews, etc,)

The structural system of “he turbine building was found to be well
designed so that this structure would be capable of resisting levels of
loading well above the normal operating loads. Some design features that
enhance the strength of this structure are as follows:

1. The lateral load-resisting members of the roof steel are structurally

separated from the purlins. Thus, the number of components subject
to both axial loads and transverse loads is minimized,

«2l=
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Horizontal roof trusses provide strong load paths for transmitting
the load on intermediate wall columns to the vertically braced
lateral column lines.

The roof steel sway bracing members are oversized and formed into
strong truss subsystems. Thus, the sway bracing can assist in
resisting lateral loads by distributing these loads throughout the
entire structure.

The secondary bracing and axial load resisting members are oversized,

The truss arrangements and fastened cross braces reduce the component
unbraced lengths,

the structural review, FRC found components whose strengths were more

limiting than those reported in the TBTE. However, the failure of these
components would not endanger the control room structure,

Conclusion

The conclusion that a collapse of the turbine building will not occur
before windspeeds reach 212 mph is supported by the TBTE documents and a
partial study of the structure but is contingent on the following
clarifications:

1.

On the turbine building design drawings (36), a note indicates that
the connections in the structure are to be designed to at least 50%
of the capacity of sections. This implies that the structural design
is limited by the capacity of the connections and not the capacity of
the members. Since the TBTE did not address member connections, an
investigation into their adequacy is recommended.

In the TBTE, the reactions between the turbine building and the
control room structure are qualified by comparison to the OBE
loadings. However, these two types of loadings are fundamentally
different because the tornado-related load is a highly localized
avplied loading, whereas the earthquake load is a distributed type
load. Although both loadings may lead to the same conclusion on the
overall structural strength, it (s recommended that Yhe local effects
of the contact loading be examined in detail.

-zz-
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4. CONCLUSIONS

P U S

The conclusions from the review of the OCSR windstorm and tornado strike
analysis are summarized in Tables 1 and 2.

Table 1. OCSR Load and Review Criteria Summary

>

et T T i i s s BB e
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Effective Tornado Loadings
Atmospheric Pressure Change
Wind Velocity Pressure
Windborne Missiles

Structural Loadings
Differential Pressure Load
Effective Structural Pressure
Design Loads
Shielding
Load Combinations X

Structural Acceptance Criteria

(b)

Steel Components X

Concrete Components X

Masonry Block Walls X
Connections X
Roof Decks X
Architectural Components X

(e)

a. The status of each item is defined as 1, 2, 3, or 4, as follows:

1L = The review item is in conformance with or more conservative than the
accepted criteria.

2 = The review item is not in conformance with the accepted criteria.
3 = The review item was not addressed in the OCSR and remains an open issue.
4 = The review item is not applicable,

b. Nonconformance for this item stems from examining the missile loads acting
alone and not in conjunction with the wind-related loadings.

€. The connections are assumed to have been sized in accordance with good
engineering practice.
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Table 2. OCSR Structures and Components Summary

e i ol
Concrete Components of Reactor Building X
Steel Components of Reactor Building x‘b’
Metal Siding System x®
Control Room x (@
Intake Structure 2
Diesel Generator Building '(c)
Radwaste Building X
Exposed Mechanical Components x“”
Ventilation Stack x'¢)

a. The status of each item is defined as 1, 2, or 3, as follows:

1 = The strength conclusions reported in the SAR (4] are adequately
supported by the OCSR documents.

2 = The strength conclusions reported in the SAR are not adequately
supported by the OCSR documents. Where applicable, the strenqgth
ratings are limited to the findings of the TER (1l].

3 = The structure or component was not adequately addressed in the SAR and
OCSR, and its qualification remains an open issue.

b, 1If destruction of the steel portions of the reactor building does not
cause significant safety-related concerns, then these items can be removed
from the OCSR review,

Note that the OCSR concludes that this structure will not be able to
resist load combintions invelving missile impacts. Missile impacts were
not examined acting in conjunction with other wind-related loadings. For
the diesel generator building, missile impacts were not examined at all.
d. The ability of the mechanical support structure to resist tornado loadings

was established. The functional ability of the equipment to survive a

tornado strike was not examined.

3
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In addition, the results of the USD study of the ventilation stack are
summar ized in Table 3; Table 4 lists the results of the structural vibration

study.
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Table 3. Strength Summary of Ventilation Stack

Stress Type Review Proceducre Wind Speed (mph)
Longitudinal Stresses Maximum Stress Design 180
Ultimate Strength Design 196
Circumferential Stresses(?) Maximum Stress Design 145
Ultimate Strength Design 153
Poundation Stresses Working Stress Design(P) 180
Ultimate Strength Design >180
Soil-Bearing Stresses Working Stress(¢) 191

b.

The circumferential stress windspeed rating is that level of loading at
which longitudinal cracks on the outside surface will occur. Note that
this loeding does not result in stack collapse.

In the OCSR, the foundation and soil stresses are qualified on the basis
of comparison to the earthquake loading (see p. 27, Attachment 3 of
Reference 5).

This result of the OCSR i~ based on a soil pressure in excess of 18 ksf,
It is not clear whether 18 ksf is the allowable or ultimate soil capacity.

Table 4. Wind~Induced Structural Vibration

Resonant

Vibration Concern [ — Wind Speed (mph)
Vortex Shedding 3 IRERL
Vortex Shedding K} 197

Ovalling Fundamental 286

Because this resonant wind speed is close to the longitudinal strength
windspeed rating (see page B~22), it is the recommended limiting windspeed
rating for the stack. It is recognized that the third mode may not lead
to critical base moments but will cause high bending moments throughout
the middle and upper regions or the stack where this particular chimney |s
weak. Note that if large damping values are allowed then these moments

will be substantially reduced.
25



The conclusions of the TBTE are justif
of Section 3.6.10 of this report., The result

are summarized in Table 5.

Strength Summacry of Turbine

Loading Type

Differential Pressure
Dynamic Pressure

Edge Lateral Strut Dynamic Pressure
Wi0x33'&)

: | 11 1N | )
A - 0L £t 10 in)

Although not rormally designed as such, the sway bracing members at &t

elevation are stocky and can help resist lateral loads herefore

actual total structural resistance wilil. De greater than 1
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