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FLORIDA POWER CCRPORATION
CRYSTAL RIVER UNIT RO. 3
GENERATING STATION

STRUCTURAL EVALUATION FOR FSAR

WIND AND TORNADO CRITERIA

The design wind velocity for the seismic Category 1 (FSAR Class I)
structures is 110 mph at 30 feet above ground based on a recurr-
ance interval of 100 yesars. Al]l seismic Category I (FSAR Class I)
components and equipment are protected by beinc housed in tornado
resistant structures, or are provided with tornado missile shields.
The design tornado for such structures is a 300 mph maximum tan-
gential velocity. The simultaneous atmospheric pressure drop is

3 psi in 3 seconds.

ASCE Paper No. 32532 was utilized to determine the loads resulting

om taese wind and tornado effacts. The load factor associatad
th wind load is 1.25 against the required ultimate capacity for
For tornado loads concrete structures were designed for

structures were designed in accordance

ifications (1963 Edition).
The criteria used in the design of Seismic Category I (FSAR Class I)
structures to account for the loadings due to specified winds and
tornadoes postulated to occur at the plant site provide a conserva-

tive basis for angineering design and the method of determining the
forces cn the structure will adequately assure that such environ-

mental forces represent the loadings imposed on the structure.

The use of these loading criteria provides reasonable assurance
that, fn the event of winds or tornadoes, the structural inta2grity
and safaty function of Seismic Category I (FSAR Class 1) struictures
will not be impaired by the specified environmental forcas. Con-
formanca with these criteria is an acceptable basis for satisfying
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the requirements of AEC General Design Criterion #2.

The Seismic Category I (FSAR Class I) structures are so arranged
on the plant site (or protected) such that any interaction between
non-Category I (FSAR Class I) and Seismic Category I (FSAR Class I)
structures, in the event of winds or tornadces damaging non-
Category I (FSAR Class I) structures, is not expected to affect
the structural integrity of Seismic Category I (FSAR Class I)
structures, systems, or components. The criteria in the design
arrangement and the means employed for protection of Seismic
Category I (FSAR Class I) and non-Category I (FSAR Class I)
structures are an acceptable basis for compliance with the pro-
visions of AEC General Design Criteria #2 and #4 as related to
structures.

WATER LEVEL (FLOCD) DESIGN CRITERIA

The facility's major structures and buildings are located or
constructurad 30 as to be undistrubed by the maximum water level
wihich is due to the Probabie Maximum Hurricana. The design
hvdrauiic force on facility structures included both the static
and dynamic effects from the hurricane.

The use of these design loading criteria provides reasonable
assurance that, in the event of flooding, the Seismic Category I
(FSAR Class I) structures can be expected to withstand the specified
environmental forces without impairment of their structural integrity
and safety function. Conformance with these criteria is an accept-
able basis for satisfying the requirements of AEC General Critsria

#2 and #4 as related to environmental design basis for structures.

MISSILE BAATEATI A
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The tornado generated missiles include a spectrum of possible items
that could be dislodged during tornadic winds and become missiles.
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The selection of missiles is a wood plank, a wooden utility pole,

a schedule 40 pipe and an automobile. The approach to determin-
ing missile effects on structurss makes use of the NDRC (National
Defence Research Council) formula with modifications suggested

in U. S. Army Technical Manual ™ 5-1300 for penetration resistanca.
Potential interior missiles are generally controlled by reinforced
concrete and steel barriers and missile shields which are previded
with a 25% margin in energy absorption capacity.

The criteria used in the design of Seismic Category I (FSAR Class I)
structures to account for the loadings due to specified missile
impacts postulated to occur at the plant site provide a conserva-
tive design basis for determining the forces on the structure to
assure that such impact forces will not penatrate structures,
shields, and barriers bevond acceptabie 1imizs as coverned by

the strength and resistance offered by such structures, shields andg
barriers.

The use of thes2 design bas2s for missile protection provides
reasonabie assurance that, in the event of the generation of the
postulated missiles, resulting loads and effects will not impair

the structural integrity of Seismic Category I (FSAR Class I)
structures, or result in any loss of protection intended for systems
and components contained by such structures. Conformance with these
design loading criteria is an acceptable basis for satisfying the
AZC General Design Criteria #2 and #4.

SEISMIC INPUT

The seismic desicn respense spectra indicate amplification factors
of 2.7 at the pericd of 0.3 seconds, of 2.0 at the period of 0.17
seconds and of greater than i in the period range of 0.03 to 0.17
seconds for 2% damping.
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The structure and equipment damping is in accordance with the
damping factors which have been accepted for all recently licensed
plants. The modified time history used for component equipment
design is adjusted in amplitude and frequency to envelope the
response spactra spacified for tha site.

We conclude tnat the seismic input criteria used by the applicant
provides an acceptable basis for seismic design.

3.7.2 SEISMIC SYSTEM ANALYSIS AND
3.7.3 SEISMIC SUBSYSTEM ANALYSIS

Madal respons2 spectrum and time history methods for multi-degree-
of-freedom systems form the bases for analyses of all major
Category I structures, systems and components. Govarning response
parameters are combined by tha squars root of the sum of squares
to ¢otain maxima when the modal resoons=2 spectrum method is used.
The absoiute sum of responses has been usaed for in-phase closely
spaced frequenciss.

Twd componants of seismic motion are considarzd: one norizontal
and one vertical. The total response is obtainad by the absolute
sum of tha responses to the two components.

Floor spactra inputs used for design and tes;t verificaticn of
structures, systems and components were ganerated from the time
history methed. Dynamic analysis of vertical seismic systems has
been amployed for all structures, systems and componants where
structural amplifications in the vertical direction are significant.
Systam and subsystem analyses has been performed on an elastic
basis. Effects on floor response spactra of expected variations

of structural noroperties and damping have been accountad for by
widening the rasponse spectra peaks by * 10%.
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We conclude that the dynamic methods and procedures for seismic
systems used by the applicant provide an acceptable basis for
seismic design.

SEISMIC INSTRUMENTATION PROGRAM

.
-

The type, number, location and utilization of strong motion
accelerographs to record seismic events and to provide data on
the frequency, amplitude and phase relationship of the seismic
response of the containment structure correspond to the recom-
mendations of Requlatory Guide 1.12.

Supporting instrumentation will be installad on Category I struc-
turas, systams and components in order to provide data for

verification of the seismic responses determined analvtically
for such Catagory 1 items.

We conclude that the Seismic Instrumentation Program proposed by
the appiicant is acceptable.

CONCRETE CONT:INMENT

Th2 containment structure is 3 soil supperted prastirassad concraeta

ontainment in the form of 2 right vertical cylinder with a
shallow dome and a conventionally reinforced concrete F1at slab
basa. Tha inside surface of the containment will b2 steel Tined
in order to form a leak tight membrane.

The design of the prestrassad concreta centainment was Lasad on

the concepts of ACI 318-63 using the working stress desing pro-
cadures for the loading combinaticns representing th.: construction
conditions and the normal operating conditions. Undar the various
accident conditions including earthquakes, wind or torrado the

125ign criteria were based on the yltimate strength desiaon procedures
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using load factors. The design criteria including the load
combinations, stress allowables and analytical procedures that
were utilized are consistent with those used on other similar
prastressed concrete containments previously licensed such as
Three Mile Island Unit No. 1, Palisades, Point 32ach and Turkey
Point.

The lecads considered in the containment design include appro-
priate combinations of dead and live loads, thermal loads,loss-
of-coolant accident induced loads and severe znvironmental lcads
such as earthauake lcads, and wind and tornado loads. A test
pressure load of 1.15 times the design accident pressure is also
included.

The static analysis for the containment sh2ll was based on
classical thin sh211 theory. The allowable stress and strain
limits were those dsfined in reference codas. For the loading
ccmbinations citzad previously, reinforcing bar yield was tie most
significant 1imit. For specific critical areas such as the equip-
ment natch area ther2 were additional detailed studies completed
by the applicant. In general, finite element tachnigues were

used in those situations.

The interior structures of the containment were designed for the
same general conditions considered for the containment shell with,
of course, differences in magnitude. The primary shield wall is
designed for 170 psi and the secondary shisld wail is designed
for 15 psi with capability to 17.5 psi taking the reinforcing
stee] to yield. The secondary shield wall was, however, designed
in accordance with ACL 318-71 in order to attempt %o keap the
components designed lata in the construction of the facility
consistent with the latest codas.
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The construction was carried out using AC! 301-66, Specifications
for Structural Concrete Buildings with the modifications enu-
merated in the SAR. Applicable sections of the ASME Boiler and
Pressure Vessal Code, Section III and Secticn IX were usa2d in
conjunction with the construction and design of the steal liner
and penetrations.

The testing of the containment will be as prescribed in a report
entitled, "Preliminary Report on Structural Integrity Testing of
Reactor Containment Structure", by Gilbert Associates, Incorpor-
ated, dated January 12, 19/0. Strain measurement instrumentation
consisted 70 instrumented and embedded steel reinforcing bars

and rosettes on the liner plate at six genera) locations with
acditional rosettes around thres typical penstrations. Displace-
ments will te measured using jia transits, precision levels, invar
tapes and linear variable displacement transducers. Four visual

menitoring locaticns for cracking stc are dafined tot2lling 1230

squarsz feet of surface are: which is to be closely menitored for
cracking.

Tha tendon surveillance program proposed by the applicant does nat
meet Requlatory Guide 1.35 although the applicant has stated that
there is no physical reason that would limit *haip ability to

me2t the Guide. Tha Structural Engineering Branch has reviawed
the justifications presentad by the applicant for the deviations
from the Guide and has detarmined that the current stats of
exparience with large tendon systems (2000 kips) is not extensive
encugh t2 permit acceptance of the applicant's prooesad program.
Consaquently it is the position of tha Regulatory Staff %o require

that the tendon surveillance program that will be incerporaced into
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the Technical Specifications be in conformance with Regulatory
Guide 1.35.

The criteria used in the analysis, design and constructicn of the
concrate containment structure and the rezlated interior structurss
to account for the loadings and conditions that are anticipated

to be experiencad by the structures during the service lifetime,
are in conformance with acceptable codes, standards and specifica-
tions.

The use of thesz design criteria defining the applicable codes,
standards and specifications; the load and Toading combinations;
the design and analysis procedures, the structural acceptance
criteria; the materials, quality control and special construction
techniques; and the testing, provided reasonable assurance that,
in th2 evant of winds, to

accidents cccurring withi
I contairment siructures will withstand the specifiad condizions

without impairm_nt of thair structural integrity and safaty

i

function, Cenformanca with thasa critaria constitutas an aceept-
able basis for satisfying the requirements of AZC General Desion
Criteria #2, 34, #16 and #50.

DESIGN OF OTHEX CATEGORY I STRUCTURES

Important Category I (FSAR Class I) structures other than contain-
ment include tha auxiliary building, the cantrol compiasx, the
diesal generator building, the intermediate building and the
intake structure. These structures were designed to basically

the same critaria that were utilizad for +he contairment structure.

Tha exceptions are as follows: a strict appiication of the
ACI 212-62 uitimata strength design with tha Code specifiad load
factors was us2d 3nd thare was a portion oF the staa) suparstructurs



of the Auxiliary Building which was not dasigned against tornado

missiles howeyar the spent fye] Pool is proyided With a tornads
missile shield.

The high €nergy pipe breaks hypothesized outside Containment and
the relataqd interacticns with structures have been addressad by
the applicant in @ report entitled, "Effects of High Energy
Piping System Breaks Qutside the Reactor Building", dated October
1, 1973 and amended November 6, 1973. Specific load combinations
which were taken from a position document of tha Structural
Engineering 8ranch have been used. As a resylt of modifications
to the facility basad on the 3ranch positicns, it is concludad
that the sffesss associated with the high energy breaks outsida
containment can ba adequately resisted by the structures.

¢ seismic Category I (FSAR) Class [ structures were Suilt from
2 COmposita of Structural steel and reinforced cincrete members,
In ceneral, tre structures yape daesigned as centinuous systams
with slabs, w2lls, baams and columns S2ing intaarated into the
The design methods for reinforced concrate followed the
'timate sirength desisn provisions of ACI-312. For Structural
Stee] design the AISC Specification was utilized.
Tha loading comdbinations ysed for the design of thesa Structures

inciuded normal dead ang live loads, wing and tornado loads, and
earthquake Joads.

The analysas were being baseg on elastic analysis Procedures with
the design éxecutad using the ultimate strength design Provision
of ACI 318 for concrete and the working strass design orovisions
OF the AISC Code for structural steel,
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Construction practice for the Category 1 structures was accomplished
in accordance with ACI-301 appropriately modifiad to account for
the specialized nature of the construction.

It is concluded that the criteria used in the analysis and design
of seismic Catagory I structures, to account for the loadings
and conditicns that are anticipatad to be experienced by the
structures during the service 1ife time, are in compliance with
accaptable cedes, standards, and specifications.

The use of these design criteria defining the applicable codes,
standards and specifications; the Joad and loading combinations;

the design and analysis procedures; the structural acceptance
criteria; the materials, quality control and special construction
t2chnigues; and the testing and inservice surveillanca raguirements,
provide reasonadle assurance zha:, in the svent of winds, tornados,
earthquakes 2nd various posiulated accidents, thesa seismic
Category I (FSAR Class I) structures may b2 expacted to withs*and
the specified ccnditions without impairmert of their structural
integrity and safety functisn. Conformance with thesa criceria
constituted an accent for satisfying the requiraments
eria #2 and #4.
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Section 3.3 Wind and Tornado Leadings

3.3-1 "4ind Forces on Structures,”" Final Report of the Task
Committee on Wind Forces of the Committee on Lload and
tresses of the Structural Division, Transacticns of
the American Society of Civil Engineers, 345 East 47th

Street, New York, N. Y. 10017, Paper No. 3269, Vol. 128,
Part II, 1961, p. 1124-1198.

Section 3.5 Missile Protection

3.5-1 A. Amirikian, "Design of Protective Structures," Bureau
of Yards and Docks, Pubiication No. MNAVDOCKS P-51, Depart-
ment of the Navy, Washington, D. C., August 18530,

3.5-2 MNatiocnal ense Res=2arch Ccd"ttee, Effects of Impact and
Explosion, Summary Technical Report of Division 2, Vol. 1,
Washinaten, D. C., 1845

3.5-3 R. C. Gwaltney, "Missiie Generation and Protectiocn in Light-
'‘latar-"anlad Power R2actor Plants," USAEC Report CRML-
NSI1L-22, Saptember 13858

3.5-4 "Structures to Resist :tha Effects of Accidental Explosions,”
™ 5-1300, NAVFAC P-327, or AFM 28-22, 2epartments of ths
Army, th2 Navy and th2 Air Force, Juns 198°.

Saction 3.8 Desiacn of Catagory I Structures

i Americaq Instituta of Steel Construction, "Spacification
-1 for Design, Fabrication & Erection of Structural Stsel

;gg380?1diﬂgs," 101 Park Avenue, Mew York, N. Y. 10017

. 2 n
n concrata Institute, "Bui

America iding Coda Requirements
for Rainforcad Concrate (ACI 313-53 & -71)," P.O. Bax
2754, Radford Station, Detroit, Michigan 43219.

3.8-2 American Society of Mechanical Engineers and the American
Congrats Instit;:e, “Proposed S::rda*j Code far» Concreta
Q2actsr Vessels and :3..a1n~nnt3," Unitad Enginaering Center,
345 East 47%h Streat, Mew York, M. Y. 1CC17.
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3.8-4 American Scciety of Mechanical Engineers, "ASME Boiler
and Pressure Vessel Code." Section III, United Engineering
Center, 345 East 47th Street, Maw York, N. Y. 10917.




