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INTRCOUCTION

This report concerns the adequacy of the contaimment ctructures ond

components, reactor piping and reactor internals for the Crystal River L. .3

&

3 end b Nucleor Generating Plant, for which application for @ construction permit
has Leen rade to the Y. S, Atomic Energy Commission (AEC lockets ho, §U~302

and 50=30%) by the Florida Power Cornoration, The facility is to be lozated

-4y

tie ica

in the rorthwestern portion of Citrus County, Floride, on the (ulf o
belvizen the msulns oF tue withlacoochee and Crystal Rivers, and aporciimately

73 miles i of Cryssal River, and 70 miles N of Tampa, Florica. Specifically

this report is concerned with the evaluation of the design criteria that de.ermine
the ability of the conlainsent system, piping, and reactor internals to withstond
2 cesign corthjuaie acting simultaneously with other applicable lcads forming

the Lasis of the cesign. The facility also is to be designed to withstand a
Faximun earthguake sinulrancously with other applicable loads to the extent

Of insuring safe shutdown and containment. This report is based on information
and criteria set forih in the Preliminary Safety Analysis Report (PSAR) and
supplements thareio a3 listed at the end of this report. Wwe have participated

in discussions with the AEC Regulatory Staff, and the applicant end its

consulitenis, in which many of the design criteria were discussed in cotail.

DESCRIPTION OF THE FACILITY

Tue Crystal River k clear Cenerating Plant is described in (ina P20

pressurizcd waier reactor nuclear steam supply system furnizicd oo o9

Laboeik end Viilcon Coupany and designed for an initial power cuipus i «
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WoS .2 Bat) Tor ceca unit., The reactor coolant system consists of the

FEoSLer vessel, €coicas pumps, steam generators, pressurizer, ond in.2vcSancciing

(2

piping., For cosn recctor there are two steam generators. The reacicr vessel
Vil hiove en insice Cicrater of about 14,3 ft., a height of Li.7 f¢., is
Cesigned Yoo @ pressure of 2500 psig and @ temperature of 5SO°F, énd 18 mads
Gi $4=302, Grace B, stceil clad with type 304 austenetic stainiess stecl.

-~ dhe coitoinmant for this plant consists of two systems &3 foilcus:

{1} tie reacior Luiiding which provides biological and missile :hxclciig,

and wiica conlains tue energy end material that might be releused by an accident;
ernd (2) the engineered safeguards systems which limit the moximum vaice of

the crnergy rolcased Ly an accident.

The redcior wuiiging, wnich encloses the reacter and stean GSnarotors;
concists ©f ¢ sicel 1 a2d congrete shell in the form of @ reinfcrced concrcie
vertical cylincer witn a flat base and a shallow dome roof. The cylindrical
struciure ¢fF 130 ft. insice diameter has side walls rising 157 feat from the
top oi the vcundation siab to the spring line of the dome roof. The concrete
Sice walls of lie cylinder and dome will be approximately 3 ft. G in, ond
39, 0 in, in thickness, respectively, The foundation mat will Le cpproximately
§ ft. thick with @ 2 7{, thick concrete slab over the bottom linar plate,

The feundatica siao wiil be reinforced with conventional steel reinforcing.

The ceylindricai valis will Le prestressed with a post-tensionirg systea in

the veriicdl cnd lLoricental directions., The dome roof wiil be prestresscd
utilizing o tirce=vav rest=tensioning system. The inside suriace ¢f iha
resctor building wiii ue lined with a carbon steel liner 3/3 in. tihich iar

tha cyiinder cid coiz and 1/4 in, thick for the base. The reactior buiiding Is
eSIntially the some o5 ihe contaimmant buildings for the Turkey Foin., Cconza,

.

tid lhree Hile Isiond plants.
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Personnel and equipment access hatches are provided for access to the
reactor building, In addition there are other penetrations for piping and
electrical conduits,
The enginecered safeguards for each nuclear unit consist of the
emergency core injection system and the reactor building atmosphere cooling
and washing system,
Other (lass ] components and systams whose design must incluge
consideration of seismic effucts are listed in Appendix SA and include such
items as the spent fuel cooling system and shutdown cooling system, reactor
contral room and equipment, and the post-incident air filtration system., Some
of these items are located totally or partially outside of the reactor building.
The facility includes @ cooling water intake and pump structure lcocated
at the foot of the intake canal about LOQ ft., from the reactors,
The bedrock at this site is located approximately 20 ft. beneath
the present ground surface, The surface overburden consists in the upper
layers of approximately 3 to S ft, of surface fill, followed by the natural
soil cover consisting of deposits of thinly laminated organic sandy silts and
clays interspersed with marine veposits, and in turn overlying a residual limy
“2il unit derived from the decomposition of the underlying bedrock. The bedrock
consists of biogenic carbonates of Tertiary Age. The uppermost bedrock member
is that identified as the Inglis member which is characterized by a cream~colored
t> an occasionally tan, porous, granular, biogenic limestone and dolomite
Jeposited in a shallow marine environment,
The closest evidence of possible faulting occurs at a dlstance of
three miles to the east of the site, Studies of the site show no evidence of

existence of subsurface faults,
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SCURCES OF STRESSES IN REACTOR BUILUING AND
CLASS 1 COMPONENTS

The reactor building is to be designed for the following loadings:
dead load; live loads (including roof loads, pipe penetration reactions, ancd
crane lcads); internal pressure due to loss of coolant accident of 55 psig;
test pressure of 63.3 psig; negative pressure of 2.5 psig; accident temperature
of 2819F and operating temperature of I!OOF; wind loads corresponding to roqf
line load of 35 psf, tornado wind loading (300 mph tangential wind velbcity,
external vacuum of 3 psig. and missile locading); prestressing loads; and
seismic loading as cescribed next,

The seismic design of the reactor building is based on the response
to @ maximum horizontal ground acceleration of 0,05q. Also, the design is to te
checked to insure no loss of function for an earthquake based on a maximum
horizontal ground acceleration of 0.10g.

The piping, internals, and vessel support design procedure is outlined
in answer to question 9,11 of Supplement No, |. Therein it is noted that these
items will be designed for various loading combinations as listed in Tatle 1,
including the design load, the design earthquake and pipe rupture loads,

In additinn a discussion of modes of deformation of reactor internals, and
the allowable deformations are presented in Table 2.

As noted in Appendix 5A, all Class I structures, comoonents and systems
will be designed for primary steady-state stresses combined with the
appropriate seismic stresses, and where applicable, in accordaéce with the
appropriate codes., In the case of primary steady-state stress combined with

the seismic stress resulting from the maximum earthquake, the response is to
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te limited so that the function of the component, system, or structure shall
not be impaired to prevent a safe and orderly shutdown,

COMMENTS ON ADEQUACY OF DESICN

Foundations

The applicant has proposed to found the mat foundation for Crystal
River Units 3 and & on » structural fill composed of crushed |imestone. The
base of the structural fill is planned to be at about elevation 7% and will?
extend up to about elevation 80, (uality control of the crushed !imestone
fill and the 98 percent maximum Modified Pensity (ASTM Test Designation
L1557-66=-T) requirement as noted in Ref, 3(a) will be adequate to assure 2
structural fill with satisfactory stress-strain properties,

Eecause the exploratory investigation revealed the presence of both
open and filled solution cavities in the limestone bedrock bereath the site,
the aprlicant proposes to undertake consolidation grouting beneath the reactor
building to about elevation 30 and beneath other structures to ahout
elevation 50. From the information presented in the foundation grouting report
on Unit 2 (Ref. 3(b)) and the report on the test _-outing program for Crystal
River Units 3 and 4 (Ref., 3(c)), it appears that the modified split-spaced
hole procedure utilized on Unit No, 2 will be adequate for the foundation
of Units 3 and L, The effectiveness in providing a curtain wall around the
area to be grouted is illustrated quite clearly by Fig. S of Ref, 3(b) which
shows @ graoh of hole order versus wunit grout take. The graph illustrates
that the grout takes approach reasonable Iimits in the Tertiary and Quaternary
holes, It is understood that the grouting specifications for the grouting
contract are flexible to the extent that the decislon on the hole order at

which grouting will be stopped is to be decided by the field engineer, It
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would be our recommendation in the application of this procedure that the

unit grout takes be reduced to 0.5 to 1.0 cubic feet per lineal foot f hole
before grouting is stopped. From all the available data for the site thus

far (Refs, 3(b) and 3(c)) it appears as if this result will be accomplished
on either the Tertiary or Quaternary consolidation grout holes at 5 ft,

and L ft. spacings, respectively, if a curtain wall is first estab) ished
arOunéwthe area to Le grouted. We believe the proposed structural fill and
grouting program will be adequate to prevent excessive differential supplement
of the reactor buildings and appurtenant structures,

Seiemic lesian

All structures, components, and systems classified in Class I are
to be designed for a design earthquake based on @ maximum horizontal ground
acceleration of 0,05, Such items are also to be desigred for a maximum
earthquake tased on a maximum horizontal ground acceleration of 0,10g so as not
to impair or jrevent a safe and orderly shutdown of the plant, These desig
levels are in agreement with those proposed by the U, S. Coast and Geodetic
Survey (Ref. 4) and we concur in these design criteria,

The response spectra to be employed in the design are éiven in-¥ig. 3
of Appendix 21. The response spectrum shown is for five percent gravity,
the design earthquake, and we concur in the use of the spectra as shown on
the assumption that at periods greater than 1.0 sec, (not shown) the spectra
do not drop sharply but remains essentially at the spectral velocity levels
at which the present plot is cut off, We assume that the response spectra
for use in design for the maximum earthquake loading condition will be twice

the values of the spectra just described,
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The vertical component of earthquake excitation will be taken as

two=thirds of the horizontal component and will be assumed to occur ;
simultaneously with the horizontal component. We concur in this criterion,

nr
i

It is noted in Section & of Appendix S5A that he respective vertical
and horizontal seismic components at any point on the shell wi!l be added by

summing the absolute values of the response (i.e., stress, shear, moment,

or deflection) of each contributing frequency due to vertical motion and adding

the resultants to the corresponding absolute values of the response of each
contributing frequency due to horizontal motion.' The seismic stressaes are then
to be added directly to the dead load, live load, operating loads, and accident
(pressure and temperature) loading conditions in accordance with the loading
expressions presented in Appendix S0, From this one can infer that the seismic
stresses are added linearly and directly with the other applicable stresses,

and on the basis of this assumption we concur in the design approach,

The damping values to be employed in the dynamic analysis are given
in Section § of Appendix S5A, These values are to be employed for both the
maximum and design earthquake. As noted in answer to Question 9.3 of Supplement 1,
a damping value of 5 percent of critical will be used for both the design
and maximum earthquake for rocking effects for the foundation, We concur
in the use of these values in the design.

The general method of dynamic analysis wil! be either a modal apalysis
or will be carried out in accordance with the procedure outlined briefly in
Section 6 of Appendix SA, The discussion presented in Section & suggests
that for systems such as piping systems which are highly complex geometrically,
that the analysis may be carried out as for a single~-degree-of-freedom system,

We do not corcur in this approach in general, and it is Qur recommendation that
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a formal dynamic analysis be performed for Class I structures *quipment,
piping, and reactor internals as appropriate, especially for those systems
which are vital to safety of the plant,

Further information on the dynamic piping unalysis is included in the
answer to Question 9,12 and provides some clarification to the discussion
presented in Section 5 of Appendix S5A, However, it is noted that the description
given only applies to the dynamic analysis of piping systems supported at .
fixed points, The applicant is requested to provide additional inforﬁationf
concerning the methods of dynamic analysis that will be employed for the
piping systems, Additional comments on the analysis of piping systems appear
later in this report.

The method of analysis to be employed for the reactor building is
described in Section 2.2 of Appendix 5C and we concur in the approach as
outlined there,

All structures and components classified as Class Il are to be
designed for a ground acceleration of 0.05g in accordance with the procedures
of the Uniform Building Code. We are in agreement with this approach.

Ceneral Pesign Provic ‘ons

The load combination equations to be employed in the design of the
reactor building are presented in Section 1.3 of Appendix SP. We are in general
agreement with the combinations to be employed with one exception, namely that
of load exoression 'c' wherein it is our belief that a term reflecting the
accident pressure 'oad is missing. Clarification of this point by the
applicant is requested,

The design stress criteria for the reactor building are presented

in Appendix 5B and 5C. It is noted therein that the load deformation behavior
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of the structure is one of elastic, low strain response. The building will
be checked for the factored loads and load combinations, compared with the
yield strength of the structure, and the load capacity is to be defined as
the upper limit of the elasiic behavior of the effective load carrying
structural materials, The deformation of the structure is to be such that
the compressive strain in the steel liner does not exceed 0,005 in/in. nor
to cause average tensile strains to exceed that corresponding tn tpe minimgm
yield stress, Membrane tensicn will be limited to 3 Jfé and it s noted
further that when principa! flexural tension exceeds 6 f?é due to thermal
gradients throuch the wall, non-prestressed reinforcing will be added to
resist thermal stresses., It would be our recommencdation that no net membrane
tension be permitted in the containment shell but on the assusption that the
latter statement refers to the combination of membrane tension combired with
flexural tension arising from pressure or thermal effects we concur in the
general design provisions noted.

The reinforcing steel to be employed in the plant will consist of
e’ther ASTM A-15, A-403, A-U431, or A-L32, It is noted in Appendix 58 that arc
welding for reinforcing splices will not be employed and that Cadweld splices
will be used when required, We are in agreement with this approach.

The liner is to be designed so that the critical buckling stress will
be greater than the proportional limit of the steel. Present analysis,
according to the PSAR indicates that the basic accident conditions produce
@ strain of approximately 0.002 in/in. in the liner. The liner is to be
analyzed as a flat plate and the liner anchors, which will be vertical angles,
are to be spaced horizontally at 18 in. center to center. The liner anchars

are to be designed such that the welds connecting the anchors to the liner
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will fail before the liner is breached. Generally we concur in this design

approach for the liner, although it is not clear how this type of attachment

may affect the buckling strength and long-term service performance of the liner.
A discussion of the general design criteria for handling differential

settlements and relative motions under seismic response is presented in

Appendix SA and we are in agreement with the general concepts présented there.

The post-tensioning stressing system to be employed will consist Pf
either the 5.€.E.€, or the BEBRV system. In general, the design concebts to
be employed in the prestressing are cimilar to those employed in other plants
designed oy Cilbert Assoc iates such as Turkey Point, Oconee and Three Mile
Island. The reactor tendons, which are unbonded, will be protected from
corrosion by insertion of a orotective coating in the tendons. The steel
portions of the nlant will be connected electrically to provide protection
against stray currents. It is noted in the PSAR that the tendon inspection
program could be made if it appeared desirable, It Is our recommendation that
a reasonable inspection program be implemented, especially in view of the

location of this plant near a salt water environment,

Piping, Reactor Interna s, Reactor Vessel and Vessel Supports

The design appr-oach to be employed for the piping, and reactor internals,
which also would include for the most part the design of the engineered
safeguard system, are to .e designed for general criteria as outlined in the
PSAR, namely in accordance with applicable ASME codes and procedures outlined
in AEC Publication TI10-7024, A further more detailed discussion of the design
approach is presented in answer to Question 9.11 of Supplement 1.

The possible modes of deformation of reactor internals are summar ized

in Table 2 of the answer to Question 9.11 and involve values labeled "allowable'
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and '""mo loss of function,' It is noted in the discussion preceding the
table that the '‘no-loss-of-function' deformations could cause safety problems,
and that the “allowable' deformations ere those that are used as design
limits., It is not clear whether these design limits refer to those associated
with the design earthquake loading condition or the maximum earthquake loading

condition or even a combination of seismic »dading with other applicatle

loadings. Clarification of this point by the applicant is requested, in orger
that a better judgment on the margin of safety inherent in the design can be
made.

The approach to be employed for the piping appears to be patterned
after that presented in ASME applicable codes and in Westinghouse Electric
Corporation Report WCAFP-5HG0 Rev. 1, 1967, However, the approach presented
is limited in that it relates solely to the margin of safety with regard to
stress levels and cdoes not provide information on the margin of safety with
regard to permissible strain or deformation, With regard to the presentation
encompassing possible strain hardening, no information is presented (o form a
judgment as to whether the stress analysis conforms to real property materials,
and moreover whether localized stresses or deformations are included in the
analysis, Further information concerning the design criteria to be employed
for the piping, particularly with respect (0 the maximum earthquake loading
corndition, is requested,

Instrumentation and Controls

The design of the control instrumentation for seismic effects is
discussed in answer to Question 9.13 of Supplement 1, Therein it [s noted

that ''the components in the reactor protection system and safeguard evacuation
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system will suffer no loss of functicn at accelerations of 0,15 horizontal
and 0.057g in vertical condition.' A similar comment is given concerning
the batteries and battery mounts. We can not concur in this approach, for an
analysis may show that the instrumentation can be subjected to larger
accelerations, Also, will the instrumentation function under conditions of
moderate tilting?

Information concerning posc ~le flaoding of the site is presented
in Appendix 2C and in answer to Qu- tion 9,12 of Supplement 1. The protection
provided eagainst flooding appears adequate to us.
Cranes

The polar crane in the reactor building is a Class ! comoonent and
is noted in Appendix SA that the design will be made to insure stability during
an earthquake. It is noted in answer to Question 9.10 that other handing
bridges which are not considered Class I equipinent are also provided wi*h

anti-derailing devices. The design criteria for the cranes are acceptable to us.

Fepnetrations

It is noted in fection 7 of Appendix SB that the penetrations will be
designec for the load combinations applicable to the reactor building and will
be analyzed by using the finite element technique developed by the Franklin
Institute Research Laboratories. <tmaller penctrations will be designed in
accordance with published and accepted procedures as noted in the discussion
presented in Appendix 5B, We are in general agreement with the design approaches

outlined briefly in Section 7 of Appendix 58,
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CONCLUSJONS

In line with the design goal of providing serviceatle structur2s and
components with a reserve in strength and ductility, and on the basis of
information presented, we believe the design criteria outlined for the
containment and other Class 1 components including the reactor internals, and
piping, vessels and supports, <an provide an adequate margin of safety for
ceismic resistance. However, in arriving at this conclusion we have noted,
in the repart several items for which additional information is recuired from
the applicant, namely information concerning the aralysis of the piping under
dyramic locding, stress criteria for piping, design criteria for the reactor
internals, design cf instrumentation and controls, and clarification of the

load combination expressions,
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