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REPORT TO THE AEC REGULATORY STAFF
STRUCTURAL ADEQUACY
OF
INDIAN POINT NUCLEAR GENERATING UNIT NO,:2

INTRODUCTION

This report is concerned with the structural adequacy of the
containment structures, piping, equipment and other critical comporents for
the Indian Point Nuclear Generating Unit No. 2 .for which application for a
: construction‘permit'and an operatipg‘license has been made -to the United States
Atomic Energy Commission by fhe Consolidated Ediéon Combény of New :York, Inc.
The facility is 1ocated»on the east bank of the Hudson River at Indian Point,
village of Buchanan, in upper Wesfcheéter County,‘New York. The site is about
24 miles N of the New York City boundary and 2.5 mile§ SW of Peeksill, New ¥York.
This report is based on a review of the Final Facility Description
and Safety Analysis Report (Ref. 1) and the containment design report (Ref. 2).
The report also is based i part on the discussion and inspection resulting
from the visit to the site on 2 May 1969 by N. M. Newmark and W. J. Hall in
conjunction with Mr. K. Kniel and Mr. M. McCoy of AEC-DRL. A number of
topics were discussed with the applicant and his consultants at the time of
this visit, and subsequently additional information has become available through
supplements to the FSAR and through discussions with the personnel of DRS, DRL,
and the applicant and his consultants. A discussion of the adequacy of the
structural criteria presented in‘the Preliminary Safety Analysis Report is
contained in our report of Augustvl966 (Ref. 3), and unless otherwise :noted no

comment will be made in this report concerning points covered there.
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The design ériteria'for'thé containment §ystem and.CIass I.compoﬁents
for this plant calledlfor a desigﬁ to withstand é besign Basis Earthquake of.
0.15g maximum ho;fzo;télAgfouﬁdAaécq]eratipn coubiéaﬂW}th cher}épbropriate
loadings to provide fo% gontainment and safe shut dowh; .fhe'ﬁlént was also
_ to be designed.fof an Operating Basis Earthquake of O.Ig'maxiﬁum horizontal

~ground acceleration simultaneously with the othef‘appr0prfate ]oadsfformihg

the basis of containment design.

COMMENTS ON ADEQUACY OF DESIGN: '

Dynamic Analyses

(a) Containment Building. The answer .to Question 1.9 of the FSAR

1n&icates that only the containment building, the primary auxiliary building,
~and the electric cable tunnei were designed'with the use df”semi-formél'
dynamic analyses. A description of the method of analysis employed is given
briefly in Section 5.1.3.8 of the FSAR and in.Section-3.l.5 of tHé containment
désign report. The procedure emp]oyed-involvéd,a ca[cuiationvof tHé fundamental
frequency and mode shape by use of a,mddffied Rayieiéh‘metﬁod. The base shear
,for the strﬁcture was computed from the period and the Qpéctral response
. corresponding to the appnobriate degree-of damp ing. 'The base»shear'was then
applied as é.loading to the structure;as an iﬁyérfed triangular loading.
The sHears.at'the nodes were used té calculate the mdmeﬁt;-and displacements
at various.points in_the structure. For the Structures.invoiyed:it isAbeliéved
thét the approach leads to é design whfch is reasonably adequate.
A similar -approach was followed for thé primary auxiliary building

as described in the answer to Question 1.9. It is noted there that a one-third

increase over working stress was allowed in the desigh of the bracing in the
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case of the Design Basis Earthquake. This stress is below yield, and it is

believed that the design will prove to be satisfactory.

(b) Other Buildings and Equipment. The discussion presented in

answer to Question 1.9 of the FSAR for'other buildings and equipment such as
the control buijdiﬁg,.fan house, intake structure, etc.; indicate that a
refined stétic approach was used, which involves employing the peak value
from thg appropriate response spectrum curve for avgiven value of. damping
and multiplying this by the appropriate mass to obtain the inertfal loading.
From the description given .for tﬁe various buildings and items of equipment,
and the modeling techniques employed, it ié concluded that the inertial
:]oadings used 'in design are Feasonabiy cfose-to those that might be obtained
_ with a . more sopHistjcated’anaﬁysis énd'Jead to reasbnaEle design values.

The SmeIESJOﬁ:in Question 1.3 of SUpblement 13 indicates that'the
Turbine Building, and Fuel Storage Building Structure abovetthe Fuel Storage
Pit were‘Eeanalyzed by a mulfj-dégree-of—freedom modal dynamic analysié me thod
to check their adequacy. As é result of this reanalysis, the applicant
advises that certain structural modifications will be made to columns and cross
brécing in the Turbine Building to insure that it can withstand the DBE.
The superstructure of the fuel sforage building was ascertained to be adequately
designed, without modification to withstand the effects of the DBE. The
applicant states that reanalysis of the strengthened turbine building and
superheater building for Indian Point No. 1 does hot‘significaﬁtly affect the

responses calculated for the original structures.

(c) Piping Analysis. The method used by fhe applicant for analysis
of the piping, as described in the answer -to Question 1,6 of the FSAR, is the
same as was used in Ginna., The peak ground response spectrum value for 0.5

percent damping was used, applied as static accelerations in each direction
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separately, and thé resulting stresses superposed. It was ;ssumed By.tﬁev
applicant that the piping was supported along rigid systemsiand,therefore
not subjected to amplified ground motion at points of support. ‘The system
was’analyzed with fhé anchors and supports as actually used,'accordingAto
the discussion preseAted to us dufing the time of our visit in May i969.

It wasvthe view of_thevapplican£vthat the thermal motions wére gfeater than
.éﬁyidifférential ground displécements and the jatten therefo}e are not
cfitfcgl'items in the design. In answer to Question 1.13 (Suppl. 13) the
t applicant advisesAtBat rélative-séfsﬁi; displacement was §onsidered for .the
ﬁa}n steam lines, where‘the-largest relative displacements are expected;
stress,differentiajs of less than 10% resulted. Also, seismic supports
_insta]lea'to date are those specified in the design and employed‘in the
‘analyses; where deviations_in supports must occur, reanalysis will be carried
 out. These resuits and approaches appear éatfsfactory to us.
é} ’Sihce'this piant was designed before ré;ent Hevelopment; an& changes
in piping design sbecificationé, the 1968 ASME Addenda'werelnotiapp]iéd.
-Blow-down and earthquake were considered as sebarate iteﬁs_and not combined
jn-tﬁis des ign. kWe are adv}sed.that the réspohse tb;Question 1.9 of Supplement
12 states that a review of the Indian‘Ppint 3'reactqr coolan;'system which
is fdentical to.Indian Point 2, for combined earthquake and blow-down. indicates
that the deéigh.is adequate. - 7'
It is stated in the aﬁswer to Question 1.6 of the FSAR that the
“approach resulted in a seismic design ioad approximately edUa] to 0;60W
horizontally and 0.4OW Vertiﬁally taken simultaneously. It is further stated
that .for the Design Bas is éarthquake the sum of the‘resulting additional

 stress plus the normal stresses was limited-to 1.2 times the B31.1 code
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‘allowable stresses. In a similar manner the stresses in the pipe supports
~and hangers were limited to 1.2 times code allowable étresses.

The applicant originally made usé of the maximum spectrumvvalue only
and .no modal analyses were made; in other words only a static:analysis with
uﬁiform accelerations was made. Consideration was not given‘go modified~
distribution of tﬁg inertial loading to take account of the combination of
modal effects. |

The respoﬁsé to Question 1.9 of Supplement 8, describing more detailed
analyses of the reactor coolant.system,_feedwéter lines, surge‘lines and
typical steam lines by more formal methods as carried out later lends
confirmation{to-the"adequacyfof the design. On this basis, there is reason
to believe that the design is édequate. :

Backfill Surrounding Containment Vessel

Nine feet of crushed rock backfill was placed between the external
wall of the reinforced concrete cqntainment'vessel and the retainiﬁg wall
holdiqg>back the rock on the uphill side. This crushed rock backfill is drained
at the bottom to avofd Qater pressure against the containment structure. The
fill is approximately 60 to 70 feet highef on one %ide of thé structﬁre than
" on the other because of .the slope of thg rock surface. The design, as,
discussed in Section 3.1.5 of the containment design report, conéidered focal
inertial forces of loose.rock és an added loading against the containment
pressure vessél, and also considered passive pressures caused by failure of
the rock along the surface behind the retaining wall. The localized loadings
from these forces were considered in the design of the containment structure
and the discussion presented in the containment design repoft provides reasonable

assurance that the containment vessel is capable of resisting these localized

forces.
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Class I Equipment in Structures other than Class I

The turbine building is Class IIT and not designed for earthquake
loadingsf The aésWerfta QUeétion.].3 of the FSAR indicafés.that the only
Class I strdctureS and components which‘afe §o located that they could be
endangetied by failure of élégs iII structﬁres’are the control building, main
steam piping and feedwater piping,'all of which could possibly be endqngered
by the .Class III turbiné building. It is further indicated there that .no
special provisions have been provided for protection except in the case of
the main steam and'feedwatér lines up to the isolation'valveg, which are.
protected by tHe shield wall and the structural.frame at the north end of
the shield wall. Since these are ]océted near-the braced end .of the turbine '
building, it is notvanticipated by the appli;ant that there will be any
structural failure in this area. Qur judgment as to the édequacy of this
aspect of the design %s based on the statement given in'the application.

And, in this respect, the answer to Questfon 1.3 (Supplement 13) Which'de§cribes
the analysis and strengthening of the Tqrbiné Building and Suéerheater Building.
for Indién Point Unit No. 1, and their ability to withstand the DBE, should

give additionalvpfotectjon for the control room.

It is further stated that the only Class III crane whose failure
could eﬁdasger any Class I function is the fuel Storage bui]ding crane and
that the failure of this crane will not impair a safé and orderly shutdown.
The answér.to Question 1.3 (Suppl. 13) indicates that the only potential
for crane Tift off will be'in the unloaded condition with the frol]ey parked
near the sﬁpporf: the applicant advises fhat~thefunloaded crane will not be
parked over the pool, so no hgzard exists. It is also noted in the.answer

to Question 1.1.3 that the manipulator crane in the .containment building,
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a Class III crane, is restrained from overturning and will .not endanger

Class I structures.

Deformation Criteria

The general.-stress criteria applicaEle to the sefsmic des@iﬁéﬁfe
summarized in Appendfx A of the FSAR. fhe statement givén on pagé A3 of
Appendix A states that<forAéll components, systems and structures élaSsified
as Class I,ﬂthe primary steady ;tate stresses; when combined with seismic
stresses resUiting from the response to the Design Basis Earthquake, are
limited so fhat the functién'of the component system or structﬁre shall'not

‘be impaired sﬁ as to prevent'a safe{%hdAorderly’shut-down of the plant.

We Werebaavised at_the time of our inspection pf the plant'in May 1969
~ that, for normal loadings plus the Operating Basis Earthquake, the intenfion
was to use code allowables plué the 20 percent increase .for transient
conditidns on C}ass I components and systems. For the Design Basis Earthqﬁake
and blow-down; basfcally the.same'criteria were used, although: originally it
had been planned to édopt higher allowab]ésrgqing into the piastic range using
the code for faulted conditions. Iﬁ‘actuality,.as described in the answer
.to Question 1.7 of the FSAR, the aIIOWable stresses in the case,bf_the Design
Basis Earthquake were limited to the yield point, or slightly beldw.(see
answef‘to Question:l.B.of Supplement 13).

The only references that we :note where there was a calculation of
stresses exceeding the yield point were at several places in the containment
design report where it was mentioned that the calculations indicate that there
could be bossible loﬁal yielding of the liner under certain Ioadfng combinations,

but that this would be limited and .not be expected to be of a nature as to

cause concern with regard to the integrity of the liner.




Reactor Internals

The mechanical design and evaluation of the reactor core and interna]s
iS described generally-in.Section 3.2.3 of the FSAR. From'tHe discussion
giQen it apﬁears that the core support structure and core barrel have been
designed with proper attention to support points and Iimjtations of-motfons.
The design criteria for the internals themselves, and specifically with
reference to deflections under abnormal operation, are given in Table A,3-2
of the FSAR, These appear reasonable and should provide an adeqﬁate margin
of safety.

Large Penetrations

A finite element analysis of the large penetratioﬁs in the containment
vessel was made by the Franklin Institute and a description of the analysis
and the results Qbﬁ?ﬁned is presented in the containment design report.
Several analyses wefe made for different load combinations, and in addition
a numbe; of hand calculations were made to check the ordef of magnitude of
the expected. forces and stresses and to verify that the results were reasonable
Our review. of the material presented, to the extent possible, indicates that

the penetration design is adequate.

Splices in Large Reinforcing of Bar;

Cadweld splices were used in general in the construction of the
containment vessel. We were advised that the early<§51ices, about 10 percent
of the total, were made with é bronze base, and the remaining 90 percent
were made witﬁ ferritic base filler metal. Around the hatch opening, we observed
that there was approximately a three foot stagger of adjacent sblices, but
in questioning we learned that there may not be such a stagger over-other

areas of the containment vessel. Lack of stagger of adjacent splices could
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lead to planes of weakness and cause cracking'uhder.condifions of over-loading.
The pressure tests, .however, will reveél any such. cracking.

_Approximately one in 200 splices was rémoved for téét purposes.

This is generally adequate.

Iﬁstrumentation and Controls

At the time of the May 1969 visit it was ascertained tHét the
applicant considers the control room as 'a Class I structure and intends that
the housing of it will also be‘subject to Class I requirements. However, the
instrumentatjdn~for.thefcontrol room as. well as other ihstrumentation critical
to_éontéinmeﬁt and_safe shﬂtdown, Héslbéen pufqhased FromAthe vendors according
to applicant's specifications. The answer to Question .1.9 describes the
vibration tests employed for selected items of essential equipment; the purpose
of these tests is to help demonstrate that little or no diffiéulty will be
expected in thefdperating characteristics thereof.un&er seismic conditions.
A]though\not absolute- proof of acceptability, satisfactory test results
certainly help to confirm the adequacy of such instrumentation and.contro] items.
Further information on the design and procurement approach for protection
system equipment is given in the answer to Qﬁestion 7.27 (Subpl. 13), and
lends confirmation to the approach adopted.

Tornado Loadings

The information contained in Section 3.4 of the containment design
report, and the answer to Question 5.7 of the FSAR indjcates that the structure
s designed for the usual wind leadings. The analyseé described in Appendix B
of Supplement 6, indicate that the containment - building can resist the design
tornado. What-effect if any that a tornado could have on the control room

or other critical facilities is not stated. However, the applicant states that
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the~siding of the control room can geSist wind ve]écities up to 162 mph,

- and the girts (supporting tHe panels) will fail at 0.62 psi negaf?ve
pressure; the building i; protected by other buildings on the south and west.

Steel Liner and Containment Vessel

The ana1yses that’have been cérried out'with regaFd to.the liner are
sﬁmmarized in‘the FSAR'and.some,addifionai_information is presented in the |
_containmeﬁt'dgéign rep6}t1~ Tt }s our ﬁnderstbnding that where bulges of
the'iinéfs occurred dyring cdnstruction,.of less than'2.in.,.nothfng was done
to correct the bulges. However, when»bulgés were 2 in. or greater the liner
was pushedlbéck into'a position of not more than 2 in. away’from'its intended
pos}tjon, and additional studs were.used to anchor the liner in place.
Temporary bracing was employed to hold it fh:position until the concrete was
cast. ‘- Because of the fbregoiﬁg, and since the temperature rise in the IéWer
part;of the structure in the liher is reduced by the use of insulafing material,_
it is-not expected that the aepartures from the iﬁtended original surface will
lead to.any difficulties.

Proof Test Procedures and Instrumentation

It is our undérstahding that a detailed desdrfbtion of the proéf
test procedures is .to be submitted at a later date. At the time of our visit
in May 1969 it wéS’prépoéed by the apbliéant that strain readings be
taken only on thé liner around the penetrations. We suggested that adﬁitjonal

-readings'Be made which would }nclude diameter changes of the penetrations
éﬁdléther measufements that can be made conveniently and without excessive
expense -to provide evidence thét the design meets the desigh criteria.

Fig. 5.13-4 suggests that such.readings will be made.  In any event, an
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interprefative report on the measurements that are taken should be hkovided
and should be correlated with the calculations to provide evidence of

validity of the design calculations.

Protectjon of Pipe Lines for Service Water

We were advised that pipelihes for service water are embedded in
the ground without aﬁy»special protection. However, there appear to be
alternate Iines).a1thqugh they are generally»in the same location and/or‘trenches.
In view of the foundation conditions surrounding the plant, and since there
is no indication of ﬁrevious fault motion ér potential fadlting, thisldesign
approach appears to be adequate. If redundancy in cr}tical water supply‘ié
desired, it would be preferable to héve separate water lines -following
independent routes.

Seismograph Installation

The answer to Question f—l of Supplement 3 indicates that one
seismograph will be installed in the yard afea, to provide further evidence
of the extent of seismic excitation -to which the piant might be subjected
if an earthquake occurs. This is acceptable to us.

Containment Design Report

The containment design report, pfepared.for the applicant by
Westinghqusé Nuc]ear Energy Systems and Unjted‘Engineers and Constructors,
has proven to be helpful in arriving at an evaluation of many of the factors
inherent ‘in the design. The tables presented are useful in helping to arrive
at decjsions as to the adequacy of the design; we commend those'responsible

for the preparation of this summary type material.
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We should like to encourage this.fype of app}oach,tq stuaigs of the
containméht, structures, piping, equipment.and othér Class 1 ftemS. We
should like to urge.that.attention be given:a]so to summaries and'fabﬁlatidn
of the most important informatién, in terms éf spresseé and’déformatidns,
including the sources of the various stress components, how theylwe}e comb ined,
and related discussion and explanatory material (including figures) which
would lend itself to a much better basis for judgment as to the adequacy

of design of nuclear facilities in general.

CONCLUDING REMARKS

On the basis of the information made available to us .concerning the
Class' I strﬁctures, piping, réactof internals, and other Class I itéﬁs, it
isTour belief that the plant possesses a reasonable margin of safety to meet
the original design requirements, including the imposed Dgsfgn.Basis Earthquake

loading‘conditions.
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