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Director of Nuclear Reactor Regulation

ATTN:

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Mr. Reid:

\

William J. Cahill, Jr. )

Vice President . N )
| | R @guiﬁﬁ# o Eilg Cyy)

Consolidated Edison Company of New York, Inc.
4 |rving Place, New York, N 'Y 10003
Telephone (212) 460-3819
July 9, 1976

Re: 1Indian Point Unit No. 3
 Docket .¥g 50=286

Mr. Robert W. Reid, Chief
Operating Reactors Branch No. 4
Division of Operating Reactors

Your letter dated June 9, 1976 has advised us that a reassess-
ment of the reactor vessel support system is required, taking
into consideration various conditions and effects described in
the enclosure to that letter.

A program of analysis designed to provide the required reassess-
ment for Indian Point Unit No. 3 has been in progress since
January 1976, and is scheduled to be completed by December 1, 1976.
The principal features of that program, including assumptions,
analytical methods, and the acceptance criteria, are given in the
attachment to this letter.

While the scope of the analysis now in progress generally con-

forms to the analytical requirements of the enclosure to your

letter, certain assumptions and considerations contained therein
from our present scope. Accordingly, we wish to arrange

a meeting with the Commission during the week of July 26, 1976

to review our ongoing program in light of the requirements in your
letter. -

differ

Depending on the results of such a meeting we will notify you
whether any change in our schedule is necessary.

Very truly yours,

Wttt SOLY),

William J. Cahill, Jr.
Vice President

Attachment
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Copy to: Mr. George T. Berry

CK

General Manager and Chief Engineer

Power Authority of the State of New York
10 Columbus Circle

New York, N.Y. 10009
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1. 0 Purpose and 0bJECt1V€ of Analys1s

The analys1s being.performed on the reactor coolant system of rndlan

Point Unit #3 is to verify the safety of the system for postulated pipe breaks

at the reactor vessel nozzles. Pipe breaks at these locations will be postulated
‘and.the dynamic response of the system calculated. The calculated system response
will be evaluated to determine that the reactor can be safely shut down, and the
fuel adequately cooled following shutdown. This document will outline the criteria

that will be used in the performance of this analysis and the evaluation of the
results.

- 2.0 Postu1ated Accideht

The plant accidents which will be 1ndependent1y postulated to occur are
'p1pe ruptures’ at a reactor vesse] inlet nozzle and at a reactor vessel outlet

nozzles. Load ccntr1but10ns from asymmetric reactor vessel cavity pressur1zation,
asymmetric interna]s depreSSUrization, loop depressurization and release of
forces in pipe dur1ng steady state operat1on will be 1nc1uded The ruptures will

2.1 Postulated Break Characteristics

_T'The break will be postulated to occur in the field welds at the reactor
vessel inlet and outlet nozzle safe-ends;h For the purposes of analysis, the
breaks will be postu1ated to occur in Loop 31. The postu]ated breaks will be
circumferential and the crack will be assumed to run around the c1rcumference
of the pipe in 10 m1111seconds '

The time required for the pipes to seperate will also be included in the
analys1s - This time'wi11 be determined by evaluation of the rate of motion of
~the pipe after the pipe severance and by est1mates of the magn1tude and ‘rates
of motion of the reactor vessel and of either the reactor coolant pump. or- steam
generator, depending on whether the inlet or outlet nozzle pipe break is being
evaluated. The time re]at1onsh1p of the break opening area will be determined
by -this motion. - The broken reactor coolant pipe will be assumed to move until
it reaches the concrete in the p1pe annu]us of the pr1mary sh1e1d wa]] Credit_j
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will be taken for the capability of the insulation on the reactor coolant piping

to resist crushing. The crush characteristics of the insulation will be deter-
mined by test.

Both the break opening area and the break open1ng time must be estimated
prior to performance of the complete dynamic analysis. The estimate made for
break opening area will be such:-that-it should be equal to or greater than
that which will be determined from the dynamic analysis. The estimate for
break opening time from pipe end separation will be such that it will be equal
to or sma]]er than that which will be determined from the dynamic analysis. .
Iterat1ons us1ng success1ve1y more accurate analytical determinations of break

' open1ng area and the time may be requ1red to obtain a rea11st1c va]ue of system

response

2.2 Reactor Vessel Internals and Reactor Coolant Loop Apo]ied'HydraUIic Loads

The applied hydraulic blowdown-loads on the reactorvvessel:internals are
caused by the propagation of acoustic decompression waves intc the vessel -
| =region. These waves originate'at the break in thefpostU1ated loss-of-coolant
:'accident. ' ' ’

_ eThe.MULTIFLEX:computerlcode ca]cu]ates‘the hydrauTic-transients within
the entire primary coolant system. This hydraulic program considers a coupled
;.f]uid-structure'interaction by accounting for the deflection of the core
- support barrel, which is'represehted by a beam oscillator. A beam model of the
.-core. support- barrel is considered, whereby the. cy11ndr1ca1 barrel is divided

into fifteen segments and the pressure as well as the wall ‘motion are projected.
'_onto the p]ane parallel to the broken inlet nozz]e Vert1ca11y, the barrel

is divided into 5 flexible p]ates, each plate consisting of 3 separate walls.

- The spat1a1 pressure . variation at each t1me step is transformed into 5 hor1zonta1
forces. wh1ch act on the 5 mass po1nts of the beam mode] ' '




_~_ . The ability to treat multiple flow branches and a large number of mesh

( ~ points gives the MULTIFLEX code the required flexiblity to represent the
various flow passages within the primary RCS. Time-history values of the
pressure, mass veldCity, density, and other thermodynamic properties within
the RCS, which are computed by the MULTIFLEX ‘program, are utilized in the
determ1nat1on of both- the reactor vessel and reactor coo]ant loops reaction
forces. ' '

‘The FORCE-2 ‘computer code determines the vertical hydrau11c 1oads on the

RPV ‘internals during blowdown by ut111z1ng a detailed geometric descr1pt1on

of the_vessel ‘components and transient pressures -and mass velocities computed -
by the MULTIFLEX code. ~ In the evaluation of the vertical hydraulic loads
_on the internals, the_foT]owing types of transient forces are considered:

(1) pressure differential acting across the component, (2) flow stagnation on
and unrecovered or1f1ce losses across the component, and (3) fr1ct1on losses
~a10ng the component. ’ o

o “'Varﬁations of the f]uid'pressure distribution‘{n'the'dOWncomer annu]us
(::) 'reg1on dur1ng the subcooled port1on of ‘the blowdown trans1ent produces pressure

_ “]oad1ngs on the reactor vessel internals. Ut1l1z1ng the transient pressures
-computed by the MULTIFLEX code, ‘the horizontal hydrau11c loads on the reactor

~“vessel wall, core barre], ‘and thermal shield are calculated. The annular
-region between ‘the reactor vessel wall and the core barrel is modeled as
.cy11ndr1ca1 segments formed by dividing this region into circumferential and
axial zones. At each elevation the resultant Xx- and y-d1rect1on hydrau]1c forces
"are computed o - R

y - The’ b]owdown forces on the 1oop p1p1ng and components resu]t from the

}'trans1ent flow and pressure histories in the coolant piping. Utilizing the
compu ted f1u1d pressures and mass. ve]oc1t1es, together with the appropriate
plant 1ayout 1nformat1on, €.G. areas and elevations, the THRUST computer.

. program calculates the time-dependent loads exerted by the f1u1d on the loops.
After proper coord1nate transformat1on these forces are’ app11ed as’ externa]

'load1ngs on the RCL dynam1c model.




. 2.3 Reactor Cavity _Pressg Applied Loads N .' N

The applied reactor eavity'pressure forces on the outside surface of
the reactor vessel is caused by the pressurization of the break compartment

~and of the asymmetric pressurization of the reactor cavity. The calculation

of these"lbads are developed in two phases: (1) the calculation of the mass
~and’ energy release rate and (2) the resu1t1ng pressures and forces on the
vreactor vessel ' R '

: The des1gn bas1s mass and energy release calculations are performed in
the SATAN-V Code. The ‘SATAN-V Code is used to pred1ct release data dur1ng
the early blowdown transient. . This code uses a control volume -approach to

model the behavior of the Reactor Coolant System resulting from a large break

in’a main coolant pipe. Release rate transients are determined by the SATAN-V

" break model wh1ch includes a critical flow ca]cu]at1on and an implicit repre-

sentat1on of pressure wave propagat1on

The SATAN-V cr1t1ca1 flow calculation emp]oys appropr1ate1y def1ned critical

flow corre]at1ons app]1ed for fluid conditions at the break element. For the
'early portion of ‘blowdown, subcooled, saturated and two phase critical flow
regimes are encountered. For this particular application, available critical
-_f10w data and other. cr1t1ca1 flow correlations are presently being reviewed
,'and compared to the flow correlat1ons used in current design basis ca]cu]at1ons.
k Emphasis w1117be placed on the range of fluid conditions app11cab1e to the '
'“Ihdian’Pofht Unit #3 plant. ‘Based on these studies, a cr1t1ca] flow corre]at1on
.5 w111 be chosen for use in the final analysis. ' PR ‘ |

The pressure distribution around the break and_arbund.thevvesse'l is

.:determihed using the TMD computer code. The desigh basis TMD Code uses an
’Nfunaugmented homogeneous critical flow correlation and the isentropic .com-
.‘press1b1e subsow1c f]ow corre]at1on




. .p: 3 . - “.' k. . o 'I‘
. The cr1t1cal mass flow rate corre]at1on utilized assumes a homogeneous
mixture of a1r, steam and water. Data wh1ch show comparisons between measured
cr1t1ca1 mass flow rates and predictions us1ng the homogeneous cr1t1ca1 flow
" model at Tow pressures have been analyzed. Spec1f1ca11y, an equation which
'augments the homogeneous model critical mass flow rates has been developed

which provides a conservative lower bound to experimental critical mass flow
1rates._ The augmentat1on factor applied to homogeneous model flow rates is
.‘(152 - 2X), where X is the qua11ty of the upstream compartment.

The nodal1zat1on scheme used around the reactor vessel produces an
'accurate post-LOCA pressure prof1]e because of 1ts design. ' The number of
nodes included is based on the results of a nodalization sens1t1v1ty study
in which the total number of nodes was changed from 6 to 68. Elements near
the break are made small to minimize internal element pressure gradients. |
Elements farther from the break are made 1arger because the pressure gradients
: ;;are lower in those reg1ons._ '

_ The inspectiOn port sand ‘plugs will be assumed to blow open at a time
when the*pressure is']argerenoughﬁto move-the mass -of the sand away from the . °

- dbreak compartment. A1l insulation is assumed in place and uncrushed durings

the.entire'transient with the exception of the insulation on the broken pipe
and broken nozzle which is assumed to be blown away. Less conservative as-
: SUmptions concerning insulation will ‘be used if justified by further studies.

‘The force on the vessel is obtained by integrating the pressure over the
area of the vessel and nozzle. "The component of force for each e1ement ina

"'Tg1ven d1rect1on ‘will be summed to obtain the force time h1story of the cav1ty

load app]ned to the vessel.

R

2 4 Reactor Coolant P1pe Stat1c Re1ease Force '

A pipe rupture: force is exerted on the reactor vesse] resu1t1ng from the
re]easewof-the static forces which exist in the pipe during steady state operation.




Ey disturbing-a 1oad path in the pipe which is postulated to break, there is a
‘force applied to the vessel with the magnitude of the normal operating forces

in the-pipe. The rate of release of this force is calculated based on the crack
runnin'gf_time. R | '

2.5 hoad Comb1nat10n

A1l of the above 1oads are a result of the postulated break and are
ca1cu1ated on a time history basis with time equal zero when the postulated
crack in the pipe begins,tb_runl These leads are all applied simultaneously
to the reattor vessel, interhals,vand reactor coolant loops. The stresses
and Toads USed in the evaluation of the system will be due to the above
descr1bed b]owdown ]oads and normal operat1ng loads. Seismjc loads will not

-~ be comb1ned with the blowdown loads.

jé;O:vStqu;ura1jAnalysis

_ The Toads resu1t1ng from the postulated pipe brnak descr1bed in Section _
2: 0 are 51mu1taneous1y applied to a mathematical. mode] of the reactor coolant
v]oops, reactor vessel and internals. Two analyses are p]anned an elastic
f ana1ysis and, if necessary, an inelastic analysis. The structural analysis
‘will be described in this section.

- The mathematical model of the reactor coolant system includes the reactor
 vessel, vessel interna1s, fuel, Ioop piping, reactor coolant pump, steam gen-
erator and ‘component supports. The model is three-dimensional and is con-

o structed from beam elements, pipe elements, non-linear gap elements, friction

»eIements, spr1ngs and dampers. Detail will be included in the system model or
in seperate ana1y$es'in those regions which are highly loaded or where the
inclusion of detail will lead to less conservatism and/or mofe realism in the
~¢alculated results. These regions include the Cbre barrel flange region, lower
radial core barrel supports, fuel, and the pump and steam generator'Supports.




J

,The'ana1ysis’w111 include the structural damping values tabulated in Table 1,
impact damping at gap eleménts calculated from the coefficient of restitution
of the materials of the 1mpact1ng structure (approx1mate1y 12%) and friction

' damp1ng at appropr1ate interfaces based on the properties of the materials 1n‘
contact Increased damp1ng w111 be used locally in regions where plasticity
is exper1enced

'“The loads will be applted to the model in a time-history form. A dynamic
501ufion will be obtained using the WECAN code. The solution will provide
motion of the components and p1pe, loads in supports, Toads in the pipe and
. components, fuel core p1ate motion and values of the fuel grid
impact force. These 16ads and d1sp1acements will be used to calculate stresses
in the System. o | | . |

_ The ana1ys1s w111 f1rst be performed based on e]ast1c1ty in a]] components
'The results of the elastic ana]ys1s will indicate if plasticity of the system will
otcur and, if so, where plasticity must be 1nc1uded The analyses will then be

~rerun to determine the inelastic response.

| TABLE 1
Components R , Structural Damping
Reactor Coolant Loop Piping - 4%
Aux. Line Piping | 4%
~ Components - o - 4%

Fue'T o , ‘ | - . 10%




' ,'asSUring‘the'cdo]ab111ty of the fuel. The highest 1mpact forces generally

W4 0 Criter1a of Acceptab111ty “

The basic criteria of acceptab111ty of the plant for the postuTated
pipe rupture will be that the reactor can be safely shut down and the fuel
adequately cooled. Verification of this ability is the objective of the
anaTysis.' The criteria for acceptance will be outlined in this section.

‘The results of the elastic analysis, stresses in supports, components,
p1p1ng, etc., will be initially compared to the guidelines outlined in the
ASME Boiler and Pressure Vessel Code, Section III, Append1x F. Exceeding
these elastic stress-limits by: a-Targe margin will indicate the need for
an inelastic analysis.. These high stresses in isolated components may be"
‘acceptabTe dependent on the Tocation of ‘the component and 1ts effect on the
system response The baswc overaTT criteria to be- used for each of the
. individual components W1TT be outlined below.

81 FueT
The fueT must be ‘maintained in a coolable geometry. ' The fuel grids

~ maintain the spacing of individual rods and the spacing of the fuel assemblies.
The magnitude of the impact forces in these grids, therefore, are important in

occur in the outer fuel assemblies due to impact into the core barrel baffle
pTates . The grid 1mpact lToads and the behavior of the fuel during the LOCA
w1TT be determined and satisfaction of the criteria of appendix K of 10CFR50
: w111 be demonstrated. The stresses in the thimbles and fuel rods are

11m1ted to assure their integrity. Limits consistent with the guidelines set
up in ASME Section III appendix F will be used. -

4.2 Internals

~ The deformation of the core barrel and other core support ‘structures
are included in the evaluation so as to obtain accurate fuel core plate motions.
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_Local plastic deformation in these componentS'is.acceptable;”

)

4.3 Piping |

” ’The'ECCS piping in the unbroken Toops must retain their integrity to

ssune delivery of coolant to the core. Plastic deformation is acceptable and
1ntegr1ty will be demonstrated by plastic evaluation of the most highly
stressed Tines and/or by comparison of 1oad1ng experienced to available test
results. ‘The ECCS piping will be evaluated by stat1ca11y app1y1ng the motion
of the reactor coolant loop at the appropriate location to a mathematical
model: of the branch 1ine piping. The stress calculated in the piping must
correspond to a strain of less than 50% of the uniform ultimate strain.

The reactor coo1ant piping in the unbroken loops must be evaluated to
assure its 1ntegr1ty. The ana]ys1s will determine the magnitude of the

stresses in the p1pe and must correspond to a strain level in the pipe of

50% of the uniform u1t1mate stra1n of the mater1a]

LR

8.4 ComgOnent‘

The pressure boundar1es of the steam generator, reactor coo]ant pump,
reactor vessel, and CROM's must retain their integrity. - Integr1ty can be

“assured by demonstrat1ng that the stresses in these components correspond
to stra1ns which are 1ess than 50% of the uniform ultimate strain of the

.mater1a1




"4 5 Component. Supports

The supports of the reactor vesse], reactor coolant pump, and steam

_ 'v:generator may susta1n plastic deformat1ons up to and including, in isolated
- cases; failure. - Stresses and. strains in tocal support members may equal or exceed .

he ultimate stress or strain as. 1ong as this inelastic behavior is included
in the ana]ys1s for an accurate determ1nat1on of the motion of the reactor
vesse] and components.

- 4, 6 Concrete '

The concrete must reta1n its 1ntegr1ty in areas where 1ts 1ntegr1ty is
:requ1red to assure the safety of the p]ant. For instance, the concrete of
the reactor cav1ty must be able to withstand the combination of pressure and

' app11ed 10ad through the ring girder to assure adequate support of the vessel.
f Analyses may be performed which would allow cracking of concrete and redis-

tribut1on. Deformat1on of concrete at embedments of the. component supports

”may be acceptab]e 1f the effect is 1nc1uded in the structura] ana]ys1s. o

-
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Dlrector of Nuclear Reactor Regulatlon
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e “‘*“Dear~ME,WQeld: 7~- ;"”'*-~“’t~--“w*"~*“-~ <= =
— R T T e '/t:/:n T S— —
~-Your letLer of February 18 Y676 ((Indian Point “Unit-NosT1&S 2)-;;;“:;,__

1976 (Indian Point .. ....° ‘i

; _and_Mr. De Young's letter OL February 20,
Unit No. 3) provided ‘Consolidated Ldlqen ‘and the Power Authority
"of the State of New York with guidance regarding the filing
~of-information required by -Appendix-I.-to Part. 50 of the Com= ... _ .
_mission's regulatlons,m The enclosures to these letters requested’
onsiderable 1ntormatlon on-the- Indian Point.site and- IaLLLLLLEbo—
Con Edison "is—in‘ the ‘process -of- obtaining - the requested infor=..==

mation and.has-made a.commitment to forward this material. to_ﬁfTﬁmﬂw_d~,w

~+he Staff as~it becomes - ﬂvallAbleeg’f"”f“'?*‘““_“*“““*h T - -
The”present submltual«provxdes~reopon°es to 1tems 5 7 aana 8-T-~m—”?'\

g T ERclosure ™2 "to “the February -1976-ietters.— These .s.esyun‘:es e e
- are contained within the Attachment and the two accompanylnc

o boxes of computer cards. ~ - B

Rt i.i.;:,.,:'“:_:’-'"1,';';1"-;-"‘1'-'”:‘.‘. .:Very‘ truly -yours ,'_»‘: R
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