IP2 Reactor Vessel Core Region Material

Engineered Safety Features Initiation Instrument Setting Limits .
Reactor Trip Instrumentation Limiting Operating Conditions
Instrumentation Operating Condition%for Engineered Safety Features
Instrument Operating Conditions for'Isolation Functions

Minimum Frequencies for Checks, Calibrations and Tests. of

Instrument Channe

Frequencies for Sampling Tests

Frequencies for Equipment Tests

Inservice Inspection Requirements for Indian Point No. 2

Minimum Shift Crew Composition

Protection Factors for Respirators

_.<:>4 | .' C y

l/’_\\‘ .

Amendment‘No;

10045 760426_
Kxgééogoocx 05000247 |

LIST OF TABLES

iv

3.1-1

- 3-1

4,1-2

4,1-3

4.2-1

6.2-1

6.12-1



LIST OF FIGURES

Safety Limits Four Loop Operation 100% Flow ' o L 2,1-1-

; Safety Limits Three Loop Operatlon 73/ Flow 2,2-2
; :Reactor Coolant System Heatup leitations 3.111
h Reactor Coolant System Cooldown Limitations 3.1-2
: Control Bank Insertion Limité for 4 Loop Opératioo S 1 13;10-1
Control Bank Insertion Liﬁits for 3 Loop Operatlon A v'_ N - 3,10-2
~»Required Hot Shutdown Margin vs Reactor Coolant Boron Concentration . 3;10-3
Power Spike Factor vs Elevatiop " 3.10-4
Reactor Coolant Systeﬁ Heatup Limitation - | : 4.3-1
A Faciiity Management and’TeohnioaIFSuppoft Orgénizotioo | 6.2—1
3 : Focility Qrganiéation : S . o -v | ”6:242 A
S~

' Amendment‘No.




- B UEATUP AND coowovm., '_ o . )

' Specificatlons

1. The reactor coolant Lemperature and pressure and system heatup and

| cooldown rates avexagec over one hour (with the exceptlon of the

pressurlzer) shall be llmlted in accordance with Figure 3 1- 1 and

Figure &l-Zforthe~SerV1ce period, up to 3 effective full-

‘power years. The heatﬁp or cooldown rate shall notvexeeed‘
‘ 100°F, | | |
a. Allowable combinations of pressure and temperature for specific

temperature change rates are below and to .the right of the limit.
lines shown. Limit lines for cooldown rates between those

presented may be obtained by interpolation.

b. FiéureAB.l—l and Figure 3.1-2 define limits to assure prevention
of non—ductile failure only. For normal operation other inherent i
plant characteristies,,e.g.,-pump heat addition and pressurizer '

.heater capacity may limit. the heafup and'cooldown,fetes that

can be achieved over certain pressure-temperature ranges.

2;d The limit llnes shown in Figure 3. 1 1 and Flgure 3. 1 2 shall be. :;- f:,

recalculated perlodleally using methods dlscussed 1n4 WCAP—7924A and _\n
results of surveillance: ‘specim@n“te_sting as covered in WCAP-7323. (N
| : . . . i C
3. The secondary side of the steam generator shall not be pressurized
vabdve 200 psig if~the'temperature of the steam generator'is_below
70°F. ‘ R .

4. The pressurizer heatup and cooldown rate . averaged.over one hour -
ﬂfm«~~\ ‘shall not exceed 200°F/hr. - The spray.shalianotwbemused~ifethe~{empera-
' " ture difference between the pressurizer and the spray fluid is greater

than 320°F. .

5. Reactor Coolant System. 1ntegr1ty tests shall be performed in accordance>"

W1U1Sect1m14 3 of the Te'chnical Spec1f1cat10ns.

3.1-4 .
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Basis

Fracture Toughness Properties

All combonents in’the Reactor Cbélaﬁt_System are designed.to
withstand the effects of the cyclic loads dué'to reactér system
témperature<and pressure changes.(i) These‘cyclic,loadé are
introduced by normal unit load transients; réactor trips, and
startup and shutdown operation. The numbef of thermal and loading
cycles qsed for deéign purposes are shown in Tab1e1451~8 of thé
FSAR. D;ring unit.sfartﬁp and_Shutdown, the rates of temperaﬁure
and'pressureaéhangés are 1imited; The.ﬁaéimum plant Héatup and

cooldown rate of 100°F per hour is consistent with the design

number of cycles and satisfies stress limits for cyclic operation.

The reactor vessel plate opposite the core has been purchased to
a specified Charpy V-notch test result of 30 ft-1b or greater at .
,

a nil-ductility transition temperature (NDTT) of 40°F or less.

The material has been tested to verify conformity to épecified

‘requiréments and a NDTT value of 20°F has been determined, In

addition, this plate has been 100 percent'volumeffically inspected

"by ultrasonic test using both longitudinal and shear wave methods,

The remaining material in the reactor vessel, and other Reactor

Coolant System components, meet the appropriate design code

(3)

requirements and specific component function.

As a result of fast neutron irradiation in the reglon of the
: -
core, there will be an increase in the Reference Nil-Ductility

Transition‘Temperatufe (RTNﬁT)’ with nuclear operation, The

techniques used to measure and predict the integrated fast

neutron (E >1 Mev) fluxes at the sample location are described

Amendment No. : 3.1-5
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_iﬁ Appendix 4A of the FSAR, The calculation method used to
obtain the maximum neutron (E >1 Mev) exposure of the reactor:

vessel is identical to that described for the irradiation samples.

Since the neutron spectra at the samples and vessel inside'radiﬁs
:are identical, the measured transition shift for a sample can be
‘applied with confidéﬁce to the édjacent section of reactor vessel
fér some latér stage in plaﬁt life, The maxiﬁum exposure of the
véssel will be obtained from the meaSured.saﬁpleiexposure by
appropriate application of the caiculated azimuthal ﬂeutron‘

flux variationl

An approximation of the maximum integrated fast neutron (E >1 Mev)

exposurevis given by Figure 2-4 of WCAP'7924A(4), Exposure of the

Indian Point Unit No. 2 véssel will be less than that indicated by

this, figure.

L4

The actual shift in RT will be established periodically during

NDT

plant operation by testing vessel material samples which are
irradiated cumulatively by securing them near the inside wall
of the vessel in the core area. To compensate for any increase

~in the RTep caused by irradiation, the limits on the pressure-

T

temperature relationship are periodically changed to stay within
the stress limits during heatup and cooldown, in accordance with
the requirements of the ASME Boiler & Pressure.Vessel Code, 1974

Edition, Section III, Appendix G, and the calculation methods

described in WCAP—7924A(4).

¢

Heatup and cooldown limit curves are calculated using ‘the most

limiting value of RTNDT at the end of three years of service life.

Amendment No. ' -3;1—6
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The three—yeaf'serviée life period is chosen such fhat the

|

limiting RT at the 1/4 T location in the core region is

NDT

higher than the RT, 6f'the'limiting unirradiated materiél.

NDT

This service period. assures that all components in the Reactor
Coolant System will be operated conservatively in accordance

with Code recommendations.

The highest RT of the core region material is determined by

NDT

adding thé radiation induced ART for the applicable time

NDT

period to the original RTNDT shown in Table 3.1-1. An:approxi—

.

mation of the fast neutron (E >1 Mev) fluence at 1/4 thickness and

3/4 thickness vessel locations is given as a function of full-

4)

.power service life in Figure 2-4 of WCAP-7924A . Exposure

to the Indian Pbint Unit No; 2 vessel will be less than that

indicated by that figure, Using the.applicabie fluéncé at the
end of the ;h;eé—year period and'the copper contentfof'the
material in question, the ARTNDT may be obtained ffom Figure-
2-3 of wcAp-7924a(%) | s

Values of ART determined in this manner may be used until

NDT
the results from the material survéillance‘program,-when-
’ 6 . . - o ;
evaluated according to ASTM E185( ), are available, The

first capsule will be removed early in the service life of
the reactor vessel, note FSAR Section 4.5.1. The heatup and
cooldown curves will be re-evaluated if the ARTNDT determined

from the surveillance capéule is different from the predicted

ARTNDT.

Amenament No.,




- Heatup and Cooidown Curves

! Allowable pressure-temperature relationships for various heatup and

cooldown rates are calculated u31ng methods derived from Non Mandatory
Appendix G in Section III: 1974 Edition of the ASME Boiler and Pressure

Vessel Code and dlsCussed in detail .in WCAP—7924.(4)

-The approach specifies that the alloWable total stress inteﬁsity factor
(K ) at any time during heatup or cooldown cannot be greater than that
shown on the KIR curve[5 ] for the metal temperature at that time. Further-
; more, the approach applies an explicit safety factor of 2.0 on the stress
| intensity factor induced by pressure gradients. Thus, the governing, equation

for the heatup—cooldown analysis is: . '
2K+ K. <K { e {OR

where:

Kip 18 the stress intensity factor caused by membrane (pressure) ‘stress

Kit is the stress intensity factor caused by the thermal gradients

IR
the RTNDT of the material.

K., is provided by the code as a function of temperature relative to

[ During the heatup analysis, Equation (1) is evaluated for two distinct situations.

First, allowable'pressure—temperature relationships'are“developed'for‘steady"
f  state (i.e., zero rate of chenge'of temperature) conditions'assuming"the‘”
.~ ~ presence of the code reference 1/4 T deep flaw at the ID of the pressure ‘vessel.
Due to the fact that, during heatup,_the thermal gradients in" the vessel wall

tend to produce compre831ve stresses at the 1/4 T location the ten81le stresses

. Amendment No,
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induced by internal pressure are somewhat alleviated. Thus, a pressure-

'_temperatufe curve based on steady state conditions (i.e., no thermal stresses)

,represehts a lower bound of all similar curves for finite heatup rates when

the 1/4 T location is treated as the governing factor.

The second portion of the heatup analysis concérns the calculation of

‘pressure temperature limitations for the case in which the 3/4 T location

becomes the controlling factor. .Uﬁlike'the situation at the 1/4 T location,
at the 3/4 T p051t10n (i. e.,’the tip of the 1/4 T deep 0.D. ‘flaw) the thermal
gradients established during heatup produce stresses which are tensile in ‘
nature; and, thus,,tgpd to reinforce the pressure stresses present. . These .
,thermal stresseé’ara;aaf course, dependent on both the rate of heatup and

the time (or water temperature) along the heatup ramp.. Furthermore, since
the thermal stresses at 3/4 T are tensile and increase with inéreaSing heatup

rate, a lower bound curve similar to that described in the preceding paragraph

- cannot be defined. Rather, each heatup rate of interest must be analyzed on

on individual basis.

Foliowing.the generation of'ﬁressure—témperature curves for both thé steady
state and flnlte ‘heatup rate situations, the final limit curves are produced
1n the following fashion. First, a composite curve is constructed based on
a point by point comparlson of the steady ‘state and - -finite heatup rate data.
At any’ glven temperature, the_allowable pressure is taken to be the lesser
of the twd values taken from the curves under consideration. The composite
curve is then adjusted to allow for possible errors in the pressuré and
temperature sensing_inatruments.

\
The use of the comp031te curve becomes mandatory in- settlng heatup 11m1ta—

_tions because it is possible for conditions to exist such that over the course |

of the heatup ramp the controlling analysis switches from the 0.D. to the I1.D.

" location; and the pressure limit must, at all times, be based on the most:

conservative case.

The cooldown analysis proceeds in the same fashion as that for heatup, with

the exception that the controlling location is always at 1/4 T. The thermal

‘Amehdment No, : .
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gradients induced during cooldown tend to prdduce tensile stresses at
the 1/4 T location and compressive stresses at the 3/4 T position. Thus,

the ID flaw is clearly the worst case.

As in the case of héatup, allowable pressure temperature relations are

generated for both steady state and finite cooldown rate situations. Composite

limit curves are then cdnstructediipr each cooldown rate of interest.. Again

adjustments are.made to accé“”; for pressure and temperature instrumentation

-error. -

The use of they'pmposite curve in the cooldown.analysis is necessary ‘because
system control -is based on a measurement of reactor coolant tempetature,
whereas the limiting pressure is calculated using the material temperature

at the tip of the assumed reference flaw. During cooldown, the 1/4 T vessel -

~ location is at a higher tempetature than the flui¢ adjacent to the vessel I.D.

This condition is, of course, not true for the steady-state situation., It
follows that the AT induced during cooldown results in a calculated higher
allowable K for’finite cooldown rates than for steady state under certain

IR
conditions. T e

Because operation control is on coolant temperature, and cooldown rate may

vary during the cooldown transient, the limit curves shown in Figure 3.L§2'fm"“

represent a composite curve consisting of the more conservative values calcu-

lated for steady state and the specific cooling rate shown.
Details of these calculations are provided in WCAP-7924A .

Pressurizer Limits

Although the pressurizer'operates at temperature ranges above those for

thch there is reason for concérn about brittlé fracture, operating limits
are providéd to assure compatability of operation with the fatigue analysis};
performed in accordance with the ASME Boiler and Pressure Vessel Code,
Section III, 1965 Edition and associated Code Addenda through the Summer
1966 Addendum. '

.Amendment No.
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TABLE 3.1-1

Indian Point Unit - No

2

Reactor Vessel Core Region Material

Lowest

Lowest _
Temperature Temperature
50 ft. 1b. Charpg 50 ft. Chargy Assume
,(Longitudlnal) ) (Transverse) 3 RINDT(
60°F 120°F 60°F
62 F 112°F 52°F
75°F 120°F - 60°F
~45°F 5°F ~55°F
) N
-10°F 15°F. -45°F

IPP-75-50,

"Con Edison Indian Point Unit No.

Westinghouse to Con Edison Dated May 16,

2 Reactor Vessel

Radiation Surveillance Program",

Estimated from Loﬁgitudinal Data for 77 ft.

Appendlx G,

P T =
. cv

.

fAmendmenr No.

ST )
B 2002-1 1 0.25
ﬁézooz-z 0.14
B§2002ﬁ3' 0.14
%eld Material -

e

(1) Reference: Letter No
' 1975
(2) Reference: WCAP-7323,
(3) |
- (Ip All Cases,
(é) Refereﬁce

ASME Boiler and Pressure Vessel Code, Sectlon IIT,
RT TCV

NDT

60°F

Dated May 1969.

lb/54 Mil Lateral Expan51on

Expan81on Data Exceed Requirements).

Transfer Charpy Temperature at 50 ft.1b energy

1974 Edition
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C. . MINIMUM CONDITIONS FOR CRITICALITY

1. Except during low power physics tests, the reactor shall not
be. made critical at any temperature above which the moderator

‘- temperature coeff1c1ent is p051t1ve.

2, In no case shall the reactor be made critical below .the
temperature and pressure limits shown in Figure

3.1-1.

3. When the reactor coolant temperature is below the miﬁimum»temperature

spec1rred in l above, the reactor shall be suberitical by
an mmnmt greater than the potential reactivity
~inse#tion due to depressurization. ' .
4. The reactor shall be maintained subcr1t1ca1 by at least 1% unt11
normal water level is established in the pressurlzer.
s . .

Basis:

During the early part of the initial fuel cycle, the moderator temperature

coeffic1ent is calculated to be sllghtly positive at coolant temperatures

(1) (2)

below the power operating range., The moderator coeff1c1ent at low

temperatures will be most positive at the beglnnlng of life of the fuel

.‘cycle, when the boron concentration in the coolant is the greatest.

Later in the life of the fuel cycle, the boron concentratlons in the
coolant will be lower and the moderator coefficients will be either less
positive or will be negative._ At all times, -the moderator coefflcient

is negatlve in the power operating range. ( )(2) Suitable physics measure-
ments of moderator coefficients of reactivity will be made as part of the

startup program to verify analytic predictions.

Amendment No,




The requirement that the reactor is not to be made critical
when the moderator coefficient is positive has been'imposea

to prevent any unexpected power excursion during normal operations

as a result of either an increase of moderator temperature or

decrease of coolant pressure. This requirement is waived during

low power physics tests to permit measurement of reactor
moderator coefficient and other physics design‘parameters
of. interest. During physics tests, special operating

precautions will be taken.

The requirement that the reactor is not to be made critical

'Eelow the temperature and pressure limits shown in Figure 3.1-1" - '
_prbvides increased éssurance that the pfoper relationéhip bétwéep.
reactor coolant pressure and temﬁerature will be maintained

during system heatup and pressurization in "dccordance With;the
Féquiréméﬁfs‘oi 10CFR56 Appeﬁdix G,-a&laméndéd Fegruary 2, 1976.
Heatup.tolthis temperéture will be aécomplished by opefating

the reactor coolant pumps. : : N

If the shutdown margin specified in 3.1.C-3 is maintained,
there is no possibility of an accidental criticality as a

result of a decrease of coolant pressure.

The requirement for bubble formation in the pressurizef when .
the reactor>has_passed the threshold of 1% subcriticality will
assure that the Reactor Coolant System will not be solid when

criticality is achieved.

References

1. FSAR Table 3.2.1-1 - ' ' | o .

2. FSAR Figure 3.2.1-9
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4.3 REACTOR COOLANT SYSTEM INTEGRITY TESTING

Applicability.

Applies to test requirements for Reactor Coolant System integritf.

Objective

To specify tests for Reaéﬁﬁr Coolant System integrity after

' the system is closed”ﬁallowing normal opening, modification

or repair.

Specificat%bn

a) AWhen the Reactor Coolant System is closed after it has:béen
~opened, the system will be leak tested at not less than

2335 . psig at NDT requirements'for temperature.

b) When Reactor Coolant System modifications or repairs have been
made which involve new strength'Welds on components, the new
welds will meet the requirements of ASME SectionXI, 1970 Edition

18400 and IS500.

¢) The Reactor Coolant Systemlleak test temperatgre—pressurg
relationship shall bé‘in accordance Qith the limits of Figure
4,3-1 for heatup for the first three effective fﬁll—power yrs.of
opgration. Figure 4.3~1 will be recalculated periodically.
Allowable'pfessures during'cooldown.ffom the leak test

7

temperaturé shall be in accordance with Figure 3.1-2..
Basis

For normal opening, the integrity of the system, in terms of
strength, is unchanged. If the system does not leak at 2335 psig
querating pressuré +100 psi: +100 psi is normal system pressure

" fluctuation), it will be leak tight during normal operation. o

Amendﬁgnt No, 4 3-1
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For repairs‘on_components,>the thorpugh non-destructive
pesting gives a very high degree of gdnfidence in £he
integrity of the system, and will detect any éigﬁificant
defects-in and near the new welds. In all cases, the leak

test will assure leak tightness dﬁring'normal operation.

. The inservice leak temperatures are shown on Figure 4.3-1.

The temperatures are calculated in accordance with ASME

Code Section III, 1974 Edition, Appendix G. This Code

requires that a safety factor of 1.5 times the stress inten=-

sity factor caused by pressure be applied to the calculation.

For the first three effective full-power years, it is

predicted that the highest RINDT in the core region taken

at the 1/4 thickness will be 151°F. The minimum inservice

leak test temperature requirements for periods up to three

&

‘effective full-power years are shown on Figﬁre 4,.3-1.

The heatup limits specified on the heatup curve, Figure
4.3-1, must not'be exceeded while the reactor coolant .is
being heated to the inservice leak test temperature.‘ For

cooldown from the leak test temperature, the limitations of

"Figure 3.1-2 must not be exceeded. Figures 4.3-1 and_3.l42

are recalculated periodically} using methods discussed in

the WCAP-7924A and results of surveillance specimen testihg,

as covered in WCAP-7323.

Reference

1. FSAR, Section 4.

Amendment No,
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ATTACHMENT B

APPLICATION FOR AMENDMENT TO
OPERATING LICENSE’

SAFETY EVALUATION

Consolidated Edison Company of New York,

Indian Point Unit No. 2.
Docket No. 50-247

Facility Operating License No. DPR-26
April 22, 1976

Inc.



'Saféty Evaluation

Tﬂis Application for Amendmént is sﬁbmitted in respgnse to a
letter dated February 17, 1976 from Mr, Robert W Reid to Mr.
William J. Cahill, Jr. In that letter, the NRC requested
that Con Edison review the reactor coolant system pressure-
temperature limits contained in the Indian Poinﬁ Unit No. 2
Technical Spedifications. The conformance of these specifi-

cations with the fracture toughness requirements specified

'in 10 CFR Part 50, Appendix G was to be determined. The review

found that some modifications were necessary to bring the
Technical Specifications into conformance with the Appendix G

requirements.

‘ Accordingly,'the proposed changes to Sections 3.1 and 4.3 of

the Technical Specifications, contained in Attachment A to this
Application would conform to the Indian Point Unit No. 2

reactor coolant system pressure-temperature limits with the

requirements of 10CFR Part 50, Appendix G. These. proposed

Technical Specifications have been modeled after the corres-
ponding sections contained in the recently-finalized Indian
Point Unit No. 3 Technical Specifications. There are no

facility modifications required as a result of the proposed

'chéngeo

The proposed changes do not in any way alter the safety analyses
performed for Indian Point Unit No. 2. The proposed changes

have been reviewed by the Station Nuclear Safety Committee and




o

P Y U G O N .

by/the Consolidated Ediéon Nuclear Facilities Safety Committee.

Both committees concur that these changes do not represent a .-

significant hazards consideration and will not cause any change -

- in the authorized power level of the facility.
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