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UNITED STATES

NUCLEAR REGULATORY COMMISSION
WASHINGTON. D C 20668

IENNESSEE VALLEY AUTHORITY

Amendment No. 158
License No., DPR-77

The Nuclear Regulatory Commission (the Commission) has found that:

A

e S

The application for amendment by Tennessee Valley Authority (the
Ticensee) dated March 1, 1991, and superseded September 6, 1991,
complies with the standards and requigements of the Atomic Energy
Act of 1954, as amended (the Act), and the Commission's rules and
regulations set forth in 10 CFR Chapter I

The facility will operate in conformity with the application, the
provisions of the Act, and the rules and regulations of the
Commission;

There is reasonable assurance (1) that the activities authorized by
this amendment can be conducted without endangering the health and
safety of the public, and (11) that such activities will be
conducted in compliance with the Commission’s regulations;

The issuance of this amendment wil)l not be inimical to the common
defense and security or to the health and safety of the public; and

The issuance of this amendment 1s in accordance with 10 CFR Part S
of the Commission's regulations and all applicable requirements have
been satisfied.



o

2. Accordingly, the 1icense is amended by changes to the Technical
Specifications as indicated in the attachment to this license amendment
and paragraph 0.C.(2) of Facility Operating License Nu. DPR-77 {s hereby
am:nded to read as follows:

(¢) lechnical Specifications

The Technical Specifications contained in Appendices A and B, as
revised through Amendment No. 155, are hereby incorporated in the
license. The licensee shall operate the facility in accordance with
the Technica) Specifications.

3. This license amendment 1s effective as of its date of 1ssuance,
to be implemented within 20 days.

FOR THE NUCLEAR REGULATORY COMMISSION

" ’
T / \ "/J’I‘Ja
Frederick J. Hebdon, Director
Project Directgrate 11-4
Division of Redctor Projects - 1/11
Office of Nuclear Reactor Regulation

Attachment :
Changes to the Technical
Specifications

Vate of [ssuance: March 31, 1997
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Revise the Appendix A Technical Specifications by removing the pages
identified below and inserting the enclosed pages. The revised ?I?lt are
identified bg the captioned amendment number and cont:in marginal lines
indicating the area of change. Overleaf pages* are provided to maintain
document compleloness.

REMOVE INSERT

3/4 4-24 3/4 4-24

3/8 4-25 3/4 4-0%
B3/4 4-6 B3/4 4-6
Bi/4 4.7 B3/4 4-7
B3/4 4-8 B3/4 4-4
Bi/4 4-9 B3/4 4.9
B3/4 4-]0* B3/4 4-]0*
B3/4 4-]3 B3/4 4-13
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REACTOR COOLANT SYSTEM
BASES

Meatup and cooldowr 1imit curves are calculated using the most )imiting
value of the nil-ductility reference temperature, R7 y: 4t the end of

16 effective 1ul) power years of service life. The !8 EFPY service

1ife period 1s chosen such that the limiting RTN at the 1/47 location
in the core region is greater than the RT y of Q%n limiting unirradiated
material. The selection of such a limﬁtiﬂa RT oy assures that all
components in the Reactor Cooleni System will 89 operated conservatively
in accordance with applicable Code requirements.

The reactor vesse! materials have been tested to determine their initia)
RT. nv: the results 2f these tests are shown in Table 8 3/4.4-1. Reactor
opvpxtion and resultan’ fast neutron (E greater than 1 MEV) irradiation
can cause an increase in the RT ... Therefore, an adjusted reference
temperature, based upon the fluynzo of the material in question, has been
predicted using Regulatory Guide 1.9%9, Revision 2 and a peak surface
fluence of 1.94 x ?0" n/en? for 16 effective full power years (Reference
WCAP 12970, "Heatup and Cooldown Limit Curves for Normal Operation,"

June 1991). The heatup and cooldown limit curves of Figures 3.4-2 and
3.4-3 include predicted adjustments for thig shift in R y 4t the end of
16 EFPY, as wel) as adjustments for possiblé errors in t"g pressure and
temperature sensing instruments.

Values of delta RY determined in this manner may be used unti) the
results from the m”QIrial surveillance program, evaluated according to
ASTM E185, are available. The first capsule was removed at the end of the
first core cycle. Successive capsules will be removed in accordance with
the requirements of ASTM E185-82 and 10 CFR 50, Appendix H. The heatup
and couldown curves and the low temperature overpressure protection set
points must be recalculated when the delta RT determined from the
surveillance capsule exceeds the calculated dUQIa RTNDT for the equivalent
capsule radiation exposure.

SEQUOYAH = UNIT 1 B 3/4 4-7 Amendment No. 157,
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REACT ANT §¥6T
RASES

Allowahle pres ..e ~temperature relationships for various heatup and
cooldown rates are calculated using methods derived from Appendix £ in
Section 111 of the ASMF Roiler and Pressure Vesse) Code as reauired b
Appendix G to 10 CFR Part 50 and these methods are discussed 1+ detadl 1n
WCAPL7028.4,

The general method for calculating hreatup and cooldown 1imit curves 1s
based upon the principles of the linear elastic fracture mechanics (LEFM)
technology., In the calculation pnrocedures a semiee)liptical surface
defect with a depth of one auarter of the wall thickness, T, and a lenath
of 3/27 15 assumed to exist at the inside of the vessel wall as well as

at the outside of the vessel wall, The dimensions of this postulated
crack, referred to in Appendix C of ASME 1] as the reference flaw, armply
exceed the current capabilities of inservice inspection technigues.
Therefore, the reactor operation limit cyurves developed for this reference
crack are conservative and provice sufficient safety mariins for protection
soainst noneductile failure, To assure tha‘ the radiation embrittiement
effects are accounted for in the calculation of the 1imit curves, the

most Timiting value of the nil ductility reference temperature, "TNUY' is

used and this includes the radiation induced shift, delta OTpr. corresponding

to the end of the perind for which heatup and ciunldown curves are generated,

The ASMF approach for calculating the allowahle Yimit curves for various
heatup and cooldown rates specifiec that the total stress intensity factor,
Ko for the combined thermal and pressure stresses at any time during heatup
or cooldown cannot he areater than the reference stress intensity factor, 1o
for the metal temperature at that time, ¥1p 15 obtained from the reference
fracture toughness curve, defined in Appendix © to the ASMF Code, The Kyp
curve is aiven by the eouation:

Kp ® 26.7P 1,223 exp [0,0145(T.0T, 0 4 140} (1)

SEOUNYAN « IWNIT 1 RITIRL
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REAC OR COOLANT SYSTEM
BASES

thermal stresses and different Kl ‘s for steady-state and finite heatup rates

do not offset each other and the B

conditions no longer represents a lower bound of all similar curves for finite
heatup rates when the 1/47 flaw is considered Therefore, both cases have to

be analyzed in order to assure that at any coolant temperature the lower value
of the allowable pressure calculated for steady-state and finite heatup rates

is obtained.

The second portion of the heatup analysis concerns the calculation of
pressure-temperature limitations for the case in which a 1/47 deep outside
surface flaw is assumed. Unlike the situation at the vessel inside surface,
the thermal gradients established at the outside surface during heatup produce
stresses which are tensile in nature and thus tend to reinforce any pressure
stresses present. These thermal stresses, of course, are dependent on both
the rate of heatup and the time (or coolant temperature) along the heatup
ramp. Furthermore, since the thermal stresses, at the outside are tensile and
increase with increasing heatup rate, a luwer bound curve cannot be defined.
Rather, each heatup rate of interest must be analyzed on an individua) basis,

Following the generation of pressure-temperature curves for both the
steady-state and finite heatup rate situations, the final limit curves are pro-
duced as follows. A composite curve is constructed based on a point-by-point
comparison of the steady-state and finite heatup wate data. At any given tem-
perature, the allowable pressure is taken to be the lesser of the three values
taken from the curves under consideration,

The use of the composite curve is necessary to set conservative heatup
limitations because it is possible for conditions to exist such that over the
course of the heatup ramp the controlling condition switches from the inside
to the vutside and the pressure 1imit must at all times be based on analysis
of the most critical criterion,

The '‘eak test limit curve shown in Figure 3.4-2 represents the minimum
temperature requirements at the leak test pressure specified by applicable
codes. The leak test limit curve was determined by methods of Branch
Technical Position MTFB 5-2 and 10 CFR 50, Appendix G.

The criticality 1imit curve shown in Figure 3.4-2 specifies pressure-
temperature limits for core operation to provide additiona)l margin during
actual power production. The pressure-temperature limits for core operation
(except for low power physics tests) require the reactor vessel to be at a
temperature equal to or higher than the minimum temperature required for the
in=service hydrostatic test, and at least 40 degrees F higher than the minimum
pressure-temperature curve for heatup and cooldown, The maximum temperat:re
for the in-service hydrostatic test for the SON Unit 1 reactor vessel is 327
degrees F., A vertical line at 327 degrees F on the pressure-temperature curve,
intersecting a curve 40 degrees F higher than the pressure-temperature limit
curve, constitutes the limit for core operation for the reactor vessel.

Finally, the composite curves for the heatup rate data and the cooldown
rate data are adjusted for possible errors in the pressure and temperature
sensing instruments by the values indicated on the respective curves.

Although the pressurizer operates in temperature ranges above those for
which there is reason for concern of non-~ductile failure, operating limits
are provided to assure compatibility of operation with the fatigue analysis
performed in accordance with the ASME Code requirements.

SEQUOYAH UNIT - 1 B 3/4 4-13 Amendment No.158
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2. Accordingly, the license is amended by changes to the Technical
Specifications as indicated in the attachment to this license amendment
and paragraph 2.C.(2) of Facility Operating License No. OPR-79 is hereby
amended to read as follows:

(2) JIechnisal Specifications

The Technical Specifications contained in Appendices A and B, as
revised through Amendment No. 148, are hereby incorperated in the
1icense. The licensee shall operate the facility in accordance with
the Technical Specifications.

3.  This license amendment is effective as of i1ts date of issuance,
to be implemented within 30 days.

FOR THE NUCLEAR REGULATORY COMMISSION

:
i il G R

Frederick J. Hebdon, Director
Project Directorate []-a

Division of Regctor Projects - 1/11
Office of Nucl@®r Reactor Regulation

R i

Attachment:
Changes to the Technica)
Specifications

Date of Issuance: March 3%, 18062
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REACTOR COOLANT SYSTEM

BASE S

PRESSURE /TEMPERATURE LIMITS (Continued)

5) System preservice hydrotests and in-service leak and hydrotests shall be
performed at pressures in accordance with the requirements of ASME Boiler
and Pressure Vessel (ode, Section X].

10 CFR 50, Appendix G, addresses meta) temperature of the closure head
flange an¢ vessel regions. Appendix G states that the minimum metal
temperature of the closure flange region should be at least 120 degrees
Fahrenheit (F) higher than the limiting RT for this region when the
pressure excecds 20 pers:-t of the preservvgz hydrostztic test pressure
(561 pounds per square ‘n: Ci.ge (psig) for westinghc .se Electric Corpora-
tion plants). For SQN, Uit 2, the minimum temperature of the closure
flange and vessel flange regiois is 117 degrees F since the 1imiting
initial RTyoy for the closure head flange is -13 degrees ~ ,see Table B
3/4.4-1). Qlcse numbers (561 psig and 117 degrees F) inc wa 4 margin
for instrumentation error of 10 degrees F and 60 psig. Tne SQN Unit 2
heat up any cooldown curves shown in Figures 3.4-2 and 3.4-3 are not
impacted by this regulation. *

The fracture tough .ss properties of the ferritic materials in the reactor
vesse] are determined in accordance with the NRC Standard Review Plan,
ASTM E185-82, and in accordance with additional reactor vesse! require-
ments. These properties are ther evaluated in accordance with topendix G
to 10 CFR 50 and Appendix G of the 1986 ASME Boiler and Pressure Vesse!
Code, Section III, Division 1 and the calculation methods described in
WCAP-7924-A, "Basis for Heatup and Cooldown Limit Curves, April 1975."

Heatup and cooldown limit curves are calcuiated using the most Timiting
value of the nil-ductility reference temperature, RT 1. At the erd of

1€ effective full power years of service life. The YB'EFPY service

Tife period is chosen such that the limiting RTN at the 1/4T location
in the core region is greater than the RT 7 of Qlo limiting unirradiated
material. The selection of such a 11m1ti"8 RT r assures that all
components in the Reactor Coclant System wil) BR operated conservatively
in accoriance with applicable Code requirements.

“he reactor vessel materials have been tested to determine their initial

RT ny: the results of these tests are shown in Table B 3/4.4-)1., Reactor
opypxtion and resuitant fast neutren (£ greater than 1 MEV) irradiation can
cause an increase in the RT 0T Therefore, an adjusted reference tempera-
ture, based upon the fluencu Zf t

using Regulatory Guide 1.99. Revision 2 and a peak surface fluence of
0.864 x 10'® n/cm? for 16 effective full power years (Reference WCAP 12971,
"Heatup and Cooldown Limit Curves for Normal Operation," June 1991. The
heatup and cooldown limit curves of Figures 3.4-2 and 3.4-3 include pre-
dicted adjustments for this shift in RT .. at the end of 16 EFPY, as well
as adjustments for possible errors in L"Q pressure and temperature sensing
instruments.

SEQUCYAH - UNIT 2 B 3/4 4-7 Amendment No. '4%

he material in question, has been predicted



REACTOR COOLANT SYSTEM

BASES

PRESS

URE/TEMPERATURE LIMITS (Continued)

Values of ARTNDT determined in this manner may be used until the results

from the material surveillance program, evaluated according to ASTM E185,
are availahle. The first capsule was removed at the end of the first cure
cycle. Successive capsules will be removed in accordance with the require-
ments of ASTM E185-82 and 10 CFR 50, Appenc'¢ M. The heatup and cooldown
curves and the low temperature overpressyre protection setpoints must be
recalculated when the ARTNOT Aetermined from the surveillance capsule

exceeds the calcuated QRTND% for the equivalent capsule radiation exposure

Allowable pressure-temperature relationships for various heatup and cool+
down rates are calculated L.ing methods derived from Appendix G in Sec-
tion 111 of the ASME Bo‘lar and Pressure Vesse! Code as required by Apper-
dix G to 10 CFR Part 50 and ihese methods are discussed in detai) in
WCAF-7924-A,

The general method for calculating heatup Wnd cooldown 1imit curves is
based upon the principles of the )inear elastic fracture mechanics {LEFM)
technology In the calculation procedures a semi-elliptical surface
defect with a depth of one-quarter of the wall thickness, T, and a length
of 3/2T is assumed to exist at the inside of the vessel wall as well as

at the outside of the vessel wall. The dimenstions of this postulated
crack, referred to in Appendix G of ASME III as the reference flaw, ampiy
exceed the current capabilities of inservice inspection techniques.
Therefore, the reactur cperation 1imit curves developed for Lhis reference
crack are conservative and provide sufficient sa’'ety margins for protection
against non-ductile failure. To assure that the radiation embrittlement
effects are accounted for in the calculation of the iimit curves, the

most limiting value of the nil ductility reference temperature, RTNDT' is

used and this includes the radiation induced shift, ARTNDT' corresponding

to the end of the period for which heatup and cooldown curves are generated.

SEQUOYAH - UNIT 2 B 3/4 4-8 Amendment No. 147,
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