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‘ 1.  INTRODUCTION

This report provides the Oconee Nuclear Station Units 1, 2, and 3 (ONS-1, ONS-2 and
ONS-3) reactor coolant Technical Specification Basis pressure-temperature operating limits
for thirty-three effective full-power years (EFPY) of reactor operation. These pressure-

temperature limits are generated for normal operation heatup, normal operation cooldown,

inservice leak and hydrostatic test (ISLH) conditions, and reactor core operations.




‘ 2. METHODOLOGY

The pressure-temperature limits for the reactor coolant pressure boundary (RCPB) of
Oconee Nuclear Station Units 1, 2, and 3 are established in accordance with the
requirements of 10 CFR Part 50, Appendix G'. The methods and criteria employed to
establish operating pressure and temperature limits are described in topical report BAW-
10046A? and the alternative rules provided by ASME Code Case N-588 for circumferential |
flaws in welds and Code Case N-626 for K fracture toughness. These limits are provideld'
to prevent non-ductile failure during any normal operating condition, including anticipated
operation occurrences and system hydrostatic tests. The loading conditions of i‘r'1téres.tl

include the following:

a.  Normal operation, including heatup and cooldown.

b. Inservice leak and hydrostatic test (ISLH).

. C. Reactor core operation.

The major components of the RCPB have been analyzed in accordance with 10 CFR Part
50, Appendix G'. The closure head region, the reactor vessel (RV) outlet nozzle, and the
nozzle belt and beltline regions have been identified as the only regions of the reactor

vessel (and consequently the RCPB) that require pressure-temperature limits.

The limit curves for Oconee Nuclear Station Units 1, 2, and 3 are based on the predicted

value of the adjusted reference temperature (ART) of the limiting reactor vessel materials at

the end of 33 EFPY. The ART's are calculated by adding a radiation-induced ARTypr to the

initial RTyor plus a margin term, using Regulatory Guide 1.99 Revision 2% to predict the
radiation-induced ARTyor values as a function of the material's copper and nickel content

and neutron fluence. Table 1 summarizes the predicted reactor vessel inside surface peak
 fluence value as well as the fluence values at the % t and % t vessel wall locations (t = wall
‘ thickness) of the limiting weld materials for each of the three Oconee Nuclear Station Units

at the end of 33 EFPY. The ART values at the V4 t and % t vessel wall locations are also




provided in Table 1. A value of 60 F is assumed for the RTyor of the closure head region

and the outlet nozzle steel forging, in accordance with BAW-10046A2,

Unadjusted pressure-temperature (P/T) limits for the closure head, outlet nozzle, nozzle
belt, and beltline regions are determined for the heatup and cooldown rates listed in Tables
2 and 3 as well as for éteady—state conditions. Differential pressure corrections are applied
to the unadjusted P/T limits to account for the pressure differential between the analyzed
regions of the reactor vessel and the system pressure sensor locations in the reactor
coolg_nt system. These corrections are based on the reactor coolant pump constraints
presented in Tables 2 and 3. The maximum allowable pressure as a function of fluid
temperature is obtained by a point-by-point comparison of the limiting regions, adjusted for
sensor location. The maximum allowable pressure is taken to be the lowest of the
calculated allowable pressures (under transient and steady-state conditions) for a given
time point. The collection of these data points form the bounding Technical Speciﬂcation
Basis P/T limits. Instrument errors for pressure and temperature are not included in to the

Technical Specification Basis P/T limits providéd in this document.

Criticality P/T limits are also provided for operation with the core critical. Per 10 CFR Part
50, Appendix G', these limits are derived by adding 40 F to the Technical Specification

Basis P/T limits above the minimum critical limit temperature.




Table 1. Fluences and ART's at 33 EFPY

Plant

Location of Limiting Beltline Weld Fluence, nfcm? ART, °F

Peak Inside Surface Location 0.956 E19
ONS-1 Y t Limiting Weld Location (SA-1229) 0.522 E19 203.1
% t Limiting Weld Location (WF-25) 0.190 E19 188.0

Peak Inside Surface Location 0.925 E19
ONS-2 |  tLimiting Weld Location (WF-25) 0.538 E19 2484
%t Limiting Weld Location (WF-25) 0.195E19 189.6

Peak Inside Surface Location 0.913 E19
- ONS-3 Y4 t Limiting Weld Location (WF-67) 0.532 E19 211.7
% t Limiting Weld Location (WF-67) 0.193 E19 164.5




Table 2. Operational Constraints for Plant Heatup

Plant Heatup Rates °
Reactor Coolant Temperature Heatup Rate
T<280°F <50 °Ffhr
T>280°F <100 °F/hr

~

Reactor Coolant Pump Con

straints during Plant Heatup

Reactor Coolant Temperature

Loop A/ B Pump Constraints

T<250°F

2/0o0r 0/2

T>250°F

2/2

Table 3. Operational Constraints for Plant Cooldown

Plant Cooldown Rates

Reactor Coolant Temperature

Cooldown Rate

T>280°F <50 °F in any 1/2 hour period
150 °F < T <280 °F <25 °F inany 1/2 hour period
T<150°F <10 °F in any 1 hour period

Reactor Coolant Pump Constraints during Plant Cooldown

Reactor Coolant Temperature

Loop A/ B Pump Constraints

T<250°F

2/00r 0/2

T>250°F

2/2




‘ 3. RESULTS

Technical Specification Basis P/T limits are provided in Figures 1 through 9 for ONS-1,
ONS-2, and ONS-3 at 33 EFPY for normal heatup, normal cooldown, and inservice leak
and hydrostatic test conditions. Criticality limits for reactor core operations also provided
with the normal heatup data. These P/T limits have been developed considering the

operational constraints identified in Tables 2 and 3.

Maintaining the reactor coolant system pressure below the upper limits of the pressure-
temperature limit curves ensures protection against non-ductile failure. Acceptable
pressure and temperature combinations for reactor vessel operation are below and to the
right of the applicable P/T limit curves. These P/T limit curves have been adjusted based
on pressure differentials between points of system pressure measurement and the point in
the reactor vessel that establishes the controlling, unadjusted pressure limit. System
. pressure is measured at Oconee Nuclear Station Units 1, 2, and 3 at the decay heat
removal system drop line location when that pressure is less than 600 psig, and at the hot
leg taps for higher pressures. The P/T limit curves provided in Figures 1 through 9 account
for this switch in the source of pressure measurement, although they do not include
margihs for instrument error. The reactor is not permitted to be critical until the pressure-

temperature combinations are to the right of the criticality limit curve.

The numerical values for the Technical Specification Basis P/T curves provided in Figures

1 through 9 are provided in Tables 4 through 6.




Table 4. Normal Operation Heatup P/T and Core Criticality Limits for 33 EFPY

‘Normal Operation Heatup P/T Limits

ONS-1 ONS-2 ONS-3
Indicated Indicated Indicated Indicated Indicated Indicated
RCS Inlet Pressure, RCS Inlet Pressure, RCS Inlet Pressure,
Temp., F psig Temp., F psig Temp., F psig

60 562 60 588 60 588
100 562 180 588 180 588
125 590 180 782 180 785
180 590 200 964 190 866
180 751 215 1160 200 968
200 859 225 1329 210 1093
225 1070 240 1656 220 1246
250 1387 245 1725 230 1434
265 1695 250 1751 240 1664
275 - 1957 270 2039 245 1798
287 2250 281 2250 255 2077

260 2250
Core Criticality Limits

ONS-1 ONS-2 ONS-3
Indicated Indicated Indicated Indicated Indicated Indicated
RCS Inlet Pressure, RCS Inlet Pressure, RCS Inlet Pressure,
Temp., F psig Temp., F psig Temp., F psig

311 0 297 0 287 0
311 1853 297 1859 287 1860
315 1957 310 2039 295 2077
327 2250 321 2250 300 2250




Table 5. Normal Operation Cooldown P/T Limits for 33 EFPY

Normal Operation Cooldown P/T Limits

ONS-1 ONS-2 ONS-3
Indicated Indicated Indicated Indicated Indicated Indicated
- RCS Inlet Pressure, RCS Inlet Pressure, RCS Inlet Pressure,
Temp., F psig Temp., F psig Temp., F psig
60 572 60 588 60 588
90 590 180 588 180 588
180 590 180 1315 180 1495 -
180 786 200 1427 200 1817
200 965 227 1694 212 1988
227 1285 250 1987 227 2250
240 1534 255 2065
255 1859 264 2250
268 2250




Table 6. ISLH Heatup and Cooldown P/T Limits for 33 EFPY

ISLH Heatup and Cooldown P/T Limits

ONS-1 ONS-2 - ONS-3
Indicated Indicated Indicated Indicated Indicated Indicated
RCS Inlet Pressure, RCS Inlet Pressure, RCS Inlet Pressure,
Temp., F psig Temp., F psig Temp., F psig

60 590 60 588 60 588
150 - 590 150 588 150 588
150 848 150 875 150 877
170 975 155 896 155 899
185 1059 175 1026 175 1030
200 1172 200 1314 185 1127
220 1385 215 1575 200 1319
235 1611 225 1800 215 1583
250 1887 240 2236 225 1809
271 2500 245 2328 240 2248

250 2373 247 2500
257 2500
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Figure 1. Normal Operation Heatup P/T Limits for Oconee Unit 1 at 33 EFPY
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Figure 2.

Normal Operation Heatup P/T Limits for Oconee Unit 2 at 33 EFPY
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Figure 3.

Normal Operation Heatup P/T Limits for Oconee Unit 3 at 33 EFPY
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Figure 4.  Normal Operation Cooldown P/T Limits for Oconee Unit 1 at 33 EFPY
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Figure 5.  Normal Operation Cooldown P/T Limits for Oconee Unit 2 at 33 EFPY
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Figure 6. Normal Operation Cooldown P/T Limits for Oconee Unit 3 at 33 EFPY
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Figure 7. ISLH Heatup and Cooldown P/T Limits for Oconee Unit 1 at 33 EFPY
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Figure 8.  ISLH Heatup and Cooldown P/T Limits for Oconee Unit 2 at 33 EFPY
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Figure 9. ISLH Heatup and Cooldown P/T Limits for Oconee Unit 3 at 33 EFPY
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. Attachment 3 - Technical Justification

ENCLOSURE 2

Code Case N-626
- Alternative Reference Fracture Toughness for Development of P-T Limit Curves for
ASME Section Xl, Division |,
September 18, 1998,

Technical Bases for
Revised P-T Limit Curve Methodology
(ASME Code Case N-626), August 6, 1998,

and

‘ ASME XI, Appendix G,
. draft changes to incorporate methodology of Code Case N-626,
(1S1-98-04)



Code Case N-626
‘ - K, Curve Methodology
Alternative Reference Fracture Toughness for Development of P-T Limit Curves for
Section XI, Division 1. '

Inquiry: May the reference fracture toughness curve K, as found in Appendix A of
Section XI, be used in lieu of Figure G-2210-1 in Appendix G for development of P-T
limit curves?

Reply: It is the opinion of the Committee that the reference fracture toughness K. of
Figure A-4200-1 of Appendix A may be used in lieu of Figure G-2210-1 in Appendix G
for the development of P-T limit curves. When this code case is employed, LTOP
systems shall limit the maximum pressure in the vessel to 100% of the pressure allowed
by the P-T limit curves.

Applicability: Section XI, 1992 edition through 1998 edition.




FEE 1@ '99 14:45 FR WECE 398 ‘ 412 374 6277 TO 817843823993 P.83714

TECHNICAL BASIS FOR REVISED P-T UIMIT CURVE METHODOLOGY

Warren Bamford and Bruce Bishop
Westinghouse Electric Company

Abstract

The startup and shutdown process for an operating nuclear plant is controlled by
pressure-temperature limit curves, which are developed based on fracture mechanics
analysis. These limits are developed in Appendix G of Section X1, and incorporate nine
numbers of safety margins; one of which is a lower bound fracture toughness curve.

There are two lower bound fracture toughness curves available in Section XI, Kia, which
is a lower bound on all static, dynamic and arrest fracture toughness, and K, which is a
lower bound on static fracture toughness only. The only change involved in this action is
to change the fracture toughness curve used for development of P-T limit curves from Kia
to K. The other margins involved with the process remain unchanged.

The primary reason for making this change is to reduce the excess conservatism in the
current Appendix G approach that could, in fact, reduce overall plant safety. By opening
up the operating window relative to the pump seal requirements, the chances of
damaging the seals and initiating a small LOCA, a potential pressurized thermal shock
(PTS) initiator, are reduced. Moreover, excessive shielding to provide an acceptable
operating window with the current requirements can result in higher fuel peaking and
less margin to fuel damage during an accident condition.

Technology developed over the last 25 years has provided a strong basis for revising the
ASME Section XI pressure-temperature limit curve methodology. The safety margxn
which exists with the revised methodology is very large, whether considered :
deterministically or from the standpoint of risk.

Changing the methodology will result in an increase in the safety of operating plants, as
the likelihood of pump seal failures and/or fuel problems will decrease.

Introduction

The startup and shutdown process, as well as press testing, for an operating nuclear
plant is controlled by pressure-temperature limit curves, which are developed based on
fracture mechanics analysis. These limits are developed in Appendix G of Section XI,
and incorporate four specific safety margins:

Large flaw, % thickness

Safety factor = 2 on pressure stress for startup and shutdown
Lower bound fracture toughness

Upper bound adjusted reference temperature (RTyqr)

bl i

O:\logs\smissmdeticrs\Technical Basis for Revised P-T Limit Reov. whb
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‘ There are two lower bound fracture toughness curves available in Section X1, K., which

is a lower bound on all static, dynamic and arrest fracture toughness, and K, whichis a
lower bound on static fracture toughness only. The only change involved in this action is
- tochange the fracture toughness curve used for development of P-T limit curves from K
to K. The other margins involved with the process remain unchanged. There are @
number of reasons why the limiting toughness in the Appendix G pressure—temperature
limits should be changed from K, t0 K-

Use of K is More Technically Correct

The heat-up and cool-down process is a8 very slow one, with the fastest rate allowed
being 100° per hour. The rate of change of pressure and temperature is often constant,
so the stress is essentially constant in this case. Boththe heat-up and cool-down and
the pressure testing are essentially static processes. in fact, all operating transients
(levels A. B, C and D) correspond to static loadings, with regard to fracture toughness.

The only time when dynamic loading can occur and where the dynamic/arrest toughness
K,, should be used for the reactor pressure vessel is when a crack is running. This might
happen during a PTS transient event, but not during heatup or cooldown. Therefore, use
of the static toughness K, lower bound toughness would be more technically correct for
development of P-T limit curves.

Use of Histonically Large Margin No Longe? Necessary

In 1974, when the Appendix G methodology was first codified, the use of Ki (K in the
terminology of the time) to provide additional margin was thought to be necessary to
cover uncertainties and a number of postulated but unquantified effects. Almost 25
years later, significantly more is known about these uncertainties and effects.

Flaw Size

With regard to flaw indications in reactor vessels, there have been no indications found
at the inside surface of any operating reactor in the core region which exceed the
acceptance standards of Section X!, in the entire 28 year history of Section Xl. Thisis a
particularty impressive conclusion when considering that core region inspections have
been required o concentrate on the inner surface and near inner surface region since
the implementation of Regulatory Guide 1.150. Flaws have been found, but all have
been qualified as buried, or embedded.

There are a number of reasons why no surface fiaws exist, and these areé related to the
fabrication and inspection practices for vessels. For the base metal and full penetration

welds, a full volumetnic examination and surface exam is required before cdladding is
applied, and these exams are repeated after cladding.

Further confirmation of the tack of any surface indications has recently been obtained by

the destructive examination of portions of several commercial reactor vessels, for
example the Midland vessel and the PVRUF vessel.

O\logs\smsmilenersiTechaical Basis for Revised P-T Limit Rev, whb 2
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Fracture Toughness

Since the original formufation of the K, and K¢ curves, in 1972, the fracture toughness
database has increased by more than an order of magnitude, and both K., and K¢
remain lower bound curves, as shown for example in Figure 1 for K[1] compared to
Figure 2, which is the original database[2].

In can be seen from Figure 1 that there are a few data points which fall just below the
curve. Consideration of these points, as well as the (over 1500) points above the curve,

leads to the conclusion that the Kic curve is a lower bound for a large percentage of the
data.

Local Brittle Zones

A third argument for the use of K,, in the original version of Appendix G was based upon
the concern that there could be a small, local brittle zone in the weld or heat-affected-
zone of the base material that could pop-in and produce a dynamically moving cleavage
crack. Therefore, the toughness property used to assess the moving crack should be
related to dynamic or crack arrest conditions, especially for a ferritic pressure vessel
steel showing distinct temperature and loading-rate (strain-rate) dependence. The
dynamic crack should arrest at a %-T size, and any re-initiation should consider the
effects of a minimum toughness associated with dynamic loading. This argument
provided a rationale for assuming a %-T postulated flaw size and a lower bound fracture
toughness curve considering dynamic and crack arrest loading. The Kz curve in
Appendix G of Section I, and the equivalent K, curve in Appendix A and Appendix G of
Section X! provide this lower bound curve for high-rate loading (above any realistic rates
in reactor pressure vessels during any accident condition) and crack arrest conditions.
This argument, of course, relies upon the existence of a local brittie zone.

After over 30 years of research on reactor pressure vessel steels fabricated under tight
controls, micro-cleavage pop-in has not been found to be significant. This means that
researchers have not produced catastrophic failure of a vessel, component, oreven a
fracture toughness test specimen in the transition temperature regime. The quality of
quenched, tempered, and stress-relieved nuclear reactor pressure vessel steels, that

" typically have a lower bainitic microstructure, is such that there may not be any local
brittie zones that can be identified. Testing of some test specimens at ORNL has shown
some evidence of early pop-ins for some simulated production weld metals, but the level
of fracture toughness for these possible early initiations is within the data scatter for
other ASTM-defined fracture toughness values (K. and/or K,.). Therefore, it is time to
remove the conservatism associated with this postulated condition and use the ASME
Code lower bound K. curve directly to assess fracture initiation. This is especially true
when the unneeded margin may in fact reduce overali plant safety.

O:\logs\smtsmtietiers\Technical Basis for Revised P-T Limit Rev. whb 3
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Overall Plant Safety is Improved

. The primary reason for making this change is to reduce the excess conservatism in the
current Appendix G approach that could in fact reduce overall plant safety. Considering
the impact of the change on other systems (such as pumps) and also on personnel
exposure, a strong argument can be made that the proposed change will increase plant
safety and reduce personnel exposure for both PWRs and BWRs.

Impact on PWRs:

By opening up the operating window relative to the pump seal requirements, as
shown schematically in Figure 3, the chances of damaging the seals and initiating
a small LOCA, a potential pressurized thermal shock (PTS) initiator, are reduced.
Moreover, excessive shielding to provide an acceptabie operating window with
the current requirements can result in higher fuel peaking and less margin to fuel
damage during an accident condition.

The proposed change also reduces the need for lock-out of the HPSI systems,
which improves personnel and plant safety and reduces the potential for a radio-
active release. Finally, challenges to the plant LTOP system and potential

- problems with reseating the valves would also be reduced.

Impact on BWRs:

The primary impact on the BWR will be a reduction in the pressure test
‘ : temperature. BWRs use pump heat to reach the required pressure test

temperatures. Several BWR plants are required to perform the pressure test at
temperatures over 212°F under the current Appendix G criteria. The high test
temperature poses several concerns: (i) pump cavitation and seal degradation,
(i) primary containment isolation is required and ECCS/safety systems have to
be operational at temperatures in excess of 212°F, (i) leak detection is difficult
and more dangerous since the resulting leakage is steam and poses safety
hazards of bumns and exposure to personnel. The reduced test temperature
eliminates these safety issues without reducing overall fracture margin.

Reactor Vessel Fracture Likelihood is Very Low

It has long been known that the P-T limit curve methodology is very conservative[3,4].
Changing the reference toughness to K, will maintain a very high margin, as illustrated in
Figure 4, for a pressurized water reactor. This figure shows a series of P-T curves
developed for the same plant, but with different assumptions conceming flaw size, safety
margin and fracture toughness.

The results shown in Figure 4 were obtained for a sample problem which was solved by
several members of the Section X working group on Operating Plant Criteria, for both
PWR and BWR plants. The sample problem requires development of an operating P-T
cooldown curve or the pressure test for an irradiated vessel. Two P-T curves were

‘ required, one using K,, and the second using Ki.. In both cases the quarter thickness
flaw was used, along with the appropriate safety factor on pressure.
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. To determine the margins (pressure ratios) that are included in these curves, a
reference P-T curve was developed, using a best estimate (mean) K. curve, and no
safety factor on stress, along with a flaw depth of one inch. Typical results are shown in
Table 1. Comparing the reference or best estimate curve with the two P-T curves
calculated using code requirements, we see that there is a large margin on the allowable
pressure, whether one uses K,, or K limits in Appendix G.

For PWRs, ancther important contribution to the margin, which cannot be quantified, is
the low temperature overpressure protection system (LTOP) which is operational in the

low temperature range. The margins increase significantly for higher temperatures, as
seen in Figure 4. .

Impact of the Change on P-T Curves

To show the effect that the proposed change would produce, a series of P-T limit curves:
were produced for a typical plant. These curves were produced using identical input
information, with one curve using K;, and the other using the proposed new approach,
with K. Since the limiting conditions for the PWR (cool-down) and the BWR (pressure
test) are different, separate evaluations were performed for PWRs and BWRs.

The results are shown in Figure 'S for a typical PWR cool-down transient.

. Summary and Conclusions

Technology developed over the last 25 years has provided a strong basis for revising the
ASME Section Xl pressure-temperature limit curve methodology. The safety margin that
exists with the revised methodology is still very large.

From the standpoint of risk, changing the methodology will result in an increase in the
safety of operating plants, as the likelihood of pump seal failures, need for HPSI systems
lock-out, LTOP system challenges and/or fuel margin problems, and personnel hazards
and exposure will all decrease.
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Table 1
Summary of Allowable Pressures for
20 Degree/hour Cooldown of Axial Flaw
at 70 Degrees F and RT,,5 of 270 F
(Typical PWR Plant)

Type of Allowable Pressure
Evaluation Pressure*® (psi) Ratio
Appendix G with t/4 flaw 420 1.00
and Ki, Limit

Appendix G with t/4 flaw 530 . 1.26
and Ki Limit

Reference 1 inch flaw 1520 3.61

for pressure, thermal,

residual and cladding loads

Reference 1 inch flaw 1845 "~ 438
for pressure, thermal

and residual loads

Reference 1 inch flaw i 2305 5.48
for pressure and thermal

loading only

* Note: Comparable values of allowable pressure were caiculated by the ASME
Section XI Operating Plant Working Group Members from Westing-
house, Framatome Technologies and Oak Ridge National Laboratory
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Appendix A

Section X! P-T Limit Curve Sample Problems

Introduction

This series of sample problems was developed to allow comparison calculations
to be carried out to support the proposed change from K-IA to K-IC in Appendix
G of Section XI. These problems were developed in a meeting held on July 7,
1998, between the NRC staff, Westinghouse, ORNL, and Framatome
Technologies. Later, a variation on the sample problems was developed for
application to BWRs.

The sample problems involve a tightly specified reference case, with two
variations, and then two P-T Limit curve calculations whose input is also tightly
specified, one using K-IA and the second using K-IC. The goal of the problems is
to determine the margin on pressure which exists using the K-1A approach, and
the margin which exists with the proposed K-IC approach.

The problem input variables are contained in the attached tables. The problem
statement is given below. As will be seen there are two problem types, the first
being a best-estimate, or reference problem, and the second being standard P-T
limit curves determined using code-type assumptions, with safety factors.

Reference Cases (Best Estimate)

Determine a best estimate P-T Cooldown Curve for a typical reactor vessel, over
the entire temperature range of operation, starting at 70F. For BWR plants, also
calculate a hydrotest pressure versus temperature curve. The problem input is
defined in Table 1. This problem is meant to be a best estimate curve with no
specific safety factors, and best estimate values for each of the variables. Only
pressure and thermal stresses are used for case R1. Although these stresses
are the only ones presently considered in P-T limit curve calculations, other
stresses can exist in the vessel, and two other cases were constructed to obtain
additional information on these issues. These other two cases treat stresses
which are at issue regardless of which toughness is used for the calculations, but
are provided for information.

Reference case R2. This case is similar to case R1, but the weld residual
stresses are added for a longitudinal weld in the reactor vessel.

Reference case R3. This case is similar to case R2, but now the clad residual
stresses are added. Since the clad residual stresses are negligible at higher
temperatures, this calculation is only performed at room temperature, or 70F.

s
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The stress intensity factor results for the reference cases may not always result
in the maximum value at the deepest point of the flaw, so care should be taken
to check this. If the maximum value is not at the deepest point, the calculated
ratio of K/ K-IC should be calculated around the periphery, and reported. The
resulting allowable pressure would then be determined from the governing result
at each time step. The calculation method could use either Section XI Appendix
A, or the ORNL method, as documented in Table A-1.

P-T Curve Cases

Case 1 is a classic P-T Curve calculation done according to the existing rules in
Section XI Appendix G, using the K-IA curve and the code specified safety
factors. The input values are provided in Table A-2, for both PWR and BWR
plants.

Case 2 is the same as case 1, except that the fracture toughness curve K-IC is
used. This is the proposed Code change.

In each case a full P-T limit curve should be calculated, but there is no need to
calculate leak test temperature, bolt-up temperature, or any other parameters.
For BWR plants, a hydrotest pressure versus temperature curve is also required.

Guidelines for presentation of Results

“"The results of each of these curves should be presented in tabular form, as well
_.-as graphically. The scale on the graph should be as close as practical to the
example provided.
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TABLE A-1: REFERENCE CASE VARIABLES

Reference Case 1

Vessel Geometry: Thickness = 9.0 inch (PWR) or 6.0 inches (BWR)
) Inside Radius = 90 inch (PWR) or 125 inches (BWR)
Clad Thickness = 0.25 inch
Flaw: Semi-elliptic Surface Flaw, Longitudinal Orientation
Depth = 1.0 inch
Length = 6 x Depth

Toughness: Mean K, , from report ORNL/NRC/LTR/93-15, July 12, 93 |
K= 36.36 + 51.59 exp [0.0115 (T-RT 1))

Loading: 100F/Hr cooldown from 550F to 200F Film coefficient :
20F/Hr cooldown from 200F to 70F h = 1000 B/hr-ft-F

Stress Intensity Factor Expression: Section XI, Appendix A, or ORNL Influence
............. Coefficients, from ORNUNRC/LTR-93-33 Rev. 1, Sept. 30, 95

* Irradiation Effects: RTyor = 236°F @ inside surface
220°F @ depth = 1.0 in.
200°F @ depth = T/4
133°F @ depth = 3T/4

- .Requirement: Calculate allowable pressure as a function of coolant temperature
and for BWR plants, calculate hydrotest pressure as a function of
coolant temperature.
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‘ Reference Case 2

Same as Reference Case 2, but for the loadings, add a weld residual stress

distribution.
Location Stress(ksi) Location Stress(ksi)
(alt) (a/t)

Inner Surface 0.000 6.50 0.045 5.47
0.067 4.87 0.101 3.95
0.134 2.88 0.168 1.64
0.226 -0.79 0.285 -3.06
0.343 -4.35 0.402 -4.31
0.460 -3.51 ‘ 0.510 . -2.57
0.572 -1.70 ' 0.619 -1.05
0.667 -0.46 0.739 0.35
0.786 0.87 0.834 1.41
0.881 1.96 0.929 2.55
0.976 3.20 1.000 3.54

. Reference Case 3

Same as Reference Case 2, but add clad residual stress distribution, and |
-+ calculate allowable pressure only at 70°F. ) |

. For the clad residual stress distribution, choose either distribution 1 or
- distribution 2, from the attached figures. Figure A-1 was calculated from the
ORNL Favor Code, and Figure A-2 was taken from a technical paper which
presents results of residual stresses measured on nozzle drop-out materials.
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. ’ TABLE A-2: P-T Calculation Cases

Calculation Case 1

Vessel Geometry: Thickness - 9.0 inch (PWR), 6.0 inches (BWR)
~Inside Radius = 90 inch (PWR), 125 inches (BWR)
Clad Thickness = 0.25 inch

Flaw: Semi-elleptic Surface Flaw, Longitudinal Orientation '
Depth - 1.0 inch
Length = 6 x Depth

Toughness: K.A

Loading: 100F/hr cooldown, 550 to 200 F
20F/hr cooldown, 200 to 70F

Stress Intensity Factor Expression: Latest Section X| App G expression (from
................ ORNL/NRC/LTR-93-33, Rev. 1)

Irradiation Effects: ART = 236F @ inside surface
= 220F @ depth = 1.0 inch

= 200F @ depth = T/4

= 133F @ depth = 3T/4
Requirement: Calculate allowable pressure as a function of temperature, and for
BWRs calculate hydrotest pressure as a function of temperature’

"éalculation Case 2 |

Same parameters as Case 1, but Toughness = Ke

From ORNL Favor Coe, per Terry Dickson, 7/9/98
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‘ From ORNL Favor Code, per Terry Dickson, 7/9/98

Clad-base dte stress at t = 600 minutes
(time when coolant temperature reaches 70 F)

25

vessel geometry:

ﬁ—/22.6 ksi i=90
wall thickness =9.0 "
clad thickness = 0.25 *

o

N
o
1

cooldown transient:
100 F / he for (200 < T(t) < 550)

3
x
[
[
£
"
[ o4
20
[ ]
€ 15 4 20 F /1 for ( 70 < T(t) < 200)
g h= constant = 1000
= . base:
E 199] B0 € = 28000
. £ alpha =0.00000945 E’P’;: -00000777

= k=10 =
€ 5| spheat=0.12 sp heat = 0.12
g mu=0.3 mu=0.3
£

. © ’ M

& 0 0.7ksi - -0.6 ksi

Q

N ©

o
©

-5 T I 1 i R
0 2 4 6 8 10
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Figure A-1: Clad-base dte stress at t = 600 minutes
(time when coolant temperature reaches 70 F)
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From "Effects of Cladding on Fracture Analysis,” by W. H. Bamford and
A. J. Bush, to be published at ASME PVP Conference, July 1998

DEPTH FROM CLAD SURFACEZ, 4 (1a)
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Figure A-2: Residual Stresses Transverse to Direction of Welding
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ARTICLE G-1000
INTRODUCTION

This Appendix prescats a procedure for obulning
the allowable loedings foc ferrioc peessure retaining
materials in components. This procedure {s besed ca
d)cpdndplaoflinwdudcﬁmmmcdmia.u
each Jocation being investigated 2 maximam postulaced
flaw is assumed. At the samc locition the made [ strest
intensity facior Ky ls peoduced by each of the specified

the highest cridcal valae of K; tha ¢ma
for the material and temperature jnvoived Different

are recommended for diffarcad components
and openuting coadidons.
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ARTICLE G-2000
VESSELS

Kge,
G-2100 GENERAL REQUIREMENTS the matcrial propertics, the cffect of radiation on the

. curve shall be determined foc the material. This
G-2110 REFKRENCEF:'RI“SAL STRESS Kt\'. infocmation shall be documcnted by thoe Owner.

(a) Figure G-2210-1 is a curve showiag the
shlpthdanbccoomtdvdyupodcd the GI1n MAXIMUM POSTULATED DEFECT A96

> crical, or refercoce, stress inteasity factoc () b The poctulated defioct used in thit recommended proce-
Vo and & temporature which is related to the refer-  durc is & sharp, surface defect oocmal to the direction of
eoce nil-ductility temperunire RTppr determined in NB- maxiroum stress. For sectioa thicknesses of 4 in. t0 12in,
231, T‘bucuxvcub»edoothclowbwndotmdc it bas a depth of ooo-fourth of the scction thicknoss and a
-2 . and ek amd crideal K values measured length of 1 dmes the soctica thicknose. Defocts arc posta-
uthmcoondhmpa‘nmouspocunms of SA-533 Lated ot both the inxide sod oatside surfaces. Foc sectioas
Grade B Class 1, 1nd SA-508-1, SA-508 -l.nndSA~ greatcy thaa 12 n thick, e postulatod defoct for the 12

$08-) stoel No aviilable data points for in soction it usod Foc sactiocs less than 4 {a. thick, the 1

— s fall below the curve. Aa apalydbeal mdocpddﬂumn&heb’pouﬁahd.&mﬂbtddaa .
approzimatioa to the curve it sizex! may be used oa 20 individual case basis if & smaller
.> Kge = 3.2+ 2.3t Op °‘°"(T"RT"°T)] size of maximam postulatod dcfect can be casured. Duc
to the safety factors recommended bere, the provention of

pooductle fracoure is casurad for some of the most Lmpoac-
wat situstions evea if the defocts were 1o be about twice
a3 large ia linear dimeasioas as this postulated maximom

Kre -
Ualess higher Jiy values can be justified for the partcy-

far material circumstances being coasidered, Fig.

G.2210-1 may be sed for ferritic stecls which moct ST

thcmquucmcnuofNB-DllmdwhachhAwnspoancd

minimum ylcld stcagh 3t room tempennure of 50.0

ksi- oc lesa v

(b) Foc matedals which hsve specified minimum G-2200 LEVEL A AND LEVEL B

mmumwmmmo SERVICK LIMITS

m“moat@)m“m > 7Gx SHELLS AND HEADS REMOTE
- _.‘_.__....:,.....__.;....,_.., TB=3) arc : o= ¥FROM DISCONTINUITIES

oc hests of he matrial og a sufficient G-11 Recommendstions
nu.mber of w cover the . . )
of interess mu weld mulwmaﬂm The assumpdoos of this SuberScle are recommended

100c, and peovided that the data ac oqual W oc fot.tbeﬂlqdhmdmeiomdminguvdl\ma
sbove the curve of Fig. G-2210-1. These dam shall be  SYios Limits.
documcated by the Owper. Where these materials of —

higher yickd streagihs (spocified mii yield A 'weCs 115«:5..@@3:-:.(15)%
greatexr than SO0 I3i bt pot excoeding 90.0 ksi) are mh:m-mx:mhm“nm-
0 be used in coodiioas where radistioa may affect Gat thom domcribed.
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G112 . APPENDIX O — NONMANDATORY G-1114)
) S I 1
i &, . 26.78 =1.273 oxp [0.0148 (] - &Kot v 160]] . wheore
Ko - raferoncs TR M iATROMITY '.C\ol.ﬁm /
I« ampersrun ot which Ky it permited, °F l
rrwr-mmd«tﬂkvmm _‘/

/
<«
’ ———
20
°
240 200 -160 120 -8 —40 0 4 8 12 100 200 240

'~

\

————

G-2212 Material Fractars Toughnos

G-2212.1 Refereoce Critical Stress Lateasity Factor
for Material The values of FRg. G-2210-1 are
recomumcaded. Kxe

G-22122 Lrradistion Effects. Subarticle A-4400 of
'AppcndixAismcou\nxododlode&netbccbmpcin
reference critical stress inteasity factor due to iradiadoa.

- G213 Maximam Postuisted Defect

The recommended maximum postalated defoct is tha
descabed in G-2120.

G-221¢  Calculated Stress Inteasity Factors

A96  G-2214.1 Mecmbraoce Tensdon The K, correspood-
ing 1o membranc teasion for the posctulated defect of
G-2120 is Km = M. x (PR whee M, for a8
inside surface is givea by

M. = 185 focyf1<?
M_ = 0926 Vifor2s S )64

Ternoersture Ralsthve 10 ATgr UT- ATyot M oF

M. =321 for 1> 3.464

Similerly, M, for an oatside surface flaw is given by
M, =177 fcJt<2

M, = 0893 Yiloxr2 < V1S 3464

M. =3.09 for 1> 3464

whers
p = intermal pressuce Goi)
R; = vessel inper radios (m.)
t = veuse! wall thickness (in)

G-12142 Beoding Stxem. The K, coresponding o
beodin;mm(«dkpodnl&ddc&ao((}-umh
K.-H.xmﬁmbm&ngmwbatk.b
cwo-thirds of M,

K,ymduoedb‘ytndidmamdgﬁkdfordxpoau-
MWWW&GIINBK.-O.%3
x 107 x CR x &, whare CR is the ocooldown rac
in Pix. or, for a outside surface defoct,
Ky, = 0753 x 107 x HU x A3, where HU is te
heatp rate in Frhr.
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A6

1995 SBCTION X1 — D(VISION |

F1G. C-2214-1 DELETED

wid the maximum thermal K; can be determised from
Fig. G-2214-1. The tcmperatmre & sny radial distance
from the veaxsel nurface cta be determined Grom Fig.
G-2214-2 foc the maximum thermal K.

(a) The maximum thamal K; aod the tempasanxe
relationship in Fig. G-2214-1 acc applicable oaly for
the conditions ia G-2214.3aX1) and (2).

(1) An assumed shape of the lempearanae gradicat
is approximatcly as shown in Fig. G-214-2.

(2) The temperunure change starts from & steady
sate condidoa and bas a rate, associated with startop

sod shywdows, jess thaa about 100°F/ber. The results
would be ovady conservative if applicd 10 repWd Lempax-
ansxe .
(3) Ahcroatively, the K; for radial thermal gradient
can be aloulatod for say thermal sreas distribation ¢
any spacified dmc during cooldown for a Y,-thickness
surface defoct.
For aa inside srface defect during cooldown

Ky = (10359C, ¢ 0.6322C, + 04753C; + 03355C)) Vra
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F1G. G-2214-2

For an outside surface defoct during heatsp

Ky = (1043, + 0.630C, + 0.481C; + (0.001Cy) ¥ Tra

The: cocfiicicas Co Cy. Cp and Cj are determined
from ‘the thermal soess distibution at any specified
time during the bestup or cooldown using

o (1) = G + C) (We) + C; (e} + Cy (/a)

where x is 2 dummy variable that repeesents the radial
distance, in., from the spprogriate (i.c.. inside oc outside)
sufasce and ¢ is the maximum aack depch, in.

(c) Foc the startup coadidon, the allowable pressure
vi. teapenanae relaticaship is the minimum pressure
& 1ay temporaare, determined from (1) the calculated
steady state results for the Y -thickness inside surface
defect, (2) the cakulated seady sute results for the
Ye-thickness outside surface defoct, and (3) the cakeu-
lated results for the maximum allowable heatup rate
using a Y -thickness ouside surface defect

G-1218 Allowable Pressure

The equatdons glven in this Subarticle provide the
besis for detamination of the allowable pecsnure at
any temperanrre ot the depth of the postulated defoct
during Scrvice Cooditions for which Level A and Level
B Scrvice Limits sre specified. In sdditica 0 the
conservatism of these assumprioas, it is recommended
tBat 2 factoc of 2 be applicd to the calculated K, vatues
produced by primacy stresses. In shell and bead regioas
remote from discoatinuites, dhe only significant loadings
are: (1) geacral primary membeane saess doc to pees-
sure; 384 (2) dearmal saess due o thermal gradient
theough the thickness during startup and shudown.
Therefore, the roquirement to be satisied and from
which the allowable pressure foc any assumed rate of
tempersture change caa be determined is:

Kre

u~0(,,<® (l)

throughout the life of the component at each emperacure
with K, fom G-2214.1, Ky fom G-2214.3, and B
from Fig G-2210-1. . <

Those plants baving low temperature overpressure
procection (LTOP) sywicau can use the following load
and lemperature cooditons o provide protectioa agrinst




c-11s8 .

failure during rescloc snt-up and shutdown openation
duc w low Lemperature overpeessure cveals that bave
boca classifod as Scrvice Level A oc B cvests. LTOP
systems sball be effecave ot coolant mporatures less
than 200F or s coolant temperatures coespoodiag
W0 a resctoc vessel metl temperaure less thaa RTxor
+ SOF. whichever is greater.™ LTOP systeaw sball
limn(bcmu.imumpmsmin(bcvmdwllﬂo(
the peessure detcrmined w0 salisfy Bq. (1).

G-2220 NOZZLES, FLANCGCES, AND SHELL
REGIONS NEAR GEOMXTRIC
DISCONTINUTITIES

G-2121 General Requiremcats

Tbe samc geoeral pocodare as was used for the
shell and bead regions la G-2210 may be wead for
areas wherc more complicated stress distribudoas ooour,
bat ccruin modifications of the procodurcs for dotermia-
in‘uﬂow;bktppliedbad!lhtﬂbefoﬂo‘mdhotﬁd
o meet special situations, as stipulated in G-2222 and
G-2223.

" Cotsidcration of Membrune and
Bending Stresses

(a) Bquatica (1) of G-221$ roquires roodification
inclode the beoding stresses which may be imporant
coatributons o the cakulaed Ky value at 8 poiat beas
a flange oc pozzle. The tams whose wm UK be
<Kj, for nocmal and upset openating cooditions are:
(1)- 2Ky from G-2214.1 foc primary membruse
stress;

(2) 2Kp, from G-2214.2 foc pimary beoding soress;
(3) Ky from G-2214.1 for secoodary mcmbrane
sgees; :
(4) Ky from G-2214.2 for tecondary  beoding
soest.

(b) Foc purposes of this cvaluadon, stesscs which
result from bolt preloading shall be coasidered as

G-2112

(c) It is recommended that whea the fsnge and
adjaceat shell region are surcssed by e full intended
bolt prelosd and by pressurc pot cxcooding 20% of
thcptmpaudoodrymhydrosudcwmm,mmi-

APPENDIX G — NONMANDATORY

C-2400

mum mectal empersture in Be stretsed regoa should
be af Jeast the inntial AT gy empennure for the maicrial
ip the sacased regioas plus aay effects of imadiatoa
af the sgessed regions

(d) Thermal stresecs shall be cossidered as secoadary
except 3¢ peovided in NB-3213.13(0). The K; of O-
2214 3(b) is rocommendad for the evaluatioa of thermal
saess.

G-222) Toughness Requiremeats for Noxzles

(a) A quanduadve evaluation of the fracture toughaess
roquircments for oorzles is pot fosible at this dme,
but preliminary data indicats that the design defoct tize
foc oorzles, coasidering the combined cffocts of iaternal

external loading and thermnal stresses, may
be & fracdon of thax postuletod for the vessel shell
Nondcsquctive examinafioa tmcthods shall be suffi-
ciently relisble and scasitive (o detoct these smaller
befecs. :

() WRCB 175 provides 1 approximae method in
Panagnph SC(2) for analyzing the intide coper of &
pozzle and cylindrical shell for elastic saesses duc t©
intcrpal pressure saoes-

(c) Fracture toughness analysit (0 demoaswate peotec-
tion against booductile failure Is pot required for poctioos
of norzics and sppurtenances having a thickness of 2.5
in. oc lesy, providod tha lowost service tempeqabire is
oot Jower than RTupr plus 60°F.

G-2300 LEVEL C AND LEVEL D
SERVICK LIMITS
G218 RECOMMENDATIONS

mpouibkcombimliomofloodlngx’acfca sircs.
and matecdal properties which may be encountrred

which can be justified for the situatioa involved

G-2400 HYDROSTATIC TEST
TEMPERATURE
(a) Por sysacm and compoooat hydrosiadc wests pet-
fotmd;xiorlobodinghwlinmcmao(vmk
it recommended that bydrosadc tests be performed o
.wummnmpxmm.m
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ARTICLE G-3000
PIPING, PUMPS, AND VALVES

G-3100 GENERAL REQUIREMENTS

In dhe case of the materials oer than bolting used
for piping. puraps, aod valves for which impact wets
arc required (NB-2311), the tests and acorptance stan-
dards of Socticn ML Dividoa 1 are coasidercd to be
‘mbmwooo@cdkhﬂmmdcxlbcb«ﬁw
and with the defeat sizes encountcred under ooqual,
up.cgmdncsducoodiﬁm[.cdeuszvdD
Scrvice Limits should te evaluatod ca sa individoal
case basis (G-2300). .



ATTACHMENT 4

NO SIGNIFICANT HAZARDS CONSIDERATION EVALUATION

Duke Energy Corporation (Duke) has made the determination that
this amendment regquest involves a No Significant Hazards
Consideration by applying the standards established by NRC
regulations in 10CFR50.92. This ensures operation of the
facility in accordance with the proposed amendment will not:

A.

Involve a significant increase in the probability or
consequences of an accident previously evaluated?

NO.

‘These proposed Technical Specification (TS) changes were

developed utilizing the procedures of ASME XI, Appendix G,
in conjunction with Code Cases N-514, N-588 and N-626, as.
described in the Technical Justification. Usage of these
procedures provides compliance with the underlying intent of
10 CFR 50 Appendix G and provide safety limits and margins
of safety that ensure failure of a reactor vessel will not
occur.

The proposed changes do not impact the capability of the
reactor coolant pressure boundary (i.e., no change in
operating pressure, materials, seismic loading, etc.) and
therefore do not increase the potential for the occurrence
of a loss of coolant accident (LOCA). The changes do not
modify the reactor coolant system pressure boundary, nor
make any physical changes to the facility design, material,
or construction standards. The probability of any design
basis accident (DBA) is not affected by this change, nor are
the consequences of any DBA affected by this change. " The
proposed Pressure-Temperature (P-T) limits, Low Temperature
Overpressure (LTOP) limits and setpoints, and allowable
operating reactor coolant pump combinations are not
considered to be an initiator or contributor to any accident
analysis addressed in the Oconee UFSAR.

The proposed changes do not adversely affect the 1ntegr1ty
of the RCS such that its function in the control of
radiological consequences is affected. Radiological off-
site exposures from normal operation and operational :
transients, and faults of moderate freguency do not exceed
the guidelines of 10 CFR 100. 1In addition, the proposed
changes do not affect any fission product barrier. The

1



ATTACHMENT 4

'NO SIGNIFICANT HAZARDS CONSIDERATION EVALUATION

revised PORV LTOP setpoint is established to protect reactor
coolant pressure boundary. The changes do not degrade or
prevent the response of the PORV or safety-related systems
to previously evaluated accidents. In addition, the changes
do not alter any assumption previously made in the
radiological consequence evaluations nor affect the
mitigation of the radiological consequences of an accident
previously evaluated.

Therefore, the probability or consequences of an accident
previously evaluated will not be increased by approval of
the requested changes. :

Create the possibility of a new or different kind of
accident from the accident previously evaluated?

NO.

The proposed license amendment revises the Oconee reactor
vessel P-T limits, LTOP limits and setpoints, and allowable
operating reactor coolant pump combinations. Compliance
with 10 CFR 50 Appendix G, includes utilization of ASME XI,
Appendix G, as modified by Code Cases N-514, N-588 and N-626
to meet the underlying intent of the regulations.

Operation of Oconee in accordance with these proposed
Technical Specifications changes will not create any failure
modes not bounded by previously evaluated accidents.

‘Consequently, approval of these changes will not create the

possibility of a new or different accident from any accident
previously evaluated.

Involve a significant reduction in a margin of safety?
NO.

The proposed Technical Specification (TS) changes were
developed utilizing the procedures of ASME XI, Appendix G,
in conjunction with Code Cases N-514, N-588 and N-626, as
described in the Technical Justification. Usage of these
procedures provides compliance with the underlying intent of
10 CFR 50 Appendix G and provides safety limits and margins



ATTACHMENT 4
‘ NO SIGNIFICANT HAZARDS CONSIDERATION EVALUATION

of safety which ensure failure of a reactor vessel will not
occur.

No plant safety limits, set points, or design parameters are
adversely affected. . The fuel, fuel cladding, and Reactor
- Coolant System are not impacted. Therefore, there will be
no significant reduction in any margin of safety as a result
.of approval of the requested changes.

Duke has concluded based on this information there are no
significant hazards considerations involved in this amendmeént
request. '




ATTACHMENT 5

ENVIRONMENTAL IMPACT ANALYSIS

Pursuant to 10CFR51.22 (b), an evaluation of the proposed
amendments has been performed to determine whether or not it
meets the criteria for categorical exclusion set forth in
10CFR51.22 (c) 9 of the regulations. The proposed amendment does
not involve:

1) A significant hazards consideration.

This conclusion is supported by the No Significant Hazards
Consideration Evaluation which.is contained :in Attachment 4.

2) A significant change in the types or significant increase in
- the amounts of any .effluents that may be released offsite.

This amendment will not significantly change the types or
amounts of any effluents .that may be released offsite.

3) A significant increase in the individual or cumulative
occupational radiation exposure.

This amendment will not significantly increase the _
individual or cumulative occupation radiation exposure.

In summary, this amendment request meets the criteria set forth
in 10CFR51.22 (c) 9 of the regulations for categorical exclusion
from an environmental impact statement. )




