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SUSQUEHANNA STEAM ELECTRIC STATION

PROPOSED AMENDMENT NO. 280 TO UNIT 1

FACILITY OPERATING LICENSE NPF-14 AND

PROPOSED AMENDMENT NO. 249 TO UNIT 2

FACILITY OPERATING LICENSE NPF-22: REVISE

TECHNICAL SPECIFICATION 3.4.10 “RCS PRESSURE

AND TEMPERATURE (P/T) LIMITS” Docket Nos. 50-387
PLA-5933 and 50-388

In accordance with the provisions of 10 CFR 50.90, PPL Susquehanna, LLC is submitting
a request for amendment to the Technical Specification 3.4.10 “RCS Pressure and
Temperature (P/T) Limits” for Susquehanna SES Unit 1 and Unit 2.

The enclosure to this letter contains PPL’s evaluation of these proposed changes.
Included are a description of the proposed change, technical analysis of the change,
regulatory analysis of the change (No Significant Hazards Consideration and the
Applicable Regulatory Requirements), and the environmental considerations associated
with the change.

Attachment 1 to this letter contains the applicable pages of the Susquehanna SES Unit 1
and Unit 2 Technical Specifications (TS), marked to show the proposed changes.
Attachment 2 contains changes to the Technical Specification Bases (TSB) required as a
result of the proposed TS changes.

Attachment 3 provides the detailed technical analysis used to develop the revised P/T
limits curves for Susquehanna SES Units 1 and 2.

There are no regulatory commitments associated with these proposed Amendments which
have been reviewed by the Susquehanna SES Plant Operations Review Committee and
the Susquehanna Review Committee. PPL requests the NRC complete its review of the
proposed changes by March 31, 2006, with the changes becoming effective within
30-days of NRC approval.
Aol
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Any questions regarding this request should be directed to Mr. Duane L. Filchner at
(610) 774-7819.

I declare under penalty of perjury that the foregoing is true and correct.

Executed on: [O-S O{

P,

B. T. McKinney

Enclosure: PPL Susquehanna Evaluation of the Proposed Changes

Attachments:
Attachment 1 - Proposed Technical Specification Changes (Mark-ups)
Attachment 2 - Proposed Technical Specification Bases Changes (Mark-ups)
Attachment 3 — Structural Integrity Associates, Inc. Revised P/T Curves for
- SSES

cc: NRCRegionl
Mr. B. A. Bickett, NRC Sr. Resident Inspector
Mr. R. V. Guzman, NRC Project Manager
Mr. R. Janati, DEP/BRP
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PPL EVALUATION

Subject: UNIT 1 AND UNIT 2 CHANGE TO TECHNICAL

1.0

SPECIFICATION 3.4.10

DESCRIPTION

In accordance with 10 CFR 50.90, this is a request to amend Facility Operating
License Nos. NPF-14 and NPF-22 for PPL Susquehanna, LLC (PPL),
Susquehanna Steam Electric Station (SSES) Unit 1 and Unit 2. The proposed
changes are to the SSES Technical Specification (TS) 3.4.10 “RCS Pressure and
Temperature (P/T) Limits,” which are revisions to the P/T Limits curves. The
primary effect of the revision is to establish new limits on use of the P/T curves to
35.7 Effective Full Power Years (EFPY) for SSES Unit 1 and 30.2 EFPY for
SSES Unit 2.

The calculations for the revised curves include a previously implemented power
level increase from 3293 MWT to 3441 MWT, a feedwater instrument upgrade
that increased power level from 3441 MWT to 3489 MWT, and a future power
level uprate from 3441 MWT to 3952 MWT. The future increase is due to
implementation of extended power uprate (EPU), for both SSES Unit 1 and SSES
Unit 2, (See Attachment 3).

The revised P/T Limits curves were developed in accordance with 10 CFR S0
Appendix G, the 1998 Edition (2000 Addenda) of ASME Code, Section XI,
Appendix G and are based in part on fluence calculations performed using the
NRC approved BWRVIP RAMA Code methodology, (Reference 7.1). The
RAMA Code methodology meets the intent of Regulatory Guide 1.190,
“Calculational and Dosimetry Methods for Determining Pressure Vessel Neutron
Fluence.”

The existing P/T Limits curves, in TS 3.4.10, were approved in Amendment

Nos. 200 and 197 of Facility Operating License Nos. NPF-14 and NPF-22 for PPL
SSES, Units 1 and 2, for use until May 1, 2006. Therefore, PPL requests approval
of these proposed changes no later than March 31, 2006.
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PROPOSED CHANGES

The proposed changes are to TS Figures 3.4.10-1, 3.4.10-2, and 3.4.10-3, which
show the P/T limits curves for inservice leakage and hydrostatic testing,
non-nuclear heatup and cooldown, and criticality, respectively.

The proposed P/T limit curves are valid for 35.7 EFPY for SSES Unit 1 and

30.2 EFPY for SSES Unit 2. The plotted values of the proposed curves have been
developed to be identical to the plotted values on the present curves, contained in
NRC approved Amendments 200 and 197 for Unit 1 and Unit 2 respectively. Only
the limit on the validity of the curves has changed. This change in validity is due
to using new BWRVIP RAMA Code (Reference 1) fluence calculation
methodology recently approved by the NRC. The new fluence calculations also
incorporate the proposed EPU power level of 3952 MWT.

The EPU fuel core configuration used for the fluence calculation is a proposed
design that assures extended power rating for a full 24 months. The fuel vendor
created this design to show that it is possible to run at EPU power for a full cycle.
This proposed fuel load design provided for very conservative results for the
fluence calculation method. The dates for the application of EPU used for the
fluence calculation are starting in 2007 for Unit 2 and 2008 for Unit 1. These are
the anticipated dates for initiation of EPU.

The marked-up TS pages are provided in Attachment 1 to this submittal.
Attachment 2 contains marked-up TS Bases pages as a result of the TS changes.

BACKGROUND

On July 17, 2001, PPL submitted a license amendment request to update the P/T
limit curves for SSES Unit 1 and SSES Unit 2 (Reference 7.2). The validity of the
curves was established through May 1, 2006 for Unit 1 and May 1, 2005 for

Unit 2. These curves were approved for use on February 7, 2002 as amendments
200 and 174 for SSES Unit 1 and SSES Unit 2 (Reference 7.3).

The validity date of the Unit 2 P/T limit curves was subsequently changed to
May 1, 2006 by approved Unit 2 Amendment 197, dated April 25, 2005
(Reference 7.4).

The basis for NRC approval of the above license amendment requests was the
conservatism in the estimated vessel irradiation at the end of life and at the end of
the curve’s valid period on May 1, 2006.
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Since the existing Unit 1 and Unit 2 P/T Limit curves will be no longer valid after
May 1, 2006, it is necessary to recalculate the curves and establish their validity.
The curves have been recalculated using the RAMA code for evaluation of the
neutron flux through the core, vessel internals, and vessel geometry. Use of the
RAMA code is acceptable based on NRC approval on May 13, 2005.

(Reference 7.1)

TECHNICAL SAFETY ANALYSIS OF THE PROPOSED CHANGES

The P/T limits curves are prescribed during normal operation to avoid
encountering pressure, temperature, and temperature rate-of-change conditions that
might cause undetected flaws to propagate and cause nonductile failure of the
reactor coolant pressure boundary, a condition that is unanalyzed. The operating
limits for pressure and temperature are required for three categories of operation:
(a) hydrostatic pressure tests and leak tests, referred to as Curve A;

(b) non-nuclear heatup/cooldown and low-level physics tests, referred to as -

Curve B; (c) core critical operations, referred to as Curve C.

The methodology used to develop P/T curves is described in Attachment 2. There
are three regions of the RPV that are evaluated: (1) the beltline region, (2) the
bottom head region, and (3) the feedwater nozzle/upper vessel region. These
regions bound all other regions with respect to brittle fracture. The method of
generating the curves is primarily the same for each region for both Curves A and
B. The exception is the method used to create the upper vessel/feedwater region
Curve B.

All components in the Reactor Coolant System (RCS) are designed to withstand
the effects of cyclic loads due to system temperature and pressure changes.
Normal load transients, reactor trips, and startup and shutdown operations
introduce these cyclic loads. During startup and shutdown, the rates of
temperature and pressure changes are limited so that the maximum specified
heatup and cool down rate are consistent with the design assumptions and satisfy
the stress limits for cyclic operation.

The heatup and cooldown process for SSES Unit 1 and SSES Unit 2 is controlled
by P/T limit curves, which are developed based on fracture mechanics analysis.
These limits are developed according to Appendix G of the ASME Boiler and
Pressure Vessel Code, Section XI, and incorporate a number of safety margins.
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The present SSES Unit 1 and SSES Unit 2 Technical Specification

Figures 3.4.10 -1, 3.4.10-2, and 3.4.10-3 represent the reactor pressure vs.
minimum vessel temperature limits. The three curves (A, B, and C) are based on
10 CFR 50 Appendix G requirements of the ASME Boiler and Pressure Vessel
Code, Section XI, and incorporate a number of safety margins.

As stated in the Background Section above, the applicability of the present curves
is limited to May 1, 2006. This date was established due to the calculation
methodology used to determine neutron fluence. The proposed change to the P/T
curves establishes the applicability of the Unit 2 curves at 30.2 EFPY, and the
applicability of the Unit 1 curves at 35.7 EFPY. It is estimated that on 5/1/2006
the actual exposure will be 19.01 EFPY for Unit 1 and 18.68 EFPY for Unit 2.

New fluence calculations were performed for the proposed curves utilizing the
RAMA Code, and the impacts of EPU from 3489 MWT to 3952 MWT have been
included. The plotted values of the proposed curves were developed to be
identical to the plotted values of the currently approved curves in order to avoid
changing the associated administrative procedures and to reduce the potential for
human error. The effect of maintaining the curves identical is that the EFPY
restriction on use has been recalculated to be 35.7 EFPY for Unit 1 and 30.2 EFPY
for Unit 2.

REGULATORY SAFETY ANALYSIS

No Significant Hazards Consideration

The Commission has provided standards in 10 CFR 50.92(c) for determining
whether a significant hazards consideration exists. A proposed amendment to an
operating license for a facility involves no significant hazards consideration if
operation of the facility in accordance with the proposed amendment would not
(1) involve a significant increase in the probability or consequences of an accident
previously evaluated; (2) create the possibility of a new or different kind of
accident from any accident previously evaluated; or (3) involve a significant
reduction in a margin of safety.

PPL proposes changes to Appendix A, Technical Specifications (TS), of Facility
Operating License Nos. NPF-14 and NPF-22 for the Susquehanna Steam Electric
Station (SSES) Units 1 and 2 respectively.

The proposed changes revise TS Section 3.4.10, “RCS Pressure and Temperature
(P/T) Limits,” by removing the valid date and replacing it with the Effective Full



Enclosure to PLA 5933
PageSof 8

Power Years (EFPY) of radiation exposure limit on each of the P/T curves for
SSES Units 1 and 2.

In accordance with the criteria set forth in 10 CFR 50.92, PPL has evaluated the
proposed TS change and determined it does not represent a significant hazards
consideration. The following is provided in support of this conclusion.

1.

Does the proposed change involve a signiﬁcant increase in the
probability or consequences of an accident previously evaluated?

No. The proposed changes request that the P/T limits curves in TS 3.4.10,
“RCS Pressure and Temperature (P/T) Limits” be revised by removing the
valid date and replacing it with the Effective Full Power Years of radiation
exposure limit on each of the P/T curves for SSES Units 1 and 2.

The P/T limits are prescribed during all operational conditions to avoid
encountering pressure, temperature, and temperature rate of change
conditions that might cause undetected flaws to propagate, resulting in
nonductile failure of the reactor coolant pressure boundary, an unanalyzed
condition. Therefore, the proposed changes do not have any effect on the
probability of an accident previously evaluated.

The P/T curves are used as operational limits during heatup or cooldown
maneuvering, when pressure and temperature indications are monitored and
compared to the applicable curve to determine that operation is within the
allowable region. The P/T curves provide assurance that station operation
is consistent with previously evaluated accidents. Thus, the radiological
consequences of an accident previously evaluated are not increased.

Therefore, the proposed changes do not involve a significant increase in the
probability or consequences of an accident previously evaluated.

Does the proposed change create the possibility of a new or different
kind of accident from any accident previously evaluated?

No. The proposed changes do not change the response of any plant
equipment to transient conditions. The proposed changes do not introduce
any new equipment, modes of system operation, or failure mechanisms.

Therefore, there are no new types of failures or new or different kinds of
accidents or transients that could be created by these changes. The
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proposed changes do not create the possibility of a new or different kind of
accident from any accident previously evaluated.

3. Does the proposed change involve a significant reduction in a margin of
safety?

No. The consequences of a previously evaluated accident are not increased
by these proposed changes, since the Loss of Coolant Accident analyzed in
the FSAR assumes a complete break of the reactor coolant pressure
boundary. The changes to the P/T limits curves do not change this
assumption.

Therefore, the proposed changes do not involve a significant reduction in a
margin of safety. :

Conclusion:

Based upon the above responses, PPL concludes that the proposed
amendment presents no significant hazards consideration under the
standards set forth in 10 CFR 50.92(c), “Issuance of Amendment,” and,
accordingly, a finding of no significant hazards consideration is justified.

Applicable Regulatory Requirements/Criteria

The P/T limits are not derived from Design Basis Accident (DBA) analyses. They
are prescribed during normal operation to avoid encountering pressure,
temperature, and temperature rate of change conditions that might cause
undetected flaws to propagate and cause nonductile failure of the reactor coolant
pressure boundary, a condition that is unanalyzed. Therefore, the P/T limits curves
must be included in the Technical Specifications in accordance with

10 CFR 50.36(c)(2)(i1), “Limiting Conditions for Operation.”

The proposed P/T curves, and the methodology used to develop them, comply with
the requirements for monitoring fracture toughness, minimum temperature, and
performing material surveillances in accordance with 10 CFR 50 Appendix G,
“Fracture Toughness Requirements, and the 1998 Edition (2000 Addenda) of
ASME Code, Section XI, Appendix G.”
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6.0 ENVIRONMENTAL CONSIDERATION

10 CFR 51.22(c)(9) identifies certain licensing and regulatory actions, which are
eligible for categorical exclusion from the requirement to perform an
environmental assessment. A proposed amendment to an operating license for a
facility does not require an environmental assessment if operation of the facility in
accordance with the proposed amendment would not (1) involve a significant
hazards consideration; (2) result in a significant change in the types or significant
increase in the amounts of any effluents that may be released offsite; or (3) result
in a significant increase in individual or cumulative occupational radiation
exposure. PPL has evaluated the proposed change and has determined that the
proposed change meets the eligibility criteria for categorical exclusion set forth in
10 CFR 51.22(c)(9). Accordingly, pursuant to 10 CFR 51.22(b), no environmental
impact statement or environmental assessment needs to be prepared in connection
with issuance of the amendment. This determination, using the above criteria, is:

0. As demonstrated in the No Significant Hazards Consideration Evaluation, the
proposed amendment does not involve a significant hazards consideration.

0. There is no significant change in the types or significant increase in the
amounts of any effluents that may be released offsite. The proposed change
does not involve any physical alteration of the plant (no new or different type
of equipment will be permanently installed) or change in methods governing
normal plant operation.

3. There is no significant increase in individual or cumulative occupational
radiation exposure. The proposed change does not involve any physical
alteration of the plant (no new or different type of equipment will be
permanently installed) or change in methods governing normal plant operation.

6.0 REFERENCES

7.1 Letter from U.S. NRC to Bill Eaton (BWRVIP) Chairman Entergy
Operations - Safety Evaluation of Proprietary EPRI Reports: “BWR Vessel
and Internals Project, RAMA Fluence Methodology Manual (BWRVIP-
114); RAMA Fluence Methodology Benchmark Manual Evaluation of
Regulatory Guide 1.190 Benchmark Problems (BWRVIP-115); RAMA
Fluence Methodology — Susquehanna Unit 2 Surveillance Capsule Fluence
Evaluation for Cycles 1-5 (BWRVIP-117); RAMA Fluence Methodology
Procedures Manual (BWRVIP-121); and Hope Creek Flux Wire Dosimeter
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Activation Evaluation for Cycle 1 (TWE-PSE-001-R-001)
(TAC NO. MB9765),” dated May 13, 2005.

PLA-5341, letter from R. G. Byram (PPL) to U.S. NRC, “Proposed
Amendment No. 240 to License NFP-14 and Proposed Amendment No. 205
to License NFP-22: Changes to Reactor Pressure Vessel Pressure-
Temperature (P-T) Limits and Request for Exemption from the
Requirements of 10CFR50 Section 50.50(a),” dated July 17, 2001.

Letter from U.S. NRC to R. G. Byram, “Susquehanna Steam Electric
Station, Units 1 and 2 — Issuance of Amendment Re: Reactor Pressure
Vessel Pressure-Temperature Limit Curves (TAC NOS. MB2516 and
MB2518),” dated February 7, 2002.

Letter from U.S. NRC to B. L. Shriver, “Susquehanna Steam Electric
Station, Unit 2 — Issuance of Amendment Regarding Reactor Pressure
Vessel Pressure-Temperature Limits (TAC NO. MC4534),” dated
April 25, 2005.
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RCS P/T Limits

B34 -— REACTOR COOLANT SYSTEM (RCS)

B3.4.10 RCS Pressure and Temperature (P/T) Limits

BASES

BACKGROUND

All components of the RCS are designed to withstand effects of cyclic loads
due to system pressure and temperature changes. These loads are
introduced by startup (heatup) and shutdown (cooldown) operations, power

transients, and reactor trips. This LCO limits the pressure and temperature . .

changes during RCS heatup and cooldown, within the désign assumptions
and the stress limits for cyclic operation. '

This Specification contains P/T limit curves for heatup, cooldown, and l
inservice leakage and hydrostatic testing, and limits for the maximum rate’ of
change of reactor coolant temperature. The heatup curve provides limits for
both heatup and criticality.

Each P/T limit curve defines an acceptable region for normal operation. The
usual use of the curves is operational guidance during heatup or'‘cooldown
maneuvering, when pressure and temperature indications are monitored and
compared to the applicable curve to determine that operation is within the

allowable region. '

The LCO establishes operating limits that provide a margin to brittie failure of
the reactor vesse! and piping of the reactor coolant pressure boundary
(RCPB). The vessel is the component most subject to brittie failure.
Therefore, the LCO limits apply mainly to the vessel.

10 CFR 50, Appendix G (Ref. 1), requires the establishment of P/T limits for
material fracture toughness requirements of the RCPB materials.

Reference 1 requires an adequate margin to brittle failure during normal
operation, anticipated operational occurrences, and system hydrostatic tests."
It mandates the use of the ASME Code, Section XI, Appendix G (Ref. 2).

The actual shift in the RTnpr of the vessel material will be established
periodically by removing and evaluating the iradiated reactor vessel material
specimens, in accordance with ASTM E 185 (Ref. 3) and Appendix H of

10 CFR 50 (Ref. 4). The operating P/T limit curves will be adjusted, as
necessary, based on the evaluation findings and the recommendations of
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RCS P/T Limits
B34.10
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. determine the effect on the structural integrity of the RCPB components.

j methodology for evaluating an operating event that causes an excursion .
outside the limits.

| N
The P/T limit curves are composite curves established by superimposing
limits derived from stress analyses of those portions of the reactor vessel

‘and head that are the most restrictive. At a\ny specific pressure,

temperature, and temperature rate of change, one location within the reactor
vessel will dictate the most restrictive limit. Across the span of the P/T limit
curves, different locations are more restrictive, and, thus, the curves are
composites of the most restrictive regions. .

The heatup curve used to develop the P/T limit curve composite represents

. a different set of restrictions than the cooldown curve used to develop the

P/T limit curve composite because the directions of the thermal gradients
through the vessel wall are reversed. The thermal gradient reversal alters
the location of the tensile stress between the outer and inner walls.

The criticality limits include the Reference 1 requirement that they be at least
40°F above the heatup curve or the cooldown curve and not lower than the
minimum permissible temperature for the inservice leakage and hydrostatic

testing. .

The consequence of violating the LCO limits is that the RCS has been
operated under conditions that can result in brittle failure of the RCPB,

- possibly leading to a nonisolable leak or loss of coolant accident. In the

event these limits are exceeded, an evaluation must be performed to
ASME Code, Section Xl, Appendix-E (Ref. 6), provides a recommended -
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The P/T limits are not derived from Design Basis Accident (DBA) analyses. -
They are prescribed during normal operation to avoid encountering pressure,
temperature, and temperzture rate of change conditions that might cause
undetected flaws to propagate and cause nonductile failure of the RCPB, a
condition that is unanalyzed. Reference 7 establishes the methodology

for determining the P/T limits. Since the P/T limits are not derived from any
DBA, there are no acceptance limits related to the P/T limits. Rather, the

P/T limits are acceptance limits themselves since they preclude operation in
an unanalyzed condition.

RCS P/T limits satisfy Criterion 2 of the NRC Policy Statement (Ref. 8). |
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(continued)

SUSQUEHANNA - UNIT 1 TS /B 3.4-50 Revision 1



RCS PIT Limits
B34.10

BASES

SURVEILLANCE - op 34.10.7, SR 3.4.10.8, and SR 3.4.109 (continued)

REQUIREMENTS _
The flange temperatures must be verified to be above the limits 30 minutes
before and while tensioning the vessel head bolting studs to ensure that
once the head is tensioned the limits are satisfied. When in MODE 4 with
RCS temperature < 80°F, 30 minute checks of the flange temperatures are .

- required because of the reduced margin to the limits. When in MODE 4 with . .

RCS temperature < 100°F, monitoring of the flange temperature is required
every 12 hours to ensure the temperature is within the specified limits.

The 30 minute Frequency reflects the urgency of maintaining the s
temperatures within limits, and also limits the time that the temperature limits
could be exceeded. The 12 hour Frequency is reasonable based on the rate
of temperature change possible at these temperatures.

REFERENCES 1. 10 CFR 50, Appendix G.
ASME, Boiler and Pressure Vessel Code, Section Xl, Appendix G.

ASTME 185-73

P D

10 CFR 50, Appendix H.
Regulatory Guide 1.99, Revision 2, May 1988.
ASME, Boiler and Pressure Vessel Code, Section Xi, Appendlx E

NEDO-21778-A, December 1978..

® N o o

Final Policy Statement on Technical Specifications Improvements,
July 22, 1993 (58 FR 39132).

9. PPL Calculation EC-062-0573, “Study to Support the Bases Section of
. Technical Specification 3.4.10.”

10. FSAR, Section 15.4.4.

1 Hegulabory Guide 1- 190, thavch 2o
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12, Fshe, Secbr 4.1.4.C
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RCS P/T Limits
B34.10

B34 -— REACTOR COOLANT SYSTEM (RCS)

A\
\

B3.4.10 RCS Pressure and Temperature (P/T) Limits

BASES

. \
BACKGROUND Al components of the RCS are designed to withstand effects of cydlic loads
’ : due to system pressure and temperature changes. These loads are
introduced by startup (heatup) and shutdown (cooldown) operations, power
transients, and reactor trips. This LCO limits the pressure and temperature
. changes during RCS heatup and cooldown, within the design assumptions
and the stress limits for cyclic operation.

" This Specification contains P/T limit curves for heatup, cooldown, and
inservice leakage and hydrostatic testing, and limits for the maximum rate of
change of reactor coolant temperature. The heatup curve provides limits for
both heatup and criticality. ,

Each P/T limit curve defines an acceptable region for normal operation. The
usual use of the curves is operational guidance during heatup or cooldown
maneuvering, when pressure and temperature indications are monitored and
compared to the applicable curve to determine that operation is within the
allowable region.

The LCO establishes operating limits that provide a margin to brittle failure of
the reactor vessel and piping of the reactor coolant pressure boundary
(RCPB). The vessel is the component most subject to brittle failure.
Therefore, the LCO limits apply mainly to the vessel.

- .10 CFR 50, Appendix G (Ref. 1), requires the establishment of P/T limits for
material fracture toughness requirements of the RCPB materials.
Reference 1 requires an adequate margin to brittle failure during normal
operation, anticipated operational occurrences, and system hydrostatic tests.
It mandates the use of the ASME Code, Section Xl, Appendix G (Ref. 2).

The actual shift in the RTxor of the vesse! material will be established
periodically by removing and evaluating the irradiated reactor vessel material
specimens, in accordance with ASTM E 185 (Ref. 3) and Appendix H of '
10 CFR 50 (Ref. 4). The operating P/T limit curves will be adjusted,

as necessary, based on the evaluation findings and the recommendations of

Retorensss. 12G 1.99 " Ladihe Embr Hlomen of feack:
Nessel Wakenels (Ref5) The calealatrons o deferm =
newdon Fluence witl bae develeped USing The 7oV ?
KAmA Code me;‘i\odo/pgy, \L‘GL.(L t5 NRC ard/m'ﬂ( ard meed;
The 1mjendt Of ‘/ZC7 l I?D, Ca }Cula-)é(}m_‘ awd 'Dns, mc’}lry MFJ“\:’/J
For @E‘k/m 10y PNSSL‘N \/f!f(" ”.(’U)L’L'n C{oenze_“(ﬂch'koonﬁnued)
See Foave Sechp 4.1.4.5 for Aeferm ;'m;j floence. (ylef I"L)
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RCS P/T Limits
B 34.10

BASES

. : \ :

BACKGROUND  The P/T limit curves are composite curves established by superimposing
{continued)  limits derived from stress analysés of those portions of the reactor vessel

and head that are the most restrictive. At any specific pressure,

temperature, and temperature rate of change, one location within the reactor

vessel will dictate the most restrictive limit. Across the span of the P/T limit

curves, difierent locations are more restrictive, and, thus, the curves are
.composites of the most restrictive regions. :
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The heatup curve used to develop the P/T limit curve composite represents

. a different set of restrictions than the cooldown curve used to develop the
P/T limit curve composite because the directions of the thermal gradients
through the vessel wall are reversed. The thermal gradient reversal alters
the location of the tensile stress between the outer and inner walls.

'
dan a ye«/

VM« ra

The criticality limits include the Reference 1 requirement that they be at least
40°F above the heatup curve or the cooldown curve and not lower than the
minimum permissible temperature for the inservice leakage and hydrostatic

testing.

The consequence of violating the LCO limits is that the RCS has been
operated under conditions that can restst in brittle failure of the RCPB,
possibly leading to a nonisolable leak or loss of coolant accident. In the
event these limits are exceeded, an evaluation must be performed to
determine the effect on the structural integrity of the RCPB components.
ASME Code, Section Xl, Appendix E (Ref. 6), provides a recommended
methodology for evaluating an operating event that causes an excursion

outside the limits. :

The P/T limits are not derived from Design Basis Accident (DBA) analyses.
They are prescribed during normal operation to avoid encountering pressure,
ALYSES temperature, and temperature rate of change conditions that might cause
undetected flaws to propagate and cause nonductile failure of the RCPB, a
condition that is unanalyzed. Reference 7 establishes the methodology for
determining the P/T limits. Since the P/T limits are not derived from any
DBA, there are no acceptance limits related to the P/T limits. Rather, the
P/T limits are acceptance limits themselves since they preciude operation in
an unanalyzed condition. ) '
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RCS P/T limits satisfy Criterion 2 of the NRC Policy Statement (Ref. 8).
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RCS P/T Limits
B34.10

. - BASES (continued)
REFERENCES 1. 10 CFR 50, Appendix G.
ASME, Boiler and Pressure Vessel Code, Section XI, Appendix G.”

ASTME 185-73

10 CFR 50, Appendb§ H.

Regulatory Guide 1.99, Revision 2, May 1988. |

ASME, Boiler and Pressure Vessel Code, Section X|, AppendixE. |

NEDO-21778-A, December 1976.

Final Policy Statement on Technical Specifications Improvements, |
July 22, 1993 (58 FR 39132). -

9. PPL Calculation EC-062-0573, “Study to Support the Bases Sechon of
- Technical Specification 3.4.10."
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" 10. FSAR, Section 15.4.4. - |
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g Structural Integrity Associates, Inc.

6855 . Havana Stmet
-+ Sukte 350
Centennid, CO 80112-3868
Phone; 303-792-0077 .

Fax: 303-792-2158
www.sinctint.com
gstevens@structint.com

June 8, 2005

GLS-05-016

SIR-00-167, Rev. 1

Mr. Bruce Swoyer

. PPL Susquehanna, LLC I
Two North Ninth Street ' . '
Allentown, PA 18101-1179

Subject: Revised Pressure-Temperature Curves for SSES

Reference: PPL Purchase Order No. 305567-C dated 3/28/2005.

Dear Bruce:

The attachment to this letter documents the revised set of pressure-temperature (P-T) curves developed for
Susquehanna Steam Electric Station Units 1 and 2 (SSES-1 and SSES-2), in accordance with Structural
Integrity’s Quality Assurance Program. This work was performed in accordance with the referenced
contract, and includes a full set of updated P-T curves (i.e., pressure test, core not critical, and core critical
conditions) for 35.7 EFPY for SSES-1 and 30.2 EFPY for SSES-2. The curves were developed in
accordance with U.S. 10CFR 50 Appendix G, and the 1998 Edition (2000 Addmda) of ASME Code,

Section X1, Appendix G.

The inputs, methodology, and results for this effort are summarized in the attachment. The detailed
calculatlons for thls work (PPL-21Q-301, Rev. 1 and PPL-21Q-302, Rev. 1) are also attached.

Please don't hesitate to call me if you have any qu&tlons

prparcay: Ay X igons, Reviewed By: /r/ Xﬂ zb”j:

Gary 1§/ Stevens, P. E. H. L. Gustin, P. E.
Senior Associate Associate

Approyed By: &‘S{ d mﬁ:

Gary L Stevens, P. E.
Senior Associate

Attachment
cc: PPL-21Q-106, -301, -302, -401, SSES-19Q-106

Austin, TX Charjotte, NC K. Stoniagton, CT San Jose, CA Silver Spring, MD Sunrise, FL Unlontown, OH Whitiier, CA
512-533-9191 704-557.3554 $60-539-6050 408-978-8200 301-445-8200 9545722902 330-8994753 S$62544-8210



ATTACHMENT

REVISED P-T CURVES FOR SUSQUEHANNA UNITS 1 & 2

A\
\

1.0 Introduction : E \

This attachment documents the revised set of pressure-temperature (P-T) curves developed for
the Susquehanna Steam Electric Station Units 1 and 2 (SSES-1 and SSES-2), in accordance with
Structural Integrity's Quality Assurance Program. This work includes a full set of updated P-T
curves (i.c., pressure test, core not critical, and core critical conditions) for SSES-1 for 35.7
effective full power years (EFPY) and for 30.2 EFPY for SSES-2'. The curves were developed
using the methodology specified in 10CFRS0 Appendix G [4], WRC-175 [S], and the 1998
Edition (2000 Addenda) of ASME Code, Section XI, Appendix G [3].

20 ARTNDT Values

Adjusted reference temperature (ARTypr) values were developed for the SSES-1 and SSES-2
reactor pressure vessel (RPV) materials in the Reference [6] calculation. The values for a
power increase from 3,293 MWT to 3,441 MWT were used in the current analysis.

30 P-T Curve Methodology

The P-T curve methodology is based on the requirements of References {3] through {S]. The
supporting calculations for the curves are contained in References [1] and [2]. There are three
regions of the RPV that.are evaluated: (1) the beltline region, (2) the bottom head region, and
(3) the feedwater nozzle/upper vessel region. These regions bound all other regions with
respect to brittle fracture. The method of generating the curves is primarily the same for each
region for both Curves A and B. The exception is the method used to create the upper
vessel/feedwater region Curve B. That method will be described separately.

The approach used for the Curve A beltline, bottom head, and upper vessel/feedwater nozzle
regions, and the Curve B beltline and bottom head regions, includes the following steps:

a. Assume a fluid temperature, T. The temperature at the assumed flaw tip, T
(i.e., 1/4t into the vessel wall) is determined by adding a temperature drop term,
ATy4, to T. For the SSES evaluation, the temperature drop term was
conservatively set to zero.

! The ARTppr values used in the P-T curve development include a power increase from 3,293 MWT 03,441 MWT,
a feedwater instrument upgrade that increased power from 3,441 MWT to 3,489 MWT, and a future projected
equilibrium power uprate increase to 3,952 MWT, as defined in Table 3-2 of References (7] and {8].
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Calculate the reference fracture toughness, K, based on Ty/4; using the
relationship from Appendix G [3], as follows:

K, =20.734 ¢! % Tua4fTonl + 339

where: Ty =  metal temperature at assumed flaw tip (°F)

ARTnpr =  adjusted reference temperature for location under
consideration and desired EFPY (°F)

" reference fracture toughness (ksiVinch)

Ky

Calculate the thermal stress intensity factor, Ky from ASME Code, Section XI,
Appendix G [3].

Calculate the allowable pressure stress intensity factor, Ky, using the following
relationship:

Kip = (Ki-Kn)/SF
where: Ky allowable pressure stress intensity factor (ksiVinch)
SF safety factor

1.5 for pressure test conditions (Curve A)
2.0 for heatup/cooldown conditions (Curves B and C)

Compute the allowable pressure, P, from the allowable pressure stress intensity
factor, Ky,. For the bottom head region, a stress concentration factor of 3 is
included to account for the bottom head penetrations, consistent with WRC-175
methodology [5]) and other BWR P-T curve evaluations.

Apply any adjustments for temperature and/or prcssure, such as for instrument:
uncertainty and the static head for the weight of the water in the RPV, to T and

P, respectively.

Repeat steps (&) through (f) for other temperatures to generate a series of P-T
points.

The approach uséd for the Curve B upper vessel/feedwater nozzle region includes the
following steps:

a.

b.

Assume a pressure, P.

Calculate the thermal stress intensity factor, Ky, by combining the secondary
membrane stress intensity factor, K, and the secondary bending stress intensity
factor, Ky, per §G-2222 of Appendix G [3] and including the correction factor,

R, from Reference [S]:
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Ky =R (Kim + Kp)

where: R
effects in the plastic region based on the assumptions

and recommendations of WRC Bulletin 175 [S].
secondary membrane stress intensity factor
Mn*Gsm

secondary bending stress intensity factor
(2/3)Mp*os

Kim

Kp

The stress reports for the SSES feedwater nozzles did not provide sufficient
detail for secondary stresses in the nozzle forging area. Therefore, the
secondary stresses used in calculating the secondary membrane and bending
stress intensity factors are those obtained from “generic” General Electric’(GE)
boiling water reactor P-T curve calculations (used to develop previous SSES

P-T curves).

Calculate the allowable pressure stress intensity factor, Ky, based on the
assumed P using the following relationship:

Kp = F(a/1y) (Gpm + ROpb)V(n2) .

where:  F(a/r,) nozzle stress factor, from Figure AS-1 o_f '[5]

Opm =  primary membrane stress

R =  correction factor, defined above

Opb =  primary bending stress

a =  1/4t crack depth for nozzle corner (inches)

Calculate the reference fracture toughness, Ky, using the following relationship:

Kk'; = K]t + pr*SF

where: SF =  safety factor = 2.0

Compute the fluid temperature, T (assumed equal to the 1/4t flaw temperature,
T).41), from the critical stress intensity factor Kjc. The Kjc equation from
Appendix G [3] is manipulated to solve for T4 as follows:

T =50 * In[ (Kc-33.2) / 20.734] + ARTnpr

Apply any adjustments for temperature and/or pressure to T and P, such as for
instrument uncertainty and the static head for the weight of the water in the

RPV, respectively.

Attachment to SIR-00-167, Rev. 1 3
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E.

Repeat steps (a) through (f) for other temperatures to generate a series of P-T
points.

The following additional requirements were used to define the PT curves. These limits are
established in Reference [4):

A

For Pressure Test Conditions (Curve A):

If the pressure is greater than 20% of the pre-service hydro test pressure (1,563
psig), the temperature must be greater than ARTxpr of the limiting flange
material + 90°F. v _

If the pressure is less than or equal to 20% of the pre-service hydro test pressure,
the minimum temperature is must be greater than or equal to the ARTxpr of the
limiting flange material + 60°F. This limit has been a standard recommendation
for the BWR industry for non-ductile failure protection.

For Core Not Critical Conditions (Curve B):

If the pressure is greater than 20% of the pre-service hydro test pressure, the
temperature must be greater than RTnpr of the limiting flange material + 120°F.
If the pressure is less than or equal to 20% of the pre-service hydro test pressure,
the minimum temperature must be greater than or equal to the ARTypr of the
limiting flange material + 60°F. This limit has been a standard recommendation
for the BWR industry for non-ductile failure protection.

For Core Critical Conditions (Curve C):

Per the requirements of Table 1 of Reference [4], the core critical P-T limits
must be 40°F above any Pressure Test or Core Not Critical curve limits. Core
Not Critical conditions are more limiting than Pressure Test conditions, so Core
Critical conditions are equal to Core Not Critical conditions plus 40°F.

Another requirement of Table 1 of Reference [4] (or actually an allowance for
the BWR), concems minimum temperature for initial criticality in a startup.
Given that water level is normal, BWRs are allowed initial criticality at the
closure flange region temperature (ARTnpr + 60°F) if the pressure is below
20% of the pre-service hydro test pressure.

Also per Table 1 of Reference [4], at pressures above 20% of the pre-service
hydro test pressure, the Core Critical curve temperature must be at least that
required for the pressure test (Pressure Test Curve at 1,100 psig). As a result of
this requirement, the Core Critical curve must have a step at a pressure equal to
20% of the pre-service hydro pressure to the temperature required by the
Pressure Test curve at 1,100 psig, or Curve B + 40°F, whichever is greater.

The resulting pressure and temperature series constitutes the P-T curve. The P-T curve relates
the minimum required fluid temperature to the reactor pressure.

4.0 P-T Curves
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Tabulated values for the P-T curves are shown in Tables 1 through 14.
curves are shown in Figures 1 through 6.
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Table 1

Tabulated Values for SSES-1 Beltline Pressure Test Curve (Curve A) for 35.7 EFPY

Inputs: Plant = SSES-1
Component = Beltline '
Vesse! thickness, t = 6.1875 inches, so Vt:= 2.487 vinch
Vessel Radius, R = 126.6875 inches
ART\pr = 61.4 °F ======>  85.7 EFPY
Ky = 0.0 ksiinch'? -
ATy = 0.0 °F (no thermal for pressure test)
Safety Factor = 15 {for pressure test)
My = 2.303
Temperature Adjustment = 0.0 °F v - .
Pressure Adjustment = 30 psig {hydrostatic pressure for a full vessel)
Hydro Test Pressure = 1,563 psig
Flange RTyor= 10.0 °F
Fluid Calculated Adjusted Adjusted
Temperature 1/4t Pressure Temperature Pressure for
T Temperature Kic Kip P for P-T Curve P-T Curve
(°F) (°F) (ks*inch'?) (ksl*inch'?) (psig) (°F) (psig)
- - - - - 70 . 0o
70 70 57.83 38,55 817 70 787
75 75 60.42 40.28 854 75 824
80 80 63.28 42.18 894 80 864
85 85 66.44 44.29 039 85 909
00 g0 69.94 46.62 989 g0 859
o5 g5 73.80 49.20 1043 95 1,013
100 100 78.07 §2.05 1104 100 1,074
105 105 82.79 55.19 1170 105 1,140
110 110 88.00 58.67 1244 110 1,214
115 115 93.77 62.51 1325 115 1,295
120 120 100.14 €6.76 1416 120 1,386
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‘ : Table 2 ‘
Tabulated Values for SSES-2 Beltline Pressure Test Curve (Curve A) for 302 EFPY

A
\

Inputs: " Plant=  SSES-2

_ . Component = Beltline \ :
Vessel thickness, t = 6.1875 inches, so Vt: 2.487 Yinch
Vessel Radius, R = 126.6875 inches .
ARTNDT = 46.7 °F ======> 30.2 EFPY
Ky = 0.0 ksi*inch"?
. ATy = 0.0 °F (no thermal for pressure test)
Safety Factor = 15 " (for pressure test)
Mp = 2.303
Temperature Adjustment = . 0.0 °F :
Pressure Adjustment = 30 psig (hydrostatic pressure for a full vessel)
Hydro Test Pressure = 1,563 psig
Flange RTypr = 10.0 - °F
Fluid Calculated Adjusted Adjusted
Temperature 14t Pressure Temperature Pressure for
T Temperature Kic Kip P for P-T Curve P-T Curve
P °Fp) (ksiinch%®)  (ksl*inch'?) (psig) (°F) (psig)
- . - - - 70 )
70 .70 " 66.24 44.16 836 70 906
75 . 75 69.72 46.48 986 75 956
80 80" 73.56 48.04 1040 80 ' 1,010
85 85 77.80 51.87 1100 85 1,070
g0 g0 82.49 55.00 1166 80 1,136
95 o5 87.68 58.45 1239 95 1,209
100 100" 93.41 62.27 1320 100 1,290
105 106 99.74 66.49 1410 105 1,380
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Table 3
Tabulated Values for SSES-1 Feedwater Nozzle/Upper Vessel Region Pressure Test
Curve (Curve A) .

Inputs: Plant = SSES-1 \
Component= Upper Vessel (based on FW nozzle)
ARTypor = 40.0 °F >  All EFPY
Vessel thickness, t = 6.5 inches, so Wt 2.55 vinch
Vessel Radius, R = 126.7 inches
F(a/m) = 1.6 nozzle stress factor
Crack Depth,a = 163  inches
Safety Factor = 15
Temperature Adjustment = 0.0 °F
Pressure Adjustment = 0.0 psig
Unit Pressure = 1,563 psig
Flange RTypor = 100 = °F
Fluld Calculated Adjusted  Adjusted
Temperature 1/at | Pressure Temperature Pressure for
T Temperature Kic Kip - P for P-T Curve P-T Curve
F) P (ksi*inch'®)  (ksi*inch'?) (psig) (°F) (psig)
- - - - - 70 0
- - - - - 70 3125
- - - - - 100 3125
0 0 42.52 28.34 © 402 100 402
10 10 44.58 20.72 421 100 421
20 20 4710 3140 445 100 445
30 30 50.18 3345 . 474 100 474
40 40 53.93 35.96 509 100 509
50 50- 58.52 39.02 553 100 553
60 60 64.13 42.75 606 100 606
70 - 70 70.98 47.32 - 670 100 670
80 80 79.34 52.90 750 100 750
20 g0 89.56 59.71 846 100 846
100 100 102.04 68.03 - 964 100 ' 964
110 110 117.28 78.19 1108 110 1108
120 120 135.90 90.60 1284 120 1284
130 130 158.63 105.76 1498 130 1498
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Table 4

Tabulated Values for SSES-2 Feedwater Nozzle/Upper Vessel Region Pressure Test

Curve (Curve A)
Inputs: Plant = SSES-2
Component= Upper Vessel (based on FW nozzle)
ARTypr = 30.0 °F=====>  All EFPY
Vessel thickness, t = 6.5 inches,so¥t  2.65 Yinch.
Vesse! Radius, R= 126.7 inches )
F(a/m) = 1.6 nozzle stress factor
Crack Depth, a = 1.63 inches
Safety Factor = 1.5
Temperature Adjustment = 0.0 °F
Pressure Adjustment = 0.0 psig )
Unit Pressure = 1,563 psig
Flange RTypor = 10.0 °F
Fluld Calculated  Adjusted Adjusted
Temperature 1/4t Pressure Temperature Pressure for
T " Temperature Kle Kip P for P-T.Curve P-T Curve
P (°F) (ksi’inch'®)  (kslinch'?) (psig) (°F) (pslg)
- - - - - 70 0
. - - - - 70 312.5
- - - - - 100 3125
0 0 44.58 29.72 421 100 421
10 10 47.10 31.40 445 100 445
20 20 50.18 33.45 474 100 474
30 30 63.93 35.96 509 100 509
40 40 58.52 39.02 553 100 §53
50 50 64.13 42.75 606 100 606
60 €0 70.98 47.32 670 100 ' 670
70 70 79.34 52.90 750 100 750
80 80 89.56 59.71 846 100 846
S0 90 102.04 68.03 964 100 964
100 100 117.28 78.19 1108 100 1108
110 110 135.90 90.60 1284 110 1284
120 120 158.63 105.76 1498 120 1498
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Tabulated Values.for SSES-1 Bot

PIant =

Table § .

tom Head Pressure Test Curve (CurveA) -

A
\

lnputs: SSES-1
Component="Botiom Head ’
Vessel thickness, t= 6.1875 inches, so +t: 2.457 Winch
Vessel Radius, R=  126.6875 inches )
ART\or = 34.0 °F ======>  ANEFPY
Ky = 0.0 ksi*inch'® '
. ATua= 0.0 °F (no thermal for pressure test)
 SafetyFactor= 15 (for pressure test)
Stress Concentration Factor = 3.0 Bottom head penetrations
. M= 2303
Temperature Adjustment = 0.0 F
Height of Water for a Full Vessel = 8820 inches
Pressure Adjustment = 31.85 psig (hydrostatic pressure at bottom head for & kil wssel at 70°F)
Hydro Test Pressure = 1,563 psig ) -
Flange RTyor = 10.0 °F '
Fluld Calculated  Adjusted Adjusted
Temperature 1/4t Pressure Temperature Pressurefor
T Temperature Kic Kip P for P-T Curve P-T Curve
P (°F)  (ksPinch™®) (ksPinch'?) (psig) CF) (psig)
- - - - - 70 )

70 70 75.80 £0.53 714 70 682

75 75 80.28 £3.52 757 75 725

80 80 8523 56.82 803 80 7

85 85 90.70 60.47 855 85 823

S0 S0 96.75 64.50 912 . 90 880

e5 g5 10343 68.95 975 85 . 943
100 100 110.82 73.88 1044 100 1,012
105 105 118.98 79.32 1121 105 1,089
110 110 128.00 85.33 1206 110 1,174
115 115 137.97 81.98 1300 116 1,268
120 120 148.99 §9.33 1404 120 1,372

Attachment to SIR-00-167, Rev. 1
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Table 6
Tabulated Values for SSES-2 Bottom Head Pressure Test Curve (Curve A)

Inputs: Plant = SSES-2
Component= Bottom Head
Vessel thickness, t= 6.1875 inches, so +t: 2.487 inch
.VesselRadius, R= 1266876 inches
ARTor= 240 F mee—m=> All EFPY
Ky= 0.0 ksi*inch'?
ATua= 0.0 °F (no thermal for pressure test) '
Safety Factor = 15 (for pressure test)
Stress Concentration Factor = 3.0 Bottom head penetrations
My = 2303
Temperature Adjustment = 0.0 - °F :
Height of Water for a Full Vessel = 882.0 inches
Pressure Adjustmert = 31.85 psig (hydrostatic pressure at bottom head for & #ull vesse! at 70°F)
Hydro Test Pressure = 1,563 psig
Flange RTypr = 10.0 °F
Fluid Calculated  Adjusted Adjusted
Temperature 1/4t Pressure Temperature Pressure for

T Temperature Klic Kip P forP-TCurve P-T Curve
°F) (°F)  (ksl'inch'®) (ksPinch'®) (psig) °F) (psig) '

- - - - - 70 o

70 70 86.23 56.82 803 70 771

75 75 90.70 60.47 855 75 823

80 80 96.75 64.50 912 80 880

85 85 10343 68.95 975 85 843

80 90 110.82 73.88 1044 20 1,012

95 a5 118.98 79.32 1121 95 1,088

" 100 100 128.00 85.33 1206 100 ‘1,174
106 105 137.97 91.88 1300 105 1,268 -
110 110 148.99 §9.33 1404 110 1,372
Attachment to SIR-00-167, Rev. 1 12



Table 7
Tabulated Values for SSES-1 Beltline Core Not Critical Curve (Curve B) for 35.7 EFPY

A\
\

Inputs: , © Plant= SSES-1 ' \
Component = Beltline
Vessel thickness, t = 6.1875 inches, soVt ~ 2.487 vinch
Vessel Radius, R=  126.6875 inches
ART\or = 61.4 °F > 35.7 EFPY
Cooldown Rate = 100.0 °F/r
: Ky = .08  ksitinch'?
Safety Factor = 2.0
My=  2.3803 _
Temperature Adjustment = 0.0 °F
Pressure Adjustment = 30.0 psig (hydrostatic pressure for & full vessel)
Flange RT o7 = 10.0 °F :
Fluid . Calculated Adjusted Adjusted
Temperature 1/4t . Pressure Temperature Pressure for

T Temperature Kle Klp P for P-T Curve P-T Curve
°F) (°F) (ksl*inch'®)  (kslinch'?) (psig) (°F) (psig)

- - : - - - 70 o

70 70.0 57.83 24.37 517 70 487
75 75.0 60.42 25.67 < 544 75 514
80 80.0 €3.28 27.10 575 80 545
85 85.0 66.44 28.68 608 85 578
90 90.0 69.94 3043 - . 645 80 615
95 85.0 - 73.80 32.36 686 95 656
100 100.0 . 78.07 34.50 731 100 701
105 105.0 82.79 36.86 782 105 - 752
110 110.0 88.00 39.46 - 837 110 - 807
115 115.0 93.77 42.35 898 115 ' 868
120 120.0 100.14 45.53 965 120 935
125 125.0 107.18 49.05 1040 125 " 1010
130 130.0 114.96 52.94 1123 130 1093
135 135.0 123.56 57.24 1214 135 1184
140 140.0 133.06 61.99 1314 140 1284
145 145.0 143.56 67.24 1426 145 1396
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Table 8

Tabulated Values for SSES-2 Beltline Core Not Critical Curve (Curve B) for 30.2 EFPY

A

Inputs: Plant= _ SSES-2
Component = Beltline '
Vessel thickness, t = 6.1875 inches, so t 2.487 Ainch
Vessel Radius, R= 126.6875 inches
ARTyor = 46.7 °F ===> 30.2 EFPY
Cooldown Rate = 100.0 °Fhr
Ky = 9.08 ksi*inch'®
Safety Factor = 20
M, = 2.303
Temperature Adjustment = 0.0 °F : . .
Pressure Adjustment = 30.0 psig (hydrostatic pressure for a full vessel)
Fllange RTpnor = 10.0 °F
Fiuld Calculated Adjusted Adjusted
Temperature 1/4t Pressure Temperature Pressure for
T Temperature Kic Kip P for P-T Curve P-T Curve
(*F) (P (ksPinch'®) (ksiinch'®)  (psig) CF) (psig)
- - - - - 70 , o
70 . 70.0 66.24 28.58 606 70 576
75 75.0 69.72 30.32 643 75 613
80 80.0 73.56 32.24 684 80 654
85 85.0 77.80 34.36 729 85 €699
80 90.0 82.49 36.71 778 S0 - 748
85 95.0 87.68 39.30 833 95 803
100 100.0 93.41 4217 - 894 100 864
. 105 105.0 99.74 45.33 961 105 931
. 110 110.0 106.74 48.83 1035 110 1005
115 115.0 114.47 52.70 1117 115 1087
120 120.0 123.02 56.97 1208 120 1178
125 125.0 132.46 . 61.69 1308 125 1278
130 130.0 142.90 66.91 1419 130 1389
Attachment to SIR-00-167, Rev. 1 14



Table 9

Tabulated Values for SSES-1 Upper Vessel/Feedwater Nozzle Region Core Not: Critical

Curve (Curve B)
Ipputs: Pianta  §SESA
Component= Upper Vesse!
ARTir= 400 F wes Al EFPY
Cm= 2048  ksiG 1050 psig .
O = o2 ksi @ 1050 psig Base Temp
O = 16.1¢ ksi @ 84€ °F 00 °F
O = 18.04 ksi @ 846 °F 00 °F
Op= 450 kst !
M= 25
Safety Factor = 20
Fla/r) = 1.8
Temperature Adjustment = 1] F
Pressure Adjustment = (1] ‘psig
Hydro Test Pressure = 1563 psig - * .
Range RTyor = 10.0 -
Calcuiated Adusted  Acfjusted
Pressure  Saturstion Total Temperature Tempersture Pressure for
P Tempersture Cpm Gpp G On L Kt Kp Kc T forPTCurve P-T Curve
—dpsi)  CF)  (ksD (k) fhs) (ksl) (L R__{kainch'®) (kstinch™™) (kstinch'®)  °F) [u5) (psig)
- . - - - - - - . - . : - no [
50 2973 088 001 736 865 17.00 100 833 g a0 0.0 70 80
100 8377 185 002 879 1034 AR 1.00 89.8 7.7 §5.1 0.0 700 . 100
150 3658 203 003 870 1182 2427 1.00 44.3 "s 673 649 00 150
185.9 8734 824 003 10.06 1183 25.16 1.00 455 127 70 70.0 70.0 166
200 387.8 380 004 1088 1244 26.96 1.00 470 153 785 7%.1 794 200
250 4062 488 005 1123 1320 20.96 1.00 508 182 89.1 85.6 [ 3 250
300 421 885 006 1178 1386 .57 1.00 $3.3 230 8584 98.0 98,0 800
3125 4257 610 007 1182 1402 3210 1.00 538 240 1018 929.0 999 3128
8125 425.7 6.10 0.07 11.82 1402 82.10 1.00 838 240 1018 05.9 10.0 8125
350 4360 683 007 1228 1445 8363 100 8556 268 1003 105.0 1%0.0 350
400 44885 781 008 1273 1497 3559 1.00 $7.6 30.7 189 111.0 1.0 400
450 459.8 8.78 009 13.13 1545 8745 1.00 59.4 43 1284 162 130.0 450
500 4704 976 010 1351 1588 38.25 1.00 61.1 383 178 120.9 1%0 800
850 480.1 10.73 0.12 1385 1623 4088 1.00 62.7 422 1470 125.1 1%0.0 850
600 486.1 11.71 013 14.17 1667 42.67 1.00 64.1 46.0 156.1 120.0 130.0 €00
614 4818 1198 0.18 1426 1677 4313 1.00 645 4741 158.7 130.0 1300 ¢4
650 ©7e 1268 0.14 1447 1702 4431 100 655 498 1652 1328 128 650
700 805.8 1366 0.15 14.76 1735 4582 X174 64.8 $3.7 1723 1852 1352 700
750 5132 1464 0.1¢ 1503 1767 4749 093 €30 578 178.0 137.2 12 750
800 $20.4 1561 0.17 1528 1797 48.03 088 81.1 613 1836 139.1 130.1 800
850 5273 16.55 018 1553 1826 5055 084 59.1 €s.1 180.3 140.9 1405 850
900 5338 1756 0.19 1576 1853 52.04 0.80 572 [E ] 105.0 142.7 "z 900
850 540.1 1854 020 1598 1880 53.52 0.76 553 727 200.6 444 14 950
1000 85462 19.51 021 1620 19.05 5497 0.73 534 765 206.3 148.1 1461 1000
1050 5520 2049 022 1640 1928 56.40 0.69 514 803 2120 147.7 47.7 1050
1100 8578 2147 023 1660 1952 §7.82 066 495 84.1 2178 145.8 149.3 1100
1180 563.0 2244 024 1678 16.75 8523 083 476 878 2233 150.8 1508 1150
1200 868.2 2342 025 1698 1587 60.82 048 458 818 289 1822 1822 1200
1250 5733 24.39 026 17.186 20.18 €199 056 43.7 85.4 2348 153.7 1837 1250
1300 5782 2537 027 17.33 20.38 63.36 0s3 418 g2 2402 155.0 1850 1300
Attachment to SIR-00-167, Rev. 1 15



Table 10

Tabulated Values for SSES-2 Upper Vessel/Feedwater Nozzle Region Core Not Critical

Adjusted

§§§é§é§§§§&§a§§§§§§§§§§§§§§§§§soF

Curve (Curve B) _
)
Inputs: Plaits  SSES2 .
Component= Upper Vessel \
ARTgr = 300 Fan= Al EFPY
. O ® 20.49 ksi @ 1050 psig
= o ksi © 1050 paig Base Temp
O = 1618 ki@ 545 °F 90 f
Cp = 16.04 ksl @ 8456 °F 80 °F
0,-- 45.0 kd '
Ma= 284
Safety Factor = 20
Flaf,) = 1.8
Temperature Adjustmient = 00 F
Pressure Adjustment = 0.0 psig
Hydro Test Pressure = 1563 psig
Flange RTygr = 100 F
’ Calculsted  Adjusted
Pressurs  Ssturation Tolal  Temperature Tempersture Pressurs for
P Tempersture Cpm G Gun O Cotat C X Kip Kc T torP-TCurve  P-T Curve
fosg) _ (F) (kb QaD (o) Ga) G R _(ustinch™) Gstinch™) (atinch™) () £f)
. - - . - - - . - - - - 700
50 2073 098 001 736 665 17.00 100 338 38 410 0.0 200
100 h <y v 4 185 042 870 1034 21.11 1.00 388 77 85.1 0.0 T0.0
180 8858 293 003 0.79 1152 2427 1.00 4.3 1S5 873 $4.9 700
8878 380 004 1058 1244 26.96 1.00 479 183 7858 69.1 T80
203.7 8894 398 004 1083 1250 2715 1.00 481 156 73 70.0 no
250 4062 488 005 1123 1320 2036 100 808 192 ] 7.6 %8
300 4221 885 006 11.70 1386 31.57 1.00 833 23.0 994 88.0 30
8128 4257 610 007 1182 1402 32.10 1.00 838 240 101.8 89.8 1300
8128 4257 6.10 007 1182 1402 32.10 1.00 83.9 24.0 101.8 88.9 1%0.0
850 436.0 6.83 007 1228 1445 33.63 1.00 556 268 106.3 85.0 100
400 4485 781 008 1273 1497 3589 1.00 576 0.7 1188 1010 1%0.0
450 4508 878 005 13.13 1545 3745 1.00 594 us 1264 1062 1%.0
500 4704 876 010 1351 1588 3925 1.00 (1R} 383 1378 110.9 1%.0
850 480.1 10.73 012 13.85 1629 40.99 1.00 27 422 147.0 181 1%0.0
600 4851 11.71 013 1417 1867 4267 1.00 64.1 460 156.1 118.0 130.0
650 4976 1268 0.44 1447 17.02 4431 1.00 655 459 185.2 1228 1300
700 805.68 1385 015 1476 1735 4592 087 [ %] 83.7 1723 1252 1300
750 5132 1464 016 1503 1767 47.49 083 630 575 178.0 1272 130.0
757 5143 1477 016 1506 17.71 7.7 0.52 6.7 58.0 1787 1274 130.0
800 5204 1561 0.17 1828 1767 49.03 0.88 61.1 613 1836 128.1 130.0
a2s 5239 16.10 0.17 1541 1812 49.79 0.86 0.1 63.2 186.5 130.0 1%.0
850 5273 1658 0.18 1553 1826 8055 084 86.1 85.1 1833 130.8 1%0.9
900 8336 1756 018 15.76 1853 §2.04 0.80 §7.2 68.8 185.0 132.7 127
850 540.1 1854 020 1588 18.80 §3.52 0.76 853 727 200.6 134.4 144
1000 8482 1651 021 1620 19.05 54.67 073 53.4 768 206.3 136.1 1%6.1
1050 8520 2048 022 1640 1928 56.40 0.6% 514 80.3 2120 137.7 1.7
1100 8576 2147 023 1880 1952 §7.82 0.66 4985 84.1 2178 139.3 1.3
1150 883.0 2244 024 1870 1975 59.23 0.e3 476 878 223.3 140.8 140.8
1200 $88.2 2342 025 1898 1997 60.62 058 456 616 226.8 1422 1“2
1250 5738 2433 026 17.18 2018 81.99 0.56 4827 854 2346 1437 4.7
1300 5782 25.37 027 1733 2038 63.36 053 418 982 2402 145.0 1450
Attachment to SIR-00-167, Rev. 1 16



Table 11 '
Tabulated Values for SSES-1 Bottom Head Core Not Critical Curve (Curve B)

Inputs: Plant = SSES-1
Component= Bottom Head (Penetrations Portion)
Vessel thickness, t=  6.1875  inches,so¥t  2.487  +inch
Vessel Radius, R=  126.6875  inches '
Cooldown Rate = 100.0 °F/r
Safety Factor = 2.0
Stress Concentration Factor = 3.0 K
ARTpor = 34.0 °F======>  All EFPY
M, = 2.303
Ky = 9.08 ksi*inch'?
Temperature Adjustment = 0.00 °F )
Height of full vessel = 882.0 inches
Pressure Adjustment = 31.85 psig
Unit Pressure= - 1563 psig
Flange RTypy = 10.0 °F
Fluld Calculated Adjusted Adjusted
Temperature 1/4t Pressure Temperature Pressure for
T Temperature Kic Kip P for P-T Curve 'P-T Curve
P (P (ksi*inch*?) _(ksl!inch'®)  (psig) (3] (pslig)
- - : - - - 70 4]
70 70.0 75.80 33.36 472 70 440
75 75.0 80.28 35.60 503 75 - 471
80 80.0 85.23 38.08 538 80 606
-85 85.0 90.70 40.81 577 85 545
90 90.0 96.75 43.84 620 90 - 588
95 g5.0 103.43 47.18 667 95 635
100 100.0 110.82 50.87 718 100 687
105 105.0 118.98 - 54.95 777 105 745
110 110.0 128.00 - 59.46 841 110 809
115 115.0 137.97 64.45 911 115 879
120 120.0 148.99 69.96 989 120 957
125 125.0 161.17 76.05 1075 125 1043
130 130.0 174.63 82.78 1170 130 1138
135 135.0 189.50 90.21 1275 135 1243
140 140.0 205.94 08.43 13N 140 1360
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Table 12

Tabulated Values for SSES-2 Bottom Head Core Not Critical Curve (Curve B)

A\
\

Inputs: Plant = SSES-2 .
. Component=Bottom Head (Penetrations Portion)
Vessel thickness, t = 6.1875 inches, so Vt 2.487 vinch
Vessel Radius, R=  126.6875 inches
Cooldown Rate = 100.0 °Fhr
Safety Factor = 2.0
Stress Concentration Factor = 3.0
' ARTyor = 240 - Fe=====> ANEFPY
My = 2.303
Ky = 9.08 ksi*inch'?
Temperature Adjustment = 0.00 °F
Height of full vessel = 882.0 inches
Pressure Adjustment = 31.85 psig
Unit Pressure = 1563 psig
Flange RTNDT = 10.0 °F
Fluid Calculated  Adjusted Adjusted
Temperature 1/4t Pressure Temperature Pressure for
T Temperature Klc Kip P for P-T Curve P-T Curve
P °Fp) (ksi*inch'®)  (ksi*inch"?) (psig) _ (°F) (psig)
- .. - - - 70 0
70 70.0 85.23 38.08 538 70 506
75 75.0 90.70 40.81 577 75 545
80 80.0 96.75 43.84 620 80 588
85 85.0 103.43 47.18 ‘667 85 635
‘90 90.0 110.82 50.87 719 Q0 687
095 85.0 118.98 54.95 777 95 745
100 100.0 128.00 59.46 841 100 809
105 105.0 137.97 64.45 911 105 879
110 110.0 148.99 69.96 089 110 957
116 115.0 161.17 76.05 1075 115 1043
120 120.0 174.63 82.78 1170 120 1138
125 125.0 189.50 90.21 1275 125 1243
130 130.0 205.94 98.43 1391 130 1360
Attachment to SIR-00-167, Rev. 1 18



Table 13

Tabulated Values for SSES-1 Core Critical Curve (Curve C) for 35.7 EFPY

lnputs: Plant=  SSES-1
Component = Upper Vessel
ARTyor = 40.0 F .
Cprm = 20.49 ks @ 1050 psig
, O = 022 ksi @ 1050 psig Base Temp
Oy = 16.19 ksl €@ 546 °F 80 °F
O = 19.04 ksl @ 546 °F 80 °F
o". ‘5-0 ksl
M= 254 '
Safety Factor = 20
Flat) = 16
Temperature Adjustment = 00 °F
Pressure Adjustment = 0.0 psig
Hydro Test Pressure = 1563 peig .
Flange RTyor = 10.0 F -
Caiculated  Adjusted Adjusted
Pressure  Saturation ¢ Total Temperature Temperature Pressure for
P Temperstur® Cpm Gt O Ow Croual Kit Kip Kic T forP-TCurve P-T Curve
{psig) (°F) (ksl) (kal) (ksD (ksD) {ks) R _ksPinch™ksPinch*?ksiinch?  (°F) (w7 {psig)
- - - - . - - . - - - - 700 ]
50 2973 0988 001 736 865 17.00 100 833 38 41.0 - 7.0 &0
814 8247 159 002 833 880 18.73 100 87.7 62 502 30.0 700 81
100 3377 195 002 879 1034 2.1 100 896 77 §5.1 42.8 28 100
150 365.8 283 003 €79 1152 24.27 100 448 1ns €738 64.8 1049 150
200 387.8 890 004 1058 1244 26.96 100 478 153 785 798.1 1189 200
250 4062 488 005 1123 1320 28.36 1.00 6808 182 89.1 88.€ 1286 ‘250
800 422.1 585 006 11.70 13.86 8167 100 633 230 9.4 $8.0 190 300
81258 4257 6.10 007 1182 14.02 82.10 100 638 240 1018 89.8 129 3128
3125 425.7 €10 007 1192 14.02 82.10 100 538 240 101.8 89.6 ™mo 3128
350 436.0 683 007 1228 1445 3363 100 656 268 109.3 105.0 ™o 350
400 4485 781 008 1273 14.87 85.59 100 &76 30.7 1188 110 1.0 400
450 458.9 878 009 13.13 1545 37.45 100 694 845 1284 116.2 1700 450
800 4704 876 010 1851 1588 88.25 100 61.1 883 187.8 120.9 1700 600
850 480.1 10.73 012 1885 1629 40.99 ‘100 627 422 147.0 125.1 1700 650
600 488.1 171 013 1417 1667 42,67 100 64.1 48.0 186.1 129.0 1700 600
614 - 4918 1188 013 1426 16.77 43.18 100 645 471 . 188.7 180.0 1700 G1a
650 497.6 1268 0.14 1447 1702 4431 100 658 49.9 1652 1828 17285 650
J00 8056 1866 015 14.76 17.835 45.92 087 648 §3.7 1723 135.2 - 1782 700
750 5132 1464 016 1503 17.67 47.49 083 €30 575 178.0 137.2 m2 750
800 5204 15.61 017 1528 17.87 48,03 088 61.1 613 183.6 139.1 1794 800
850 5273 1658 0.18 1583 18.26 80.55 084 89.1 €5.1 188.3 140.9 1008 850
900 6339 1786 019 15.76 1853 52.04 080 &7.2 €8.9 185.0 1427 . 1|87 800
850 840.1 18.54 020 1598 18.80 £§3.52 Q76 6538 727 200.6 144.4 1844 850
1000 546.2 12.61 021 1620 19.05 5487 073 634 76.5 206.3 146.1 186.1 1000
1050 §52.0 2049 022 1640 1929 56.40 063 614 80.3 2120 147.7 1877 1050
1100 5576 2147 023 16.60 19.582 67.82 066 495 84.1 2176 148.3 . 189.8 1100
11680 563.0 2244 024 16.70 18.75 6623 063 476 878 22338 150.8 180.8 1150
1200 568.2 2342 025 1698 1897 60.62 058 456 91.6 2289 162.2 w2 1200
1250 5783 2439 026 17.16 20.18 61.99 056 437 854 234.6 183.7 16837 1250
1300 5782 25.37 027 17.33 20.88 63.36 053 418 882 2402 155.0 1950 1800
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Table 14
Tabulated Values for SSES-2 Core Critical Curve (Curve C) for 30.2 EFPY

\

)

Adjusted

5@éé§§§§§§§§a§§§§§§§§§§§§§§§§ss°F

Inputs: Plant=  SSES-2
Component= Upper Vesse!
" ARTynr= 30.0 F \
. Opm 2049  ksi€ 1050 psig
Op = 022 ksi © 1050 psig Base Temp
O = 1618 ksi © 546 °F 90 °F
Oy = 18.04 ksi © 848 °F 80 °F
Oy = 45.0 ksi
M, = 254
Safety Factor = 20
Flar) = 16
Temperature Adjustment s 0.0 f
Pressure Adjustment = 0.0 psig
‘Hydro Test Pressure = 1563 psig
Flange RTyor = 10.0 *F
Calculated Adjusted
Pressure  Saturstion Total Tempersture Tempersiure Pressure for
P Tempersture Gy L L= LY Gt Kt Kip Kic T forRTCurve P-T Curve
(psig) F)_ (ksl)  (ksl) (ks __(ks) {ksD) R _kstinch*xstinch™kstinch®  (°F) a7
. - - - - - - - - e - - 00
&0 297.3 098 001 736 885 1700 100 333 38 410 - 700
858 2347 186 o002 863 1022 20.7% 1.00 353 73 840 30.0 70
100 3377 185 o002 878 110 21.11 1.00 S9.8 17 851 2.6 28
150 8658 283 003 078 152 2427 100 443 ns 78] 64.¢ 849
200 8579 390 004 1058 1244 2696 1.00 478 15.3 785 85.1 109.1
250 4082 488 005 1123 1320 20.36 1.00 508 192 89.1 .6 mse
300 4221 8585 006 1179 1385 3157 1.00 833 230 5.4 88.0 12880
8125 4257 6.10 0.07 1182 14.02 32.10 1.00 539 24.0 1018 89.9 1208
3125 425.7 &6.10 007 1182 11402 3210 1.00 539 24.0 1019 80.0 1me
3850 4360 €83 007 1228 1445 33463 1.00 556 268 1003 5.0 ™o
400 4485 781 008 1273 1497 3559 1.00 576 0.7 1189 101.0 me
450 4599 878 ‘009 1313 1545 3745 1.00 594 - U3 1284 1062 7m0
800 4704 €76 010 1351 1588 3025 1.00 61.1 383 1578 1108 o
850 480.1 1073 012 1385 1829 4093 1.00 6.7 422 1470 11851 1700
600 489.1 1171 013 1417 1667 4287 100 641 45.0 186.1 118.0 1700
650 4578 1268 .14 1447 1702 44.31 100 655 459 1852 1228 700
700 8056 1366 0.15 1476 17.35 4592 087 648 537 1723 1252 1700
750 5132 14864 016 1503 17.67 4748 0§53 6320 578 178.0 1272 1700
. 757 8143 1477 0.1€ 1506 11711 4an 0.62 627 88.0 1787 1274 1200
800 5204 1561 017 1528 17.97 48.03 0.88 611 813 183¢ 1201 100
ezs 5238 1610 0.17. 1541 18.12 48.79 0.86 60.1 632 1885 130.0 1700
850 52738 1658 098 1553 1826 50.55 0.84 581 65.1 1893 130.9 178
900 5339 1786 019 1576 1853 52.04 0.80 572 8.9 1850 132.7 77
950 540.1 1884 020 1598 1880 5352 0.76 553 127 2008 134 4 744
1000 5462 1851. 021 1620 19805 5487 0.73 534 765 206.3 136.1 1761
1050 5520 2048 022 1640 1929 56.40 062 514 80.3 2120 137.7 mr
1100 8578 2147 023 1660 1952 5782 0.86 485 84.1 2178 139.3 173
1180 563.0 2244 024 1679 19.75 5823 0.63 478 87.8 2233 140.8 180.8
1200 §66.2 2342 025 1698 1097 60.62 0.58 458 e1e 2289 1422 1822
1250 5733 2439 026 1716 2018 6199 058 43.7 8S.4 2348 143.7 183.7
1300 5782 2537 027 1733 2038 €3.36 0.53 418 89.2 2402 1450 185.0
Attachment to SIR-00-167, Rev. 1 20
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' Figure 1
SSES-1 Pressure Test P-T Curve (Curve A) for 35.7 EFPY
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Figure 2
SSES-2 Pressure Test P-T Curve (Curve A) for 30.2 EFPY
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SSES-1 Core Not Critical Curve (Curve B) for 35.7 EFPY
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Figure 4
SSES-2 Core Not Critical Curve (Curve B) for 30.2 EFPY
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SSES-1 Core Critical Curve (Curve C) for 35.7 EFPY
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Figure 6
SSES-2 Core Critical Curve (Curve C) for 30.2 EFPY
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