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Ladies and Gentlemen:

In accordance with the provisions of 10 CFR 50.90, as required by 10 CFR 50.59(c)(1), Southern
Nuclear Operating Company (SNC) is proposing changes to the Plant Hatch Unit 1 and Unit 2
Technical Specifications, Appendix A to Operating Licenses DPR-57 and NPF-5, respectively.
The proposed changes revise the vessel pressure and temperature (P/T) limit curves. In addition,
SNC is requesting an exemption from the requirements of 10 CFR 50, Appendix G, to allow the
use of ASME Code Cases N-588 and N-640 as the basis for the revised P/T curves.

The proposed P/T curves were developed in accordance with 1989 ASME Code,

Section XI, Appendix G; 10 CFR 50, Appendix G; and ASME Code Cases N-588 and
N-640. The use of the code cases as the basis for the proposed P/T curves constitutes an
alternative to the requirements of 10 CFR 50, Appendix G. 10 CFR 50.60 (b) provides that the
NRC may grant an alternative to these requirements using the procedures for exemption specified
in 10 CFR 50.12. It is noteworthy that an exemption for these same code cases was granted to
Commonwealth Edison Nuclear Stations Quad Cities one and two on February 4, 2000.

The Plant Hatch License Renewal Application submitted to the NRC on February 29, 2000,
contained a set of revised Unit 1 and Unit 2 P/T curves. The Application extended the curves to
54 effective full-power years; however, no credit for the allowances of ASME Code Cases N-588
and N-640 was taken. Once the proposed Technical Specifications changes related to this
submittal are approved, SNC will delete the P/T curves from the License Renewal Application in
a future update.

Enclosure 1 provides a description of the proposed changes, an explanation of and justification
for the changes, and the circumstances necessitating the changes. Enclosure 2 describes SNC’s
determination that the proposed changes do not involve a significant hazards consideration.
Enclosure 3 provides page change instructions for incorporating the proposed Technical
Specifications pages, the revised Technical Specifications pages, and the associated markups of
the current Technical Specifications pages. Enclosure 4 contains the Request for Exemption
from the Requirements of 10 CFR 50, Appendix G.
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cc: Southern Nuclear Operating Company
Mr. P. H. Wells, Nuclear Plant General Manager

Document Management - A2.001

U.S. Nuclear Regulatory Commission, Washington, D.C.
Mr. L. N. Olshan, Project Manager - Hatch

U.S. Nuclear Regulatory Commission, Region II
Mr. L. A. Reyes, Regional Administrator

Mr. J. T. Munday, Senior Resident Inspector - Hatch

State of Georgia
. Mr. L. C. Barrett, Commissioner - Department of Natural Resources
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For information purposes, copies of ASME Code Cases N-588 and N-640; Structural Integrity
Report SIR-00-037, "Revised Pressure-Temperature Curves for Plant Hatch"; and General
Electric Report GE-NE-B1100827-00-01 are provided in Attachments 1, 2, and 3 respectively.

To support the upcoming Unit 1 refueling outage, SNC requests the NRC review and approve the
amendments no later than September 30, 2000. SNC also requests that, once the amendments are
approved, they be issued with an immediate effective date, with implementation no later than

30 days after issuance.

In accordance with the requirements of 10 CFR 50.91, a copy of this letter and all applicable
enclosures will be sent to the designated State official of the Environmental Protection Division
of the Georgia Department of Natural Resources.

Mr. H. L. Sumner, Jr. states he is Vice President of Southern Nuclear Operating Company and is
authorized to execute this oath on behalf of Southern Nuclear Operating Company, and to the best
of his knowledge and belief, the facts set forth in this letter are true.

Respectfully submitted,

H. L. Sumner, Jr.

Sworn toand subscribed beforeme this | ok dayof %:3 an 0 , 2000.

/- . * Notary Public
MY COMMISSION EXPIRES SEPTEMBER 17, 2000

Enclosures:

1.  Description of and Justification for Proposed Changes.

2. 10 CFR 50.92 No Significant Hazards Evaluation and Environmental Assessment.

3. Page Change Instructions, Revised Technical Specifications Pages, and Associated
Marked-Up Pages.

4.  Request for Exemption from the Requirements of 10 CFR 50, Appendix G.

Attachments:

1. ASME Code Cases N-588 and N-640.

2. Structural Integrity Report SIR-00-037, "Revised Pressure-Temperature Curves for Plant
Hatch," Revision 0.

3.  General Electric Report GE-NE-B1100827-00-01.
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Enclosure 1

Edwin 1. Hatch Nuclear Plant
Request to Revise Technical Specifications:
Pressure and Temperature Limits

Description of and Justification for Proposed Changes

Description of Proposed Changes

Southern Nuclear Operating Company (SNC) proposes to revise the Plant Hatch Unit 1 and
Unit 2 Technical Specifications requirements for reactor pressure vessel (RPV) pressure and
temperature (P/T) limits. Changes are proposed to Units 1 and 2 Figures 3.4.9-1, 3.4.9-2,

and 3.4.9-3, which show the P/T limit curves for inservice leakage and hydrostatic testing,
non-nuclear heatup and cooldown, and criticality, respectively. No changes to the Limiting
Condition for Operation or any Surveillance Requirements of Technical Specification 3.4.9 are
proposed.

The P/T curves are being revised to:
1.  Make use of ASME Code Cases N-588 and N-640.

2.  Extend the validity of the curves to 54 effective full-power years (EFPYs). The purpose of
the extension is to account for the possibility of an extended license for Plant Hatch. In
addition, intermediate curves for 36, 40, 44, and 48 EFPYs are included due to the expected
irradiation shift for the Unit 1 RPV. (These intermediate curves are included only in the
Unit 1 pressure test curve.)

The P/T limit curves included in this submittal were prepared by Structural Integrity Associates
Inc., using the allowances of the two code cases. Their report is included as an attachment to this
submittal. Also attached is the General Electric report which provides the basis for the extension
of the curves for license renewal purposes.

Justification for Proposed Changes

A.  Code Case N-640

This code case (Attachment 1) allows use of the K, fracture toughness curve shown on
ASME Code, Section XI, Appendix A, Figure G-2200-1, in lieu of the K, fracture
toughness curve of ASME Code, Section XI, Appendix G, Figure G-2210-1, as the lower
bound for fracture toughness in the development of the P/T limit curves. The other margins
involved with the ASME Code, Section XI, Appendix G, process of determining P/T limits
remain the same.

Use of Code Case N-640 is justified based upon the knowledge gained in the industry since
the fracture toughness curve was created in 1974. Since that time, additional knowledge of
the fracture toughness of materials and their response to applied loads has been acquired.
This additional knowledge demonstrates the lower bound fracture toughness provided by
the K, curve is well beyond the margin of safety required to protect against potential RPV
failure. The K, curve provides an adequate margin of safety as discussed below.
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Enclosure 1
Request to Revise Technical Specifications:
Description of and Justification for Proposed Changes

Use of the K, fracture toughness curve in developing P/T limits provides additional
operating margin for the P/T curves, thus realizing significant benefits primarily for the
pressure test. For example, the lower temperature requirement significantly lowers the
duration of the pressure test. Additionally, a personnel safety benefit is provided while
conducting inspections of the primary containment at elevated temperatures. (Further
justification for Code Case N-640 is provided in Enclosure 4.)

B. Code Case N-588

This code case (Attachment 1) provides relief from the specific requirement of 10 CFR 50,
Appendix G, that Article G-2120 of ASME Code, Section XI, Appendix G, be used to
determine the maximum postulated defects in the RPV for the determination of P/T limits.
Article G-2120 specifies that the postulated defect be in the surface of the material and
normal to the direction of maximum stress. Appendix G also provides a methodology for
determining the stress intensity factors for this maximum postulated defect. The purpose of
the article is to ensure the prevention of nonductile fractures by providing procedures to
identify the most limiting postulated fractures considered in developing the P/T limits.

Code Case N-588 revises the Article G-2120 reference flaw orientation for circumferential
welds in RPVs by eliminating certain unrealistic and overly conservative assumptions. The
code case essentially recognizes existing procedures and controls in the fabrication process
of reactor vessels designed to minimize defects that can be introduced into the weld during
the fabrication process. Also, industry experience with the repair weld indications found
during preservice inspection and data taken from nondestructive and destructive
examinations were considered in developing Code Case N-588. (Further justification for
Code Case N-588 is provided in Enclosure 4.)

C. Extensionto 54 EFPYs

The Units 1 and 2 P/T limit curves are being extended to 54 EFPYs to account for the
possibility of an extended license for Plant Hatch. One of the major considerations for
extended life of the RPV is irradiation of the core region, or beltline. The effect of
irradiation is to shift the reference nil-ductility transition temperature (RT,q4) of the beltline
materials. This shift must be evaluated to meet the requirements of 10 CFR 50,

Appendix G. To encompass the effect of irradiation for extended operation, a maximum
lifetime of 54 EFPYs was used to determine the effect of irradiation and develop the P/T
curves.

GE's evaluation of the effect of an additional 20 years of operation on the P/T limits is
provided in GE-NE-B1100827-00-01 (Attachment 3). New curves incorporating the effect
of the renewal term were generated. The three P/T curves; i.¢., pressure test, non-nuclear
heatup and cooldown, and core critical operation, were updated for the extended operation.
The extended curves ensure the P/T limits are not exceeded during the renewal period.

The code case allowance for all curves has of course been applied to all the curves up to
and including the 54 EFPY curves.
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Enclosure 2

Edwin 1. Hatch Nuclear Plant
Request to Revise Technical Specifications:
Pressure and Temperature Limits

10 CFR 50.92 No Significant Hazards Evaluation and Environmental Assessment

In 10 CFR 50.92(c), the NRC provides the following standards to be used in determining the
existence of a significant hazards consideration:

...a proposed amendment to an operating license for a facility licensed under
50.21(b) or 50.22 for a testing 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; or (2) Create the possibility of
an accident of a new or different kind from any previously evaluated; or (3)
Involve a significant reduction in the margin of safety.

Southern Nuclear Operating Company has reviewed the proposed license amendment request and
determined its adoption does not involve a significant hazards consideration based upon the

following discussion.

Basis for no significant hazards consideration determination

1

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

The changes to the calculational methodology for the pressure and temperature (P/T) limits
based upon Code Cases N-640 and N-588 continue to provide adequate margin in the
prevention of a non-ductile type fracture of the reactor pressure vessel (RPV). The code
cases were developed based upon the knowledge gained through years of industry
experience. P/T curves developed using the allowances of Code Cases N-640 and N-588
indeed yield more operating margin. However, the experience gained in the areas of
fracture toughness of materials and pre-existing undetected defects show that some of the
existing assumptions used for the calculation of P/T limits are unnecessarily conservative
and unrealistic. Therefore, providing the allowances of the subject code cases in
developing the P/T limit curves will continue to provide adequate protection against
nonductile-type fractures of the RPV.

The evaluation for extending the Unit 1 and Unit 2 P/T limit curves to 54 EFPYs was
performed using the approved methodologies of 10 CFR 50, Appendix G, and with the
allowances of code cases N-588 and N-640. The curves generated from these methods
ensure the P/T limits will not be exceeded during any phase of reactor operation.
Therefore, the probability of occurrence and the consequences of a previously analyzed
event are not significantly increased. Finally, the proposed changes will not affect any
other system or piece of equipment designed for the prevention or mitigation of previously
analyzed events.
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Enclosure 2
Request to Revise Technical Specifications:
10 CFR 50.92 No Significant Hazards Evaluation and Environmental Assessment

Thus, the probability of occurrence and the consequences of any previously analyzed event
are not significantly increased as the result of the proposed changes.

2. Do the proposed changes create the possibility of a new or different type of accident from
any previously evaluated.

The proposed changes provide more operating margin in the P/T limit curves for inservice
leakage and hydrostatic pressure testing, non-nuclear heatup and cooldown, and criticality,
with the benefits being primarily realizable during the pressure tests. The revised curves
also extend the P/T limit curves to 54 EFPYs. However, operation in the "new" regions of
the curves have been analyzed with the new P/T curves providing adequate protection
against a nonductile-type fracture of the RPV. Otherwise, the proposed changes do not
result in any new or unanalyzed operation of any system or piece of equipment important to
safety, and as a result, the possibility of a new type event is not created.

3. Do the proposed changes involve a significant reduction in the margin of safety?

As mentioned previously, the revised P/T curves provide more operating margin and thus,
more operational flexibility than the current P/T curves. With the increased operational
margin, a reduction in the safety margin results with respect to the existing curves.
However, the industry experience since the inception of the P/T limits in 1974 confirms
that some of the existing methodologies used to develop P/T curves are unrealistic and
unnecessarily conservative. Accordingly, ASME Code Cases N-640 and N-588 take
advantage of the acquired knowledge by establishing more realistic methodologies for the
development of P/T curves. Therefore, operational flexibility is gained and an acceptable
margin of safety to RPV non-ductile type fracture is maintained.

The extension of the P/T curves to 54 EFPYs was performed per the guidelines of

10 CFR 50, and using code cases N-640 and N-588 and thus, the margin of safety is not

significantly reduced as the result of the proposed changes.

Environmental Assessment

10 CFR 51.22(c) (9) provides criterion for identification of licensing and regulatory actions
eligible for categorical exclusion from performing an environmental assessment. A proposed
amendment to an operating license for a facility requires no environmental assessment if
operation of the facility in accordance with the proposed license 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 off-site;

3. Result in a significant increase individual or cumulative occupational radiation exposure.

Southern Nuclear Operating Company (SNC) has determined that the proposed Technical
Specifications changes described in Enclosure 1 meet the eligibility criteria for categorical
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Enclosure 2
Request to Revise Technical Specifications;
10 CFR 50.92 No Significant Hazards Evaluation and Environmental Assessment

exclusion set forth in 10 CFR 51.229(c) (9). Accordingly, pursuant to 10 CFR 51.22, no
environmental impact statement needs to be prepared in connection with the issuance of the
license amendment for the proposed changes. The basis for this determination using the above
criteria follows:

1.  As demonstrated in this enclosure, the proposed changes do not involve a significant
hazards consideration.

2. The proposed changes do not result in a significant change to the types of effluents or in the
amounts of effluents released offsite. These proposed changes involve the reactor vessel
pressure-temperature limits. They do not involve changes to the radioactive waste
processing systems or to radioactive waste effluent monitors. Accordingly, the changes do
not require the radioactive waste processing systems to perform any different function than
they are designed to perform nor do they change the operation or testing of any such
system.

3. The proposed changes do not result in a significant increase in occupational radiation
exposure. Inspections of primary containment during pressure tests will continue to be
done in accordance with as low as reasonably achievable (ALARA) principles. As
discussed in Enclosure 4, the changes will result in lower temperatures in the primary
containment for the inspectors, but will not result in additional time for inspection. In that
respect, their exposure time will not be increased.
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Enclosure 3
Edwin 1. Hatch Nuclear Plant

Request to Revise Technical Specifications:
Pressure and Temperature Limits

Page Change Instructions

Unit 1
Page Instruction
3.4-25 Replace
3.4-26 Replace
3.4-27 Replace
Unit 2
Page Instruction
3.4-25 Replace
3.4-26 Replace
3.4-27 Replace
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Enclosure 4

Edwin 1. Hatch Nuclear Plant
Request to Revise Technical Specifications:
Pressure and Temperature Limits

Request for Exemption from the Requirements of
10 CFR 50, Appendix G

In accordance with 10 CFR 50.12, Southern Nuclear Operating Company (SNC) is requesting an
exemption from the requirements of 10 CFR 50.60(a) for Edwin L. Hatch Nuclear Plant (HNP)
Unit 1 and Unit 2. The exemption permits the use of ASME Section XI Code Case N-640,
»Alternative Reference Fracture Toughness for Development of P-T Limit Curves, Section XI,
Division 1,” and ASME Section XI Code Case N-588, “Alternative to Reference Flaw Orientation
of Appendix G for Circumferential Welds in Reactor Vessels, Section XI, Division 1," in lieu of
10 CFR 50, Appendix G, paragraph IV.A.2.b.

* Justification for Use of Code Case N-640
(Code Case N-640 is provided in Attachment 1.)

10 CFR 50.12(a) Requirements

The requested exemption to allow use of ASME Code Case N-640 in conjunction with ASME
Code, Section XI, Appendix G, to determine the pressure and temperature (P/T) limits meets
the criteria of 10 CFR 50.12 as discussed below.

10 CFR 50.12 states that the Commission may grant an exemption from requirements
contained in 10 CFR 50 provided:

1. The requested exemption is authorized by law: No law precludes the activities covered by
this exemption request. 10 CFR 50.60(b) allows the use of alternatives to 10 CFR 50,
Appendices G and H when the NRC grants an exemption under 10 CFR 50.12.

2. The requested exemption does not present an undue risk to the public health and safety:
The proposed revision to the P/T limits rely, in part, on the requested exemption. The
revised P/T limits were developed using the Ky, fracture toughness curve shown on
ASME XI, Appendix A, Figure A-2200-1, in lieu of the Ky, fracture toughness curve of
ASME XI, Appendix G, Figure G-2210-1, as the lower bound for fracture toughness. The
other margins involved with the ASME XI, Appendix G process of determining P/T limit
curves remain unchanged.

Use of the Ky, curve in determining the lower bound fracture toughness in the development
of P/T operating limits curve is more technically correct than the Ky, curve. The K curve
models the slow heatup and cooldown process of a reactor vessel. Use of this approach is
justified by the initial conservatism of the Ky, curve when the curve was codified in 1974.
This initial conservatism was necessary due to limited knowledge of reactor pressure
vessel (RPV) material fracture toughness.
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Enclosure 4
Request for Exemption from the Requirements of
10 CFR 50, Appendix G

Since 1974, additional knowledge about the fracture toughness of vessel materials and their
fracture response to applied loads has been gained. The additional knowledge
demonstrates the lower bound fracture toughness provided by the Kj, curve is well beyond
the margin of safety required to protect against potential RPV failure. The lower bound Ky
fracture toughness provides an adequate margin of safety to protect against potential RPV
failure and does not present an undue risk to public health and safety.

There are two primary benefits of P/T curves based on the Ky, limits. They occur during
the pressure test and are: 1) a reduction in the duration of the pressure test and

2) personnel safety while conducting inspections in primary containment at

elevated temperatures.

3. The requested exemption will not endanger the common defense and security: The common
defense and security are not endangered by this exemption request.

4. Special circumstances are present which necessitate the request for an exemption to the
regulations of 10 CFR 50.60: In accordance with 10 CFR 50.12(a)(2), the NRC will
consider granting an exemption to the regulations if special circumstances are present. This
exemption meets the special circumstances of the following paragraphs:

« (i) - Demonstrates the underlying purpose of the regulation will continue to
be achieved.
« (i) - Will result in undue hardship or other cost that are significant if the

regulation is enforced.

(10 CFR 50.12(a)(2)(ii): ASME XI, Appendix G, provides procedures for determining
allowable loading on the RPV and is approved for that purpose by 10 CFR 50, Appendix G.
Application of these procedures in the determination of P/T operating and test curves
satisfies the underlying requirement that:

1) The reactor coolant pressure boundary be operated in a regime having
sufficient margin to ensure, when stressed, the vessel boundary behaves in
a ductile manner and the probability of a rapidly propagating fracture is
minimized; And

2) P/T operating and test limit curves provide adequate margin in
consideration of uncertainties in determining the effects of irradiation on
material properties.

The ASME XI, Appendix G, procedure was conservatively developed based upon the level of
knowledge existing in 1974 concerning RPV materials and the estimated effects of operation.
Since 1974, the level of knowledge concerning these topics has greatly expanded. This
increased knowledge permits relaxation of the ASME XI, Appendix G, requirements via
application of ASME Code Case N-640, while maintaining the underlying purpose of the
ASME Code and NRC regulations to ensure an acceptable margin of safety.
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10 CFR 50.12(a)(2) iii): The reactor coolant system (RCS) pressure-temperature operating
window is defined by the P/T operating and test limit curves developed in accordance with the
ASME XI, Appendix G procedure. Continued operation of HNP Units 1 and 2 with these P/T
curves without the relief provided by ASME Code Case N-640 would unnecessarily restrict the
P/T operating window. This restriction requires the Operations staff to maintain a high
temperature during pressure tests and also subjects inspection personnel to increased safety
hazards while conducting inspections of systems with the potential for steam leaks in a primary
containment at elevated temperatures.

This constitutes an unnecessary burden that can be alleviated by the application of ASME Code
Case N-640 in the development of the proposed P/T curves. Implementation of the proposed
P/T curves, as allowed by ASME Code Case N-640, does not significantly reduce the margin
of safety.

Code Case N-640, Conclusion for Exemption Acceptability

Compliance with the specified requirement of 10 CFR 50.60(a) will result in hardship and unusual
difficulty without a compensating increase in the level of quality and safety. ASME Code Case N-
640 allows a reduction in the lower bound fracture toughness used by ASME XI, Appendix G, in
the determination of reactor coolant P/T limits. This proposed alternative is acceptable, because
the ASME Code case maintains the relative margin of safety commensurate with the margin of
safety that existed at the time ASME XI, Appendix G, was approved in 1974. Therefore,
application of ASME Code Case N-640 for HNP Units 1 and 2 ensures an acceptable margin of
safety and does not present an undue risk to the public health and safety.

Justification for the Use of Code Case N-588
(Code Case N-588 is provided in Attachment 1.)

10 CFR 50.12(a) Requirements:

The requested exemption to allow use of ASME Code Case N-588 to determine stress intensity
factors for postulated flaws and postulated flaw orientation for circumferential welds meets the
criteria of 10 CFR 50.12 as discussed below. 10 CFR 50.12 states that the Commission may grant
an exemption from requirements contained in 10 CFR 50 provided that:

1. The requested exemption is authorized by law: No law precludes the activities covered by
this exemption request. 10 CFR 50.60(b) allows the use of alternatives to 10 CFR 50,
Appendices G and H, when the NRC grants an exemption under 10 CFR 50.12.

2. The requested exemption does not present an undue risk to the public health and safety:
10 CFR 50, Appendix G, requires that Article G-2120 of ASME XI, Appendix G, be used
to determine the maximum postulated defects in RPVs for the vessel P/T limits. These
limits are determined for normal operation and pressure/leak test conditions. Article
G-2120 specifies, in part, that the postulated defect be in the surface of the vessel material
and normal (perpendicular in the plane of the material) to the direction of maximum stress.
ASME XI, Appendix G, also provides methodology for determining the stress intensity
factors for a maximum postulated defect normal to the maximum stress. The purpose of
this article is, in part, to ensure the prevention of nonductile fractures by providing
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procedures to identify the most limiting postulated fractures to be considered in the
development of pressure-temperature limits.

Code Case N-588 provides benefits in terms of calculating P/T limits by revising the
Article G-2120 reference flaw orientation for circumferential welds in reactor vessels. The
reference flaw is a postulated flaw that accounts for the possibility of a prior existing defect
that may have gone undetected during the fabrication process. Thus, the intended
application of a reference flaw is to account for defects that could physically exist within
the geometry of the weldment. The current ASME Section XI, Appendix G approach
mandates the consideration of an axial reference flaw in circumferential welds for purposes
of calculating the P/T limits. Postulating the Appendix G reference flaw in a
circumferential weld is physically unrealistic and overly conservative, because the length
of the flaw is 1.5 times the vessel wall thickness, which is much longer than the width of
circumferential welds. The possibility that an axial flaw may extend from a
circumferential weld into a plate/forging or axial weld is already adequately covered by the
requirement that defects be postulated in plates/forgings and axial welds. The fabrication
of RPVs for nuclear power plant operation involved precise welding procedures and
controls designed to optimize the resulting weld microstructure and provide the required
material properties.

These controls are also designed to minimize defects that could be introduced into the weld
during the fabrication process. Industry experience with the repair of weld indications
found during preservice inspection, inservice nondestructive examinations, and data taken
from destructive examination of actual vessel welds confirms that any remaining defects
are small, laminar in nature, and do not cross transverse to the weld bead. Therefore, any
postulated defects introduced during the fabrication process and not detected during
subsequent nondestructive examinations would only be expected to be oriented in the
direction of weld fabrication. For circumferential welds, this indicates a postulated defect
with a circumferential orientation.

ASME Code Case N-588 addresses this issue by allowing consideration of maximum
postulated defects oriented circumferentially in circumferential welds. ASME Code Case
N-588 also provides appropriate procedures for determining the stress intensity factors for
use in developing reactor pressure vessel P/T limits per ASME XI, Appendix G
procedures. The procedures allowed by ASME Code Case N-588 are conservative and
provide a margin of safety in the development of RPV P/T operating and pressure test
limits that will prevent nonductile fracture of the vessel.

The proposed P/T limits include restrictions on allowable operating conditions and
equipment operability requirements to ensure operating conditions are consistent with the
assumptions of the accident analysis. Specifically, RCS pressure and temperature must be
maintained within the heatup and cooldown P/T limits specified in Technical
Specification 3.4.9. Therefore, this exemption does not present an undue risk to the public
health and safety.
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3. The requested exemption will not endanger the common defense and security: The
common defense and security are not endangered by this exemption request.

4. Special circumstances are present which necessitate the request for an exemption to the
regulations of 10 CER 50.60: In accordance with 10 CFR 50.12(a)(2), the NRC will
consider granting an exemption to the regulations if special circumstances are present.
This exemption meets the special circumstances of the following paragraphs:

« (@Q)i) - Demonstrates that the underlying purpose of the regulation will
continue to be achieved;

« (a)(2)(ii)) - Will result in undue hardship or other costs that are significant if the
regulation is enforced and;

10 CFR 50.12(a)(2)(ii): The underlying purpose of 10 CFR 50, Appendix G and ASME
XI, Appendix G, is to satisfy the underlying requirement that:

1) The reactor coolant pressure boundary be operated in a regime having
sufficient margin to ensure that when stressed the vessel boundary
behaves in a non-brittle manner and the probability of a rapidly
propagating fracture is minimized; And

2) P/T operating and test curves provide margin in consideration of
uncertainties in determining the effects of irradiation on material
properties.

Application of ASME Code Case N-588 when determining P/T operating and test limit curves
per ASME XI, Appendix G, provides appropriate procedures for determining limiting
maximum postulated defects and considering those defects in the P/T limits. This application
of the code case maintains the margin of safety originally contemplated when ASME XI,
Appendix G was developed. Therefore, use of ASME Code Case N-588, as described above,
satisfies the underlying purpose of the ASME Code and the NRC regulations to ensure an
acceptable level of safety.

10 CFR 50.12(a)(2)(iii): The RCS P/T operating window is defined by the P/T operating and
test curves developed in accordance with the ASME XI, Appendix G procedure. Continued
operation with these P/T curves without the relief provided by ASME Code Case N-588 will
unnecessarily restrict the P/T operating window for Units 1 and 2. This restriction requires the
Operations staff to maintain a high temperature during pressure tests and also subjects
inspection personnel to increased safety hazards while conducting inspections of systems with
the potential for steam leaks in a primary containment at elevated temperatures.

This constitutes an unnecessary burden that can be alleviated by the application of ASME Code
Case N-588 in the development the proposed P/T curves. Implementation of the proposed P/T
curves as allowed by ASME Code Case N-588 maintains an acceptable margin of safety.
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ASME Code Case N-588. Conclusion for Exemption Acceptability

Compliance with the specified requirements of 10 CFR 50.60 will result in hardship or unusual
difficulty without a compensating increase in the level of quality and safety. ASME Code Case N-
588 allows postulation of a circumferential defect in circumferential welds to be considered in lieu
of requiring the defect to be oriented across the weld from one plate or forging to the adjoining
plate or forging. This circumstance was not considered at the time ASME XI, Appendix G was
developed and imposes restrictions on P/T operating limits beyond those originally contemplated.

This proposed alternative is acceptable, because the Code Case N-588 maintains the relative
margin of safety commensurate with the margin of safety that existed at the time ASME XI,
Appendix G, was approved in 1974. Therefore, application of ASME Code Case N-588 will
ensure an acceptable margin of safety. The approach is justified by consideration of the
overpressurization design basis events and the resulting margin to RPV failure.

Restrictions on allowable operating conditions and equipment operability requirements are
established to ensure operating conditions are consistent with the assumptions of the accident
analysis. Specifically, RCS pressure and temperature must be maintained within the heatup and
cooldown rate-dependent P/T limits specified in Technical Specification 3.4.9. Therefore, this
exemption does not present an undue risk to the public health and safety.
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Case N-588

Alternative to Reference Flaw Orientation of
Appendix G for Circumferential Welds in
Reactor Vessels

Section XI, Division 1

Inquiry: Paragraph G-2120 specifies that postulated reference defects should
be sharp, surface defects oriented normal to the direction of maximum stress.
What alternative rules may be used for postulating a reference defect in a
circumferential welds?

Reply: Tt is the opinion of the Committee that, as an alternative to the
procedure for assuming axially oriented reference defects in all welds and base
metal per G-2120, a circumferential orientation may be used specifically for
circumferential welds.
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CASES OF ASME BOILER AND PRESSURE VESSEL CODE
-1000 INTRODUCTION
-1100 Scope

This Case presents an alternative procedure for calculating
applied stress intensity factors during normal operation and
pressure test conditions. The procedure is based upon the
principles of linear elastic fracture mechanics. At each
location being investigated a maximum postulated defect is
assumed, and the mode [ stress intensity factor K; is
produced by each of the specified pressure and thermal
loadings. Different procedures are recommended for axial
and circumferential weld orientations.

2100 GENERAL REQUIREMENTS
=2120 Maximum Postulated Defects

The postulated defect used in this recommended
procedure are sharp, surface defects oriented axially for
plates, forgings and axial welds, and oriented circum-
ferentially for circumferential welds. For section thicknesses
of 4 in. to 12 in. The postulated defects have a depth of
one-fourth of the section thickness and a length of 11/2 times
the section thickness. Defects are postulated at both the
inside and outside surfaces. For sections greater than 12 in.
thick, the postulated defect for the 12 in. section is used. For
sections less than 4 in. thick, the 1 in. deep defect is
conservatively postulated. Smaller defect sizes' may be used
on an individual case basis if a smaller size of maximum
postulated defect can be ensured. Due to the safety factors
recommended here, the prevention of nonductile fracture is
ensured for some of the most important situations even if the
defects were to be about twice as large in linear dimensions

as this postulated maximum defect.

-2200 Level A and Level B Service Limits

-2210  Shells and Heads Remote from
Discontinuities

-2211 Recommendations

The assumptions of this Subarticle are recommended for
shell and head regions during Level A and B Service Limits.

"WRCB 175 (Welding Research Council Bulletin 175) “PVRC

Recommendations on Toughness Requirements for Ferritic Materials"
provides procedures in para. 5(cX2) for considering maximum postu-
lated defects smaller than those described.

<2212 Material Fracture Toughness
-2212.1 Reference Critical Stress Intensity Factor for

Material. The K;, values of Fig. G-2210-1 are
recommended.

CASE (continued)
N-588

«2212.2 Irradiation Effects. Subarticle A-4400 of Appendix
A is recommended to define the change in reference critical
stress intensity factor due to irradiation.

-2213 Maximum Postulated Defects

The recommended maximum postulated defects are
described in -2120.

-2214 Calculated Stress Intensity Factors

-2214.1 Membrane Tension. The KX; corresponding to
membrane tension for the postulated axial defect of -2120 is
K = M ,, x (pRy/t), where M,, for an inside axial surface
flaw is given by

M, =185 for\t<2

M,, = 0.926 \t for 2 <\t <3.464

M,, = 3.21 for Nt > 3.464
Similarly, M,, for an outside axial surface flaw is given by

M, =177 for\t<2

M,, = 0.893 \t for 2 <Vt <3.464

M,, = 3.09 for Nt < 3.464
where

p = internal pressure (ksi)

R; = vessel inner radius (in.)

t=vessel wall thickness (in.)

The K; corresponding to membrane tension for the
postulated circumferential defect of -2120 is Kps =
M,, x (pR/t), where M, for an inside circumferential surface
defect is given by

M,,=0.89 for Nt <2

M,, = 0.443 Nt for 2 <t < 3.464

M,, = 1.53 for \t > 3.464
Similarly, M,, for an outside circumferential surface defect is
given by

M, =0.89for\t<2

M, = 0.443 \t for 2 <\t <3.464

M,, = 1.53 for \t > 3.464

-2214.2 Bending Stress. The K; corresponding to bending
stress for postulated axial or circumferential defects of -2120
is K = M, x maximum bending stress, where M, is
two-thirds of M,, .

-2214.3 Radial Thermal Gradient. The maximum K;
produced by a radial thermal gradient for a postu-
lated axial or circumferential inside surface defect of
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-2120 is Ky = 0.953 x 107 x CR x t »* where CR is the
cooldown rate in F/hr., or, for a postulated axial or
circumferential outside surface defect, Ky = 0.753 x 102 x
HU x t2* ;where HU is the heatup rate in F/hr.

The through-wall temperature difference associated with
the maximum thermal K can be determined from Fig.
G-2214-1. The temperature at any radial distance from the
vessel surface can be determined from Fig. G-2214-2 for the
maximum thermal Xz

(@) The maximum thermal K; and the temperature
relationship in Fig. G-2214-1 are applicable only for the
conditions in -2214.3(a)(1) and (2).

(1) An assumed shape of the temperature gradient is
approximately as shown in Fig. G-2214-2.

(2) The temperature change starts from a steady state
condition and has a rate, associated with startup and
shutdown, less than about 100°F/hr. The results would be
overly conservative if applied to rapid temperature changes.

(b) Alternatively, the X; for radial thermal gradient can be
calculated for any thermal stress distribution at any specified
time during cooldown for a Yi-thickness axial or
circumferential surface defect.

For an inside surface defect during cooldown

K = (1.0359Co +0.6322C, + 0.4753C, + 0.3855C3) Vna
For an outside surface defect during heatup
Kn = (1.043Co +0.630C; + 0.481C, + 0.401C3) Vma

The coefficients Co, C,, C,, and C; are determined from the
thermal stress distribution at any specified time during the
heatup or cooldown using

0 9=Co +C, (x/a) + C, (/a)’ + C; (¥/a)’

where x is a dummy variable that represents the radial
distance, in., from the appropriate (i.e., inside or outside)
surface and a is the maximum crack depth, in.

(c) For the startup condition, the allowable pressure vs.
temperature relationship is the minimum pressure at any
temperature, determined from (1) the calculated steady
state results for the Y-thickness inside surface defect,

(2) the calculated steady state results for the Ya-thickness
outside surface defect, and (3) the calculated results for the
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maximum allowable heatup rate using a Y-thickness outside
surface defect.

-2215 Allowable Pressure

The equations given in this Subarticle provide the basis
for determination of the allowable pressure at any
temperature at the depth of the postulated defect during
Service Conditions for which Level A and Level B Service
Limits are specified. In addition to the conservatism of these
assumptions, it is recommended that a factor of 2 be applied
to the calculated X; values produced by primary stresses. In
shell and head regions remote from discontinuities, the only
significant loadings are: (1) general primary membrane
stress due to pressure; and (2) thermal stress due to thermal
gradient through the thickness during startup and shutdown.
Therefore, the requirement to be satisfied and from which
the allowable pressure for any assumed rate of temperature
change can be determined is:

2K|m + K)( < Klq

throughout the life of the component at each temperature
with K, from -2214.1, K, from -2214.3, and K,, from Fig.
G-2210-1.

The allowable pressure at any temperature shall be
determined by the following procedure:

(a) For the startup condition, consider postulated defects
in accordance with -2120, perform calculations for thermal
stress intensity factors due to the specified range of heatup
rates from -2214.3, calculate the Kja toughness for all vessel
beltline materials from -2212 using temperatures and RTypr
values for the corresponding locations of interest, and
calculate the pressure as a function of coolant inlet
temperature for each material and location. The allowable
pressure vs. temperature relationship is the minimum
pressure at any temperature determined from (1) the
calculated steady-state (x = 0) results for the % thickness
inside surface postulated defects using the equation:

Ki/2Mn) * (UR)

and (2) the calculated results from all vessel beltline
materials for the heatup stress intensity factors using

P=

@M
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the corresponding % thickness outside surface postulated defects and
the equation

P =[(Ky-Ki/2Mn] * (R)

(b) For the cooldown condition, consider postulated defects in
accordance with -2120, perform calculations for thermal stress intensity
factors due to the specified range of cooldown rates from -2214.3,
calculate the K, toughness for all vessel belthne materials from -2212
using temperatures and RTypr values for the corresponding locations of
interest, and calculate the pressure as a function of coolant inlet
temperature for each material and location using the equation:

P =[(Ksu-Ki)/2Mn] * (VR)

The allowable pressure vs temperature relationship is the minimum
pressure at any temperature, determined from all vessel beltline
materials for the cooldown stress intensity factors using the
corresponding 1/4 thickness inside surface postulated defects.
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Case N-640

Alternative Reference Fracture Toughness for
Development of P-T Limit Curves

Section X1, Division 1

Inquiry: May the reference fracture toughness curve Ky, as found in
Appendix A of Section XI, be used in lieu of Fig. G-2210-1 in Appendix G
for the development of P-T Limit Curves?

Reply: 1t is the opinion of the Committee that the reference fracture
toughness Ky of Fig. A-4200-1 of Appendix A may be used in lieu of Fig.
G-2210-1 in Appendix G for the development of P-T Limit Curves. When
this 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.
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Structural Integrity Associates, Inc.

March 31, 2000
GLS-00-017
SIR-00-037, Rev. 0

Mr. Marty Sims

Southern Nuclear Operating Co.

P.O. Box 1295

40 Inverness Center Parkway
Bin B052

Birrningharri, Alabama 35201

Subject: Revised Pressure-Temperature Curves for Hatch

Reference: Southern Nuclear P.O. No. 6043370, Req. No. HPBH-000281, BOWA #00-03

Dear Marty:

3315 Atmaden Expressway
Suite 24

San Jose, CA 95118-1557
Phone: 408-978-8200
Fax: 408-978-8964
www.structint.com
gstevens @structint.com

The attachment to this letter documents the revised set of pressure-temperature (P-T) curves developed
for Hatch Units 1 and 2. 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 both Hatch units for 20, 32, and 54 effective full power years (EFPY). The curves were developed in
accordance with the 1989 ASME Code, Section XI, Appendix G, U.S. 10CFR 50 Appendix G, and
ASME Code Cases N-588 and N-640.

The inputs, methodology, and results for this effort are summarized in the attachment. The calculations
for this work (SNOC-22Q-301, -302, and -303) are also attached.

This transmittal completes the work associated with this effort. Thank you for providing SI with the
opportunity to provide these services to Southern Nuclear. I hope you find the work to be satisfactory
and that it meets your needs and expectatlons

Prepared By: /%g /mmd, 3/3!/00 Reviewed By: / %/M
Gary

. Stevens, P.E. H. L. Gustin, P. E.
Associate Associate

Approved By: /%% ' 4 . /47{74'«(4« 5/ 3'109

Gary L. Stevens, P. E.
Associate

i)
Attachment
cc: SNOC-22Q-106, -401

San Jose, CA Siiver Spring, MD Akron, OH Pompano Beach, Fl Charlotte, NC Corpus Christi, TX
408-978-8200 301-589-2323 330-864-8886 954-917-2781 704-573-1369 512-879-0053



ATTACHMENT

REVISED P-T CURVES FOR HATCH

1.0 Introduction

This attachment documents the revised set of pressure-temperature (P-T) curves developed for
Hatch Units 1 and 2. This work includes a full set of updated P-T curves (i.e., pressure test,
core not critical, and core critical conditions) for both Hatch units for 20, 32, and 54 effective
full power years (EFPY). The curves were developed using the same methodology described in
the Reference [1] report, modified to incorporate the methodology specified in ASME Code
Cases N-588 [2] and N-640 [3]. The Reference [1] report developed curves in accordance with
the 1989 ASME Code, Section X1, Appendix G [4], 10CFR50 Appendix G [5], and WRC-175
[6]. The improvement realized from these modified curves is as much as 60°F, and is primarily
obtained from using the arrest fracture toughness, Kic, in accordance with Code Case N-640.

2.0 RTnpr Determination

RTnpr estimates were developed for the Hatch reactor pressure vessel (RPV) materials in
accordance with Regulatory Guide 1.99, Revision 2 (RG 1.99) [7] for the different EFPY levels
required for this work, and are shown in Table 1 for Hatch Unit 1 and Table 2 for Hatch Unit 2.
The inputs used for the calculations were based on the data documented in Reference [1]. The
fluence estimates used in Tables 1 and 2 account for power uprate conditions. '

3.0  P-T Curve Methodology

The P-T curve methodology is based on the requirements of References [2] through [5]. The
approach taken is identical to that documented in Reference [1], except for the incorporation of
Code Case N-588 [2] and N-640 [3]. This revised approach includes the following:

e Kjc was used in place of Kj4 in accordance with Code Case N-640 [3]:

K o = 20.734 !* % “A¥Twor)l | 33 5

where: T = metal temperature at assumed flaw tip (°F)
= conservatively set equal to the fluid temperature
ARTnpr = adjusted reference temperature for location under
consideration and desired EFPY (°F)
Kic = critical stress intensity factor (ksi\/inch)
g Note that a maximum value of 200 ksivinch is allowed, per Ref. [4]. .
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~ o For the beltline region, the thermal stress intensity factor, Kr, was calculated for a
cooldown transient in accordance with Code Case N-588 [2]:

Kir=9.53x10 CR >3

thermal stress intensity factor (ksi\f inch)
transient cooldown rate (°F/hr)
vessel wall thickness (inches)

where: Kt
CR
t

e For the beltline region, the allowable pressure, P, was calculated in accordance with Code
Case N-588 [2] for an inside surface axial flaw:

where: . M, = membrane stress correction factor
Cm = membrane stress due to pressure (ksi)
= PR/ :
P = pressure (ksi)
R = vessel radius (inches)
t = vessel wall thickness (inches)
Thus, P = Kpt/(RMp,)

Note that Code Case N-588 is not applicable for the bottom head or upper'vessel regions, as the
stress intensity factor relationships are for shells and heads remote from discontinuities.

All other aspects of the methodology detailed in Reference [1] was maintained for the revised
P-T curves. The supporting calculations for the curves are contained in References [8] through
[10]. The resulting P-T curves relate the minimum required reactor metal temperature to the
reactor pressure.

4.0 P-T Curves

The resulting P-T curVes are shown in Figures 1 through 9 for Hatch Unit 1, and in Figures 10
through 18 for Hatch Unit 2. Tabulated values of pressure and temperature for these figures
can be found in supporting References [8] through [10].

Combined P-T curves and tabulated values for Hatch Operations personnel to use are included
in Appendix A for Unit 1 and Appendix B for Unit 2.
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Table 1
RTnpr Estimates for Hatch Unit 1

Hatch Unit 1 Limiting RPV Material ART ,p; Calculations @

Chemistry Chemistry Adjustments For 1i4t
PartName & Heat Initial RTywr Factor ARTwr Margin Terms | ARTygy
Material No. CF) [ cumt%) | Nigwt%) CF) EFPY ) INGEETG NG
BELTLINE C4114-2 -20 0.13 0.70 245 200 96.7 170 00 | 1107
(Lower Int. Shell) 24.0 1056 170 00 | 1196
: 280 1134 17.0 00 | 1274
320 1206 170 00 { 1346
36.0 1270 170 00 | 1410
400 1335 17.0 00 | 1475
440 1397 . 17.0 00 | 1537
480 1454 170 00 | 1594
54.0 153.2 170 00 | 167.2
Wall Thickness {inches) Fluence at ID | Attenuation @ 1/4t| Fluence @ 1/4t|Fluence Factor, FF
Location Full 144t EFPY {nicm®) gt {nicm?) {028 S1vg Comment
BELTLINE 5.380 1.345 200 1.23E+18 0.724 8.93E+17 0.395 The fluence was linearly interpolated based on 36 EFPY.
{Lower Int. Shell) . 240 148E+18 0.724 107E+18 0431 The fluence was linearly interpolated based on 36 EFPY.
280 1.73E+18 0724 1.25E+18 0463 The fluence was linearly interpolated based on 36 EFPY.
320 197E+18 0.724 143E+18 0492 The fluence was linearly interpolated based on 36 EFPY.
36.0 222E+18 0.724 161E+18 0518 The fluence was assumed such that the resulting ART matched that given in (1].
400 249E+18 0.724 1.80E+18 0545 The fiuence was assumed such that the resulting ART matched that given in [1).
- 440 277E+18 0.724 2.01E+18 0570 The fluence was assumed such that the resulting ART matched that given in {1,
3 48.0 3.05E+18 0.724 221E+18 0593 The fluence was assumed such that the resuiting ART matched that given in {1).
0 54.0 347E+18 0.724 251E+18 0.625 The fluence for this EFPY was given in [1].

Note: 1. Data obtained from Table 3-1 {page 8} of {1].

0| ‘sejeio0ssy Aibapuy jeimanng | 2
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Table 2
RTupr Estimates for Hatch Unit 2

Hatch Unit 2 Limiting RPV Material ART ypr Calculations

Chemistry Chemistry Adjustments For 1i4t
Part Name & Heat Initial RTypy ) Factor ARTygy Margin Terms | ARTypr
Material No. CF) Cu(wt%) | Nif{wt%) CF) EFPY CF) op (F) |o; CFY CF)
BELTLINE C8553-1 24 0.08 058 51 200 16.7 134 0.0 675
{Lower Plate) 240 184 134 (s11] 69.2
280 198 134 00 | 706
320 21.2 134 00 | 720
36.0 224 134 00 { 732
400 235 134 00 | 743
440 246 134 00 | 754
480 255 134 00 | 763
540 269 134 00 | 777
Wall Thickness (inches) Fluence at ID | Attenuation @ 1/4t| Fluence @ 1/4t| Fluence Factor, FF
Location Full 144t EFPY {niem?) i (niem?) {i928-040lag 1) Comment
BELTLINE 5.380 1.345 20.0 8.56E+17 0.724 6.20E+17 0.328 The fluence was linearly interpolated based on 54 EFPY.
({Lower Plate) (see Note 2) 240 1.03E+18 0.724 743E+17 0.360 The fluence was linearly interpolated based on 54 EFPY.
280 1.20E+18 0.724 8.67E+17 0.389 The fluence was linearly interpolated based on 54 EFPY.
320 1.37E+18 0.724 991E+17 0415 The fluence was linearly interpofated based on 54 EFPY.
36.0 1.54E+18 0.724 1.12E+18 0439 The fluence was linearly interpolated based on 54 EFPY.
400 1.71E+18 0.724 1.24E+18 0.461 The fluence was linearly interpolated based on 54 EFPY.
440 1.88E+18 0.724 1.36E+18 0482 The fluence was linearly interpolated based on 54 EFPY.
480 2.05E+18 0.724 149E+18 0.501 The fluence was linearly interpolated based on 54 EFPY.
- 540 2.31E+18 0.724 1.67E+18 0528 See Note 2.

Note: 1. Data obtained from Table 3-2 (page 8 of [1).
2. The Reference [1] report developed a bounding P-T curve by using the smaller lower weld thickness, combined with the thicker lower plate material properties.
For this analysis, the smaller thickness is shown (since the P-T curves are based on this thickness), but the ID fluence was adjusted to yield a 1/4t fluence that
matched the value in Table 3-2 of Reference 1] for the limiting thicker plate. Therefore, the ID fluence value for 54 EFPY was iterated until the appropriate calculated
value at 1/4t was obtained. In effect, the values shown inthis table reconcile the analysis case with the bounding case documented in Reference [1].
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Figure 1
Pressure Test Curve for Hatch Unit 1 for 20 EFPY
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Figure 2 A
Pressure Test Curve for Hatch Unit 1 for 32 EFPY
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Figure 3 »
Pressure Test Curve for Hatch Unit 1 for 54 EFPY
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Figure 4
Core Not Critical Curve for Hatch Unit 1 for 20 EFPY
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Figure 5
Core Not Critical Curve for Hatch Unit 1 for 32 EFPY
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Figure 6
Core Not Critical Curve for Hatch Unit 1 for 54 EFPY
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Figure 7

Core Critical Curve for Hatch Unit 1 for 20 EFPY
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Figure 8
Core Critical Curve for Hatch Unit 1 for 32 EFPY
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Figure 9
Core Critical Curve for Hatch Unit 1 for 54 EFPY
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Figure 10
Pressure Test Curve for Hatch Unit 2 for 20 EFPY
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: Figure 11
Pressure Test Curve for Hatch Unit 2 for 32 EFPY
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Figure 12
Pressure Test Curve for Hatch Unit 2 for 54 EFPY
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Figure 13 _
Core Not Critical Curve for Hatch Unit 2 for 20 EFPY
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Figure 14
Core Not Critical Curve for Hatch Unit 2 for 32 EFPY

1,400

]

1,300 : !
!
!

1,200

/
1,100 ,I

1,000 2

900

800 £

700

500 £

%

/

»

500 2

t

!

I

I

1

I

!

]

|

|

]

I

I

400

PRESSURE LIMIT IN REACTOR VESSEL TOP HEAD (psig)

300

— = Beltline
200

- = = =~Bottom Head

100 Upper Vessel

0 50 100 150 200 250 300 350 400
MINIMUM REACTOR VESSEL METAL TEMPERATURE {°F)

Unit 2 Core Not Critical Curve (Curve B), 32 EFPY

-00- T ' . ,
Attachment to SIR-00-037, Rev. 0 19 <o L Structural Integrity Associates, Inc.



o . Figure 15 _
Core Not Critical Curve for Hatch Unit 2 for 54 EFPY
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Figure 16 _
Core Critical Curve for Hatch Unit 2 for 20 EFPY
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Figure 17 ‘
Core Critical Curve for Hatch Unit 2 for 32 EFPY
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Figure 18
Core Critical Curve for Hatch Unit 2 for 54 EFPY
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Appendix A

Combined P-T Curves and Tabulated Values
For
Hatch Unit 1
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Table A-1
Tabulated Pressure Test P-T Curves for Hatch Unit 1

UNIT 1, CURVE A
20 EFPY 32 EFPY 54 EFPY
Bottom Head Upper Vessel and Beltline  Upper Vessel and Beltline  Upper Vessel and Beltline
Temperature Pressure Temperature Pressure Temperature Pressure Temperature Pressure

CF) {psig) Ch {psig) Cch {psig) ChH {psig)

68.0 0.0 76.0 00 76.0 0.0 76.0 0.0
58.0 1005.0 76.0 3125 76.0 3125 . 76.0 3125
73.0 1076.4 106.0 3125 108.0 3125 106.0 31258
78.0, 1164.2 106.0 7450 108.0 640.0 106.0 555.0
83.0 1240.3 108.0 760.8 108.0 647.5 108.0 553.9
88.0 1335.4 1130 7922 113.0 666.9 113.0 569.0
93.0 1440.4 118.0 8268 118.0 658.4 118.0 580.2
98.0 1556.6 1230 865.1 123.0 7122 1230 5326
1280 8075 128.0 738.4 128.0 606.3

133.0 9642 133.0 767.4 133.0 621.4

1380 1006.0 138.0 7995 138.0 638.1

1430- 1063.1 1430 834.9 143.0 656.6

148.0 1126.3 148.0 874.1 148.0 677.0

163.0 1196.1 153.0 9174 153.0 B99.5

158.0 12732 158.0 965.2 158.0 724.4

163.0 1388.5 163.0 1018.0 163.0 762.0

168.0 1452.7 168.0 1076.5 168.0 782.4

173.0 - 1556.8 173.0 11410 173.0 816.1

178.0 1212.4 178.0 853.2

183.0 1281.2 183.0 894.3

188.0 1378.4 188.0 939.7

193.0 14747 183.0 983.9
198.0 1681.2 198.0 1045.4
203.0 1108.7
208.0 1174.4
213.0 1249.2
218.0 1332.0
2230 1423.4
2280 1524.5

-00- . T . .
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Table A-2
Tabulated Core Not Critical P-T Curves for Hatch Unit 1

UNIT 1, CURVE B
20 EFPY R EFPY 54 EFPY
Bottom Head Upper Vessel and Beltline  Upper Vessel and Beltlins Upper Vessel and Beltline
Temperature Pressure Temperature Pressure Temperature Pressure Temperature  Pressure
CF) {psig) CH {psig) h (psigq) Ch {psig)
68.0 0.0 76.0 0.0 76.0 0o 76.0 0.0
68.0 754.5 76.0 170.0 76.0 170.0 76.0 170.0
730 B07.3 76.9 180.0 768 180.0 76.9 180.0
78.0 B65.7 79.0 190.0 790 190.0 790 180.0
83.0 930.2 81.1 2000 B1.1 2000 81.1 200.0
88.0 10015 83.0 210.0 83.0 2108 830 2100
930 1080.3 848 2200 84.8 2200 848 2200
g8.0 1167.4 86.6 230.0 86.6 2300 86.6 2300
103.0 1263.7 88.3 240.0 88.3 240.0 883 240.0
108.0 1370.1 89.9 250.0, 89.8 250.0 89.8 250.0
113.0 1487.7 914 260.0 91.4 260.0 91.4 ' 260.0
118.0 1519.0 929 270.0 92.9 © 270.0 928 2700
94.3 280.0 84.3 2800 94.3 2800
g95.7 290.0 95.7 280.0 95.7 250.0
970 3000 g7.0 3000 97.0 3000
9.3 3100 98.3 3100 98.3 310.0
88.7 3125 98.7 3125 987 N25
136.0 3125 136.0 3125 136.0 3125
136.0 675.0 136.0 526.0 136.0 3200
140.0 707.3 1410 551.5 - 136.0 330.0
145.0 7519 146.0 579.7 136.0 3400 -
150.0 801.2 151.0 610.8 136.0 3800
155.0 855.7 156.0 645.3 136.0 380.0
160.0 91589 161.0 6383.4 136.0 3700
165.0 982.5 166.0 7255 136.0 380.0
170.0 1056.0 171.0 7720 136.0 " 3900
175.0 1137.3 176.0 B23.5 138.0 400.0
180.0 11227.2 181.0 880.3 136.0 4100
185.0 1326.4 186.0 - 9431 140.0 420.2
190.0 1436.2 1910 1012.5 145.0 4346
195.0 1557.4 186.0 1089.2 150.0 480.5
201.0 1174.0 155.0 468.1
206.0 1267.7 160.0 487.6
2110 1371.2 165.0 508.1
216.0 1485.6 170.0 5328
221.0 1612.1 175.0 5691
180.0 588.1
1850 620.2
1900 655.6
1950 634.8
200.0 738.1
2050 7859
. 2100 §38.8
2150 897.2
220.0 961.8
2250 1033.2
2300 11121
2350 1199.3
2400 128586
2450 1402.1
250.0 1519.8
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Table A-3
Tabulated Core Critical P-T Curves for Hatch Unit 1

UNIT 1. CURVE C

20 EFPY 32 EFPY 54 EFPY
Upper Vessel and Beltline  Upper Vessesl and Beltfine Upper Vessel and Beltline

Temperature Pressure Temperature Pressure Temperature Pressure

Ch (psig) CF) {psig) F) (psig)
76.0 0.0 , 76.0 0o 76.0 0.0
76.0 60.0 76.0 60.0 76.0 B0.0
77.2 70.0 77.2 70.0 772 700
83.2 80.0 83.2 80.0 83.2 80.0
86.4 20.0 §8.4 90.0 88.4 80.0
929 100.0 929 100.0 929 100.0
96.9 1100 96.9 110.0 96.9 110.0
100.5 1200 100.5 120.0 100.5 1200
103.8 130.0 103.8 130.0 103.8 130.0
106.8 140.0 106.8 140.0 106.8 140.0
108.6 150.0 109.6 150.0 109.6 150.0
112.2 160.0 1122 160.0 112.2 160.0
114.6 170.0 114.6 170.0 114.6 170.0
116.9 180.0 116.9 180.0 116.9 180.0
119.0 180.0 119.0 180.0 118.0 1900
1211 200.0 1211 200.0 1211 200.0,
123.0 2100 123.0 2100 123.0 2100
1248 2200 1248 2200 . 1248 2200
126.6 2300 126.6 2300 126.6 230.0
128.3 240.0 128.3 2400 128.3 240.0
129.8 2500 1288 2500 1299 2500
131.4 260.0 131.4 2600 131.4 260.0
132.9 2700 1329 270.0 132.9 2700
134.3 2800 1343 280.0 1343 2600
1357 2900 1357 2800 135.7 2900
137.0 300.0 -137.0 300.0 1370 . 3000
138.3 310.0 138.3 3100 138.3 3100
138.7 3125 138.7 3125 | 138.7 . 325
178.0 325 176.0 3125 203.0 3125
176.0 674.7 176.0 5268 203.0 4817
181.0 7168 181.0 5515 206.0 5138
186.0 761.4 186.0 5797 2110 537.9
1910 - 8.7 181.0 8109 216.0 564.7
196.8 867.3 186.0 8453 210 5943
201.0 9287 201.0 6834 226.0 827.0
206.0 996.6 206.0 7285 2310 663.1
2110 1071.7 2110 7720 236.0 7031
216.0 1154.8 216.0 8235 241.0 747.3
210 1248.2 2210 880.3 - 2480 796.1
226.0 1347.5 226.0 9431 2510 850.0
2310 1458.5 2310 10125 256.0 909.6
2360 1583.2 2368 1089.2 261.0 975.5

2410 11740 266.0 1048.4
2480 1267.7 271.0 1128.8
251.0 1371.2 276.0 1217.8
286.0 1485.6 2810 1316.1
2610 1612.1 286.0 14247

291.0 1544.7
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Figure A-1
Pressure Test Curves for Hatch Unit 1
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Figure A-2
Core Not Critical Curves for Hatch Unit 1
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Figure A-3

Core Critical Curves for Hatch Unit 1
INITIAL RThdt YALUES ARE
-20°F FOR BELTLINE,

1400 : ]
1300 40°F FOR UPPER VESSEL,

! . 20
[- ’ AND
I

32

10°F FOR BOTTOM HEAD
1200

/ / ]
1100

L]

/ / BELTLINE CURVES

HEATUP/COOLDOWN
RATE 100°F/HR

54

ADJUSTED AS SHOWN:

900 EFPY  SHIFT (°Fy
/ 20 130.7
800 . l |
/ / / BELTLINE CURVES
ADJUSTED AS SHOWN:
700 f EFPY  SHIFT (°F)

/ / - 7 1546
600 _
-/ / BELTLINE CURVES

" PRESSURE LIMIT IN REACTOR VESSEL TOP HEAD {psig)

500 ADJUSTED AS SHOWN:
EFPY  SHIFT (°F)
54 187.2
400
300 I [ 312PSiG_|
. MINMUM /
CRITICALITY —
200 1 [ ovpERATURE C=HEATUP/ || ~——BELTLINE AND NON-
e / COOLDOWN LIMITS BELTLINE LIMITS

7 CORE CRITICAL

100 ( . HATCH 1
g —— ! ! |
0 50 100 150 200 250 300 350 400

MINIMUM REACTOR VESSEL METAL TEMPERATURE (°F)

Hatch Unit 1
Pressure/Temperature Limits for
Heatup/Cooldown Conditions, Core Critical

Attachment to SIR-00-037, Rev. 0 AT Structural Integrity Associates, Inc.



Appendix B
Combined P-T Curves and Tabulated Values

For
Hatch Unit 2

. . Bt . , ‘
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Table B-1 ,
Tabulated Pressure Test P-T Curves for Hatch Unit 2

N RV
20 EFPY 32 EFPY 54 EFPY
Bottom Head Upper Vessel and Beltline  Upper Vessel and Beltline  Upper Vessel and Beltline
Temperature Pressure Temperature Pressure Temperature Pressure Temperature Pressure .

CR) (psig) CF) (psig) €A f(psig) Ch) (psig)
58.0 0.0 80.0 0.0 S0.0 0.0 S0.0 0.0
68.0 6371 80.0 - 3128 S0.0 3125 90.0 3125
73.0 £68.8 120.0 325 120.0 3125 120.0 325
78.0, 703.8 - 1200 1362.0 120.0 1285.0 1200 - 1196.0
g83.0 742.4 123.0 1417.7 1250 1371.1 125.0 1273.2
88.0 785.1 128.0 1518.1 130.0 1466.6 130.0 1358.5
93.0 8324 135.0 16572.2 135.0 1452.7
98.0 884.5

103.0 9422

108.0 1008.0

1130 1076.4

118.0 1154.2

123.0 1240.3

128.0 1335.4

133.0 1440.4

138.0 1556.6
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Table B-2
Tabulated Core Not Critical P-T Curves for Hatch Unit 2

UNIT2, CURVE B
’ 20 EFPY 32 EFPY : 54 EFPY
Bottom Head Upper Vessal and Beltline  Upper Yassal and Beltline Upper Vessel and Beltline
Temperature Pressure Temperature Pressure Temperature Pressure Temperature  Pressure
Ch) {psig) CF) (psig} i3] {psig) Ch) (sig)
68.0 0.0 © 900 0.0 20.0 0.0 g0.0 0.0
68.0 477.9 %0.0 31258 S0.0 3125 g0.0 312.5
73.0 501.6 150.0 3125 150.0 3125 150.0 312.5
78.0 527.8 150.0 3200 150.0 3200 150.0 320.0
83.0 5568 150 1512 150.0 1406 .8 150.0 1285.5
88.0 588.9 155 1642 155.0 15247 155.0 1391.0
930 624.3 160 - 1785 160.0 1655.3 160.0 1507.5
98.0 663.4 .
103.0 708.7
108.0 754.5
113.0 807.3
118.0 865.7
1230 930.2
1280 1001.5
133.0 1080.3
13880 1167 .4
143.0 1263.7
1480 13701
153.0 1487.7
188.0 1518.0
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Table B-3
Tabulated Core Critical P-T Curves for Hatch Unit 2

UNIT 2, CURVE C
20 EFPY 32 EFPY 54 EFPY

Upper Vessel and Beltline  Upper Vessel and Beltline Upper Vessel and Beltline
Temperature Pressure Temperature Pressure Temperature Pressure

ChH ___(psig) CF {psig) h {psig)

90.0 0.0 80.0 0.0 80.0 0.0

90.0 3125 800 3125 90.0 3125

. 190.0 3125 180.0 3125 190.0 3125
190.0 1400.0 190.0 1400.0 180.0 12855
195.0 1391.0

200.0 1507 .5
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Figure B-1
Pressure Test Curves for Hatch Unit 2
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Figure B-2 »
Core Not Critical Curves for Hatch Unit 2
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Figure B-3
Core Critical Curves for Hatch Unit 2
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IMPORTANT NOTICE REGARDING
CONTENTS OF THIS REPORT
PLEASE READ CAREFULLY

This report was prepared by General Electric solely for the use of Southern Nuclear
Operating Company. The information contained in this report is believed by General Electric to
be an accurate and true representation of the facts known, obtained, or provided to General

Electric at the time this report was prepared.

The only undertakings .of the General Electric Company respecting information in this
document are contained in the contract between the customer and General Electric Company, as
identified in the purchase order for this report and nothing contained in this document shall be
construed as changing the contract. The use of this information by anyone other than the
customer or for any purpose other than that for which it is intended, is not authorized; and with
respect to any unauthorized use, General Electric Company makes no representation or warranty,

and assumes no liability as to the completeness, accuracy, or usefulness of the information
contained in this document.
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ABSTRACT

As part of the effort to evaluate the reactor pressure vessel (for both Hatch 1 and
2) for the license renewal term, the effects of irradiation on the core beiltline
region have been evaluated. The purpose of this evaluation was to provide input

to the pressure-temperature operating limits, as required by 10CFR50, Appendix
G [1].

The evaluation (incorporating Extended Power Uprate at 17 Effective Full Power
Years (EFPY) [2]) has been performed for a lifetime of 54 EFPY for both Units.
This input was used to generate pressure-temperature curves for 54 EFPY for
both Units. In addition, intermediate curves for 36, 40, 44, and 48 EFPY for Unit
1 have been provided, due to the expected irradiation shift for the Hatch 1 vessel.
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1. INTRODUCTION

One of the major considerations for extended life of the Reactor Pressure Vessel
is irradiation of the core region, or beltline. The effect of irradiation is to shift the
reference nil-ductility transition temperature (RTnpr) of the beltline materials.
This shift must be evaluated in order to conform to the requirements of 10CFR50,
Appendix G [1]. To encompass the effects of irradiation for the license renewal
term, a maximum lifetime of 54 EFPY was used to determine the effects of

irradiation (see Section 3), and to develop the pressure-temperature (P-T) curves
(Section 4).

The (P-T) curves included in this report have been developed to present steam
dome pressure versus minimum vessel metal temperature incorporating
appropriate non-beltline limits and irradiation embrittlement effects in the beltline.
Complete P-T curves were developed for 54 effective full power years (EFPY) for
both Hatch 1 and 2; in addition, intermediate P-T curves for Hatch Unit 1 have
been included for 36, 40, 44 and 48 EFPY, due to the expected irradiation shift
for the Hatch 1 vessel. The methodology used to generate the P-T curves in this
report is the same as the methodology used to generate the P-T curves for
extended power uprate [2]. The pressure-temperature (P-T) curves are
established to the requirements of 10CFR50, Appendix G [1] to assure that brittle
fracture of the reactor vessel is prevented. The method used to account for

irradiation embrittlement is described in Regulatory Guide 1.99, Revision 2 [3], or
Rev 2.

In addition to beltline considerations, there are non-beltline discontinuity limits
such as nozzles, penetrations, and flanges which affect the P-T curves. The
non-beltline limits are based on generic analyses which are adjusted to the
maximum reference temperature of nil ductility transition (RTnor) for the
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applicable Hatch 1 or 2 vessel components. The non-beltline limits are also
'governed by requirements in [1]. _

Furthermore, curves are included to allow monitoring of the bottom head regions
of the vessel separate from the beltline region and upper vessel. This refinement

could minimize heating requirements prior to pressure testing.
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2. RESULTS AND CONCLUSIONS

Based on the results of the evaluation, the following results and conclusions were
determined:

. For Unit 1, the 54 EFPY RPV peak fluence prediction is 3.47 x 10"
n/cm2 at the vessel wall, based on extended power uprate. The 54
EFPY fluence prediction is 2.51 x 10" nicm- at 1/4 T. (See Section
3). For Unit 2, the 54 EFPY RPV peak fluence prediction is 3.82 x
1018 n/cm2 at the vessel wall, based on extended power uprate.
The 54 EFPY fluence prediction is 2.77 x 10" n/cm” at 1/4 T. (See
Section 3)

o The adjusted reference temperature (ART = Initial RTnpr + ARTNDT
+ Margin) was predicted for each beltline material, based on the
methods of Regulatory Guide 1.99, Rev 2. The ART for the limiting
material for Unit 1, Plate G-4804-2, Heat C4114-2, at 54 EFPY is
167.2°F. For Unit 2, the limiting ART at 54 EFPY is 77.7°F ( Plate
G-6603-2, Heat C8553-1). Both plates are lower than the 200°F
requirement of 10CFR50 Appendix G [1] and Rev 2 [3].

. An update of the beltline material USE values at 54 EFPY was
performed using the Reg. Guide 1.99, Rev. 2 methodology. The
Equivalent Margin Analyses demonstrate that the 10CFRS50
Appendix G [1] safety requirements are met.

. P-T curves were developed for three reactor conditions: pressure
test (Curve A), non-nuclear heatup and cooldown (Curve B), and
core critical operation (Curve C) which are valid for up to 54 EFPY
of operation. For Unit 1, the beltline curve is more limiting for Curve
A at pressures above approximately 410 psig. For Curves B and C,
the beltline curves are limiting for pressures above approximately
300 psig. The P-T curves for 54 EFPY are shown in Figures 4-1
through 4-3 [The intermediate curves for 36, 40, 44, and 48 EFPY
are located in Appendices A-D]. For Unit 2, the bottom head curve
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is more limiting for Curve A at pressures above approximately 610
psig. For Curve B, the Feedwater nozzle limits are applicable in the
range 90-960 psig. For Curves B and C, the beltline curves are
limiting for pressures above approximately 960 psig. The P-T
curves for 54 EFPY are shown in Figures 4-4 through 4-6.
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3. ADJUSTED REFERENCE TEMPERATURE AND UPPER SHELF
| ENERGY

The 54 EFPY peak fluence values of 3.47x10'® n/cm? and 3.82x10'®
n/cm? for Hatch Unit 1 and Hatch Unit 2, respectively, are used to calculate the
54 EFPY 1/4T fluence values of 2.51x10" n/cm? and 2.77x10'® n/cm? (Tables 3-
1 and 3-2, for Units 1 and 2, respectively). The 54 EFPY 1/4T fluence is used in
this section to calculate adjusted reference temperatures (ARTs) and upper shelf
energy (USE) decrease for the beltline materials.

3.1 ADJUSTED REFERENCE TEMPERATURE AT 54 EFPY

The effect on adjusted reference temperature (ART) due to irradiation in the
beltline materials is determined according to the methods in Reg. Guide 1.99, Rev. 2 [3],
as a function of neutron fluence and the element contents of copper (Cu) and nickel (Ni).
The specific relationship from Reg. Guide 1.99, Rev. 2 [3] is:

ART = Initial RTypr + ARTwpt + Margin (3-
1)
where:

ARTypr = CF - f 028:0.10090 (3-2)

Margin =2/’ + 0% (3-
3)

CF = chemistry factor from Table 1 or Table 2 of Reg. Guide 1.99, Rev. 2 [3]
f = 1/4T fluence (n/cm?) divided by 10"
o} = standard deviation on initial RTnpr which is taken to be 0°F
oa = standard deviation on ARTwpr, 28°F for welds and 17°F for base material,
except that o need not exceed 0.50 times the ARTypr value

The ART values for 54 EFPY are calculated based upon chemistry data as
described in Table 3-1 and 3-2 for Hatch Unit 1 and Hatch Unit 2, respectively.

10
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3.2 ARTVS. EFPY

Each beltline plate and weld ARTypy value is determined by multiplying the CF
from Reg. Guide 1.99, Rev. 2 [3] determined for the Cu-Ni content of the material, by the
fluence factor for the EFPY being evaluated. The Initial RTypr, ARTnpr @nd Margin are
added to get the ART of the material. The 54 EFPY ART values for all of the beltline
plates and welds are shown in Tables 3-1 and 3-2. The ART for the limiting beltline
material in Hatch Unit 1, plate Heat C4114-2, at 54 EFPY is 167.2°F. The ART for the
limiting beltline material in Hatch Unit 2, plate Heat C8553-1, at 54 EFPY is 77.7°F.

3.3 UPPER SHELF ENERGY AT 54 EFPY

Unirradiated Upper Shelf data were not available for all of the material heats.
Due to the lack of specific pre-operational USE data, Hatch 1 and 2 have been
evaluated to verify that the BWR Owners' Group Equivalent Margin Analyses are:
applicable. The calculations in Tables 3-3 through 3-6 show that the equivalent
margin analyses are applicable. The Equivalent Margin Analyses demonstrate that
the 10 CFR 50, Appendix G safety requirements are satisfactorily met for Hatch
Units 1 and 2. The Owners’ Group Program Report [4] was submitted to the NRC in
December 1993 and approved by SER on December 8, 1993.

11
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BELTLINE ART VALUES FOR Hatch 1

Lower-Intermediate Lower-Intermediate
Thickness = 5.38 inches 54 EFPY Peak L.D. fluence = 3.47E+18 n/cmA2

54 EFPY Pcak 1/4 T fluence= 2.51E+18 n/em”2

Lower Tower
Weld Thickness = 5.8 tnches (L oo» S3 EFPY Pcak 1.D. fluence = 2.36E+18 n/em”~2
Plate Thickness = 6.375 inchestand org Wkt S1EFPY Peak 1/4 T weld fluence = 1.71E+18 nfcm”2
54 EFPY Pcak 1/4 T plate fluence =  1.61E+18 n/em”2
Fluence Initial | 54 EFPY o1 oA 54 EFPY |54 EFPY
COMPONENT HEAT OR HEAT/LOT %Cu %Ni CF Level RTndt A RTadt Margin Shift ART
n/em"2 °F °F °F °F °F
PLATES:
Lower
G-4805-1 C4112-1 0.13 0.64 92 1.61E+18 8 47.7 0.0 17.0 340 81.7 89.7
G-4805-2 C4112.2 0.13 0.64 92 1.61E+18 10 47.7 0.0 17.0 340 81.7 91.7
G-4805-3 C4149-1 0.14 0.57 99 1.61E+18 -10 514 0.0 17.0 34.0 854 75.4
Lower-Intmed
G-4803-7 C4337-1 0.17 0.62 128 2.51E+18 -20 80.0 0.0 17.0 34.0 114.0 94.0
G-4804-1 C3985-2 0.13 0.58 90 2.51E+18 -20 563 0.0 17.0 34.0 90.3 70.3
G-4804-2* C4114-2 0.13 0.70 245 2.51E+18 -20 153.2 0.0 17.0 34.0 187.2 167.2
WELDS:
Lower Long
1-307 13253/1092 Flux 3791 0.221 0.732 189 1.61E+18 -50 98.0 0.0 28.0 56.0 154.0 104.0
Lower-Intmed
Long.
1-308 1P2809/1092 Flux 3854 0.22 0.735 189 2.51E+18 -50 118.2 0.0 28.0 56.0 174.2 124.2
1-308 IP2815/1092 Flux 3854 0316 0.724 219 2.51E+18 -50 136.9 0.0 28.0 56.0 192.9 142.9
Girth
Lower to
Lower-Int Girth
1-313 90095/0091 Flux 3977 0.197 0.060 91 1.71E+18 -10 48.5 0.0 24.2 48.5 96.9 86.9
1-313 33A277/0091 Flux 3977 0.258 0.165 126 1.71E+18 -50 67.1 0.0 28.0 56.0 123.1 73.1

* CF Adjusted by a factor of 2.62

Table 3-1: Hatch 1 ART Values (54 EFPY)
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BELTLINE ART VALUES FOR Hatch 2

Lower-Intermediate

Lower-Intermediate
54 EFPY Peak 1.D. fluence=  3.82E+18 n/cm”2

Thickness = 5.38 inches
54 EFPY Peak 1/4 T fluence =  2,.77E+18 n/cm?2
Lower Lower
Weld Thickness = 5.38 inches (Girth) 54 EFPY Peak I.D. fluence = 2.44E+18 n/cm”2
Plate Thickness = 6.375 inches (and Long Weld) 54 EFPY Peak 1/4 T weld fluence=  1.77E+18 n/cm”2
54 EFPY Peak 1/4 T plate fluence = 1.67E+18 n/em"2
Fluence Initial 54 EFPY o1 oA 54 EFPY 54 EFPY
COMPONENT HEAT OR HEAT/LOT %Cu %Ni CF Level RTndt A RTndt Margin Shift ART
| n/_cm"Z OF OF OF OF OF
PLATES:
Lower
G-6603-1 C8553-2 0.08 0.58 51 1.67E+18 -20 26.9 0.0 134 26.9 53.7 33.7
G-6603-2 C8553-1 0.08 0.58 51 1.67E+18 24 26.9 0.0 13.4 26.9 53.7 7.7
G-6603-3 C8571-1 0.08 0.53 51 1.67E+18 0 26.9 0.0 134 26.9 53.7 53.7
Lower-Intmed .
G-6602-2 C8554-1 0.08 0.57 51 2.77E+18 -20 33.1 0.0 16.6 33.1 66.2 46.2
G-6602-1 C8554-2 0.08 0.58 51 2.77E+18 -10 33.1 0.0 16.6 33.1 66.2 56.2
G-6601-4 C8579-2 0.11 048 73 2.77E+18 -4 47.4 0.0 17.0 34,0 81.4 774
WELDS:
Lower Long
101-842 10137, LINDE 0091 0.216 0.043 98 1.67E+18 -50 51.6 0.0 25.8 51.6 1033 53.3
Lower-Intmed
Long. .
101-834 " 51874, LINDE 0091 / 0.147 0.037 68 2.77E+18 -50 442 0.0 22.1 442 88.3 38.3
Flux Lot 3458 '
Girth
Lower to
Lower-Int Girth )
301-871 4P6052, LINDE 0091 / 0.047 0.049 31 1.77E+18 -50 16.8 0.0 8.4 16.8 33.5 -16.5
Flux Lot 0145

Table 3-2: Hatch 2 ART Values (54 EFPY)
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Table 3-3: Hatch 1 Plate Equivalent Margin Analysis

PLANT APPLICABILITY VERIFICATION FORM
FOR HATCH UNIT 1 - BWR 4/MK I - Including Extended Power Uprate

BWR/3-6 PLATE

Surveillance Plate USE:

%Cu=10.1

1st Capsule Fluence = 2.4 x 10" n/cm?
2nd Capsule Fluence = 4.6 x 10'" n/cm®

Unirradiated to 1st Capsule Measured % Decrease = 4 (Charpy Curves)
Unirradiated to 2nd Capsule Measured % Decrease = -5 (Charpy Curves)

Ist Rev 2 Predicted % Decrease = 9_(Rev 2, Figure 2)
2nd Rev 2 Predicted % Decrease = 10 (Rev 2, Figure 2)

Limiting Beltline Plate USE:

%Cu=0.17

54 EFPY % T Fluence = 2.51 x 10"® n/cm?

Rev 2 Predicted % Decrease = 19 (Rev 2, Figure 2)

Adjusted % Decrease = N/A (Rev 2, Position 2.2)

19 % < 21%, so vessel plates are

bounded by equivalent margin analysis
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Table 3-4: Hatch 1 Weld Equivalent Margin Analysis

PLANT APPLICABILITY VERIFICATION FORM
FOR HATCH UNIT 1 - BWR 4/MK I - Including Extended Power Uprate

BWR/2-6 WELD

Surveillance Weld USE:
%Cu=0.30
1st Capsule Fluence = 2.4 x 10" n/cm’
2nd Capsule Fluence = 4.6 x 107 n/cm®
Unirradiated to 1st or 2nd Capsule Measured % Decrease = Unknown
1st to 2nd Capsule Measured % Decrease = -16 (Charpy Curves)
1st Rev 2 Predicted % Decrease = 19 (Rev 2, Figure 2)
2nd Rev 2 Predicted % Decrease = 22 (Rev 2, Figure 2)

Limiting Beltline Weld USE:

%Cu=0.316

54 EFPY Y% T Fluence = 2.51 x 10" n/cm®

Rev 2 Predicted % Decrease = 33 (Rev 2, Figure 2)

Adjusted % Decrease = N/A (Rev 2, Position 2.2)

33 % < 34%, so vessel welds are
bounded by equivalent margin analysis

15
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Table 3-5: Hatch 2 Plate Equivalent Margin Analysis

PLANT APPLICABILITY VERIFICATION FORM
FOR HATCH UNIT 2 - BWR 4/MK I - Including Extended Power Uprate

BWR/3-6 PLATE

Surveillance Plate USE:

%Cu = 0.08

1st Capsule Fluence = 2.3 x 10" n/cm’

Measured % Decrease = _Q (Charpy Curves)
Reg. Guide Rev 2 Predicted % Decrease = 7 (Rev 2, Figure 2)

Limiting Beltline Plate USE:

%Cu=0.11

54 EFPY % T Fluence = 2.77 x 10" n/em?

Rev 2 Predicted % Decrease = 15 (Rev 2, Figure 2)

Adjusted % Decrease = N/A (Rev 2, Position 2.2)

15 % < 21%, so vessel plates are

bounded by equivalent margin analysis
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Table 3-6: Hatch 2 Weld Equivalent Margin Analysis

PLANT APPLICABILITY VERIFICATION FORM
FOR HATCH UNIT 2 - BWR 4/MK I - Including Extended Power Uprate

BWR/2-6 WELD

Surveillance Weld USE:

%Cu=0.13

Capsule Fluence = 2.3 x 10" n/cm’

Capsule Measured % Decrease = -1 (Charpy Curves)

Rev 2 Predicted % Decrease = 11 (Rev 2, Figure 2)

Limiting Beltline Weld USE:
%Cu=0.216

54 EFPY % T Fluence = 1.77 x 10*® n/cm?

Rev 2 Predicted % Decrease = 24 (Rev 2, Figure 2)

Adjusted % Decrease = N/A (Rev 2, Position 2.2)

24 % < 34%, so vessel welds are
bounded by equivalent margin analysis

17



GE Nuclear Energy | GE-NE- B1100827-00-01

4. PRESSURE-TEMPERATURE CURVES

4.1 BACKGROUND

Nuclear Regulatory Commission (NRC) 10CFR50 Appendix G [1]
specifies fracture toughness requirements to provide adequate margins of safety
during the operating conditions to which a pressure-retaining component may be
subjected over its service lifetime. The ASME Code (Appendix G of
Section XI [8]) forms the basis for the requirements of 10CFR50 Appendix G.
The limits for pressure and temperature are required by 10CFR50 Appendix G
for three categories of operation: (a) hydrostatic pressure tests and leak tests,
(b) core not critical heatup/cooldown, and (c) core critical operation. The heat
transfer characteristics for these three categories are: (a) isothermal conditions
for the hydrotest, and (b and c) insulated outside surface and metal temperature
equaling the fluid temperature for 100°F/hr heatup/cooldown thermal rate. Heat
transfer characteristics for the other transient conditions were based on flow and
temperature conditions in the thermal cycle diagrams. The condition that results
in the highest required temperature for the limiting material determines the
minimum allowable temperature for the vessel.

There are four vessel regions defined in the thermal cycle diagram that
should be monitored against the Pressure-Temperature (P-T) curve operating
limits:

e Closure flange region (Region A)

o Core beltline region (Region B)
e Upper vessel (Regions A & B)
e Lower vessel (Regions B & C)

The closure flange region includes the bolts, top head flange, vessel
flange, and adjacent plates and welds. The core beltline is the vessel location
adjacent to the active fuel, such that the neutron fluence is sufficient to cause a
significant shift of RTypr. The remaining portion of the vessel (i.e., upper vessel,
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lower vessel) includes shells, components like the nozzles, the support skirt, and
stabilizer brackets; these regions will be called the non-beltline region.

Under certain conditions, the minimum bottom head temperature can be
significantly cooler than the beltline or closure flange region. These conditions
can occur when the recirculation pumps are operating at low speed (or are off),
and during water injection through the control rod drives. To account for these
circumstances, individual temperature limits for the bottom head were
established. Bottom head curves are not provided for the core critical curve,
since during core critical operation the entire RPV follows the steam saturation
curve that is well to the right of the core critical curve.

The P-T curves for the heatup and cooldown operating condition at a
given EFPY apply for both the 1/4T and 3/4T locations. When combining
pressure and thermal stresses, it is usually necessary to evaluate stresses at the
1/4T location (inside surface flaw) and the 3/4T location (outside surface flaw).
This is because the thermal gradient tensile stress of interest is in the inner wall
during cooldown and is in the outer wall during heatup. However, as a
conservative simplification, the thermal gradient stress at 1/4T is assumed to be
tensile for both heatup and cooldown. This results in the approach of applying
the maximum tensile stress at the 1/4T location. This approach is conservative
for two reasons: 1) the maximum stress is used regardless of flaw location, and
2) the irradiation effects cause the allowable toughness, K, at 1/4T to be less
than that at 3/4T for a given metal temperature. This approach causes no
operational difficulties, since the BWR vessel metal temperature is at steam
saturation conditions during normal operation, satisfying the heatup/cooldown
curve limits.

Except for the independent bottom head curve, the applicable temperature
is the greater of the 10CFR50 Appendix G minimum temperature requirement

and the ASME Appendix G limits. A summary of the requirements is provided in
Table 4-1.

There are three vessel regions that affect the operating limits: the non-
beltline regions, the core beltline region, and the closure flange. The closure
flange region limits are controlling at lower pressures primarily because of
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10CFR50, Appendix G requirements as indicated in Table 4-1. The non-beltline
and beltline region operating limits are evaluated according to procedures in
10CFR50, Appendix G [1], ASME Boiler and Pressure Vessel Code, Section XI,
Appendix G [8], and Welding Research Council (WRC) Bulletin 175 [5]. The
beltline region minimum temperature limits are adjusted to account for vessel
irradiation.

Limiting composite curves are applicable for (a) hydrostatic pressure tests
and leak tests, (b) core not critical heatup/cooldown, and (c) core critical
operation. The individual curves used to construct the limiting curves are
described in Tables 4-2 and 4-3, for Units 1 and 2, respectively. Tables 4-2 and
4-3 show the pressure range over which each curve used to construct the
composite P-T curves is limiting. The curves consist of the 10CFR50 Appendix
G bolt-up limits (limits for the closure flange region that are highly stressed by the
bolt preioad), the non-beltline bottom head curve, the non-beltline feedwater
nozzle curve, and the beltline curve. During core critical operation the entire
RPV follows the saturation curve that is well to the right of the core critical curve.

4.2 NON-BELTLINE REGIONS

Non-beltline regions are defined as the vessel locations that are remote
from the active fuel and where the neutron fluence is not sufficient to cause any
significant shift of RTypr. Non-beltline components include most nozzles, the
closure flanges, some shell plates, the top and bottom head plates and the
control rod drive (CRD) penetrations.

Detailed stress analyses of the non-beltline components were performed
for the BWR/6 specifically for the purpose of fracture toughness analysis. The
analyses took into account all mechanical loading and anticipated thermal
transients. Transients considered include 100°F/hr start-up and shutdown,
SCRAM, loss of feedwater heaters or flow, loss of recirculation pump fiow, and
all transients involving emergency core cooling injections. Primary membrane
and bending stresses and secondary membrane and bending stresses due to the
most severe of these transients were used according to the ASME Code [8] to
develop plots of allowable pressure (P) versus temperature relative to the
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reference temperature (T - RTnp7). Plots were developed for the limiting BWR/4
components: the feedwater nozzle (FW) and the CRD penetration (bottom
head). All other components in the non-beltline regions are categorized under
one of these two components.

The P-T curves for the non-beltline region were conservatively developed
for a large BWR/6 (nominal inside diameter of 251 inches). The analysis is
considered appropriate for Hatch Unit 1 and Hatch Unit 2 as the plant specific
geometric values are bounded by the generic analysis for a large BWR/6, as
determined from Equations 4-2 and 4-3. The generic value was adapted to the
conditions at Hatch Unit 1 and Hatch Unit 2 by using plant specific RTnpr values
for the reactor pressure vessel (RPV). The presence of nozzles and CRD
penetration holes of the upper vessel and bottom head, respectively, has made
the analysis different from a shell analysis such as the beltline. This was the
result of the stress concentrations and higher thermal siresses for certain
transient conditions experienced by the upper vessel and the bottom head.

The non-beltline curves are based on the most limiting (conservative)
properties of either the upper vessel region or the bottom head. The non-beltline
curves are shifted based on the most limiting initial RTnpr values for the
appropriate non-beltline components; the initial RTnpr values were obtained from
[6,7]. The individual bottom head curve is based on the non-beltline bottom head
curve described in the next section. A detailed description of the construction of
each non-beltline curve is included in the following sections.
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4.21 PRESSURE TEST - NON-BELTLINE, CURVE A (USING BOTTOM HEAD)

In a BWR/6 finite element analysis, the CRD penetration region was
modeled to compute the local stresses for determination of the stress intensity
factor, K;. The results of that computation were K, = 154.3 ksi-in"? for an applied
pressure of 1593 psig (1563 psig preservice hydrotest pressure at the top of the
vessel plus 30 psig hydrostatic pressure at the bottom of the vessel). The
computed value of (T - RTypr) was 161°F; the limit for the temperature change
rate is 20°F/hr.

The CRD penetration region limits were established primarily for
consideration of bottom head discontinuity stresses during pressure testing.

The CRD penetration stresses were obtained from finite element analysis.
These stresses, and other inputs used in the generic calculations, are shown
below:

pm = 35.87 ksi sm = 0.30 ksi ys = 47.68 ksi
ob = -0.30 ksi sb = 1.50 ksi t 8.0 inch

The value of My, from Figure G-2214-1 [8] was based on a thickness of 8.0
inches; hence, t"? =2.83. The stress to yield ratio, / s, was calculated to be
0.78. The resulting value obtained was:

Mm = 2.83
Kim is calculated from the equation in Paragraph G-2214.1 [8]:
Kim = Mm* Gpm = 101.5 ksi-in?

Kip is calculated from the equation in Paragraph G-2214.2 [8]:

Kb = (2/3) Mn* Gpb = -0.60 ksi-in*?2

The total K| is therefore:
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Ki = 1.5 (Kin+ Kib) + Mim * (Gsm + (2/3) * 6sp) = 154.3 ksi-in'2
This equation includes a safety factor of 1.5 on primary stress.

The method to solve for (T - RTnpr) for a specific K, is based on the curve
in Figure G-2210-1 in ASME Appendix G [8]:

(T - RTnor) = In [(K, - 26.78) / 1.223] / 0.0145 - 160
(T - RTnor) = In[(154.3 - 26.78) / 1.223] / 0.0145 - 160
(T - RTypr) = 161°F

The generic curve was generated by scaling 154.3 ksi-in? by the nominal
pressures and calculating the associated (T - RTnpr):

Pressure Test CRD Penetration K, and (T - RTnpy)
as a Function Of Pressure

Nominal Pressure K, T - RTnoT
(psig) (ksi-in"?) (°F)
1563 154.3 © 161
1400 138.2 151
1200 118.5 138
1000 | 98.7 121
800 79.0 99
600 59.2 66
400 39.5 1

The highest RTypt values for the bottom head plates and welds are 10°F
and 50°F, for Hatch 1 and 2, respectively [6,7]. The generic P-T curve is shifted
by these values.

The P-T curve is dependent on the K, value calculated, which is
proportional to the stress and the crack depth according to the relationship:

Ki ( a)'?
(4-1)
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The stress is proportional to R/t and, for the P-T curves, crack depth, a, is
t/4. Thus, K; is proportional to R/(t)"2. The generic curve value of R/(t)"?, based
on the generic BWR/6 botiom head dimensions, is:

Generic: R/{t)"2= 138/(8)"2= 49inch™ (4-2)

The Hatch Unit 1 and Hatch Unit 2 specific bottom head dimensions are
R =110 inches and t = 5.38 inches minimum, resulting in:

Hatch Unit 1 and Unit 2 specific:

R/t = 110/ (5.38)"2 = 47 inch'? (4-3)

Since the generic value of R/(t)"? is larger than that for Hatch Unit 1 and
Hatch Unit 2, the generic P-T curve is conservative when applied to the Hatch

Unit 1 and Hatch Unit 2 bottom heads.
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4.2.2 CORE NOT CRITICAL HEATUP/COOLDOWN - NON-BELTLINE CURVE B
(USING BOTTOM HEAD)

As discussed previously, the CRD penetration region limits were
established primarily for consideration of bottom head discontinuity stresses
during pressure testing. Heatup/cooldown limits were calculated by increasing
the safety factor in Section 4.2.1 from 1.5 to 2.0, on the assumption that the
conservative factor of 3.0 on bottom head pressure stress bounds the
thermal stresses occurring during heatup/cooldown.

Subsequent analysis examined CRD penetration region limits for several
emergency conditions involving severe bottom head thermal conditions. The
transients with the most severe bottom head conditions were sudden start of an
idle recirculation loop (cooldown) and improper start-up, or black start, from a hot
standby condition with bottom head drain closed (heatup). The sudden start
causes a step-change cooldown of 178°F. The improper start-up sequence
involves a step-change heatup of 348°F. The result of CRD penetration region
fracture toughness analysis for these conditions showed comparable P-T limits to
those established assuming 3.0 times nominal pressure stress. Therefore, the
CRD penetration region limits are adequate to assure structural integrity for
heatup/cooldown step-changes in excess of 100°F.

The calculated value of K, for pressure test is multiplied by a safety factor
(SF) of 1.5, per ASME Appendix G [8] for comparison with Kr, the material
fracture toughness. A safety factor of 2.0 is used for the core not critical.
Therefore, the K, value for the core not critical condition is
(154.3 / 1.5)* 2.0 = 205.7 ksi-in"2

Therefore, the method to solve for (T - RTypr) for a specific K; is also
based on the curve in Figure G-2210-1 in ASME Appendix G [8] for the core not
critical:

(T - RTor) = In [(Ki - 26.78) / 1.223] / 0.0145 - 160

(T - RTxor) = In [(205.7 - 26.78) / 1.223] / 0.0145 - 160
(T - RTnor) = 184°F
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The generic curve was generated by scaling 205.7 ksi-in"/? by the nominal
pressures and calculating the associated (T - RTnpr):

Core Not Critical CRD Penetration K; and (T - RTnpr)

as a Function of Pressure

Nominal Pressure K T - RTnor
(psig) (ksi-in""2 (°F)
1563 205.7 184
1400 184.2 175
1200 157.9 162
1000 131.6 147
800 105.3 127
600 79.0 99
400 52.6 50

GE-NE- B1100827-00-01

The highest RTnpr values for the bottom head plates and welds is 10°F
and 50°F for Hatch 1 and 2, respectively. The generic P-T curve is shifted by

these values.
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4.2.3 PRESSURE TEST - NON-BELTLINE CURVE A (USING FEEDWATER
NOZZLE/UPPER VESSEL REGION)

CBI Nuclear (CBIN) modeled the 251-inch BWR/6 feedwater nozzles to
compute local stresses for determination of the stress intensity factor, K;. The
result of that computation was K, = 143.1 ksi-in'2 for an applied pressure of 1563
psig preservice hydrotest pressure. The computed value of (T - RTnpr) was
154°F. The respective flaw depth and orientation used in this calculation is
perpendicular to the maximum stress (hoop) at a depth of 1/4T through the
corner thickness.

To evaluate the CBIN result, K| is calculated for the upper vessel nominal
stress, PR/, according to the methods in ASME Code Appendix G (Section Hli or
X1). The result is compared to that determined by CBIN in order to quantify the K
magnification associated with the stress concentration created by the feedwater
nozzles.

A calculation of K, is shown below using the BWR/6, 251-inch dimensions:

Vessel Radius, R 126.7 inches
Vessel Thickness, t 6.5 inches
Vessel Pressure, P 1563 psig

Pressure stress: o = PR/t = 1563 psig 126.7 inches / (6.5 inches) = 30,466 psi
The factor F (a/r,) from Figure A5-1 of WRC-175 [5] is 1.6 where :

a= lesserof 1/4t,or 1/4 ¢,

t» = thickness of nozzle =7.13 inches

tv = thickness of vessel = 6.5 inches

r, = apparent radius of nozzle =r+0.29r;

rr = actual inner radius of nozzle = 6 inches

ro = nozzle radius (nozzle corner = 4.0 inches
radius)
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Thus, a/r, = 1.63 / 6.94 = 0.23 and the ratio of K| around the feedwater nozzle to
the membrane stress - ( a)'? at places with no geometric discontinuity is 1.6.

Including the safety factor of 1.3, the stress intensity factor, K, is
1.3*c*(na)"? *F(alr,):

Nominal K; = 1.3 - 30.466 - (1 - 1.63)"2 - 1.6 = 143 ksi-in"?

The method to solve for (T - RTnpr) for a specific K is based on the curve
in Figure G-2210-1 in ASME Appendix G [8]:

(T - RTnor) = In [(K - 26.78) / 1.223] / 0.0145 - 160
(T - RTnor) = 1n [(143 - 26.78) / 1.223] / 0.0145 - 160
(T - RTNDT) = 154°F

The generic pressure test P-T curve was generated by scaling 143 ksi-in"/?
by the nominal pressures and calculating the associated (T - RTypr):

Pressure Test Feedwater Nozzle K| and (T - RTp7)
as a Function of Pressure

Nominal Pressure Ki (T - RTnor)
(psig) (ksi-in"?) (°F)
1563 143 . 154 .
1400 128 145
1200 110 131
1000 92 114
800 73 91
600 55 56
400 37 -16

The P-T curve is dependent on the K; value calculated, which is
proportional to the stress and the crack depth according to the relationship:

Ki o< o (na)'?

The stress is proportional to R/t and, for the P-T curves, crack depth, a, is t/4.
Thus, K; is proportional to R/(t)"2.
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The generic curve value of R/(t)"?, based on the BWR/6, 251-inch
feedwater nozzle dimensions is:

Generic: R/(t)"2 =126.7 /(6.5)"% = 49.7 inch'?

where t is the nominal vessel thickness. The Hatch Unit 1 and Hatch Unit 2
specific vessel shell dimensions applicable to the feedwater nozzle location are R
=110 inches and t = 5.38 inches nominal.

Hatch Unit 1 and Unit 2 specific: ~ R/(t)"2 =110/ (5.38)"2 = 47.4 inch'?

Since the generic value of R/(t)"? is greater than that for Hatch Unit 1 and Hatch
Unit 2, the generic P-T curve is conservative when applied to the Hatch Unit 1
and Hatch Unit 2 feedwater nozzles.

As discussed below, the highest RTnpr values for the nozzle materials are
40°F and 26°F, for Hatch 1 and 2, respectively. The generic pressure test P-T
curve is applied to the Hatch Unit 1 and Hatch Unit 2 feedwater nozzle curves by

shifting the P vs. (T - RTnpr) values above to reflect the RTnpr values of 40°F
and 26°F. '
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4.2.4 CORE NOT CRITICAL HEATUP/COOLDOWN - NON-BELTLINE CURVE B
(USING FEEDWATER NOZZLE/UPPER VESSEL REGION)

The feedwater nozzle was selected to represent non-beltline components
for fracture toughness analyses because the stress conditions are the most
severe experienced in the vessel. In addition to the more severe pressure and
piping load stresses resulting from the nozzle discontinuity, the feedwater nozzle
region experiences relatively cold feedwater flow in hotter vessel coolant.

Stresses are taken from finite element analysis done specifically for
fracture toughness analysis purposes. Analyses were performed for all
feedwater nozzle transients that involve rapid temperature changes. The most
severe of these was normal operation with cold 40°F feedwater injection, which is
equivalent to hot standby.

The non-beltline curves based on feedwater nozzle limits were calculated
according to the methods for nozzles in Appendix 5 of the Welding Research
Council (WRC) Bulletin 175 [5].

The stress intensity factor for a nozzle flaw under primary stress
conditions (Kp) is given in WRC Bulletin 175 Appendix 5 [5] by the expression for
a flaw at a hole in a flat plate:

Kp=SF- ( a) - F(alr) (4-4)

where SF is the safety factor applied per WRC Bulletin 175 [5] recommended
ranges, and F(a/r,) is the shape correction factor.

Finite element analysis of a nozzle corner flaw was performed to
determine appropriate values of F(a/r,) for Equation 4-4. These values are
shown in Figure A5-1 of WRC Bulietin 175 [5].

The stresses used in Equation 4-4 were taken from BWR/6 design stress

reports for the feedwater nozzle. The stresses considered are primary
membrane, m, and primary bending, . Secondary membrane, sm, and
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secondary bending, s, Stresses are included in the total K, by using ASME
Appendix G [8] methods for secondary portion, Kis:

Kis = Mm { sm+ (2/3) - sb)
@-5)

In the case where the fotal stress exceeded yield stress, a plasticity
correction factor was applied based on the recommendations of WRC
Bulietin 175 Section 5.C.3 [5]. However, the correction was not applied to
primary membrane siresses because stresses that are based on equilibrium
considerations (i.e., primary membrane) are not displacement controlled and are
not reduced or changed by deformation of the component. K and Kis are added
to obtain the total value of stress intensity factor, K. A safety factor of 1.6 is
applied to primary stresses for core not critical heatup/cooldown conditions.

Once K was calculated, the following relationship was used to determine
(T - RTnpr). The highest RTnpt for the appropriate non-beltline components was
then used to establish the P-T curves.

(T - RTnpr) = In [(Ki-26.78) / 1.223] / 0.0145 - 160 (4-6)

Example: Core Not Critical Heatup/Cooldown Calculation for Feedwater
Nozzle/Upper Vessel Region

The non-beltline core not critical heatup/cooldown curve was based on the
feedwater nozzle generic analysis, where feedwater injection of 40°F into the
vessel while at operating conditions (551.4°F and 1050 psig) was the limiting
normal or upset condition from a brittle fracture perspective. The feedwater
nozzle corner stresses were obtained from finite element analysis. These
stresses, and other inputs used in the generic calculations, are shown below:

pm = 20.49 ksi sm = 16.19 ksi ys = 45..0 ksi t = 7.5inch
pb = 0.22 ksi o = 19.04 ksi a = 1.88inch r, = 6.94 inch

In this case the total stress, 55.94 ksi, exceeds the yield stress, s, sO the
correction factor, R, is calculated to consider the nonlinear effects in the plastic
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region according to the following equation based on the assumptions and

‘recommendation of WRC Bulletin 175 [5]. (The value of specified yield stress is

for the material at the temperature under consideration. For conservatism, the
temperature assumed for the crack root is the inside surface temperature.)

R= [ ys = pm + (( total ~ ys) / 30)] / ( total = Pm)
(@-7)

For the stresses given, the ratio, R = 0.70. Therefore, all the stresses are
adjusted by the factor 0.70, except for m. The resulting stresses are:

pm = 20-49 kSi sm = 11.33 kS|
pb = 0.15 ksi sb = 13.33 ksi

The value of M, from Figure G-2214-1 [8] was based on a thickness of 7.5
inches; hence, t'2 =2.74. The stress to yield ratio, / s, was conservatively

assumed to be 1.0. The resulting value obtained was: M, = 2.84.

The value F(a/r), taken from Figure A5-1 of WRC Bulletin 175 [5] for an
alr, of 0.27, is 1.5; however, 1.6 is used to be conservative.

F(alry) =1.6

Kip is calculated from Equation 4-4:
Kp=1.6- (20.49+0.15)-( -1.88) "2-16
Kip = 128.4 ksi-in"?

Kis is calculated from Equation 4-5:

Kis =2.84 - (11.33 + 2/3 - 13.33)
Kis = 57.4 ksi-in"?

The total K is, therefore, 186 ksi-in"2.

The total K is substituted into Equation 4-6 to solve for (T - RTnp7):
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(T -RTnpt) = In[(186 - 26.78) / 1.223] / 0.0145 - 160
(T - RTnpr) = 176°F

The generic curve was generated by scaling the stresses used to
determine the K;; this scaling was performed after the adjustment to stresses
above yield. The primary stresses were scaled by the nominal pressures, while
the secondary stresses were scaled by the temperature difference of the 40°F
water injected into the hot reactor vessel nozzle. In the base case that yielded a
K, value of 186 ksi-in"?, the pressure is 1050 psig and the hot reactor vessel
temperature is 551.4°F. Since the reactor vessel temperature follows the
saturation temperature curve, the secondary stresses are scaled by
(Tsaturation - 40) / (551.4 - 40). From K, the associated (T - RTnpr) can be

calculated:

Core Not Critical Feedwater Nozzle K, and (T - RTnor)
as a Function of Pressure

Nominal Saturation Ki (T - RTnoT)
Pressure Temp. (ksi-in"?) (°F)
(psig) (°F)
1563 604 226 191
1400 588 213 187
1200 557 198 181
1050 551 186 176
1000 546 182 174
800 520 166 167
600 489 146 156
400 448 115 135

The highest non-beltine RTnpr values for the feedwater region
components are 40°F and 26°F (steam outlet nozzle) for Hatch Unit 1 and Hatch
Unit 2, respectively [6,7]. The generic curve is applied to the Hatch Unit 1 and
Hatch Unit 2 upper vessels by shifting the P vs. (T - RTnpr) values above to
reflect the RTypr values of 40°F and 26°F.

4.3 CORE BELTLINE REGION

The pressure-temperature (P-T) operating limits for the beltline region are
determined according to the ASME Code. As the beltiine fluence increases with
the increase in operating life, the P-T curves shift to a higher temperature.
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The stress intensity factors (K)), calculated for the beltline region according
to ASME Code Appendix G procedures [8], were based on a combination of
pressure and thermal stresses for a 1/4T flaw in a flat plate. The pressure
stresses were calculated using thin-walled cylinder equations. Thermal stresses
were calculated assuming the through-wall temperature distribution of a flat plate;
values were calculated for 100°F/hr thermal gradient. The shift value of the most
limiting ART material was used to adjust the RTypt values for the P-T limits.
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4.3.1 BELTLINE REGION - PRESSURE TEST

The methods of ASME Code Section Xl, Appendix G [8] are used to
calculate the pressure test beltline limits. The vessel shell, with an inside
radius (R) to minimum thickness (tmin) ratio of 15, is treated as a thin-walled
cylinder. The maximum stress is the hoop stress, given as:

m = PR/ tmin
(4-8)

The stress intensity factor, Kim, is calculated using Figure G-2214-1 of the
ASME Code Section XI, Appendix G [8], accounting for the proper ratio of stress
to yield strength. Figure G-2214-1 was taken from Welding Research Council
(WRC) Bulletin 175 [5], based on a 1/4T radial flaw with a six-to-one aspect ratio
(length of 1.5T). The flaw is oriented normal to the maximum stress direction, in
this case a venrtically oriented flaw. This orientation is used even in the case
where the circumferential weld is the limiting beltline material.

The calculated value of K, for pressure test is multiplied by a safety
factor (SF) of 1.5, per ASME Appendix G [8] for comparison with Kir, the material
fracture toughness. A safety factor of 2.0 is used for the core not critical and
core critical conditions.

The retationship between Kir and temperature relative to reference
temperature (T - RTnpr) is shown in Figure G-2210-1 of ASME Section Xi
Appendix G [8]. represented by the relationship:

Kim - SF = Kir = 1.223 exp[0.0145 (T - RTnpr + 160)] + 26.78
(4-9)

This relationship is derived in the Welding Research Council (WRC) Bulletin
175 [5] as the lower bound of all dynamic fracture toughness and crack arrest
toughness data. This relationship provides values of pressure versus
temperature (from Kir and (T - RTnor), respectively).
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GE’s current practice for the pressure test curve is to add a stress
intensity factor, Ky, for a heatup/cooldown rate of 20°F/hr to provide operating
flexibility. For the core not critical and core critical condition curves, a stress
intensity factor is added for a heatup/cooldown rate of 100°F/hr. The Ky

calculation for a heatup/cooldown rate of 100°F/hr is described in Sections 4.3.3
and 4.3.4.
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4.3.2 CALCULATIONS FOR THE BELTLINE REGION - PRESSURE TEST

This sample calculation is for a pressure test pressure of 1105 psig at
54 EFPY for Hatch Unit 1. The following inputs were used in the beltline limit
calculation: '
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Adjusted RTnor = Initial RTnpr + Shift A = -20+187.2=167.2°F
(Based on ART values in Section 3)

Vessel Height H = 825 inches

Bottom of Active Fuel Height B = 208.5 inches

Vessel Radius (to inside of clad) R =110 inches

Minimum Vessel Thickness (without clad) |t = 5.38 inches

Limiting Beltline Material Yield Strength y = 64.4 ksi

Pressure is calculated to include hydrostatic pressure for a full vessel:

P = 1105 psi + (H - B) 0.0361 psifinch = P psig (4-10)

= 1105 + (825 - 208.5) 0.0361 = 1127 psig

Pressure stress:

= PRA (4-11)
= 1.127 - 110/5.38 = 23.0 ksi

The factor M, (= 2.23) depends on (/ = 23.0 / 64.4) and t'? and is
determined from Figure G-2214-1 of the ASME Code Appendix G [8], where t is
the minimum vessel thickness without cladding. The stress intensity factor for
the pressure stress is K, = Mm - The stress intensity factor for the thermal
stress, Ky, 1s calculated as described in Section 4.3.4 except that the value of "G"
is 20°F/hr instead of 100°F/hr.

Equation 4-9 can be rearranged, and 1.5 K, substituted for Kir, to
solve for (T - RTnpr). Using ASME Section XI Appendix G, Fig. G-2210-1 [8],
Kim= 51.3, and Ky= 1.73 for a 20°F/hr heatup/cooldown rate with a vessel
thickness, t, that includes cladding:

(T - RTnoT)

IN[(1.5 - Kim + Ki; - 26.78) / 1.223] / 0.0145 - 160 (4-12)
In[(1.5 - 51.3 + 1.73 - 26.78) / 1.223] / 0.0145 - 160
98.5°F
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T can be calculated by adding the adjusted RTnpr:
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T = 98.5 + 167 = 265.5°F for P = 1105 psig
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4.3.3 BELTLINE REGION - CORE NOT CRITICAL HEATUP/COOLDOWN

The beltline curves for core not critical heatup/cooldown conditions are
influenced by pressure stresses and thermal stresses, according to the
relationship in ASME Section XI Appendix G [8]:

Kir = 2.0 - Kim +K3t (4-13)

where Ky is primary membrane K due to pressure and K is radial thermal
gradient K due to heatup/cooldown.

The pressure stress intensity factor K, is calculated by the method
described above, the only difference being the larger safety factor applied. The
thermal gradient stress intensity factor calculation is described below.

The thermal stresses in the vessel wall are caused by a radial thermal
gradient that is created by changes in the adjacent reactor coolant temperature in
heatup or cooldown conditions. The stress intensity factor is computed by
multiplying the coefficient M; from Figure G-2214-2 of ASME Appendix G [8] by
the through-wall temperature gradient T , given that the temperature gradient
has a through-wall shape similar to that shown in Figure G-2214-3 of ASME
Appendix G [8]. The relationship used to compute the through-wall T , is based
on one-dimensional heat conduction through an insulated flat plate:

Tixt)/ X2 =1/ ( (x)/ 1)
(4-14)

where T(xt) is temperature of the plate at depth x and time t, and is the
thermal diffusivity.

The maximum stress will occur when the radial thermal gradient reaches a
quasi-steady state distribution, so that T(x,t)/ t = dT(t) / dt = G, where G is the
heatup/cooldown rate, normally 100°F/hr. The differential equation is integrated
over x for the following boundary conditions:
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1. Vessel inside surface (x = 0) temperature is the same as coolant
temperature, To.
2. Vessel outside surface (x = C) is perfectly insulated; the thermal
gradient dT/dx = 0.

The integrated solution results in the following relationship for wall
temperature:

T=Gx%/2 -GCx/ +T o
(4-15)

This equation is normalized to plot (T - Tg) / T  versus x/ C.

The resulting through-wall gradient compares very closely with Figure G-
2214-3 of ASME Appendix G [8]. Therefore, T ,, calculated from Equation 4-14
is used with the appropriate M; of Figure G-2214-2 of ASME Appendix G [8] to
compute Ky for heatup and cooldown.

The M; relationships were derived in the Welding Research Council
(WRC) Bulletin 175 [5] for infinitely long cracks of 1/4T and 1/8T. For the flat

plate geometry and radial thermal gradient, orientation of the crack is not
important. '
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4.3.4 CALCULATIONS FOR THE BELTLINE REGION CORE NOT CRITICAL
HEATUP/COOLDOWN

This sample calculation is for a pressure of 1105 psi for 54 EFPY.

The core not critical heatup/cooldown curve at 1105 psig uses the same
Kim @s the pressure test curve, but with a safety factor of 2.0 instead of 1.5. The
increased safety factor is used because the heatup/cooldown cycle represents
an operational rather than test condition that necessitates a higher safety factor.
In addition, there is a K;; term for the thermal stress. The additional inputs used
to calculate Ky are:

Heatup/cooldown rate, normally 100°F/hr, G =100 °F/hr

Minimum vessel thickness, including clad thickness, C = 0.47 ft (5.69
inches)

Thermal diffusivity at 550°F (most conservative value), =0.354 ft %/ hr [9]

Equation 4-15 can be solved for the through-wall temperature (x = C),
resulting in the absolute value of T for heatup or cooldown of:

T =GC 272
(4-16) ,
=100 (0.47)?/ (2 « 0.354) = 31.2°F

The analyzed case for thermal stress is a 1/4T flaw depth with wall
thickness of C. The corresponding value of M, (=0.2775) can be found from
ASME Appendix G, Figure G-2214-2 [8]. Thus the thermal stress intensity factor,
Ki =M+ T = 8.66, can be calculated.

The pressure and thermal stress terms are substituted into Equation
4-9 to solve for (T - RTnp1):

(T-RTanor) = In[((2* Kim + Ky) - 26.78) / 1.223]/ 0.0145 - 160 (4-17)

= In[(2- 51.3 + 8.66 - 26.78) / 1.223] / 0.0145 - 160
= 132°F
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- T can be calculated by adding the adjusted RTnpr:

T=132+167=299°F forP = 1105 psig

4.4 CLOSURE FLANGE REGION

10CFR50 Appendix G [1] sets several minimum requirements for pressure
and temperature in addition to those outlined in the ASME Code, based on the
closure flange region RTnpr. In some cases, the results of analysis for other
regions exceed these requirements and closure flange limits do not affect the
shape of the P-T curves. However, some closure flange requirements do impact
the curves, as is true with Hatch Unit 1 and Hatch Unit 2 at low pressures.

The original ASME Code require:ment for bolt-up was at qualification
temperature (T3o) plus 60°F. The Code used for the currently licensed P-T
curves is the 1989 ASME Code, no addenda. The ASME Code requirements
state in Paragraph G-2222(c) that, for application of full bolt preload and reactor
pressure up to 20% of hydrostatic test pressure, the RPV metal temperature
must be at RTypr or greater. The approach used for Hatch Unit 1 and Hatch Unit
2 for the bolt-up temperature was based on a more conservative value of
(RTnpt + 60), or the LST of the bolting materials, whichever is greater.. The 60°F
adder is included by GE for two reasons: 1) the pre-1971 requirements of the
ASME Code Section lll, Subsection NA, Appendix G included the 60°F adder,
and 2) inclusion of the additional 60°F requirement above the RTnpr provides the
additional assurance that a flaw size between 0.1 and 0.24 inches is acceptable.
The limiting initial RTypr values for the closure flange region were 16°F for Unit 1
and 30°F for Unit 2 due to the flange, upper vessel and top head plate materials,
and the LST of the closure studs was 70°F for both units, so the bolt-up
temperature values used were 76°F (Unit 1) and 90°F (Unit 2). This
conservatism is appropriate because bolt-up is one of the more limiting operating
conditions (high stress and low temperature) for brittle fracture.

10CFR50 Appendix G, paragraph IV.A.2 [1] including Table 1, sets
minimum temperature requirements for pressure above 20% hydrotest pressure
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based on the RTypt of the closure region. Curve A temperature must be no less
than (RTnpt + 90°F) and Curve B temperature no less than (RTnpr + 120°F).

For pressures below 20% of preservice hydrostatic test pressure (312
psig) and with full bolt preload, the closure flange region metal temperature is
required to be at RTnpr or greater as described above. At low pressure, the
ASME Code [8] allows the beltline and bottom head regions to experience even
lower metal temperatures than the flange region RTnor. However, temperatures
should not be permitted to be lower than 68°F for the reason discussed below.

The shutdown margin, provided in the Hatch Unit 1 and Hatch Unit 2
Technical Specification, is calculated for a water temperature of 68°F. Shutdown
margin is the quantity of reactivity needed for a reactor core to reach criticality
with the strongest-worth control rod fully withdrawn and all other control rods fully
inserted. Although it may be possible to safely allow the water temperature to fall
below this 68°F limit, further extensive calculations would be required to justify a
lower temperature. The 76°F (Unit 1) and 90°F (Unit 2) limits apply when the
head is on and tensioned and the 68°F limit when the head is off, while fuel is in
the vessel. When the head is not tensioned and fuel is not in the vessel, the
requirements of 10CFR50 Appendix G [1] do not apply, and there are no limits on
the vessel temperatures.

4.5 CORE CRITICAL OPERATION REQUIREMENTS OF
10CFR50, APPENDIX G

Curve C, the core critical operation curve, is generated from the
requirements of 10CFR50 Appendix G [1, Table 1]. Table 1 of [1] requires that
core critical P-T limits be 40°F above any Curve A or B limits when pressure
exceeds 20% of the pre-service system hydrotest pressure. Curve B is more
limiting than Curve A, so limiting Curve C values are at least Curve B plus 40°F
for pressures above 312 psig.

Table 1 of 10CFR50 Appendix G [1] indicates that for a BWR with water

level within normal range for power operation, the allowed temperature for initial
criticality at the closure flange region is (RTnpr + 60°F) at pressures below
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312 psig. This requirement makes the minimum criticality temperatures 76°F
(Unit 1) and 90°F (Unit 2), based on RTnpr values of 16°F and 30°F for Unit 1
and 2, respectively. In addition, above 312 psig the Curve C temperature must
be at least the greater of RTnpr of the closure region + 160°F or the temperature
required for the hydrostatic pressure test (Curve A at 1105 psig). Therefore, this
requirement causes a temperature shift in Curve C at 312 psig.
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Table 4-1: Summary of the 10CFR50 Appendix G Requirements

Operating Condition and Pressure

Minimum Temperature Requirement

I.  Hydrostatic Pressure Test & Leak Test
(Core is Not Critical) - Curve A

1. At < 20% of preservice hydrotest
pressure

Larger of ASME Limits or of highest
closure flange region initial RTnpt +
60°F*

2. At > 20% of preservice hydrotest
pressure

Larger of ASME Limits or of highest
closure flange region initial RTnpt +
90°F

Il. Normal operation (heatup and cooldown),
including anticipated operational
occurrences

a. Core not critical - Curve B

1. At < 20% of preservice hydrotest
pressure

Larger of ASME Limits or of highest
closure flange region initial RTnpt +
60°F*

2. At > 20% of preservice hydrotest
pressure

Larger of ASME Limits or of highest
closure flange region initial RTnpr +
120°F

b. Core critical - Curve C

1. At < 20% of preservice hydrotest
pressure, with the water level within
the normal range for power operation

Larger of ASME Limits + 40°F or of
a.1

2. At > 20% of preservice hydrotest
pressure

Larger of ASME Limits + 40°F or of
a.2 + 40°F or the minimum permissible
temperature for the inservice system
hydrostatic pressure test

*60°F adder is included by GE as an additional conservatism as discussed in

Section 4.4
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Table 4-2: Composite and Individual Curves Used To Construct Composite
P-T Curves at 54 EFPY (Unit 1)

- Curve ‘Curve Description '~ Curve leltmg Over i
.. .| pressureRangs, (Psig)

Curve A | 10CFR50 Bolt-up Limits 0-410

Bottom Head Limits (CRD none

Nozzle)

FW Nozzle Limits none

Beltliine Limits 410 - 1400
Curve B | 10CFR50 Bolt-up Limits 0-50

Bottom Head Limits (CRD none

Nozzle)

FW Nozzle Limits 50-290

Beltline Limits 290- 1400
Curve C | 10CFR50 Bolt-up Limits 0-20

Bottom Head Limits (CRD none

Nozzle) -

FW Nozzle Limits 20-290

Beltline Limits 290 - 1400

Note: The core critical operation curve is identical to the core not critical
heatup/cooldown curve but shifted by 40°F, as required in 10CFR50, Appendix G
the methods used for determining the core not critical
heatup/cooldown curves apply to the core critical curves, as well.

[1.  Hence
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Table 4-3: Composite and Individual Curves Used To Construct Composite-
P-T Curves at 54 EFPY (Unit 2)

Curve Curve Description Curve Limiting Over
. - _ ~ _|_. Pressure Range, (Psig).
Curve A | 10CFR50 Bolt-up Limits 0-610
Bottom Head Limits (CRD 610-1400
Nozzle)
FW Nozzle Limits none
Beltline Limits none
Curve B | 10CFR50 Bolt-up Limits 0-90
Bottom Head Limits (CRD none
Nozzle)
FW Nozzle Limits 90-960
Beltline Limits 960-1400
Curve C | 10CFR50 Bolt-up Limits 0-30
Bottom Head Limits (CRD none
Nozzle)
FW Nozzle Limits 30-860
Beltline Limits 960 - 1400

Note: The core critical operation curve is identical to the core not critical

heatup/cooldown curve but shifted by 40°F, as required in 10CFR50, Appendix G

[1]. Hence the methods used for determining the core not critical

heatup/cooldown curves apply to the core critical curves, as well.
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Figure 4-6: Core Critical Curve (Curve C) [Unit 2]

GE-NE- B1100827-00-01
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TABLE 4-4. Hatch Unit 1 P-T Curve Values for 54 EFPY

GE-NE- B1100827-00-01

Required Temperatures at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A

BOTTOM 54 EFPY

HEAD

BELTLINE VESSEL

(FOR FIGURES 4-1 THROUGH 4-3)

UPPER

BOTTOM 54 EFPY UPPER
BELTLINE VESSEL

HEAD

54 EFPY
RPV

PRESSURE CURVEA CURVEA CURVEA CURVEB CURVEB CURVEB CURVEC

(PSIG) (°F) (°F) °F) o) (°F) (°F) (°F)
0 68.0 68.0 76.0 68.0 68.0 76.0 76.0
10 68.0 68.0 76.0 68.0 68.0 76.0 76.0
20 68.0 68.0 76.0 68.0 68.0 76.0 76.0
30 68.0 68.0 76.0 68.0 68.0 76.0 90.6
40 68.0 68.0 76.0 68.0 68.0 76.0 104.5
50 68.0 68.0 76.0 68.0 68.0 76.0 115.2
60 68.0 68.0 76.0 68.0 68.0 83.9 123.9
70 68.0 68.0 76.0 68.0 68.0 911 1311
80 68.0 68.0 76.0 68.0 68.0 97.4 1374
90 68.0 68.0 76.0 68.0 68.0 102.7 - 1427
100 68.0 68.0 . 76.0 68.0 68.0 107.5 147.5
110 68.0 68.0 76.0 68.0 68.0 111.9 151.9
120 68.0 68.0 76.0 68.0 68.0 116.1 156.1
130 68.0 68.0 76.0 68.0 68.0 1201 160.1
140 68.0 68.0 76.0 68.0 68.0 123.6 163.6
150 68.0 68.0 76.0 68.0 68.0 126.8 166.8
160 68.0 68.0 76.0 68.0 68.0 1290.8 169.8
170 68.0 68.0 76.0 68.0 68.0 132.8 172.8
180 68.0 68.0 76.0 - 68.0 68.0 135.6 175.6
190 68.0 68.0 76.0 68.0 68.0 138.2 178.2
200 68.0 68.0 76.0 68.0 68.0 140.6 180.6
210 68.0 68.0 76.0 68.0 68.0 142.9 182.9
220 68.0 68.0 76.0 68.0 82.2 145.2 185.2
230 68.0 68.0 76.0 68.0 97.4 147.4 187.4
240 68.0 68.0 76.0 68.0 109.8 149.4 189.4
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TABLE 4-4. Hatch Unit 1 P-T Curve Values for 54 EFPY
Required Temperatures at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
(FOR FIGURES 4-1 THROUGH 4-3)
BOTTOM S4EFPY UPPER BOTTOM 54EFPY UPPER 54 EFPY
HEAD BELTLINE VESSEL HEAD BELTLINE VESSEL RPV

PRESSURE CURVEA CURVEA CURVEA CURVEB CURVEB CURVEB CURVEC

(PSIG) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

250 68.0 68.0 76.0 68.0 120.3 161.4 1914
260 68.0 68.0 76.0 68.0 1204 153.3 193.3
270 68.0 68.0 76.0 68.0 137.5 165.1 195.1
280 68.0 68.0 76.0 68.0 144.7 157.0 197.0
290 68.0 68.0 76.0 68.0 151.2 168.7 198.7
300 68.0 68.0 76.0 68.0 161.5  160.3 201.5
310 68.0 68.0 76.0 68.0 166.8 162.0 206.8
3125 68.0 68.0 76.0 68.0 168.1 162.3 208.1
312.5 68.0 68.0 106.0 68.0 168.1 162.3 269.2
320 68.0 68.0 106.0 68.0 171.7 163.5 269.2
330 68.0 68.0 106.0 68.0 176.3 165.1 269.2
340 68.0 68.0 106.0 68.0 180.6 166.6  269.2
350 68.0 68.0 106.0 68.0 184.7 168.0 269.2
360 68.0 68.0 106.0 68.0 188.5 169.4 269.2
370 68.0 68.0 106.0 68.0 192.1 170.8 269.2
380 68.0 68.0 106.0 68.0 195.5 1721 269.2
390 68.0 74.0 106.0 68.0 198.8 173.4 269.2
400 68.0 87.3 106.0 68.0 202.0 174.7 269.2
410 68.0 98.4 106.0 68.0 204.9 176.0 269.2
420 68.0 108.0 106.0 68.0 207.8 177.2 269.2
430 68.0 116.5 106.0 70.3 210.6 178.4 269.2
440 68.0 124.0 106.0 73.2 213.2 179.6 269.2
450 68.0 130.7 106.0 76.1 2158 180.7 269.2
460 68.0 136.9 106.0 78.8 218.2 181.8 269.2
470 68.0 142.5 106.0 81.5 220.6 182.9 269.2
480 68.0 147.8 106.0 84.0 222.9 184.0 269.2
490 68.0 152.6 106.0 86.5 225.1 185.1 269.2
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TABLE 4-4. Hatch Unit 1 P-T Curve Values for 54 EFPY

GE-NE- B1100827-00-01

Required Temperatures at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A

BOTTOM &84 EFPY UPPER
BELTLINE VESSEL

HEAD

(FOR FIGURES 4-1 THROUGH 4-3)

BOTTOM 54 EFPY UPPER 54 EFPY

HEAD

BELTLINE VESSEL

RPV

PRESSURE CURVEA CURVEA CURVEA CURVEB CURVEB CURVEB CURVEC

(PSIG) (°F) F) (°F) (°F) (°F) (°F) (°F)
500 68.0 1571 106.0 88.8 227.3 186.1 269.2
510 68.0 1614 106.0 91.1 229.3 187.1 269.3
520 68.0 165.4 106.0 93.3 2314 188.1 2714
530 68.0 169.2 106.0 95.5 2333 189.1 273.3
540 68.0 172.8 106.0 97.6 2353 190.1 275.3
550 68.0 176.2 106.0 99.6 2371 191.1 2771
560 68.0 179.5 106.0 101.5 238.9 192.0 278.9
570 69.5 182.6 106.0 103.5 240.7 192.9 280.7
580 71.8 185.5 106.0 105.3 2424 193.8 2824
590 74.0 188.4 106.0 107.1 244 1 194.7 284.1
600 76.1 191.1 106.0 108.9 2457 195.6 285.7
610 78.2 193.8 106.0 110.6 2473 196.5  287.3
620 80.2 1963 - 106.0 112.3 248.9 197.3 288.9
630 82.1 198.7 106.0 113.9 250.4 198.2 2904
640 84.0 2011 106.0 115.5 251.9 199.0 291.9
650 85.9 203.4 106.7 1171 253.4 199.8 2934
660 87.7 205.6 108.6 118.6 254.8 200.6 294.8
670 89.4 207.7 1104 120.1 256.2 2014 296.2
680 91.1 209.8 112.2 121.6 257.6 201.9 297.6
690 92.8 211.8 114.0 123.0 259.0 202.3 299.0
700 94.4 213.8 1156.7 124.4 260.3 202.8 300.3

710 96.0 215.7 117.4 125.8 261.6 203.2 301.6
720 97.6 2176 119.0 1271 262.9 203.6 302.9
730 99.1 2194 120.6 128.4 264.1 204.0 304.1
740 100.6 2211 122.2 129.7 2654 204.4 3054
750 102.0 222.8 123.7 131.0 266.6 204.8 306.6
760 103.5 224.5 125.2 132.3 267.7 205.2 307.7
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TABLE 4-4. Hatch Unit 1 P-T Curve Values for 54 EFPY

GE-NE- B1100827-00-01

Required Temperatures at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A

BOTTOM 54 EFPY UPPER
BELTLINE VESSEL

HEAD

(FOR FIGURES 4-1 THROUGH 4-3)

BOTTOM 54 EFPY UPPER 54 EFPY

HEAD

BELTLINE VESSEL

RPV

PRESSURE CURVEA CURVEA CURVEA CURVEB CURVEB CURVEB CURVEC

(PSIG) (°F) (°F) (°F) (°F) (°F) (°F) (°F)
770 104.8 226.1 126.7 133.5 268.9 205.6 308.9
780 106.2 227.7 128.1 134.7 270.1 206.0 310.1
790 107.6 229.3 1290.5 135.9 271.2 206.4 311.2
800 108.9 230.8 130.9 137.0 272.3 206.7 312.3
810 110.2 232.3 132.2 138.2 273.4 207 1 3134
820 111.4 233.8 133.5 139.3 274.5 207.5 314.5
830 112.7 235.2 134.8 140.4 275.5 207.9 315.5
840 113.9 236.6 136.1 141.5 276.6 208.3 316.6
850 116.1 238.0 137.3 142.6 2776 208.7 317.6
860 116.3 239.3 138.6 143.6 278.6 209.0 318.6
870 117.5 240.7 139.8 144.7 279.6 209.4 319.6
880 118.6 241.9 140.9 145.7 280.6 209.8 3206
890 119.7 2432 1421 146.7 281.6 210.1 321.6
900 120.8 244.5 143.3 147.7 282.5 210.5 322.5
910 121.9 245.7 144.4 148.7 283.5 210.9 323.5
920 123.0 246.9 145.5 149.7 284.4 211.2 3244
930 124.0 248.1 146.6 150.6 285.3 2116 325.3
940 125.1 249.3 147.7 151.6 286.2 212.0 326.2
950 126.1 2504 148.7 152.5 287.1 2123 3271
960 127.1 251.5 149.8 1563.4 288.0 212.7 328.0
970 128.1 252.6 150.8 154.3 288.9 213.0 328.9
980 129.1 253.7 151.8 1556.2 289.7 2134 329.7
990 130.0 254.8 152.8 156.1 290.6 213.7 330.6
1000 131.0 255.9 153.8 157.0 2914 214 1 331.4
1010 131.9 256.9 154.7 157.8 202.3 2144 332.3
1020 132.9 257.9 165.7 158.7 293.1 214.8 333.1
1030 133.8 258.9 156.6 159.5 293.9 215.1 333.9
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TABLE 4-4. Hatch Unit 1 P-T Curve Values for 54 EFPY

GE-NE- B1100827-00-01

Required Temperatures at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A

BOTTOM 54 EFPY UPPER
BELTLINE VESSEL

HEAD

(FOR FIGURES 4-1 THROUGH 4-3)

BOTTOM 54 EFPY UPPER 54 EFPY

HEAD

BELTLINE VESSEL

RPV

PRESSURE CURVEA CURVEA CURVEA CURVEB CURVEB CURVEB CURVEC

(PSIG) (°F) °F) (°F) F) °F) °F) °F)
1040 134.7 259.9 157.6 160.4 204.7 2154 334.7
1050 135.6 260.9 158.5 161.2 205.5 215.8 335.5
1060 136.5 261.9 159.4 162.0 296.3 216.1 336.3
1070 137.3 262.8 160.3 162.8 297 1 216.5 3371
1080 138.2 263.8 161.2 163.6 297.8 216.8 337.8
1090 139.0 264.7 162.0 164.4 298.6 2171 338.6
1100 139.9 265.6 162.9 165.1 299.3 217.5 339.3
1110 140.7 266.5 163.7 165.9 300.1 217.8 340.1
1120 141.5 2674 164.6 166.7 300.8 218.1 340.8
1130 1423 268.3 165.4 167.4 301.5 218.4 341.5
1140 1431 269.2 166.2 168.1 302.2 218.8 342.2
1150 143.9 270.0 167.0 168.9 303.0 2191 343.0
1160 144 7 270.9 167.8 169.6 303.7 2194 343.7
1170 1455 27117 168.6 170.3 304.4 219.7 344.4
1180 146.2 272.6 169.4 171.0 305.0 220.0 345.0
1180 1470 273.4 170.2 171.7 305.7 2204 345.7
1200 1477 274.2 170.9 172.4 306.4 220.7 346.4
1210 148.5 275.0 171.7 173.1 307.1 221.0 3471
1220 149.2 275.8 172.4 173.8 307.7 221.3 347.7
1230 149.9 276.6 173.2 174.5 308.4 221.6 348.4
1240 150.6 277.3 173.9 175.1 309.0 221.9 349.0
1250 151.3 278.1 174.6 175.8 309.7 222.2 349.7
1260 152.0 278.8 175.4 176.5 310.3 222.5 350.3
1270 162.7 279.6 176.1 1771 311.0 222.8 351.0
1280 153.4 280.3 176.8 177.8 311.6 223.1 351.6
1290 154.1 2811 177.5 178.4 312.2 2234 352.2
1300 154.8 281.8 178.1 179.0 312.8 223.7 352.8
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TABLE 4-4. Hatch Unit 1 P-T Curve Values for 54 EFPY

GE-NE- B1100827-00-01

Required Temperatures at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A

BOTTOM 54 EFPY UPPER
BELTLINE VESSEL

HEAD

(FOR FIGURES 4-1 THROUGH 4-3)

BOTTOM 64 EFPY UPPER
BELTLINE VESSEL

HEAD

54 EFPY
RPV

PRESSURE CURVEA CURVEA CURVEA CURVEB CURVEB CURVEB CURVEC

(PSIG) °F) (°F) (°F) (°F) (°F) F) °F)

1310 155.4 282.5 178.8 179.6 3134 224.0 353.4
1320 156.1 283.2 179.56 180.3 314.0 2243 354.0
1330 156.8 283.9 180.2 180.9 314.6 224.6 354.6
1340 157.4 284.6 180.8 181.5 315.2 224.9 355.2
1350 158.1 285.3 181.5 182.1 3156.8 225.2 355.8
1360 158.7 286.0 182.1 182.7 3164 225.5 356.4
1370 159.3 286.7 182.8 183.3 317.0 225.8 357.0
1380 159.9 287.3 183.4 183.9 317.6 2261 357.6
1380 160.6 288.0 184.0 184.5 318.1 226.4 358.1
1400 161.2 288.6 184.7 185.0 318.7 226.7 3568.7
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TABLE 4-5. Hatch Unit 2 P-T Curve Values for 54 EFPY
Required Temperatures at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
(FOR FIGURES 4-4 THROUGH 4-6)
BOTTOM 54EFPY UPPER BOTTOM 54 EFPY UPPER 54 EFPY

HEAD BELTLINE VESSEL HEAD BELTLINE VESSEL RPV
PRESSURE CURVEA CURVEA CURVEA CURVEB CURVEB CURVEB CURVEC

(PSIG) (°F) (°F) (°F) F) (°F) °F) (°F)
0 68.0 68.0 90.0 68.0 68.0 90.0 90.0
10 ~ 68.0 68.0 90.0 68.0 68.0 80.0 90.0
20 68.0 68.0 90.0 68.0 68.0 90.0 90.0
30 68.0 68.0 90.0 68.0 68.0 90.0 90.0

- 40 68.0 68.0 90.0 68.0 68.0 90.0 90.5
50 68.0 68.0 90.0 68.0 68.0 90.0 101.2
60 68.0 68.0 90.0 68.0 68.0 90.0 109.9
70 68.0 68.0 90.0 68.0 68.0 90.0 117.1
80 68.0 68.0 90.0 68.0 68.0 90.0 123.4
90 68.0 68.0 90.0 68.0 68.0 90.0 128.7

100 68.0 68.0 90.0 68.0 68.0 93.5 133.5
110 68.0 68.0 90.0 68.0 68.0 97.9  137.9
120 68.0 68.0 - 90.0 68.0 68.0 102.1 142.1
130 68.0 68.0 90.0 68.0 68.0 106.1 146.1
140 68.0 68.0 90.0 68.0 68.0 109.6 149.6
150 68.0 68.0 90.0 68.0 68.0 112.8 152.8
160 68.0 68.0 90.0 68.0 68.0 115.8 1565.8
170 68.0 68.0 90.0 68.0 68.0 118.8 158.8
180 68.0 68.0 90.0 68.0 68.0 121.6 161.6
190 68.0 68.0 90.0 68.0 68.0 124.2 164.2
200 68.0 68.0 90.0 68.0 68.0 126.6 166.6
210 68.0 68.0 90.0 68.0 68.0 128.9 168.9
220 68.0 68.0 90.0 68.0 68.0 131.2 171.2
230 68.0 68.0 90.0 68.0 68.0 133.4 173.4
240 68.0 68.0 90.0 68.0 68.0 135.4 175.4
250 68.0 68.0 90.0 68.0 68.0 137.4 177.4

260 68.0 68.0 90.0 68.0 68.0 139.3 179.3
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TABLE 4-5. Hatch Unit 2 P-T Curve Values for 54 EFPY
Required Temperatures at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
(FOR FIGURES 4-4 THROUGH 4-6)
BOTTOM 5S4 EFPY UPPER BOTTOM 54EFPY UPPER 54 EFPY
HEAD BELTLINE VESSEL HEAD  BELTLINE VESSEL RPV

PRESSURE CURVEA CURVEA CURVEA CURVEB CURVEB CURVEB CURVEC

(PSIG) (°F) (°F) F) F) (°F) (°F) (°F)

270 68.0 68.0 90.0 68.0 68.0 141.1 181.1
280 68.0 68.0 90.0 68.0 68.0 143.0 183.0
290 68.0 68.0 90.0 68.0 68.0 144.7 184.7
300 68.0 68.0 90.0 68.0 68.0 146.3 186.3
310 68.0 68.0 90.0 68.0 71.5 148.0 188.0
3125 68.0 68.0 90.0 68.0 72.9 148.3 188.3
312.5 68.0 68.0 120.0 68.0 72.9 150.0 180.0
320 68.0 68.0 120.0 68.0 76.8 150.0 190.0
330 68.0 68.0 120.0 70.1 81.6 1511 191.1
340 68.0 68.0 120.0 75.4 86.1 152.6 192.6
350 68.0 68.0 120.0 80.2 94.0 154.0 194.0
360 680 68.0 120.0 84.8 97.9 1554 1954
370 68.0 68.0 120.0 89.0 101.6 156.8 196.8
380 680 68.0 120.0 93.1 105.1 158.1 198.1
390 68 0 68.0 120.0 96.9 108.5 159.4 199.4
400 68 0 68.0 120.0 100.5 111.6 160.7 200.7
410 680 68.0 120.0 103.9 114.7 162.0 202.0
420 68.0 68.0 120.0 107.2 117.6 163.2 203.2
430 68.0 68.0 120.0 110.3 120.4 164.4 204.4
440 70.1 68.0 120.0 113.2 123.1 165.6 205.6
450 74.1 68.0 120.0 116.1 125.6 166.7 206.7
460 77.8 68.0 120.0 118.8 128.1 167.8 207.8
470 81.4 68.0 120.0 121.5 130.5 168.9 208.9
480 84.8 68.0 120.0 124.0 132.9 170.0 210.0
490 88.0 68.0 120.0 126.5 135.1 171.1 2111
500 911 68.0 120.0 128.8 137.3 172.1 2121
510 94.0 72.2 120.0 131.1 1394 173.1 2131
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TABLE 4-5. Hatch Unit 2 P-T Curve Values for 54 EFPY
Required Temperatures at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
(FOR FIGURES 4-4 THROUGH 4-6)
BOTTOM 54EFPY UPPER BOTTOM 5S4EFPY UPPER 54 EFPY

HEAD BELTLINE VESSEL HEAD  BELTLINE VESSEL RPV
PRESSURE CURVEA CURVEA CURVEA CURVEB CURVEB CURVEB CURVEC

(PSIG) (°F) (°F) F) (°F) | (°F) (°F) (°F)

520 96.9 76.2 120.0 133.3 141.4 1741 2141
530 99.6 80.0 120.0 135.5 143.4 175.1 2151
540 102.2 83.6 120.0 137.6 145.3 176.1 216.1
550 104.7 87.0 120.0 139.6 147.2 1771 2171
560 107.2 90.3 120.0 141.5 149.1 178.0 218.0
570 109.5 03.4 120.0 1435 150.8 178.9 218.9
580 111.8 96.3 120.0 145.3 152.6 179.8 219.8
590 114.0 99.2 120.0 147 .1 154.3 180.7 220.7
600 116.1 101.9 120.0 148.9 1565.9 181.6 221.6
610 118.2 104.5 120.0 150.6 157.5 182.5 2225
620 120.2 107.1 120.0 152.3 159.1 183.3 223.3
630 1221 109.5 120.0 153.9 160.7 184.2 2242
640 124.0 1119 - 120.0 1856.5 162.2 185.0 225.0
650 125.9 114.2 120.0 157 1 163.6 185.8 225.8
660 127.7 116.4 120.0 158.6 165.1 186.6 226.6
670 129.4 118.5 120.0 160.1 166.5 187.4 2274
680 131.1 120.6 120.0 161.6 167.9 187.9 227.9
690 132.8 122.6 120.0 163.0 169.2 188.3 228.3
700 1344 124.6 120.0 164.4 170.6 188.8 228.8
710 136.0 126.5 120.0 165.8 171.9 1890.2 229.2
720 137.6 128.3 120.0 167.1 173.2 189.6 229.6
730 139.1 130.1 120.0 168.4 174.4 190.0 230.0
740 140.6 131.9 120.0 169.7 175.7 190.4 2304
750 142.0 133.6 120.0 171.0 176.9 190.8 230.8
760 143.56 135.3 120.0 172.3 178.1 191.2 231.2
770 144.8 136.9 120.0 173.5 179.3 191.6 231.6
780 146.2 138.5 120.0 174.7 180.4 192.0 232.0
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TABLE 4-5. Hatch Unit 2 P-T Curve Values for 54 EFPY
Required Temperatures at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
(FOR FIGURES 4-4 THROUGH 4-6)
BOTTOM 54 EFPY UPPER BOTTOM 54EFPY UPPER 54 EFPY
HEAD BELTLINE VESSEL HEAD  BELTLINE VESSEL RPV

PRESSURE CURVEA CURVEA CURVEA CURVEB CURVEB CURVEB CURVEC

(PSIG) (°F) (°F) (°F) °F) °F) (°F) (°F)

790 147.6 140.1 120.0 175.9 181.5 192.4 2324
800 148.9 141.6 120.0 177.0 182.7 192.7 232.7
810 160.2 143.1 120.0 178.2 183.8 193.1 233.1
820 151.4 144.5 120.0 179.3 184.8 193.5 233.5
- 830 162.7 146.0 120.8 180.4 185.9 193.9 233.9
840 1563.9 147.4 122.1 181.5 187.0 194.3 234.3
850 165.1 148.7 123.3 182.6 188.0 194.7 234.7
860 156.3 150.1 124.6 183.6 189.0 195.0 235.0
870 1675 = 1514 125.8 184.7 190.0 1964 2354
880 158.6 1562.7 126.9 185.7 191.0 195.8 235.8
890 159.7 154.0 128.1 186.7 192.0 196.1 236.1
900 160.8 155.2 129.3 187.7 192.9 196.5  236.5
910 161.9 156.5 1304 188.7 193.9 196.9 236.9
920 163.0 157.7 131.5 189.7 194.8 197.2 237.2
930 164.0 158.8 132.6 190.6 195.8 197.6 237.6
940 165.1 160.0 133.7 191.6 196.7 198.0 238.0
950 166.1 161.2 134.7 192.5 197.6 198.3 238.3
960 167.1 162.3 135.8 193.4 198.5 108.7 238.7
970 168.1 163.4 136.8 194.3 199.3 199.0 239.3
980 169.1 164.5 137.8 195.2 200.2 199.4 240.2
990 170.0 165.6 138.8 196.1 201.0 199.7 241.0

1000 171.0 166.6 139.8 197.0 201.9 200.1 241.9
1010 171.9 167.7 140.7 197.8 202.7 200.4 242.7
1020 172.9 168.7 141.7 198.7 203.5 200.8 243.5
1030 173.8 169.7 142.6 199.5 204.4 201.1 244 4
1040 174.7 170.7 143.6 200.4 205.2 201.4 245.2
1050 175.6 171.7 144.5 201.2 206.0 201.8 246.0
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TABLE 4-5. Hatch Unit 2 P-T Curve Values for 54 EFPY
Required Temperatures at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
(FOR FIGURES 4-4 THROUGH 4-6)

BOTTOM 6S4EFPY UPPER BOTTOM S4EFPY UPPER 54 EFPY
HEAD BELTLINE VESSEL HEAD  BELTLINE VESSEL RPV
PRESSURE CURVEA CURVEA CURVEA CURVEB CURVEB CURVEB CURVEC

(PSIG) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

1060 176.5 172.6 145.4 202.0 206.7 202.1 246.7
1070 177.3 173.6 146.3 202.8 207.5 202.5 247.5
1080 178.2 174.5 147.2 203.6 208.3 202.8 248.3
1090 179.0 175.5 148.0 204.4 209.1 203.1 249.1
1100 179.9 176.4 148.9 205.1 209.8 203.5 249.8
1110 180.7 177.3 149.7 205.9 210.6 203.8 250.6
1120 181.5 178.2 150.6 206.7 2113 204.1 251.3
1130 182.3 179.1 151.4 207.4 212.0 204.4 252.0
1140 183.1 179.9 162.2 208.1 212.7 204.8 252.7
1150 183.9 180.8 153.0 208.9 213.4 2051 2534
1160 184.7 181.6 163.8 209.6 214.2 205.4 254.2
1170 185.5 182.5 154.6 210.3 214.9 205.7 2549
1180 186.2 183.3 1654 211.0 21565 206.0 255.5
1190 187.0 184.1 156.2 211.7 216.2 206.4 256.2
1200 187.7 184.9 156.9 2124 216.9 206.7 256.9
1210 188.5 185.7 167.7 2131 2176 207.0 257.6
1220 189.2 186.5 158.4 213.8 218.2 207.3 258.2
1230 189.9 187.3 159.2 214.5 218.9 207.6 258.9
1240 180.6 188.1 159.9 215.1 219.6 207.9 259.6
1250 191.3 188.8 160.6 215.8 220.2 208.2 260.2
1260 192.0 189.6 161.4 216.5 220.8 208.5 260.8
1270 192.7 190.3 162.1 2171 2215 208.8 261.5
1280 193.4 191.1 162.8 217.8 222.1 209.1 262.1
1290 194.1 191.8 163.5 218.4 222.7 2094 262.7
1300 194.8 192.5 164.1 218.0 223.3 209.7 263.3
1310 195.4 193.3 164.8 219.6 2240 210.0 264.0
1320 196.1 194.0 165.5 220.3 2246 210.3 264.6
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TABLE 4-5. Hatch Unit 2 P-T Curve Values for 54 EFPY
Required Temperatures at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
(FOR FIGURES 4-4 THROUGH 4-6)
BOTTOM 54 EFPY UPPER BOTTOM 54EFPY UPPER 54 EFPY
HEAD BELTLINE VESSEL HEAD BELTLINE VESSEL RPV

PRESSURE CURVEA CURVEA CURVEA CURVEB CURVEB CURVEB CURVEC

(PSIG) °F) (°F) (°F) °F) (°F) (°F) (°F)

1330 196.8 194.7 166.2 220.9 225.2 210.6 265.2
1340 197.4 195.4 166.8 2215 225.8 210.9 265.8
1350 198.1 196.1 167.5 2221 226.4 211.2 266.4
1360 198.7 196.7 168.1 2227 226.9 211.5 266.9
1370 199.3 197.4 168.8 223.3 227.5 211.8 267.5
1380 199.9 198.1 169.4 223.9 228.1 2121 268.1
1390 200.6 198.7 170.0 2245 228.7 2124 268.7
1400 201.2 199.4 170.7 225.0 229.2 212.7 269.2
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APPENDIX A
HATCH UNIT 1 P-T CURVES
VALID TO 36 EFPY
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Figure A-1: P-T Curve for Unit 1 (Curve A)
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TABLE A-1. Hatch Unit 1 P-T Curve Values for 36 EFPY
Required Temperatures at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
(FOR FIGURES A-1 THROUGH A-3)
BOTTOM 36EFPY UPPER BOTTOM 36EFPY UPPER 36 EFPY
HEAD BELTLINE VESSEL HEAD BELTLINE VESSEL RPV

PRESSURE CURVEA CURVEA CURVEA CURVEB CURVEB CURVEB CURVEC

(PSIG) (°F) °F) (°F) (°F) (°F) °F) P

0 68.0 68.0 76.0 68.0 68.0 76.0 76.0
10 68.0 68.0 76.0 68.0 68.0 76.0 76.0
20 68.0 68.0 76.0 68.0 68.0 76.0 76.0
30 68.0 68.0 76.0 68.0 68.0 76.0 90.6
40 68.0 68.0 76.0 68.0 68.0 76.0 104.5
50 68.0 68.0 76.0 8.0  68.0 76.0 115.2
60 68.0 68.0 76.0 68.0 68.0 83.9 123.9
70 68.0 68.0 76.0 68.0 68.0 911 131.1
80 68.0 68.0 76.0 68.0 68.0 97.4 137.4
90 68.0 68.0 76.0 68.0 68.0 102.7 142.7
100 680 68.0 76.0 68.0 68.0 107.5 147.5
110 68 0 68.0 76.0 68.0 68.0 111.9° 151.9
120 680 68.0 - 76.0 68.0 68.0 116.1 156.1
130 680 68.0 76.0 68.0 68.0 120.1 160.1
140 68 0 68.0 76.0 68.0 68.0 123.6 163.6
150 68 0 68.0 76.0 68.0 68.0 126.8 166.8
160 680 68.0 76.0 68.0 68.0 129.8 169.8
170 680 68.0 76.0 68.0 68.0 132.8 172.8
180 68.0 68.0 76.0 68.0 68.0 135.6 175.6
190 68.0 68.0 76.0 68.0 68.0 138.2 178.2
200 68.0 68.0 76.0 68.0 68.0 140.6 180.6
210 68.0 68.0 76.0 68.0 68.0 142.9 182.9
220 68.0 68.0 76.0 68.0 68.0 145.2 185.2
230 68.0 68.0 76.0 68.0 71.2 147.4 187.4
240 68.0 68.0 76.0 68.0 83.6 149.4 189.4
250 68.0 68.0 76.0 68.0 94.1 151.4 191.4
260 68.0 68.0 76.0 68.0 103.2 153.3 193.3
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TABLE A-1. Hatch Unit 1 P-T Curve Values for 36 EFPY
Required Temperatures at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
(FOR FIGURES A-1 THROUGH A-3)
BOTTOM 36EFPY UPPER BOTTOM 36EFPY UPPER 36 EFPY

HEAD BELTLINE VESSEL HEAD  BELTLINE VESSEL RPV
PRESSURE CURVEA CURVEA CURVEA CURVEB CURVEB CURVEB CURVEC

(PSIG) (°F) (°F) (°F) (°F) (°F) (°F) (°F)
270 68.0 68.0 76.0 68.0 111.3 155.1 195.1
280 68.0 - 68.0 76.0 68.0 118.5 157.0  197.0
290 68.0 68.0 76.0 68.0 125.0 158.7  198.7
300 68.0 68.0 76.0 68.0 135.3 160.3  200.3
310 68.0 68.0 76.0 68.0 140.6 162.0  202.0

312.5 68.0 68.0 76.0 68.0 141.9 162.3  202.3

312.5 68.0 68.0 106.0 68.0 141.9 162.3  243.0
320 68.0 68.0 106.0 68.0 145.5 163.5  243.0
330 68.0 68.0 106.0 68.0 150.1 165.1  243.0
340 68.0 68.0 106.0 68.0 154.4 166.6  243.0
350 68.0 68.0 106.0 68.0 158.5 168.0  243.0
360 68.0 68.0 106.0 68.0 162.3 169.4  243.0
370 68.0 68.0 - 106.0 68.0 165.9 170.8  243.0
380 68.0 68.0 106.0 68.0 169.3 1721 243.0
390 68.0 68.0 106.0 68.0 172.6 1734  243.0
400 68.0 68.0 106.0 68.0 175.8 1747  243.0
410 68.0 72.2 106.0 68.0 178.7 176.0  243.0
420 68.0 81.8 106.0 68.0 181.6 177.2  243.0
430 68.0 90.3 106.0 70.3 184.4 178.4  243.0
440 68.0 97.8 106.0 73.2 187.0 179.6  243.0
450 68.0  104.5 106.0 76.1 189.6 180.7  243.0
460 68.0 110.7 106.0 78.8 192.0 181.8  243.0
470 68.0 116.3 106.0 81.5 194.4 182.9  243.0
480 68.0 121.6 106.0 84.0 196.7 184.0  243.0
490 68.0 126.4 106.0 86.5 198.9 185.1  243.0
500 68.0 130.9 106.0 88.8 201.1 186.1  243.0
510 68.0 135.2 106.0 91.1 203.1 1871 2431
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TABLE A-1. Hatch Unit 1 P-T Curve Values for 36 EFPY
Required Temperatures at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
(FOR FIGURES A-1 THROUGH A-3)
BOTTOM 36 EFPY UPPER BOTTOM 36EFPY UPPER 36 EFPY
HEAD  BELTLINE VESSEL HEAD BELTLINE VESSEL RPV

PRESSURE CURVEA CURVEA CURVEA CURVEB CURVEB CURVEB CURVEC

(PSIG) °F) °F) (°F) °F) (°F) (°F) (°F)

520 68.0 139.2 106.0 93.3 205.2 188.1 245.2
530 68.0 143.0 106.0 95.5 2071 189.1 247 1
540 68.0 146.6 106.0 97.6 209.1 190.1 2491
550 68.0 150.0 106.0 99.6 210.9 1911 250.9
560 68.0 153.3 106.0 101.5 212.7 182.0 252.7
570 69.5 156.4 106.0 103.5 2145 192.9 254.5
580 71.8 159.3 106.0 105.3 216.2 193.8 256.2
580 74.0 162.2 106.0 107.1 217.9 194.7 257.9
600 76.1 164.9 106.0 108.9 219.5 195.6 259.5
610 78.2 167.6 106.0  110.6 221.1 196.5 261.1
620 80.2 170.1 106.0 1123 222.7 197.3 262.7
630 82.1 172.5 106.0 113.9 2242 198.2° 264.2
640 84.0 1749 - 106.0 115.5 225.7 199.0 265.7
650 85.9 177.2 106.7 1171 227.2 199.8 267.2
660 87.7 179.4 108.6 118.6 228.6 200.6 268.6
670 89.4 181.5 1104 120.1 230.0 201.4 270.0
680 91.1 183.6 112.2 121.6 231.4 2019 2714
690 92.8 185.6 114.0 123.0 232.8 202.3 272.8
700 94.4 187.6 1156.7 124.4 234.1 202.8 2741
710 96.0 189.5 117.4 125.8 235.4 203.2 275.4
720 97.6 1914 119.0 127.1 236.7 203.6 276.7
730 99.1 193.2° 120.6 128.4 237.9 204.0 277.9
740 100.6 194.9 122.2 129.7 239.2 204.4 279.2
750 102.0 196.6 123.7 131.0 2404 204.8 2804
760 103.5 198.3 125.2 132.3 241.5 205.2 281.5
770 104.8 199.9 126.7 133.5 242.7 205.6 282.7
780 106.2 201.5 128.1 134.7 243.9 206.0 283.9
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TABLE A-1. Hatch Unit 1 P-T Curve Values for 36 EFPY
Required Temperatures at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
(FOR FIGURES A-1 THROUGH A-3)
BOTTOM 36EFPY UPPER BOTTOM 36EFPY UPPER 36 EFPY
HEAD BELTLINE VESSEL HEAD  BELTLINE VESSEL RPV

PRESSURE CURVEA CURVEA CURVEA CURVEB CURVEB CURVEB CURVEC

(PSIG) (°F) (°F) (°F) °F (°F) (°F) (°F)

790 107.6 203.1 129.5 135.9 245.0 206.4 285.0
800 108.9 204.6 130.9 137.0 2461 206.7 286.1
810 110.2 206.1 132.2 138.2 247.2 2071 287.2
820 111.4 207.6 133.5 139.3 248.3 207.5 288.3
- 830 112.7 209.0 134.8 140.4 2493 207.9 289.3
840 113.9 2104 136.1 141.5 2504 208.3 2904
850 115.1 211.8 137.3 142.6 2514 208.7 2914
860 116.3 2131 138.6 143.6 252.4 209.0 2024
870 117.5 214.5 139.8 144.7 253.4 208.4 2934
880 118.6 215.7 140.9 145.7 2544 209.8 294 4
890 119.7 217.0 1421 146.7 2554 210.1 2954
900 120.8 218.3 143.3 147.7 256.3 2105  296.3
910 121.9 219.5 144 .4 148.7 257.3 210.9 297.3
920 123.0 220.7 145.5 149.7 258.2 211.2 208.2
930 124.0 221.9 146.6 150.6 259.1 211.6 2991
940 125.1 2231 147.7 151.6 260.0 212.0 300.0
950 126.1 224.2 148.7 152.5 260.9 212.3 300.9
960 1271 2253 149.8 1563.4 261.8 2127 301.8
970 128.1 226.4 150.8 154.3 262.7 213.0 302.7
980 129.1 227.5 151.8 166.2 263.5 2134 303.5
990 130.0 228.6 152.8 156.1, 264.4 213.7 304.4

1000 131.0 229.7 163.8 157.0 265.2 214.1 305.2
1010 131.9 230.7 154.7 157.8 266.1 2144 306.1
1020 132.9 231.7 1565.7 158.7 266.9 214.8 306.9
1030 133.8 232.7 166.6 159.5 267.7 2151 307.7
1040 134.7 233.7 157.6 160.4 268.5 2154 308.5
1050 135.6 2347 158.5 161.2 269.3 215.8 309.3

A-8



GE Nuclear Energy GE-NE- B1100827-00-01

TABLE A-1. Hatch Unit 1 P-T Curve Values for 36 EFPY
Required Temperatures at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
(FOR FIGURES A-1 THROUGH A-3)

BOTTOM 36EFPY UPPER BOTTOM 36EFPY UPPER 36 EFPY
HEAD BELTLINE VESSEL HEAD BELTLINE VESSEL RPV
PRESSURE CURVEA CURVEA CURVEA CURVEB CURVEB CURVEB CURVEC

(PSIG) F) °F) °F) °F) (°F) °F) (°F)

1060  136.5 235.7 159.4 162.0 2701 216.1 310.1
1070 137.3 236.6 160.3 162.8 270.9 216.5 3109
1080 138.2 237.6 161.2 163.6 271.6 216.8 311.6
1090 139.0 238.5 162.0 164.4 2724 2171 3124
1100 139.9 2394 162.9 165.1 273.1 217.5 313.1
1110 140.7 240.3 163.7 165.9 273.9 217.8 313.9
1120 141.5 241.2 164.6 166.7 274.6 218.1 314.6
1130 142.3 2421 165.4 167.4 275.3 2184 315.3
1140 143.1 243.0 166.2 168.1 276.0 218.8 316.0
1150 143.9 243.8 167.0 168.9 276.8 2191 316.8
1160 144.7 2447 167.8 169.6 277.5 2194 317.5
1170 145.5 245.5 168.6 170.3 278.2 219.7 318.2
1180 146.2 2464 1694 171.0 278.8 220.0 318.8
1190 147.0 2472 170.2 171.7 279.5 220.4 319.5
1200 147.7 248.0 170.9 1724 280.2 220.7 320.2
1210 148.5 248.8 171.7 173.1 280.9 221.0 320.9
1220 149.2 249.6 172.4 173.8 281.5 221.3 321.5
1230 149.9 2504 173.2 174.5 282.2 221.6 322.2
1240 150.6 2511 173.9 175.1 282.8 221.9 322.8
1250 151.3 251.9 174.6 175.8 283.5 222.2 323.5
1260 152.0 252.6 175.4 176.5 284.1 222.5 3241
1270 162.7 2534 176.1 177.1 284.8 222.8 324.8
1280 153.4 254.1 176.8 177.8 285.4 223.1 325.4
1290 154.1 254.9 177.5 178.4 286.0 2234 326.0
1300 154.8 255.6 178.1 179.0 286.6 223.7 326.6
1310 155.4 256.3 178.8 179.6 287.2 224.0 327.2
1320 156.1 257.0 179.5 180.3 287.8 224.3 327.8
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TABLE A-1. Hatch Unit 1 P-T Curve Values for 36 EFPY
Required Temperatures at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
(FOR FIGURES A-1 THROUGH A-3)
BOTTOM 36EFPY UPPER BOTTOM 36EFPY UPPER 36 EFPY
HEAD BELTLINE VESSEL HEAD  BELTLINE VESSEL RPV

PRESSURE CURVEA CURVEA CURVEA CURVEB CURVEB CURVEB CURVEC

(PSIG) (°F) °F (°F) (°F) (°F) °F) (°F)

1330 156.8 257.7 180.2 180.9 288.4 2246 328.4
1340 157.4 258.4 180.8 181.5 289.0 224.9 329.0
1350 158.1 259.1 181.56 182.1 289.6 225.2 329.6
1360 158.7 259.8 182.1 182.7 290.2 2255 330.2
1370 169.3 260.5 182.8 183.3 290.8 225.8 330.8
1380 159.9 261.1 183.4 183.9 2914 226.1 3314
1390 160.6 261.8 184.0 184.5 291.9 226.4 331.9
1400 161.2 262.4 184.7 185.0 292.5 226.7 332.5
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APPENDIX B
HATCH UNIT 1 P-T CURVES
VALID TO 40 EFPY
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Figure B-1: P-T Curve for Unit 1 (Curve A)
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TABLE B-1. Hatch Unit 1 P-T Curve Values for 40 EFPY
Required Temperatures at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
(FOR FIGURES B-1 THROUGH B-3)
BOTTOM 40EFPY UPPER BOTTOM 40EFPY UPPER 40EFPY

HEAD BELTLINE VESSEL HEAD BELTLINE VESSEL RPV
PRESSURE CURVEA CURVEA CURVEA CURVEB CURVEB CURVEB CURVEC

(PSIG) CF) (°F) (°F) (°F) (°F) (°F) (°F)
0o 68.0 68.0 76.0 68.0 68.0 76.0 76.0
10 68.0 68.0 76.0 68.0 68.0 76.0 76.0
20 68.0 68.0 76.0 68.0 68.0 76.0 76.0
30 68.0 68.0 76.0 68.0 68.0 76.0 90.6
40 68.0 68.0 76.0 68.0 68.0 76.0 104.5
50 68.0 68.0 76.0 68.0 68.0 76.0 115.2
60 68.0 68.0 76.0 68.0 68.0 83.9 123.9
70 68.0 68.0 76.0 68.0 68.0 91.1 131.1
80 68.0 68.0 76.0 . 68.0 68.0 97.4 137.4
00 68.0 68.0 76.0 68.0 68.0 1027 1427
100 68.0 68.0 76.0 68.0 68.0 107.5 147.5
110 68.0 68.0 - 76.0 68.0 68.0 111.9 151.9
120 68.0 68.0 76.0 68.0 68.0 116.1 156.1
130 68.0 68.0 76.0 68.0 68.0 120.1 160.1
140 68.0 68.0 76.0 68.0 68.0 123.6 163.6
150 68.0 68.0 76.0 68.0 68.0 126.8 166.8
160 68.0 68.0 76.0 68.0 68.0 129.8 169.8
170 68.0 68.0 76.0 68.0 68.0 132.8 172.8
180 68.0 68.0 76.0 68.0 68.0 135.6 175.6
190 68.0 68.0 76.0 68.0 68.0  138.2 178.2
200 68.0 68.0 76.0 68.0 68.0 140.6 180.6
210 68.0 68.0 76.0 68.0 68.0 142.9 182.9
220 68.0 68.0 76.0 68.0 68.0 145.2 185.2
230 68.0 68.0 76.0 68.0 7.7 147 .4 187.4
240 68.0 68.0 76.0 68.0 90.1 149.4 189.4
250 68.0 68.0 76.0 68.0 100.6 151.4 1914
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TABLE B-1. Hatch Unit 1 P-T Curve Values for 40 EFPY
Required Temperatures at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
(FOR FIGURES B-1 THROUGH B-3)
BOTTOM 40EFPY UPPER BOTTOM 40EFPY UPPER 40 EFPY

HEAD BELTLINE VESSEL HEAD  BELTLINE VESSEL RPV
PRESSURE CURVEA CURVEA CURVEA CURVEB CURVEB CURVEB CURVEC

(PSIG) (°F) (°F) (°F) (°F) (°F) (°F) (°F)

260 68.0 68.0 76.0 68.0 109.7 153.3 193.3
270 68.0 68.0 76.0 68.0 117.8 155.1 195.1
280 68.0 68.0 76.0 68.0 125.0 157.0 197.0
290 68.0 68.0 76.0 68.0 131.5 158.7 198.7
300 68.0 68.0 76.0 68.0 141.8 160.3 200.3
310 68.0 68.0 76.0 68.0 1471 162.0 202.0
312.5 68.0 68.0 76.0 68.0 148.4 162.3 202.3
312.5 68.0 68.0 106.0 68.0 148.4 162.3 249.5
320 68.0 68.0 106.0 68.0 152.0 163.5 2495
330 68.0 68.0 106.0 68.0 156.6 165.1 249.5
340 68.0 68.0 106.0 68.0 160.9 166.6 249.5
350 68.0 68.0 106.0 68.0 165.0 168.0  249.5
360 68.0 68.0 106.0 68.0 168.8 169.4 2495
370 68.0 68.0 106.0 68.0 172.4 170.8 249.5
380 68.0 68.0 106.0 68.0 175.8 1721 249.5
390 68.0 68.0 106.0 68.0 179.1 173.4 249.5
400 68.0 68.0 106.0 68.0 182.3 174.7 249.5
410 68.0 78.7 106.0 68.0 185.2 176.0 249.5
420 68.0 88.3 106.0 68.0 188.1 177.2 249.5
430 68.0 96.8 106.0 70.3 190.9 178.4 2495
440 68.0 104.3 106.0 73.2 193.5 179.6 249.5
- 450 68.0 111.0 106.0 76.1 196.1 180.7 2495
460 68.0 117.2 106.0 78.8 198.5 181.8 249.5
470 68.0 122.8 106.0 81.5 200.9 182.9 249.5
480 68.0 128.1 106.0 84.0 203.2 184.0 2495
490 68.0 132.9 106.0 86.5 205.4 185.1 249.5
500 68.0 137.4 106.0 88.8 207.6 186.1 2495
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TABLE B-1. Hatch Unit 1 P-T Curve Values for 40 EFPY
Required Temperatures at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
(FOR FIGURES B-1 THROUGH B-3)
BOTTOM 40EFPY UPPER BOTTOM 40EFPY UPPER 40 EFPY

HEAD BELTLINE VESSEL HEAD BELTLINE VESSEL RPV
PRESSURE CURVEA CURVEA CURVEA CURVEB CURVEB CURVEB CURVEC

(PSIG) (°F) (°F) R (°F) °F) (°F) (°F)
510 68.0 141.7 106.0 91.1 209.6 187.1 249.6
520 68.0 145.7 106.0 93.3 211.7 188.1 2517
530 68.0 149.5 106.0 95.5 213.6 189.1 253.6
540 68.0 153.1 106.0 97.6 215.6 190.1 255.6
550 68.0 1566.5 106.0 99.6 2174 191.1 257.4
560 68.0 159.8 106.0 101.5 219.2 192.0 259.2
570 69.5 162.9 106.0 103.5 221.0 192.9 261.0
580 71.8 165.8 106.0 105.3 2227 193.8 262.7
590 74.0 168.7 106.0 1071 2244 194.7 264.4
600 76.1 171.4 106.0 108.9 226.0 195.6 266.0
610 782 1741 106.0 110.6 227.6 196.5 267.6
620 80.2 176.6 106.0 1123 - 229.2 197.3  269.2
630 821 179.0 - 106.0 113.9 230.7 198.2 270.7
640 840 181.4 106.0 116.5 232.2 199.0 2722
650 859 - 183.7 106.7 117.1 233.7 199.8 273.7
660 8r7 185.9 108.6 118.6 235.1 200.6 275.1
670 894 188.0 1104 120.1 236.5 2014 276.5
680 911 190.1 112.2 121.6 237.9 201.9 277.9
690 92.8 192.1 114.0 123.0 239.3 202.3 279.3
700 94 .4 194.1 115.7 124.4 240.6 202.8 280.6
710 96.0 196.0 117.4 125.8 241.9 203.2 281.9
720 97.6 197.9 119.0 127.1 243.2 203.6 283.2
730 99.1 199.7 1206 = 1284 244.4 204.0 2844
740 100.6 201.4 122.2 129.7 245.7 2044 285.7
750 102.0 2031 123.7 131.0 246.9 204.8 286.9
760 103.5 204.8 125.2 132.3 248.0 205.2 288.0
770 104.8 206.4 126.7 133.5 249.2 205.6 289.2
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TABLE B-1. Hatch Unit 1 P-T Curve Values for 40 EFPY
Required Temperatures at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
(FOR FIGURES B-1 THROUGH B-3)
BOTTOM 40EFPY UPPER BOTTOM 40EFPY UPPER 40EFPY

HEAD BELTLINE VESSEL HEAD  BELTLINE VESSEL RPV
PRESSURE CURVEA CURVEA CURVEA CURVEB CURVEB CURVEB CURVEC

(PSIG) (°F) °F) °F) (°F) (°F) (°F) (°F)

780 106.2 208.0 128.1 134.7 2504 206.0 290.4
790 107.6 209.6 129.5 135.9 2515 206.4 201.5
800 108.9 211.1 130.9 137.0 252.6 206.7 292.6
810 110.2 212.6 132.2 138.2 253.7 2071 293.7
820 1114 2141 133.5 139.3 254.8 207.5 204.8
830 112.7 215.5 134.8 140.4 255.8 207.9 295.8
840 113.9 216.9 136.1 141.5 256.9 208.3 296.9
850 115.1 218.3 137.3 142.6 257.9 208.7 297.9
860 116.3 219.6 138.6 143.6 258.9 209.0 208.9
870 117.5 221.0 139.8 144.7 259.9 2094 209.9
880 118.6 222.2 140.9 145.7 260.9 209.8 300.9
890 119.7 223.5 1421 146.7 261.9 2101 301.9
900 120.8 224.8 "143.3 147.7 262.8 210.5 302.8
910 121.9 226.0 144.4 148.7 263.8 210.9 303.8
920 123.0 227.2 145.5 149.7 264.7 211.2 304.7
930 124.0 228.4 146.6 150.6 265.6 211.6 305.6
940 125.1 229.6 147.7 151.6 266.5 212.0 306.5
950 126.1 230.7 148.7 162.5 267.4 212.3 307.4
960 1271 231.8 149.8 153.4 268.3 212.7 308.3
970 128.1 232.9 150.8 154.3 269.2 213.0 309.2
980 129.1 234.0 151.8 155.2 270.0 2134 310.0
990 130.0 2351 152.8 156.1 270.9 213.7 310.9

1000 131.0 236.2 153.8 157.0 2717 2141 311.7
1010 131.9 237.2 154.7 157.8 272.6 214 4 312.6
1020 132.9 238.2 185.7 158.7 273.4 214.8 3134
1030 133.8 239.2 156.6 159.5 274.2 2151 314.2
1040 134.7 240.2 157.6 160.4 275.0 2154 315.0
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TABLE B-1. Hatch Unit 1 P-T Curve Values for 40 EFPY
Required Temperatures at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
(FOR FIGURES B-1 THROUGH B-3)
BOTTOM 40EFPY UPPER BOTTOM 40EFPY UPPER 40 EFPY

HEAD BELTLINE VESSEL HEAD BELTLINE VESSEL RPV
PRESSURE CURVEA CURVEA CURVEA CURVEB CURVEB CURVEB CURVEC

(PSIG) °F) (°F) (°F) °F) °F) (°F) (°F)

1050 135.6 241.2 158.5 161.2 - 275.8 215.8 315.8
1060 136.5 242.2 159.4 162.0 276.6 216.1 316.6
1070 137.3 2431 160.3 162.8 2774 216.5 317.4
1080 138.2 244 .1 161.2 163.6 2781 216.8 318.1
1090 139.0 245.0 162.0 164.4 278.9 2171 318.9
1100 139.9 245.9 162.9 165.1 279.6 217.5 319.6
1110 140.7 246.8 163.7 165.9 280.4 217.8 320.4
1120 141.5 247.7 164.6 166.7 281.1 218.1 3211
1130 142.3 248.6 165.4 167.4 281.8 2184 321.8
1140 143.1 249.5 166.2 168.1 282.5 218.8 322.5
1150 143.9 250.3 167.0 168.9 283.3 219.1 323.3
1160 144.7 251.2 167.8 169.6 284.0 219.4 3240
1170 145.5 2520 168.6 170.3 284.7 219.7 324.7
1180 146.2 252.9 169.4 171.0 285.3 220.0 325.3
1190 147.0 2563.7 170.2 171.7 286.0 220.4 326.0
1200 147.7 254.5 170.9 172.4 286.7 220.7 326.7
1210 148.5 255.3 171.7 173.1 2874 221.0 327.4
1220 140.2 256.1 172.4 173.8 288.0 221.3 328.0
1230 149.9 256.9 173.2 174.5 288.7 221.6 328.7
1240 150.6 257.6 173.9 175.1 289.3 221.9 329.3
1250 151.3 258.4 174.6 175.8 290.0 2222 330.0
1260 152.0 259.1 175.4 176.5 290.6 2225 330.6
1270 152.7 259.9 176.1 177.4 2013 222.8 331.3°
1280 153.4 260.6 176.8 177.8 201.9 223.1 331.9
1290 154.1 261.4 177.5 178.4 202.5 2234 332.5
1300 154.8 262.1 178.1 179.0 293.1 223.7 333.1
1310 155.4 262.8 178.8 179.6 203.7 224.0 333.7
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TABLE B-1. Hatch Unit 1 P-T Curve Values for 40 EFPY
Required Temperatures at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
(FOR FIGURES B-1 THROUGH B-3)
BOTTOM 40EFPY UPPER BOTTOM 40EFPY UPPER 40 EFPY

HEAD BELTLINE VESSEL HEAD  BELTLINE VESSEL RPV
PRESSURE CURVEA CURVEA CURVEA CURVEB CURVEB CURVEB CURVEC

(PSIG) (°F) °F) (°F) (°F) (°F) (°F) (°F)

1320 156.1 263.5 179.5 180.3 204.3 224.3 334.3
1330 156.8 264.2 180.2 180.9 204.9 224.6 334.9

1340 157.4 264.9 180.8 181.5 295.5 224.9 335.5
1350 158.1 265.6 181.5 182.1 296.1 225.2 336.1
1360 158.7 266.3 182.1 182.7 296.7 225.5 336.7
1370 159.3 267.0 182.8 183.3 297.3 225.8 337.3
1380 159.9 267.6 183.4 183.9 297.9 226.1 337.9
1390 160.6 268.3 184.0 184.5 208.4 226.4 338.4
1400 161.2 268.9 184.7 185.0 299.0 226.7 339.0
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APPENDIX C
HATCH UNIT 1 P-T CURVE
VALID TO 44 EFPY

C-1
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Figure C-1: P-T Curve for Unit 1 (Curve A)
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TABLE C-1. Hatch Unit 1 P-T Curve Values for 44 EFPY
Required Temperatures at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
(FOR FIGURES C-1 THROUGH C-3)
BOTTOM 44EFPY UPPER BOTTOM 44EFPY UPPER 44 EFPY
HEAD BELTLINE VESSEL HEAD BELTLINE VESSEL RPV

PRESSURE CURVEA CURVEA CURVEA CURVEB CURVEB CURVEB CURVEC

(PSIG) (°F) (°F) (°F) (°F) °F) °F) (°F)

0 68.0 68.0 76.0 68.0 68.0 76.0 76.0
10 68.0 68.0 76.0 68.0 68.0 76.0 76.0
20 68.0 68.0 76.0 68.0 68.0 76.0 76.0
30 68.0 68.0 76.0 68.0 68.0 76.0 90.6
40 68.0 68.0 76.0 68.0 68.0 76.0 104.5
50 68.0 68.0 76.0 68.0 68.0 76.0 1156.2
60 68.0 68.0 76.0 68.0 68.0 83.9 123.9
70 68.0 68.0 76.0 68.0 68.0 91.1 131.1
80 68.0 68.0 76.0 68.0 68.0 97.4 137.4
90 68.0 68.0 76.0 68.0 68.0 102.7 1427
100 68.0 68.0 76.0 68.0 68.0 107.5 147.5
110 68.0 68.0 - 76.0 68.0 68.0 111.9 151.9
120 68.0 68.0 76.0 68.0 68.0 116.1 156.1
130 68.0 68.0 76.0 68.0 68.0 120.1 160.1
140 68.0 68.0 76.0 68.0 68.0 123.6 163.6
150 68.0 68.0 76.0 68.0 68.0 126.8 166.8
160 68.0 68.0  76.0 68.0 68.0 120.8 169.8
170 68.0 68.0 76.0 68.0 68.0 132.8 172.8
180 68.0 68.0 76.0 68.0 68.0 135.6 175.6

- 190 68.0 68.0 76.0 68.0 68.0 138.2 178.2
200 68.0 68.0 76.0 68.0 68.0 140.6 180.6
210 68.0 68.0 76.0 68.0 68.0 142.9 182.9
220 68.0 68.0 76.0 68.0 68.7 145.2 185.2
230 68.0 68.0 76.0 68.0 83.9 147 .4 187.4
240 68.0 68.0 76.0 68.0 96.3 1494 189.4

250 68.0 68.0 76.0 68.0 106.8 151.4 191.4
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TABLE C-1. Hatch Unit 1 P-T Curve Values for 44 EFPY
Required Temperatures at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
(FOR FIGURES C-1 THROUGH C-3)
BOTTOM 44 EFPY UPPER BOTTOM 44EFPY UPPER 44 EFPY
HEAD BELTLINE VESSEL HEAD  BELTLINE VESSEL RPV

PRESSURE CURVEA CURVEA CURVEA CURVEB CURVEB CURVEB CURVEC

(PSIG) (°F) °F) (°F) (°F) °F) (°F) °F)

260 68.0 68.0 76.0 68.0 1156.9 163.3 193.3
270 68.0 68.0 76.0 68.0 124.0 155.1 195.1
280 68.0 68.0 76.0 68.0 131.2 157.0 197.0
290 68.0 68.0 76.0 68.0 137.7 158.7 198.7
300 68.0 68.0 76.0 68.0 148.0 160.3 200.3
310 68.0 68.0 76.0 68.0 153.3 162.0 202.0
312.5 68.0 68.0 76.0 68.0 154.6 162.3 202.3
312.5 68.0 68.0 106.0 68.0 154.6 162.3 255.7
320 68.0 68.0 106.0 68.0 158.2 163.5 255.7
330 68.0 68.0 106.0 68.0 162.8 165.1 255.7
340 68.0 68.0 106.0 68.0 167.1 166.6 2557
350 68.0 68.0 106.0 68.0 171.2 168.0 255.7
360 68.0 68.0 106.0 68.0 175.0 169.4 255.7
370 68.0 68.0 106.0 68.0 178.6 170.8 255.7
380 68.0 68.0 106.0 68.0 182.0 172.1 255.7
390 68.0 68.0 106.0 68.0 185.3 173.4 255.7
400 68.0 73.8 106.0 68.0 188.5 174.7 255.7
410 68.0 84.9 106.0 68.0 1914 176.0 255.7
420 68.0 94.5 106.0 68.0 194.3 177.2 255.7
430 68.0 103.0 106.0 70.3 197.1 178.4 2556.7
440 68.0 110.5 106.0 73.2 199.7 179.6 255.7
450 68.0 117.2 106.0 76.1 202.3 180.7 255.7
460 68.0 1234 106.0 78.8 204.7 181.8 2557
470 68.0 129.0 106.0 81.5 2071 182.9 255.7
480 68.0 134.3 106.0 84.0 2094 184.0 255.7
490 68.0 139.1 106.0 86.5 211.6 185.1 255.7
500 68.0 143.6 106.0 88.8 213.8 186.1 255.7
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TABLE C-1. Hatch Unit 1 P-T Curve Values for 44 EFPY
Required Temperatures at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
(FOR FIGURES C-1 THROUGH C-3)
BOTTOM 44EFPY UPPER BOTTOM 44EFPY UPPER 44 EFPY
HEAD BELTLINE VESSEL HEAD BELTLINE VESSEL RPV

PRESSURE CURVEA CURVEA CURVEA CURVEB CURVEB CURVEB CURVEC

(PSIG) (°F) (°F) (°F) °F (°F) °F) (°F)

510 68.0 147.9 106.0 91.1 215.8 187.1 255.8
520 68.0 151.9 106.0 093.3 217.9 188.1 257.9
530 68.0 155.7 106.0 95.5 219.8 189.1 259.8
540 68.0 159.3 106.0 97.6 221.8 190.1 261.8
550 68.0 162.7 106.0 99.6 223.6 191.1 263.6
560 68.0 166.0 106.0 101.5 2254 192.0 265.4
570 69.5 169.1 106.0 103.5 227.2 192.9 267.2
580 71.8 172.0 106.0 105.3 228.9 193.8 268.9
590 74.0 174.9 106.0 1071 230.6 194.7 270.6
600 . 761 177.6 106.0 108.9 232.2 195.6 272.2
610 78.2 180.3 106.0 110.6 . 233.8 196.5  273.8
620 80.2 182.8 106.0 112.3 2354 197.3 2754
630 82.1 185.2  106.0 113.9 236.9 198.2 276.9
640 84.0 187.6 106.0 116.5 2384 199.0 278.4
650 85.9 189.9 106.7 1171 239.9 199.8 279.9
660 87.7 192.1 108.6 118.6 2413 200.6 281.3
670 89.4 194.2 110.4 120.1 242.7 201.4 282.7
680 91.1 196.3 112.2 121.6 244 1 201.9 284.1
690 92.8 198.3 114.0 123.0 245.5 202.3 285.5
700 94.4 200.3 115.7 124.4 246.8 202.8 286.8
710 96.0 202.2 117.4 125.8 248.1 203.2 288.1
720 97.6 204.1 119.0 127.1 2494 203.6 2894
730 99.1 205.9 120.6 128.4 250.6 204.0 290.6
740 100.6 2076 122.2 129.7 251.9 204.4 291.9
750 102.0 209.3 123.7 131.0 253.1 204.8 293.1
760 103.5 211.0 125.2 132.3 254.2 205.2 204.2
770 104.8 212.6 126.7 133.5 255.4 205.6 205.4
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TABLE C-1. Hatch Unit 1 P-T Curve Values for 44 EFPY
Required Temperatures at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
(FOR FIGURES C-1 THROUGH C-3)
BOTTOM 44 EFPY UPPER BOTTOM 44EFPY UPPER 44 EFPY

HEAD BELTLINE VESSEL HEAD  BELTLINE VESSEL RPV
PRESSURE CURVEA CURVEA CURVEA CURVEB CURVEB CURVEB CURVEC

(PSIG) °F) (°F) (°F) (°F) (°F) °F) CF

780 106.2 214.2 128.1 134.7 256.6 206.0 296.6
790 107.6 215.8 129.5 135.9 257.7 206.4 207.7
800 108.9 217.3 130.9 137.0 258.8 206.7 208.8
810 110.2 218.8 132.2 138.2 259.9 207 .1 299.9
820 111.4 220.3 133.5 139.3 261.0 207.5 301.0
830 112.7 221.7 134.8 140.4 262.0 207.9 302.0
840 113.9 223.1 136.1 141.5 263.1 208.3 303.1
850 115.1 224.5 1373 142.6 264.1 208.7 304.1
860 116.3 225.8 138.6 143.6 265.1 209.0 305.1
870 117.5 227.2 139.8 144.7 266.1 2094 306.1
880 118.6 228.4 140.9 145.7 267.1 2098 3071
890 119.7 229.7 1421 146.7 268.1 2101 308.1
900 120.8 231.0 143.3 147.7 269.0 210.5 309.0
910 121.9 232.2 144.4 148.7 270.0 210.9 310.0
920 123.0 2334 145.5 149.7 270.9 211.2 310.9
930 124.0 234.6 146.6 150.6 271.8 211.6 311.8
940 - 125.1 235.8 147.7 151.6 272.7 212.0 312.7
950 126.1 236.9 148.7 152.5 273.6 2123 313.6
960 1271 238.0 149.8 153.4 2745 212.7 314.5
970 128.1 239.1 150.8 154.3 2754 213.0 315.4
980 129.1 240.2 151.8 155.2 276.2 2134 316.2
' 990 130.0 241.3 152.8 156.1 277 1 2137 3171
1000 131.0 2424 153.8 157.0 277.9 2141 317.9
1010 131.9 2434 154.7 157.8 278.8 2144 318.8

1020 132.9 2444 155.7 158.7 279.6 214.8 319.6
1030 133.8 245.4 156.6 159.5 280.4 2151 320.4
1040 134.7 246.4 157.6 160.4 281.2 2154 321.2
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TABLE C-1. Hatch Unit 1 P-T Curve Values for 44 EFPY
Required Temperatures at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
(FOR FIGURES C-1 THROUGH C-3)
BOTTOM 44 EFPY UPPER BOTTOM 44EFPY UPPER 44 EFPY
HEAD BELTLINE VESSEL HEAD BELTLINE VESSEL RPV

PRESSURE CURVEA CURVEA CURVEA CURVEB CURVEB CURVEB CURVEC

(PSIG) (°F) (°F) (°F) P (°F) CF) °F)

1050 135.6 2474 1568.5 161.2 282.0 215.8 322.0
1060 136.5 248.4 159.4 162.0 282.8 216.1 322.8
1070 137.3 249.3 160.3 162.8 283.6 216.5 323.6
1080 138.2 250.3 161.2 163.6 2843 216.8 324.3
1090 139.0 251.2 162.0 164.4 285.1 2171 325.1
1100 139.9 252.1 162.9 165.1 285.8 217.5 325.8
1110 140.7 253.0 163.7 165.9 286.6 217.8 326.6
1120 141.5 253.9 164.6 166.7 287.3 218.1 327.3
1130 142.3 254.8 165.4 167.4 288.0 2184 328.0
1140 1431 255.7 166.2 168.1 288.7 218.8 .328.7

1150 1439 256.5 167.0 168.9 289.5 2191 329.5
1160 1447 2574 167.8 169.6 290.2 2194 3302
1170 1455 258.2 168.6 170.3 290.9 219.7 330.9
1180 146.2 259.1 169.4 171.0 2915 220.0 331.5
1190 147.0 259.9 170.2 171.7 2022 220.4 332.2
1200 1477 260.7 170.9 172.4 292.9 220.7 332.9
1210 1485 261.5 171.7 1731 293.6 221.0 333.6
1220 149.2 262.3 172.4 173.8 294.2 2213 334.2

1230 149.9 263.1 173.2 174.5 294.9 221.6 334.9
1240 150.6 263.8 173.9 175.1 295.5 221.9 335.5
1250 1513 264.6 174.6 175.8 296.2 2222 336.2
1260 152.0 265.3 175.4 176.5 296.8 222.5 336.8
1270 152.7 266.1 176.1 1771 297.5 222.8 337.5
1280 153.4 266.8 176.8 177.8 298.1 223.1 338.1
1290 154.1 267.6 177.5 178.4 208.7 223.4 338.7
1300 154.8 268.3 178.1 179.0 299.3 223.7 339.3
1310 155.4 269.0 178.8 179.6 299.9 224.0 339.9
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TABLE C-1. Hatch Unit 1 P-T Curve Values for 44 EFPY
Required Temperatures at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
(FOR FIGURES C-1 THROUGH C-3)
BOTTOM 44 EFPY UPPER BOTTOM 44 EFPY UPPER 44 EFPY

HEAD BELTLINE VESSEL HEAD  BELTLINE VESSEL RPV
PRESSURE CURVEA CURVEA CURVEA CURVEB CURVEB CURVEB CURVEC

(PSIG) (°F) (°F) (°F) (°F) (°F) (°F) P

1320 156.1 269.7 179.5 180.3 300.5 224.3 340.5
1330 156.8 270.4 180.2 180.9 301.1 2246 341.1
1340 157.4 271.1 180.8 181.5 301.7 2249 341.7
1350 158.1 271.8 181.5 182.1 302.3 225.2 342.3
1360 158.7 2725 182.1 182.7 302.9 2255 342.9
1370 159.3 273.2 182.8 183.3 303.5 225.8 343.5
1380 159.9 273.8 183.4 183.9 304.1 226.1 3441
1390 160.6 274.5 184.0 184.5 304.6 226.4 344.6
1400 161.2 275.1 184.7 185.0 305.2 226.7 345.2
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APPENDIX D
HATCH UNIT 1 P-T CURVES
VALID TO 48 EFPY
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Figure D-1: P-T Curve for Unit 1 (Curve A)
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TABLE D-1. Hatch Unit 1 P-T Curve Values for 48 EFPY
Regquired Temperatures at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
(FOR FIGURES D-1 THROUGH D-3)
BOTTOM 48 EFPY UI;PER BOTTOM 48 EFPY UPPER 48 EFPY

HEAD BELTLINE VESSEL HEAD BELTLINE VESSEL RPV
PRESSURE CURVEA CURVEA CURVEA CURVEB CURVEB CURVEB CURVEC

(PSIG) (°F) °F) (°F) (°F) (°F) (°F) °F)

0 68.0 68.0 76.0 68.0 68.0 76.0 76.0
10 68.0 68.0 76.0 68.0 68.0 76.0 76.0
20 68.0 68.0 76.0 68.0 68.0 76.0 76.0
30 - 68.0 68.0 76.0 68.0 68.0 76.0 90.6
40 68.0 68.0 76.0 68.0 68.0 76.0 104.5
50 68.0 68.0 76.0 68.0 68.0 76.0 115.2
60 68.0 68.0 76.0 68.0 68.0 83.9 123.9
70 68.0 68.0 76.0 68.0 68.0 91.1 131.1
80 68.0 68.0 76.0 68.0 68.0 974 1374
90 68.0 68.0 76.0 68.0 68.0 102.7 . 1427
100 68.0 68.0 76.0 68.0 68.0 107.5 147.5
110 68.0 68.0 - 76.0 68.0 68.0 111.9 151.9
120 68.0 68.0 76.0 68.0 68.0 116.1 156.1
130 68.0 68.0 76.0 68.0 68.0 120.1 160.1
140 68.0 68.0 76.0 68.0 68.0 123.6 163.6
150 68.0 68.0 76.0 68.0 68.0 126.8 166.8
160 68.0 68.0 76.0 68.0 68.0 120.8 169.8
170 68.0 68.0 76.0 68.0 68.0 132.8 172.8
180 68.0 68.0 76.0 68.0 68.0 135.6 175.6
190 68.0 68.0 76.0 68.0 68.0 138.2 178.2
200 68.0 68.0 76.0 68.0 68.0 140.6 180.6
210 68.0 68.0 76.0 68.0 68.0 142.9 182.9
220 68.0 68.0 76.0 68.0 744 145.2 185.2
230 68.0 68.0 76.0 68.0 89.6 147.4 187.4
240 68.0 68.0 76.0 68.0 102.0 149.4 189.4
250 68.0 68.0 76.0 68.0 112.5 151.4 1914
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TABLE D-1. Hatch Unit 1 P-T Curve Values for 48 EFPY
Required Temperatures at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
(FOR FIGURES D-1 THROUGH D-3)
BOTTOM 48EFPY UPPER BOTTOM 48EFPY UPPER 48 EFPY
HEAD BELTLINE VESSEL HEAD BELTLINE VESSEL RPV

PRESSURE CURVEA CURVEA CURVEA CURVEB CURVEB CURVEB CURVEC

(PSIG) (°F) (°F) °F) (°F) (°F) (°F) (°F)

260 68.0 68.0 76.0 68.0 121.6 183.3 183.3
270 68.0 68.0 76.0 68.0 129.7 165.1 195.1
280 68.0 68.0 76.0 68.0 136.9 - 157.0 197.0
290 68.0 68.0 76.0 68.0 143.4 158.7 198.7
300 68.0 68.0 76.0 68.0 163.7 160.3 200.3
310 68.0 68.0 76.0 68.0 1569.0 162.0 202.0

312.5 68.0 68.0 76.0 68.0 160.3 162.3 202.3
312.5 68.0 68.0 106.0 68.0 160.3 162.3 261.4

320 68.0 68.0 106.0 68.0 163.9 163.5 2614
330 68.0 68.0 106.0 68.0 168.5 165.1 2614
340 68.0 68.0 106.0 68.0 172.8 166.6 2614
350 68.0 68.0 106.0 68.0 176.9 168.0 2614
360 68.0 68.0 - 106.0 68.0 180.7 169.4 2614
370 68.0 68.0 106.0 68.0 184.3 170.8 261.4
380 68.0 68.0 106.0 68.0 187.7 172.1 261.4
390 68.0 68.0 106.0 68.0 191.0 173.4 2614
400 68.0 79.5 106.0 68.0 194.2 174.7 2614
410 68.0 90.6 106.0 68.0 197.1 176.0 2614
420 68.0 100.2 106.0 68.0 200.0 177.2 2614
430 68.0 108.7 106.0 70.3 202.8 178.4 261.4
440 68.0 116.2 106.0 73.2 2054 179.6 261.4
450 68.0 122.9 106.0 76.1 208.0 180.7 261.4
460 68.0 129.1 106.0 78.8 2104 181.8 261.4
470 68.0 134.7 106.0 81.5 212.8 182.9 2614
480 68.0 140.0 106.0 84.0 215.1 184.0 2614
490 68.0 144.8 106.0 86.5 217.3 185.1 2614
500 68.0 149.3 106.0 88.8 219.5 186.1 261.4

D-6



GE Nuclear Energy GE-NE- B1100827-00-01

TABLE D-1. Hatch Unit 1 P-T Curve Values for 48 EFPY
Required Temperatures at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
(FOR FIGURES D-1 THROUGH D-3)
BOTTOM 48 EFPY UPPER BOTTOM 48EFPY UPPER 48 EFPY

HEAD BELTLINE VESSEL HEAD BELTLINE VESSEL RPV
PRESSURE CURVEA CURVEA CURVEA CURVEB CURVEB CURVEB CURVEC

(PSIG) °F) (°F) (°F) P (°F) (°F) (°F)

510 68.0 153.6 106.0 91.1 221.5 187.1 261.5
520 68.0 157.6 106.0 93.3 223.6 188.1 263.6
530 68.0 161.4 106.0 95.5 225.5 189.1 265.5
540 68.0 165.0 106.0 97.6 227.5 190.1 267.5
550 68.0 168.4 106.0 99.6 229.3 191.1 269.3
560 68.0 171.7 106.0 101.5 2311 192.0 271.1
570 69.5 174.8 106.0 103.5 232.9 192.9 272.9
580 71.8 177.7 106.0 105.3 234.6 193.8 274.6
500 74.0 180.6 106.0 - 1071 236.3 194.7 276.3
600 76.1 183.3 106.0 108.9 237.9 195.6 277.9
610 78.2 186.0 106.0 110.6 239.5 196.5  279.5
620 80.2 188.5 106.0 112.3 241.1 197.3 281.1
630 82.1 190.9  106.0 113.9 242.6 198.2 282.6
640 84.0 193.3 106.0 115.5 2441 199.0 284.1
650 85.9 195.6 106.7 117.1 245.6 199.8 285.6
660 87.7 197.8 108.6 118.6 247.0 200.6 287.0
670 89.4 199.9 110.4 120.1 248.4 2014 288.4
680 911 202.0 112.2 121.6 249.8 201.9 289.8
690 02.8 204.0 114.0 123.0 251.2 202.3 291.2
700 94.4 206.0 116.7 124.4 252.5 202.8 292.5
710 96.0 207.9 117.4 125.8 253.8 203.2 293.8
720 97.6 209.8 119.0 127 1 255.1 203.6 2951
730 9941 211.6 120.6 128.4 256.3 204.0 296.3
740 100.6 213.3 122.2 129.7 257.6 204.4 297.6
750 102.0 215.0 123.7 131.0 258.8 204.8 298.8
760 103.5 216.7 125.2 132.3 259.9 205.2 299.9
770 104.8 218.3 126.7 133.5 261.1 205.6 301.1
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TABLE D-1. Hatch Unit 1 P-T Curve Values for 48 EFPY
Required Temperatures at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
(FOR FIGURES D-1 THROUGH D-3)
BOTTOM 48EFPY UPPER BOTTOM 48EFPY UPPER 48 EFPY

HEAD BELTLINE VESSEL HEAD BELTLINE VESSEL RPV
PRESSURE CURVEA CURVEA CURVEA CURVEB CURVEB CURVEB CURVEC

Psie) (P (A A (P H A P
780 106.2 219.9 128.1 134.7 262.3 206.0 302.3
790 107.6 221.5 129.5 135.9 263.4 206.4 303.4
800 108.9 223.0 130.9 137.0 264.5 206.7 304.5
810 110.2 224.5 132.2 138.2 265.6 207 1 305.6
820 111.4 226.0 133.5 139.3 266.7 207.5 306.7
830 112.7 227.4 134.8 140.4 267.7 207.9 307.7
840 113.9 228.8 136.1 141.5 268.8 208.3 308.8
850 115.1 230.2 137.3 142.6 269.8 208.7 309.8
860 116.3 231.5 138.6 143.6 270.8 209.0 310.8
870 117.5 232.9 139.8 144.7 271.8 2094 311.8
880 118.6 234.1 140.9 145.7 272.8 209.8  312.8
890 119.7 2354 142.1 146.7 273.8 210.1 313.8
900 120.8 236.7 1433 147.7 274.7 210.5 314.7
910 121.9 237.9 144 .4 148.7 275.7 210.9 316.7
920 123.0 23%8.1 145.5 149.7 276.6 211.2 316.6
930 124.0 240.3 146.6 150.6 277.5 211.6 317.5
940 125.1 241.5 147.7 151.6 278.4 212.0 3184
950 126.1 242.6 148.7 152.5 279.3 2123 319.3
960 1271 243.7 149.8 1634 280.2 2127 320.2
970 128.1 244 .8 150.8 154.3 281.1 213.0 321.1
980 129.1 245.9 151.8 155.2 281.9 2134 321.9
990 130.0 247.0 152.8 156.1 282.8 213.7 322.8

1000 131.0 248.1 153.8 157.0 283.6 2141 323.6
1010 131.9 2491 154.7 157.8 284.5 2144 324.5
1020 132.9 2501 155.7 158.7 285.3 214.8 325.3
1030 133.8 2511 156.6 159.5 286.1 21561 326.1
1040 134.7 252.1 157.6 160.4 286.9 215.4 326.9
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TABLE D-1. Hatch Unit 1 P-T Curve Values for 48 EFPY
Required Temperatures at 100 °F/hr for Curves B & C and 20 °F/hr for Curve A
(FOR FIGURES D-1 THROUGH D-3)
BOTTOM 48EFPY UPPER BOTTOM 48EFPY UPPER 48 EFPY

HEAD BELTLINE VESSEL HEAD  BELTLINE VESSEL RPV
PRESSURE CURVEA CURVEA CURVEA CURVEB CURVEB CURVEB CURVEC

(PSIG) (°F) (°F) (°F) °F) (°F) (°F) (°F)

1050 135.6 253.1 158.5 161.2 287.7 215.8 327.7
1060 136.5 2541 159.4 162.0 288.5 216.1 328.5
1070 137.3 255.0 160.3 162.8 289.3 216.5 329.3
1080 138.2 256.0 161.2 163.6 290.0 216.8 330.0
1090 139.0 256.9 162.0 164.4 290.8 2171 330.8
1100 139.9 257.8 162.9 165.1 201.5 217.5 331.5
1110 140.7 258.7 163.7 165.9 202.3 217.8 3323
1120 141.5 259.6 164.6 166.7 293.0 218.1 333.0
1130 142.3 260.5 165.4 167 .4 293.7 2184 333.7
1140 143.1 261.4 166.2 168.1 2944 218.8 334.4
1150 143.9 262.2 167.0 168.9 295.2 2191 335.2
1160 144.7 263.1 167.8 169.6 295.9 2194 335.9
1170 145.5 2639  168.6 170.3 296.6 219.7 336.6
1180 146.2 264.8 169.4 171.0 297.2 220.0 337.2
1190 147.0 265.6 170.2 171.7 297.9 2204 337.9
1200 147.7 266.4 170.9 172.4 208.6 220.7 338.6
1210 148.5 267.2 171.7 173.1 299.3 221.0 339.3
1220 149.2 268.0 172.4 173.8 209.9 221.3 339.9
1230 149.9 268.8 173.2 174.5 300.6 2216 340.6
1240 150.6 269.5 173.9 1751 301.2 2219 341.2
1250 1561.3 2703 174.6 175.8 301.9 2222 341.9
1260 152.0 271.0 175.4 176.5 302.5 222.5 342.5
1270 1562.7 271.8 176.1 177.1 303.2 222.8 343.2
1280 153.4 272.5 176.8 177.8 303.8 2231 343.8
1280 154.1 273.3 177.5 178.4 304.4 2234 344.4
1300 154.8 274.0 178.1 179.0 305.0 223.7 345.0
1310 155.4 274.7 178.8 179.6 305.6 224.0 345.6
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TABLE D-1. Hatch Unit 1 P-T Curve Values for 48 EFPY
Required Temperatures at 100 °F/hr for Curves B & C ahd 20 °F/hr for Curve A
(FOR FIGURES D-1 THROUGH D-3)
BOTTOM 48 EFPY UPPER BOTTOM 48EFPY UPPER 48 EFPY

HEAD BELTLINE VESSEL HEAD BELTLINE VESSEL RPV
PRESSURE CURVEA CURVEA CURVEA CURVEB CURVEB CURVEB CURVEC

(PSIG) (°F) (°F) °F) (°F) (°F) (°F) (°F)

1320 156.1 275.4 179.5 180.3 306.2 2243 346.2
1330 156.8 2761 180.2 180.9 306.8 224.6 346.8
1340 157.4 276.8 180.8 181.5 307.4 224.9 347.4
1350 158.1 277.5 181.5 182.1 308.0 225.2 348.0
1360 158.7 278.2 182.1 182.7 308.6 225.5 348.6
1370 159.3 278.9 182.8 183.3 309.2 225.8 349.2
1380 159.9 279.5 183.4 183.9 309.8 226.1 349.8
1390 160.6 280.2 184.0 184.5 310.3 226.4 350.3
1400 161.2 280.8 184.7 185.0 310.9 226.7 350.9
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