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DOCKET NUMBER 50-483
CALLAWAY PLANT
UNION ELECTRIC COMPANY
PROPOSED REVISION TO TECHNICAL SPECIFICATION 1.1,
"DEFINITIONS"; TECHNICAL SPECIFICATION 3.7.3
"MAIN FEEDWATER ISOLATION VALVES (MfIVs)"; AND
STEAM GENERATOR TUBE RUPTURE WITH OVERFILL RE-ANALYSIS

Reference: ULNRC-04845, dated May 9, 2003 (LER 2003-003-00)
Pursuant to 10 CFR 50.90, AmerenUE hereby requests an amendment to the
Facility Operating License No. NPF-30 for the Callaway Plant. The amendment
request incorporates the attached changes into the Callaway Plant Technical
Specifications. Revisions to the Technical Specifications are required based on the
impact of plant modifications scheduled for components in the Main Feedwater
(MFW) and Auxiliary Feedwater (AFW) systems. In addition, as part of this
application, AmerenUE requests NRC review and approval of the re-analysis of the
steam generator tube rupture (SGTR) with overfill accident.
As discussed in the referenced letter, which transmitted LER 2003-003-00 to
the NRC, during the plant review process for the modifications, AmerenUE identified
a potential adverse impact on the SGTR with overfill analysis. In support of the
modifications, FSAR Chapter 6.2 and Chapter 15 accidents were evaluated for impact
and the radiological and thermal-hydraulic consequences for the SGTR with overfill
accident were re-analyzed. The revised analysis uses International Commission on
Radiological Protection Publication 30 (ICRP 30) based dose conversion factors
(DCFs) and a revised iodine spike model based on Regulatory Guide 1.195, Methods
and Assumptions for Evaluating Radiological Consequences of Design Basis
Accidents at Light-Water Nuclear Power Reactors; revised operator action times for
their responses to a SGTR; and other revised inputs and assumptions consistent with
current plant configuration and operation. AmerenUE proposes to incorporate the
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approved re-analysis of the SGTR accident into the Callaway FSAR. In addition,
AmerenUE requests NRC approval to use Regulatory Guide 1.195 for other licensing
basis dose applications.
This amendment application revises Technical Specification (TS) 3.7.3, "Main
Feedwater Isolation Valves (MfIVs)", so that Surveillance Requirement 3.7.3.1 now
requires a stroke time of 15 seconds rather than 5 seconds for the MFIVs. The
revision is based on a plant modification which will replace the electro-hydraulic
actuators currently installed on the MFIVs with system-medium actuators. The new
system-medium actuators will improve MFIV reliability, reduce maintenance
requirements and reduce personnel exposure to hazardous material. In addition,
relaxing the required stroke time reduces the magnitude of Feedwater System pressure
transients.
Another modification will replace the existing swing check valve in each AFW
motor driven pump discharge line with an automatic recirculation control check
(ARC) valve. At Callaway Plant the AFW system consists of two motor driven pumps
(MIDAFP) and one steam turbine driven pump. Each motor driven pump discharges
through a check valve and a locked-open isolation valve to feed two steam generators.
By replacing the swing check valve with the ARC valve, a potential for vibration in the
AFW system is reduced and AFW flow margin is increased. The new ARC valve
maintains minimum flow requirements for the pump, but as pump discharge flow
increases, the recirculation line automatically, mechanically, modulates closed, so that
all flow is diverted to the steam generators. The ARC valve provides the recirculation
flow needed for pump protection at low flow rates and allows full diversion to the
steam generators with increased discharge flow. This is an enhancement over the
current continuous recirculation design.
The SGTR accident considers two scenarios: (1) SGTR with overfill and (2)
SGTR with stuck open atmospheric steam dump valve (ASD). In these scenarios, the
plant modifications result in increased main and auxiliary feedwater inventory in the
ruptured steam generator. The offsite doses presented in the Callaway FSAR are based
on the analysis of the scenario with a stuck open ASD on the ruptured steam
generator. In the original submittal, this case was the limiting accident scenario for
radiological consequences. The original submittal for the SGTR accident also
concluded that SGTR with overfill could not occur at Callaway - a SNUPPS plant.
Subsequent to this submittal, Callaway implemented fuel design changes and a power
uprate. In response to NRC questions and at NRC request, Union Electric submitted
an analysis for SGTRwith overfill (ULNRC-1518, dated May 27, 1987). The analysis
was based on a "forced" overfill scenario, because it used assumptions beyond the
design basis accident to achieve the overfill condition. The NRC approved this
analysis in a safety evaluation (SE) issued in 1990. However, it was not considered a
design basis accident for Callaway and the analysis was not incorporated into the
FSAR. The current content of FSAR Section 15.6.3 concludes that in the SGTR with
overfill scenario, water relief is precluded and there is no release of radiation to the
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overfill scenario, water relief is precluded and there is no release of radiation to the
environment. Now, based on the results of the revised analysis for SGTR with overfill
and as discussed in LER 2003-003-00 (the referenced letter ULNRC-04845), the
FSAR conclusion must be changed and the accident consequences revised in the
updated FSAR.
The application of ICRP 30 based DCFs impacts the definition of Dose
Equivalent Iodine I-13 1 described in Callaway Technical Specifications Section 1.1.
In support of the new analysis, this amendment application proposes to revise
Technical Specification 1.1, 'Definitions", to allow the use of exposure-to-thyroid
factors (DCFs) derived from the data provided in ICRP Publication 30, "Limits for
Intakes of Radionuclides by Workers." The DCF numerical values are taken from
Table 2.1 of Federal Guidance Report 11, "Limiting Values of Radionuclide Intake
and Air Concentration and Dose Conversion Factor for Inhalation, Submersion, and
Ingestion." The current Technical Specification definition allows use of thyroid DCFs
from Table III of TID-14844, AEC, 1962, Calculation of Distance Factors for Power
and Test Reactor Sites" (ICRP-2). Use of the ICRP 30 DCFs and iodine spike
modeling is desired because the methodology is recognized for its scientific basis; it is
recommended in Regulatory Guide 1.195 (Section 4.1.2 and AppendixE) and it has
been approved by the NRC for use by other licensees. Because applying the source
term methodology of Regulatory Guide 1.195 revises the source term of a current
design basis accident, 10 CFR 50.67 requires submittal of a license amendment under
10 CFR 50.59.

The appropriate Technical Specification Bases changes and FSAR changes for
the modifications and license amendment requests are attached for information only.
Attachment 1 to this submittal is the required Affidavit. Attachment 2 provides
a detailed description, safety analysis of the proposed changes, and the Callaway
determination that the proposed changes do not involve a significant hazards
consideration. Attachment 3 provides the existing Technical Specification pages
marked-up to show the proposed changes. Attachment 4 provides a clean copy of the
proposed Technical Specification pages. Attachment 5 provides the existing
Technical Specification Bases pages marked-up to show the proposed changes (for
information only). Attachment 6 provides FSAR pages marked-up to show the
proposed changes (for information only).
This letter identifies actions committed to by AmerenUE and the Callaway
Plant in this submittal. Other statements are provided for information purposes and
are not considered to be commitments. A summary of the regulatory commitments
included in this submittal is provided in Attachment 7. Attachment 8 provides a figure
depicting the replacement MFIV actuator (system-medium operated actuator).
It has been determined that this amendment application does not involve a
significant hazards consideration as determined per 10 CFR 50.92. In addition,

ULNRC-04592
June 27, 2003
Page 4
pursuant to 10 CFR 51.22(b), no environmental assessment need be prepared in
connection with the issuance of this amendment.
AmerenUE requests approval of this proposed License Amendment by
February 1, 2004 which is prior to the next refueling outage scheduled for April 2004.
Approval of the requested Technical Specification changes prior to the outage will
allow planned outage work to proceed in conjunction with the outage. The approved
amendment will be implemented prior to restart of the unit following Refueling Outage
13.
Pursuant to 10 CFR 50.91(b)(1), AmerenUE is providing the State of Missouri
with a copy of this proposed amendment.
If you should have any questions on the above or attached, please contact
Dave Shafer at (314) 554-3104 or Dwyla Walker at (314) 554-2126.
Very truly yours,

David E. Shafer
Acting Manager, Regulatory Affairs
DJWIJdg
Attachments:

1)
2)
3)
4)
5)

Affidavit
Evaluation
Markup of Technical Specification pages
Retyped Technical Specification pages
Proposed Technical Specification Bases changes
(for information only)
6) Proposed Callaway FSAR changes (for information only)
7) Summary of Regulatory Commitments
8) Diagram for MFIV System-Medium Operated Actuator

STATE OF MISSOURI
CITY OF ST. LOUIS
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David Shafer, of lawful age, being first duly sworn upon oath says that he is
Acting Manager, Regulatory Affairs, for Union Electric Company; that he has read the
foregoing document and knows the content thereof, that he has executed the same for and
on behalf of said company with full power and authority to do so; and that the facts
therein stated are true and correct to the best of his knowledge, information and belief

By
David Shafer
Acting Manager, Regulatory Affairs

SUBSCRIBED and sworn to before me this c.22 7 day of

at4

,2003.

,2c~l~12
CAROL A. HEAD
Notay Public -Notary Seal

STATE OP MISSOURI
SL Charles Comy
My Commission Expires: Sept 232006

ULNRC-04592
June 27, 2003
Page 5
cc:

U. S. Nuclear Regulatory Commission (Original) w/a
Attn: Document Control Desk
Mail Stop P1-137
Washington, DC 20555-0001
Mr. Thomas P. Gwynn w/o
Regional Administrator
U.S. Nuclear Regulatory Commission
Region IV
611 Ryan Plaza Drive, Suite 400
Arlington, TX 76011-4005
Senior Resident Inspector w/o
Callaway Resident Office
U.S. Nuclear Regulatory Commission
8201 NRC Road
Steedman, MO 65077
Mr. Jack N. Donohew (2 copies) w/a
Licensing Project Manager, Callaway Plant
Office of Nuclear Reactor Regulation
U. S. Nuclear Regulatory Commission
Mail Stop 7E1
Washington, DC 20555-2738
Manager, Electric Department w/o
Missouri Public Service Commission
PO Box 360
Jefferson City, MO 65102
Mr. Gerhard K. Samide w/o
ANI Account Engineer
Town Center, Suite 3005
29 S. Main St.
West Hartford, CT 06107-2445
Deputy Director w/o
Department of Natural Resources
Central Regional Office
P.O. Box 176
Jefferson City, MO 65102-0176
Ms. Jennifer L. Yunk
Superintendent, Licensing
Wolf Creek Nuclear Operating Corporation
PO Box 411
Burlington, KS 66839
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EVALUATION
1.0

DESCRIPTION

This letter is a request to amend Operating License NPF-30 for the Callaway Plant.
Revisions to the Technical Specifications are required based on the impact of plant
modifications scheduled for components in the main feedwater (FW) and auxiliary
feedwater (AFW) systems. In addition, as part of this application, AmerenUE requests
NRC review and approval of the re-analysis of the steam generator tube rupture (SGTR)
with overfill accident. As discussed in LER 2003-003-00, during the plant review process
for the modifications, AmerenUE identified a potential adverse impact on the SGTR with
overfill analysis.
In support of the modifications, FSAR Chapter 6.2 and Chapter 15 accidents were
evaluated for impact and the radiological and thermal-hydraulic consequences for the
SGTR with overfill accident were re-analyzed. The revised analysis uses International
Commission on Radiological Protection Publication 30 (ICRP 30) based dose conversion
factors (DCFs) and revised iodine spike modeling based on Regulatory Guide 1.195,
Methods and Assumptions for Evaluating Radiological Consequences of Design Basis
Accidents at Light-Water Nuclear Power Reactors; revised operator action times for their
responses to a SGTR; and other revised inputs and assumptions consistent with current
plant configuration and operation. AmerenUE proposes to incorporate the approved reanalysis of the SGTR with overfill accident into the updated Callaway FSAR. In addition
AmerenUE requests NRC approval to use Regulatory Guide 1.195 for other licensing
basis dose applications.
The appropriate Technical Specification Bases and FSAR changes are also
attached (for information only), as appropriate, to reflect the various proposed changes.
2.0

PROPOSED CHANGES

This amendment application would revise Technical Specification (TS) 3.7.3,
"Main Feedwater Isolation Valves (MFIVs)", Surveillance Requirement (SR) 3.7.3.1, to
require a stroke time of 15 seconds rather than 5 seconds for the MF1Ys. The revision is
based on a plant modification which will replace the electro-hydraulic actuators currently
installed on the MFIVs with system-medium actuators. The new system-medium
actuators will improve MFIV reliability and reduce maintenance requirements. In
addition, relaxing the required stroke time reduces the magnitude of Feedwater System
pressure transients.
The TS Bases are also revised to reflect changes based on the new MFIV actuator
design and the TS Bases Surveillance Requirement 3.7.3.1 section is revised to indicate
Page 1 of 33

ULNRC-04592
that the closure time of each MF1V must be verified to be less than or equal to 15 seconds
from each actuation train, when tested pursuant to the plant Inservice Testing Program.
As a result of the actuator replacements, additional changes are required to the
main control board and the Main Steam and Feedwater Isolation System (MSFIS) cabinet
and controls. These additional changes include the removal, rewiring and replacement of
several relays and modification to affected test switches and indicators. A new program
module will be added to the main program for the MSFIS actuation logic. The new
programming module will process the inputs and produce desired outputs for the new
MFIV actuators. The entire MSFIS actuation logic programming will be verified and
validated as required to establish the quality of the new program module and to identify
any impact on existing program modules. These additional changes do not require TS
revisions; are evaluated and found acceptable under plant review programs performed
under 10 CFR 50.59.
Another plant modification replaces the existing swing check valve in each AFW
motor driven pump discharge line with an automatic recirculation control check (ARC)
valve. The new ARC valve maintains minimum flow requirements for the pump, but as
pump discharge flow increases, the recirculation line automatically, mechanically,
modulates closed, so that all flow is diverted to the steam generators. Because the impact
of increased flow margin to the AFW system, associated with the modification, has been
evaluated for impact on FSAR Chapter 6.2 and Chapter 15 accidents, this change is
included in the license amendment request package. However, this modification does not
require TS revisions, is evaluated and found acceptable under plant review programs
performed under 10 CFR 50.59.
The TS Bases are revised based on the impact of the change to the new ARC valve
design and the MFIV actuator replacement. TS Bases Surveillance Requirement section
3.7.5.2 is updated to indicate revised MDAFP acceptance criteria for recirculation flow
given the change in differential pressure.
In order to determine the impact of the plant modifications and the proposed
changes to the Technical Specifications, the consequences to Chapter 6.2 and Chapter 15
accident scenarios have been evaluated. In addition, the SGTRwith overfill accident is
re-analyzed for thermal-hydraulic and radiological consequences. The revised analysis
uses ICRP 30 based DCFs and revised iodine spike modeling based on Regulatory Guide
1.195; revised operator action times for their responses to a SGTR; and other revised
inputs and assumptions consistent with current plant configuration and operation.
The application of ICRP 30 based DCFs impacts the definition of Dose Equivalent
Iodine 1-131 described in Callaway Technical Specifications Section 1.1. In support of the
new analysis, this amendment application proposes to revise Technical Specification 1.1,
"Definitions", to allow the use of exposure-to-thyroid factors (DCFs) derived from the
data provided in ICRP Publication 30, "Limits for Intakes of Radionuclides by Workers."
The DCF numerical values are taken from Table 2.1 of Federal Guidance Report 11,
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"Limiting Values of Radionuclide Intake and Air Concentration and Dose Conversion
Factor for Inhalation, Submersion, and Ingestion." The current definition allows use of
thyroid DCFs from Table m of TID-14844, AEC, 1962, "Calculation of Distance Factors
for Power and Test Reactor Sites" (ICRP-2).
3.0

BACKGROUND

3.1

Main Feedwater Isolation Valve Actuator Replacement

The existing electro-hydraulic actuators for the Main Feedwater Isolation Valves
(fWIVs) have a poor maintenance history. The valve actuators are complex and have
numerous 0-rings under high pressure. The history of these valves includes leaks that
have resulted in loss of generation capacity, and delays in starting up the plant following
refueling outages, as well as increased personnel exposure to hazardous materials (use of
the hazardous material, fyrequel, associated with the electro-hydraulic actuators). As a
result, the existing electro-hydraulic actuators on the MFIVs will be replaced with systemmedium actuators during Refuel 13. To accommodate the new actuators, the existing
valve bonnets and yokes will be removed, and a new bonnet installed.
The safety design functions of the MEIV actuators are to close the MFIV within
the required time frame and provide an acceptable pressure boundary for the Auxiliary
Feedwater System, when closed. The proposed TS change will increase the required
MFWIV closure time from 5 seconds to 15 seconds.
Description of New Actuators
The new MFIV actuators are shown in Attachment 8. They are simple steam
pistons, with the piston shaft attached directly to the valve stem. The new MFIV
actuators are operated by system-medium (process fluid) to close the valve and utilize
instrument air or process fluid to open the valve. The pressure of the process fluid acts
upon the actuator piston to position the valve. The process fluid is directed to the
actuator piston chamber by solenoid valves. Each MFIV has three solenoid valves per
train with a total of six solenoids per valve. Two of the solenoids per train control the
admission of process fluid above the actuator piston (the upper piston chamber), and one
solenoid per train controls venting and/or pressurization below the actuator piston (the
lower piston chamber). The upper and lower piston chambers are isolated from each other
by means of double piston seals. The lower portion of the actuator is the steam chamber,
which remains at system pressure. The steam chamber is connected to the inlet of the
solenoid valves via internal steam ports in the wall of the actuator cylinder, therefore,
there is no external process fluid piping to the solenoid valves. The steam chamber is
isolated from the lower piston chamber by means of double stem seals and a leak tight
backseat.
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Oveninf the MFIV
To open an MFIV, depress the Open button on the main control board handswitch.
This will energize solenoid valves MV1 and MV2 (vented position), energize solenoid
valves MV3 and MV4 (closed position), and energize solenoid vent valves MV5 (closed
position) and MV6 (pressurized position). If sufficient system pressure (2 30 psig) is
available the MFIV will open due to the feedwater pressurizing the Lower Piston Chamber
(LPC) through MV6. If sufficient system pressure is not available the MFIV can be
opened by directing auxiliary medium (air) through manual valves HV3 and HV4 to the
LPC. After a 12 minute time delay, solenoid valves MV5 and MV6 will be returned to a
de-energized state (vented position). When using auxiliary medium to open an MFIV,
manual valves HV5 and HV6 should be closed to prevent venting of the LPC once the 12
minute time delay has expired.
Closing the MFIV
Only one actuation train is required to close an MFIV. Both Upper Piston
Chamber (UPC) solenoids within the train, MV1 and MV3 or MV2 and MV4, must be
de-energized. When MV1 and MV3 or MV2 and MV4 de-energize, they open to admit
feedwater from the valve steam chamber to the UPC. The LPC is vented through
solenoids MV5 and/or MV6, which are in the de-energized state (vented position). After
a 30 second time delay, solenoid valves MV5 and MV6 will go to an energized state
(closed or pressurized position), preventing any leakage from the LPC. Note that the term
"close" includes either closure from the main control board handswitch or closure from
the Engineered Safety Feature Actuation System (ESFAS).
3.2

Auxiliary Feedwater Pump Discharge Check Valve Replacement

At Callaway Plant the AFW system consists of two motor driven pumps (MDAFP)
and one steam turbine driven pump. The two motor driven pumps are driven by acpowered electric motors. Each horizontal centrifugal pump takes suction from the
nonsafety-related condensate storage tank, or alternatively, from the safety-related
essential service water system. Pump design capacity includes continuous minimum flow
recirculation, which is controlled by restriction orifices. Each motor driven pump
discharges through a check valve and a locked-open isolation valve to feed two steam
generators. The current pump discharge check valves are "swing style" check valves.
Plant experience with these valves has resulted in documentation of their contribution to
high vibration on both trains of MDAFP piping systems, where leaking MDAFP discharge
flow control valves have been shown the direct causal effect of the vibration. In certain
AFW system lineups, use of the discharge swing style check valves contributes to piping
vibration and to system hydraulic instability.
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Immediate corrective action involved reworking the discharge flow control valves
to eliminate leakage and the direct cause of vibrations. Further corrective action to
minimize piping vibration and system instability includes replacing the existing swing
check valve in each MDAFP discharge line with an ARC valve. Evaluations support a
change in design for the pump discharge check valve to eliminate susceptibility for system
hydraulic instability and piping vibration.
The ARC valve performs all flow sensing, bypass pressure reduction, reverse flow
protection and modulating recirculating flow in an integral three port valve. The valve is
flow operated and does not require any instrument air or electrical needs to operate.
Upon pump start up and without process demand, the bypass is completely open,
recirculating the required minimum flow. When process demand starts, the spring loaded
disc is lifted and held in position by flow demand. Until main process flow demand
exceeds recommended minimum flow, the valve will modulate. As the process flow
demand increases beyond minimum flow, the bypass will close. Due to the specific design
for Callaway Plant no calibration is required.
The ARC valve provides the check valve function provided by the existing
discharge check valve and directs flow to either the main process flow or to recirculation
flow. Because of the ARC valve design, margin for the MDAFPs is increased. Because
the ARC valve provides the recirculation flow needed for pump protection at low flow
rates and allows full diversion to the steam generators with increased discharge flow, it is
an enhancement over the current continuous recirculation design.
3.3

Re-Analysis of Radiological Consequences for SGTR
Backeround for the Technical Analysis

The method of technical analysis used for evaluating the potential impacts of the
modifications and the proposed changes (increased MFIV stroke time from 5 seconds to
15 seconds; the increase in AFW flow margin; and the use of ICRP 30 based DCFs and an
iodine spike model based on Regulatory Guide 1.195) has been to review and assess the
existing design basis evaluations for the impact of these changes.
The existing design basis evaluations were originally performed by Westinghouse
Corporation (Westinghouse), the NSSS supplier and by Bechtel Corporation (Bechtel) the
architect engineer, and in some cases as a collaborative effort between them. FSAR
Chapter 15 accident analyses and FSAR Chapter 3.9(N).1.1, NSSS design thermal
transients, were performed by Westinghouse. The original SGTR analyses were
performed for Callaway as a SNUPPS plant.
FSAR Chapter 6.2 Mass and Energy Release Analyses included collaboration
between Westinghouse and Bechtel. The post-MSLB containment pressure-temperature
analysis for the Callaway Plant was resulted from a collaborative effort between
Westinghouse and Bechtel. Westinghouse was responsible for calculating mass and
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energy releases, while Bechtel was originally responsible for using the mass and energy
release data as an input to calculate containment pressure-temperature response.
Currently, AmerenUE rather than Bechtel is the containment analyst and performs
calculations for containment pressure-temperature response based on Westinghouse
calculations of mass and energy release data.
In support of the proposed changes to the Technical Specifications and in order to
determine the impact of the plant modifications, AmerenUE and Westinghouse have
performed additional evaluations and calculations for the assessments. The consequences
to Chapter 6.2 and Chapter 15 accident scenarios have been evaluated and the SGTR with
overfill accident was re-analyzed for thermal-hydraulic and radiological consequences.
Descrintion of the Callaway SGTR Accident Analysis
The SGTR accident considers two major scenarios: (1) the potential for an AFW
control valve failure leading to overfill of the faulted steam generator with liquid entering
the main steam line resulting in liquid relief through a failed open safety valve, and (2) the
failure of an atmospheric steam dump (ASD) valve in the open position leading to
continued release of steam generator fluid and contained radioactivity.
Current offsite doses presented in the Callaway FSAR are based on the SGTR
scenario with the stuck open ASD on the ruptured steam generator. The failure of the
ASD in the open position leads to a continued release until operator action stops the
release. Based on the original submittal for SGTR accident consequences, this scenario is
limiting for postulating the maximum radiological consequences. The doses calculated are
acceptably below the applicable offsite dose limits from Standard Review Plan (SRP)
15.6.3.
In the overfill case, the AFW control valve (an automatically positioned flow
control valve commonly referred to as a "smart" valve) for the ruptured SG fails open.
Primary to secondary break flow plus the maximized AFW flow forces the ruptured SG
towards a water-solid condition. As postulated, the steam lines may fill, and water relief
through a Main Steam Safety Valve (MSSV) could occur. The MSSVs are not designed
for water relief, and following water relief, the MSSV may fail to reseat for some period
of time.
Callaway's initial Operating License required Union Electric to submit the analysis
for the SGTR accident for NRC review and approval. The original submittal was made on
behalf of both SNUPPS plants (SLNRC 86-01, dated January 8, 1986). The SNUPPS
analysis concluded that the SNUPPS units would not overfill. Subsequent to this
submittal, Callaway Plant implemented fuel design changes and a power uprate, rendering
the plant different from the original SNUPPS analysis. In response to NRC questions,
Union Electric submitted an additional analysis for SGTR with SG overfill (LJLNRC-1 518,
dated May 27, 1987). The analysis was considered to be based on a "forced" overfill
scenario, because it used assumptions beyond the design basis accident to achieve the
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overfill condition. The NRC approved this analysis in a safety evaluation (SE) issued in
1990. The SE specifically included confirmatory calculations for the overfill scenario's
radiological consequences. However, because it was not considered a design basis
accident, Union Electric did not incorporate the scenario into the FSAR. The current
content of FSAR Section 15.6.3 concludes that in the SGTR with overfill scenario, water
relief is precluded and there is no release of radiation to the environment. Now, based on
the results of the revised analysis for SGTR with overfill, and based on LER 2003-003-00
transmitted in ULNRC-04845, dated May 9, 2003, the FSAR conclusion must be
changed.
Description of the Revised Analysis for SGTR with Overfill
The revised SGTR analysis uses ICRP 30 based DCFs and a revised iodine spiking
model, based on Regulatory Guide 1.195 (different from the current method and DCFs
described for SGTR with a stuck open ASD presented in the FSAR Table 15A-4); revised
operator action times for their responses to a SGTR; and other revised inputs and
assumptions consistent with current plant configuration and operation. The application of
ICRP 30 based DCFs impacts the definition of Dose Equivalent Iodine-131 described in
Callaway Technical Specifications Section 1.1. The current definition allows use of
thyroid DCFs from Table m of TID-14844, AEC, 1962, "Calculation ofDistance Factors
for Power and Test Reactor Sites" (ICRP-2). The revised Technical Specification 1.1,
"Definitions", would allow the use of the DCFs derived from data provided in the ICRP
Publication 30. The revised analysis uses the exposure-to-thyroid factors (DCFs) derived
from the data provided in ICRP Publication 30, "Limits for Intakes of Radionuclides by
Workers."
The new analysis also uses a revised iodine spike modeling factor of 335, based on
Regulatory Guide 1.195, which differs from the factor of 500 used in the current analysis
of record. Together these changes reduce the magnitude of the accident source term and
result in lower thyroid doses than would be obtained using the current methodology of
record. These methods are found acceptable and recommended in Regulatory Guide
1.195, Section 4.1.2 and in Appendix E.
Use of these revisions is desired because the methodology is recognized for its
scientific basis; the methods are recommended by Regulatory Guide 1.195 and the
methodology has been approved by the NRC for use by other licensees (see Section 7.0
for precedents). Because applying the source term methodology of Regulatory Guide
1.195 revises the source term of a current design basis accident, 10 CFR 50.67 requires
submittal of a license amendment under 10 CFR 50.90.
4.0

TECHNICAL ANALYSIS

The safety implications associated with the plant modifications and with the use of
Regulatory Guide 1.195 source term methodology and other methodology changes
incorporated into the SGTR with overfill re-analysis, have been evaluated.
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The replacement of the electro-hydraulic MFIV actuators with system-medium
actuators and the proposed increase in MFIV isolation time has been evaluated for impact
on the accident analyses presented in FSAR Chapters 6.2 and 15. MFIV isolation time is
not explicitly modeled in all accident sequences. Several accidents take credit for either
MFIV isolation time or the addition of a minimum flowrate of AFW. The accidents that
are applicable for this review are listed below and the evaluations are discussed in the
specific accident summaries provided below.
The safety implications associated with use of the ARC valve and the associated
increase in AFW delivered to the steam generators are evaluated for adverse impact on
FSAR Chapter 6.2 and Chapter 15 analyses for which maximum AFW flow is limiting.
For the other accidents, the increase in AFW flow margin has no impact or is beneficial to
mitigation of the accident. The events evaluated include the SGTR with overfill;
inadvertent opening of a steam generator safety valve; steam system piping failure and
steamline break inside containment. The evaluations are discussed in the specific accident
summaries provided below.
Finally, the safety implications of using Regulatory Guide 1.195 source term
methodology changes to re-analyze the SGTR with overfill accident are evaluated. This
includes use of thyroid DCFs based on ICRP-30; use of an iodine spike model that yields a
different factor than used in the analysis of record; and use of different operator response
times. This evaluation is discussed below in the SGTR with overfill accident.
ANALYSTS
MF1V isolation time is not explicitly modeled in the following Chapter 15 accident
sequences or categories of sequences (i.e., MFIV position is not an essential analysis
consideration):
* Excessive Increase in Secondary Steam Flow (FSAR 15.1.3)
* Steam Pressure Regulator Malfunction or Failure that Results in Decreasing Steam
Flow (FSAR 15.2.1)
* Loss of External Electrical Load (FSAR 15.2.2)
* Turbine Trip (FSAR 15.2.3)
* Inadvertent Closure of Main Steam Isolation Valves (FSAR 15.2.4)
* Loss of Condenser Vacuum and Other Events Resulting in Turbine Trip
(FSAR 15.2.5)
* Decrease in Reactor Coolant System Flow Rate Accidents (FSAR 15.3, other than
Locked Rotor Steam releases discussed later)
* Reactivity and Power Distribution Anomaly Accidents (FSAR 15.4, other than RCCA
Ejection Steam releases as discussed later)
* Increase in Reactor Coolant Inventory Accidents (FSAR 15.5)
* Inadvertent Opening of a Pressurizer Safety or Relief Valve (FSAR 15.6.1)
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*

Break in Instrument Line or Other Lines from Reactor Coolant Pressure Boundary
that Penetrate Containment (FSAR 15.6.2)
* Large Break Loss-of-Coolant Accident (LBLOCA) (FSAR 15.6.5)
* Radioactive Release from a Subsystem or Component Accidents (FSAR 15.7)
* ATWS (FSAR 15.8)
The following accidents are applicable to the review for impact of the proposed
amendments and are discussed in subsequent paragraphs:
* Feedwater System Malfunctions that Result in a Decrease in Feedwater Temperature
(FSAR 15.1.1). Reviewed for increased MFIV stroke time.
* Feedwater System Malfunctions that Result in an Increase in Feedwater Flow
(FSAR 15.1.2). Reviewed for increased MWIV stroke time.
*

Inadvertent Opening of a Steam Generator Relief or Safety Valve (FSAR 15.1.4)
Reviewed for increased MFIV stroke time and for additional AFW flow.

*

Steam System Piping Failure (FSAR 15.1.5)
Reviewed for increased MFIV stroke time and for additional AFW flow.

*

Loss of Nonemergency AC Power to the Station Audliaries (FSAR 15.2.6)
Reviewed for increased MFIV stroke time.

*

Loss of Normal Feedwater Flow (FSAR 15.2.7)
Reviewed for increased MFIV stroke time.

*

Feedwater System Pipe Break (FSAR 15.2.8)
Reviewed for increased MWIV stroke time.

*

Steam Generator Tube Rupture (SGTR) (FSAR 15.6.3)
Reviewed for increased MFIV stroke time, additional AFW flow,
and Regulatory Guide 1.195 source term methodology and other methodology
changes.

*

Small Break Loss-of Coolant Accident (SBLOCA) (FSAR 15.6.5)
Reviewed for increased MFIV stroke time.

In addition to the Chapter 15 accident sequences listed above, the FSAR Section
6.2 Mass and Energy Release Analyses, FSAR Section 3.9(N). 1.1, NSSS design thermal
transients; and the steam releases assumed in radiological analyses were also reviewed for
potential impact.
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Feedwater System Malfunctions that Result in a Decrease In Feedwater
Temperature
This event is analyzed at the limiting hot full power (HFP) conditions. Feedwater
isolation is assumed to occur from a steam generator high-high water level signal. The
HFP feedwater malfunction cases analyzed for Callaway cover possible system
malfunctions that could result in either increased feedwater flow or decreased feedwater
temperature.
The steam generator high-high water level setpoint and MFIV stroke time are
explicitly modeled in the Feedwater Malfunction Temperature Decrease case. However,
in this case, the reactor is tripped on an overpower AT signal, and the turbine is then
tripped by the P4 signal. The minimum Departure from Nucleate Boiling Ratio (DNBR)
occurs approximately at the time of reactor trip with feedwater isolation occurring well
after this time. Therefore, feedwater isolation does not play a role in this case. It can be
concluded, therefore, that changes in the time of feedwater isolation do not impact the
limiting DNBR results obtained for this event.
The analysis for this accident sequence continues to satisfy the acceptance criteria.
As such, it can be concluded that an increase in MFIV stroke time to 15 seconds is
acceptable with respect to the Feedwater System Malfunctions that result in a decrease in
feedwater temperature.
Feedwater System Malfunctions that Result in an Increase in Feedwater Flow
This event is analyzed at hot zero power (HZP) and hot full power (HFP)
conditions. Feedwater isolation is assumed to occur from a steam generator high-high
water level signal in the HFP Feedwater Malfunction cases.
In the FP Feedwater Flow Increase case, the safety analysis steam generator
high-high water level setpoint is assumed to be the Safety Analysis Limit (SAL) of 100/
Narrow Range Span (NRS). Results of plant-specific sensitivity studies indicate that a
slight delay in reaching a turbine trip and/or feedwater isolation signal, due to minor
changes in the steam generator high-high water level setpoint, has little effect on the
minimum calculated DNBR for this case. From the results of these sensitivities one can
conclude that an increase of 10 seconds in MFIV stroke time would also have little impact
on the DNBR transient for this event. Based on this, it can be concluded that the 10second change in the time for main feedwater isolation does not significantly impact the
DNBR results obtained for this event.
The acceptance criterion for this sequence is a minimum DNBR of 1.69. The
current Analysis of Record for Callaway results in a minimum DNBR of 2.078, which is
well above the minimum acceptable DNBR.
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The analyses for this accident sequence continue to satisfy their acceptance
criteria. As such, it can be concluded that an increase in MFIV stroke time to 5 seconds
is acceptable with respect to the Feedwater System Malfunctions that result in an increase
in feedwater flow.
Inadvertent Opening of a Steam Generator Relief or Safety Valve
The inadvertent opening of a steam generator relief or safety valve accident
sequence is bounded by the analyses for the main steam line break. Refer to the
discussion below under "Steam System Piping Failure".
Steam System Pinine Failure
Although main feedwater would not be available during no-load conditions, main
feedwater is conservatively assumed to increase to a nominal (full power) mass flow rate
at the beginning of the transient for the hypothetical Steamline Break (SLB). This
maximizes the initial feedwater flow to increase the heat removal capacity of the steam
generators. This feedwater flow is maintained until feedwater isolation occurs. Thus, the
SLB analyses credit feedwater isolation to limit the cooldown of the RCS.
The limiting SLB cases analyzed for Callaway also utilize a very conservative
auxiliary feedwater (AFW) flow model, also aimed at maximizing the cooldown of the
RCS. This model preferentially directs the AFW flow to the faulted steam generator from
the start of the transient resulting in very significant asymmetric RCS loop temperatures.
It is this asymmetric temperature distribution in the core that makes the SLB a limiting
DNBR transient.
Impact of Increased MF1V Stroke Time
The proposed increase in MFIV stroke time represents a symmetric as opposed to
an asymmetric change in feedwater flow to the RCS loops. It has been determined that
extending the symmetric addition of main feedwater for an additional 10 seconds, to
account for an increased MFIV stroke time, has little effect on the DNBR transient
calculated for this event. The feedwater added during the additional 10 seconds does not
significantly change the resulting RCS cooldown calculated using the conservative
modeling assumptions detailed above. Furthermore, the increase in the stroke time of
these valves will have no effect on the delivery of auxiliary feedwater to the steam
generators. As such, the increase in MFIV stroke time to 15 seconds is acceptable with
respect to the SLB event.
Impact of Increased AFW Flow Margin
The maximum AFW flow that can be delivered to the faulted steam generator
during a steamline break or inadvertent opening of a steam generator safety/relief valve
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event has increased. The AFW flows assumed to be delivered to the three intact steam
generators, during these events, have also changed. Even though the accident
assumptions preferentially direct the AFW flow to the faulted steam generator from the
start of the transient, resulting in very significant asymmetric RCS loop temperatures, the
design of the AFW system prevents all of the AFW flow from going into the faulted steam
generator. The remainder of the total flow is distributed to the three intact steam
generators. Updated flow rates were evaluated for the impact of this change on the
steamline break or inadvertent opening of a steam generator safety/relief valve event. The
flow to the faulted steam generator was increased to 1493.50 gpm from 1417.7 gpm.
The flow to the three intact steam generators was changed to 302.28 gpm from 199.7 gpm
for one intact SG and 439.3 gpm for each of the other intact steam generators. Based on
previous evaluations of AFW flow increases and general sensitivity studies documented in
WCAP-9226, Revision 1, the magnitude of the changes in the AFW flow has an
insignificant effect on the DNBR results for the steamline break and inadvertent secondary
side depressurization events.
Conclusion
The analyses for these accident sequences continue to satisfy their acceptance
criteria and the conclusions presented in the FSAR for these Non-LOCA events remain
valid. The minimum DNBR for SLB is calculated for each fuel cycle. Fuel Cycle 13 has a
minimum DNBR of 2.072 as compared to the acceptance criteria of 1.50. This significant
margin, combined with the determination that DNBR is insensitive to the change in MFIV
stroke time or the change in increased AFW flow margin, demonstrates that the proposed
modification to the MFIV actuators and the proposed installation of the ARC valves do
not represent an unacceptable adverse impact on the SLB analyses.
Loss of Nonemereencv AC Power to the Station Auxiliaries
In contrast to the typical Westinghouse NSSS design, the feedwater line check
valves at the Callaway Plant are located downstream (inside containment) of the AFW
injection point rather than upstream (outside containment). This configuration demands a
protection system functional requirement to ensure that the main feedwater system is
isolated due to a low-low steam generator water level signal. Although feedwater
isolation is not explicitly modeled as such in the Loss of Nonemergency AC Power to the
Station Auxiliaries analyses, the assumed AFW purge volume (specifically, the AFW
purge volume is assumed to be the total volume of piping between the feedwater isolation
valve and the steam generator inlet) implies main feedwater isolation occurs. When main
feedwater is lost, as is the case in this event, the purge volume fills with residual main
feedwater at a high temperature. This fill water must be displaced before colder AFW can
reach the steam generators. Time for the displacement (before cold AFW reaches the
steam generators) represents an additional delay beyond an assumed 60-second AFW
actuation time delay. The 60-second actuation delay accounts for the time it takes from
receipt of the low-low steam generator water level signal until the AFW pumps reach full
speed. The time for displacement accounts for the delay it takes to fill the piping volume
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between the feedwater isolation valve and the feedwater line check valve. Thus, based on
the current Analysis of Record for this event, main feedwater isolation must occur prior to
crediting AFW initiation. An increase in the MFIV stroke time to 15 seconds remains well
below the combined 60 seconds assumed AFW actuation time and the time for
displacement. Therefore, an increase in MFIV stroke time from 5 seconds to 15 seconds
is acceptable with respect to the Loss of Nonemergency AC Power to the Station
Auxiliaries event.
The SNUPPS Auxiliary Feedwater System Reliability Evaluation (Reference 8.14)
performed for the limiting Condition II events is based on the availability of only one
Motor Driven Auxiliary Feedwater Pump (IDAFP) (FSAR Section 18.2.7.3). To be
consistent with this assumption, the analyses of the FSAR Chapter 15 Condition I events
conservatively assume only one of the two MDAFPs is available.
The most limiting single failure for the Loss of Nonemergency AC Power to the
Station Auxiliaries, which is considered a Condition II event, is the failure of a single
protection train, which would prevent one MDAFP from starting. In this scenario, with
the new system-medium actuators installed on the MFIVs, the single protection train
failure would result in one train of solenoid valves not going to their safety position.
Through discussion with the valve manufacturer, Control Components Inc. (CCI), and
subsequent testing, it has been confirmed that the MFIV will close in the required 15
seconds under this condition. It was also found, however, that up to 10 gpm of process
fluid per actuator, could be diverted from the system back to the condenser through the
failed solenoids. If the Auxiliary Feedwater System is in operation, this potential diversion
flow could be Auxiliary Feedwater for the steam generators. For analytical conservatism,
an additional 50/o was added to this potential flow diversion, which results in 15 gpm per
actuator, or 30 gpm total. For this event it is also assumed the Turbine Driven Auxiliary
Feedwater Pump (TDAFP) is also not available. Based on MDAFP surveillance data, the
weakest MDAFP is capable of providing 532.0 gpm flow to two steam generators at 1221
psig. Accounting for a potential 30 gpm flow diversion results in a net flow of 502.0 gpm
(532.0 gpm - 30 gpm) to two steam generators. Therefore, the limiting MDAFP will
provide sufficient flow beyond the required 480 gpm assumed in the accident analysis.
Increased AFW flow associated with the new MDAFP ARC valve will be beneficial.
If a single failure of the TDAFP is assumed (instead of a single protection train)
and one MDAPP is not available, all solenoid valves on the MFIV system-medium
actuators are assumed to function as designed. Therefore, the solenoid valves will provide
a complete pressure boundary for the APW system and no diversion of AFW through the
MFIV actuators will occur.
Loss of Normal Feedwater Flow
As discussed in the evaluation for the Loss of Nonemergency AC Power to the
Station Auxiliaries, the configuration of the Callaway Plant's main feedwater system
demands a protection system functional requirement to ensure that the main feedwater
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system is isolated due to a low-low steam generator water level signal. Although main
feedwater isolation is not explicitly modeled as such in the Loss of Normal Feedwater
analyses, the assumed AFW purge volume (see discussion under "Loss of Nonemergency
AC Power to the Station Auxiliaries") implies, by the fact it accumulates, that main
feedwater isolation occurs. Thus, based on the current analysis of record for this event,
main feedwater isolation must occur prior to crediting AFW initiation. As discussed
above under "Loss of Nonemergency AC Power to the Station Auxiliaries", an increase in
the MFIV stroke time from 5 seconds to 15 seconds will still allow for main feedwater
system isolation to occur as originally analyzed. It can be concluded, therefore, that an
increase in MFIV stroke time to 15 seconds is acceptable with respect to the Loss of
Normal Feedwater Flow event.
As also discussed in the evaluation for the Loss of Nonemergency AC Power to
the Station Auxiliaries, the SNUPPS Auxiliary Feedwater System Reliability Evaluation
performed for the limiting Condition II events is based on the availability of only one
MDAFP. Since the Loss of Normal Feedwater Flow event is considered a Condition II
event, it also assumes only one of the two MDAFPs is available.
Similar to the Loss of Nonemergency AC Power event, the most limiting single
failure for the Loss of Normal Feedwater Flow, is the failure of a single protection train,
which would prevent one MDAFP from starting. Again as described in the previous
accident scenario, the TDAFP is also not available. With the new system-medium
actuators installed on the MFIVs, assuming the weakest MDAFP is providing flow to two
steam generators and accounting for the flow diversion from the MFIV actuators, results
in a net flow of 502.0 gpm (532.0 gpm - 30 gpm) to the steam generators. Once again,
the limiting MDAFP will provide flow above and beyond the required 480 gpm assumed in
the accident analysis. Increased AFW flow associated with the new MDAFP ARC valve
will be beneficial.
When the single failure of the TDAFP is assumed (instead of a single protection
train) and one MDAFP is not available, all solenoid valves on the MFIV system-medium
actuators will function as designed. Therefore, the solenoid valves will provide a complete
pressure boundary for the AFW system and no diversion of AFW through the MFIV
actuators will occur.
Feedwater System Pine Break
As explained in the Loss of Normal Feedwater Flow section, Callaway Plant's
configuration of the AFW system is unique. Although feedwater isolation is not explicitly
modeled in the feedwater line break (LB) analysis, the assumed AFW delivery time
implies feedwater isolation occurs. Again, as discussed above, the total AFW system
delivery is assumed in the analysis to be composed of two parts. The first part is a delay
of 60 seconds to account for the time from receipt of the low-low steam generator water
level signal until the AFW pumps reach full speed. The second part of the total AFW
system delivery time is the delay to account for the time it takes to fill the piping volume
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between the feedwater isolation valve and the feedwater line check valve. Thus, based on
the current Analysis of Record for this event, main feedwater isolation must occur prior to
crediting AFW initiation.
An increase in the MFIV stroke time from 5 seconds to 15 seconds will still allow
main feedwater system isolation to occur as originally analyzed. Since feedwater isolation
will still occur prior to AFW initiation, it can be concluded that an increase in MFIV
stroke time to 15 seconds is acceptable with respect to the FLB event.
A FLB event is considered a Condition IV event, which also assumes a single
failure of one protection train. The accident analysis for the Feedwater System Pipe Break
event was performed assuming a single protection train failure and, as a result, only takes
credit for the TDAFP and one MDAFP. This accident analysis requires a total
AFW flow of 563.3 gpm to three intact Steam Generators, 470 gpm provided by the
TDAFP and 93.3 gpm provided by the MDAFP, which is limited by the flow control valve
in the MDAFP discharge line. A hydraulic analysis of the AFW System for this accident,
using the latest pump surveillance data, found the pumps would always deliver at least
691.4 gpm. As previously stated, through discussion with the valve manufacturer, Control
Components Inc. (CCI), and subsequent testing, it has been confirmed that the MFIV will
close in the required 15 seconds under this condition. It was also found, however, that up
to 10 gpm of process fluid per actuator, could be diverted from the system back to the
condenser through the failed solenoids. If the Auxiliary Feedwater System is in operation,
this potential diversion flow could be Auxiliary Feedwater for the steam generators. For
analytical conservatism, an additional 50% was added to this potential flow diversion.
Since this accident would use three MFIVs as part of the pressure boundary, a potential
diversion flow of up to 15 gpm per actuator, 45 gpm total, of AFW flow could occur.
This would result in a net flow of 646.4 gpm (691.4 gpm - 45 gpm) to three Steam
Generators, which exceeds the FSAR required flow of 563.3 gpm for this accident. The
increased AFW flow associated with the MDAFP ARC valves will be beneficial.
The Feedline Break accident sequence does not have radiological consequences explicitly
reported in the FSAR. This accident sequence is considered to be bounded by the Main
Steam Line Break sequence. The Licensing Bases Main Steam Line Break radiological
consequences presented in the FSAR are based on the break of a Main Steam Line outside
of Containment, and upstream of the Main Steam Isolation Valve. The radiological
consequences are based on the release of the entire inventory of one steam generator
direct to the atmosphere.
In the event of a Feedline break, and the failure of the solenoid valves associated with one
logic train to function, there is the potential for a very small leak path through the new
MFIV actuators (i.e. approximately 2 mm diameter). Release of mass through the MFIV
actuators, driven by Containment Pressure, would continue to be bounded by the release
through a double ended guillotine break of a main steam line, driven by Steam Generator
secondary side pressure. Therefore, the radiological consequences of a Feedline Break
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accident continue to be bounded by the radiological consequences of a Main Steam Line
Break accident.
Steam Generator Tube Rupture (SGTR)
The impact of the modifications and the associated increase in MFIV stroke time
and AFW margin affects the analysis for the SGTR accident by introducing additional
MFW and AFW inventory into the ruptured steam generator (SG). The SGTR accident
considers two scenarios: (1) SGTR with overfill and (2) SGTR with stuck open
atmospheric steam dump (ASD) valve. The review for impact resulted in the following
evaluation for the SGTR with stuck open ASD and the re-analysis for the SGTR with
overfill scenario.

SGTI

with Stuck Open ASD

Current offsite doses presented in the Callaway FSAR are based on the SGTR
scenario with the stuck open ASD on the ruptured SG. The failure of the ASD in the
open position leads to a continuous release until operator action stops the release. Based
on the Analysis of Record, this scenario is limiting for postulating the maximum
radiological consequences. The MFIV stroke time increase and the increased AFW flow
margin do not adversely impact the SGTR with stuck open ASD analysis. Quicker
isolation of main feedwater flow causes an increase in break flow flashing and steam
releases, resulting in more radioactivity released to the atmosphere and higher radiological
consequences. As a result, the proposed increase in MFIV stroke time does not invalidate
the results of the current SGTR with stuck-open ASD analysis. The MDAFP ARC valve
and the associated increase in maximum AFW flow are beneficial to mitigation of the
event.
The SGTR event is considered a Condition IV event. The worst single failure
assumed for this event is a stuck open atmospheric steam dump valve. Because the single
failure assumed during this event is a stuck open ASD valve, the ARC valve and all
solenoid valves on the MFIV system-medium actuators function as designed. The MFIV
actuator solenoid valves provide a complete pressure boundary for the AFW system and
there is no diversion flow of AFW through the MFIV actuators.
SGTR with Overfill
The subject modifications will result in an additional 10 seconds of MFW flow
and increased AFW flow into the faulted SG in this scenario. As a result, the additional
liquid relief through a MSSV will affect the dose consequences of the event. A re-analysis
ofthe SGTR with overfill event was performed to verify that the applicable offsite dose
limits of Standard Review Plan 15.6.3 continue to be met.
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The SGTR with overfill analysis is divided into two portions: (1) Thermalhydraulic accident analysis, and (2) Offsite dose consequence analysis. Operator action
times are important to the thermal-hydraulic portion of the SGTR reanalysis. These times
determine the duration (i.e. minutes) for key stages of the SGTR accident. The stages,
shown in the table below, are established as part of the accident analysis methodology due
to the impact each has on the mass of contaminated liquid (i.e. source term) in the
secondary side of the ruptured steam generator (SG).

}Ig>'~~~~~~~.....

. ... . .

T.
(20 min.)

AFW flow to the
ruptured S/G isolated

(30

Initiate RCS cooldown

*)

T3
(40 min.)

(4

)

Ts
(60 min.)

Complete RCS
depressurization

SI terminated

RCS and S/G pressure
equalized

Note: These revised operator times are incorporated into
emergency procedures and operating crews are currently
being trained to meet the re-analysis times.
Simulated control room exercises were performed in 2003 for this accident. The
exercises have demonstrated that the operator action times that serve as inputs to the
thermal-hydraulic analysis have increased above the times originally analyzed in the SGTR
with overfill analysis presented to the NRC in ULNRC-1518, dated May 27, 1987 (See
FSAR Table 15.6-1 draft mark-ups in Attachment 6). The current re-analysis for the
SGTR with overfill accident is presented to the NRC via this license amendment request.
The thermal-hydraulic analysis concludes that the ruptured SG overfills and releases more
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mass to the environment as a result of the combined effects from the plant modifications
and the increased operator action times.
As a result, the offsite doses projected at the Exclusion Area Boundary (EAB) and
Low Population Zone LPZ) are higher than previously calculated due to the larger source
term released to the environment during overfill. The following tables provide a
comparison of re-analysis results. The results provide doses based on the reactor coolant
iodine concentration corresponding to (1) a pre-accident iodine spike and (2) a concurrent
(accident-initiated) iodine spike:

THYROID DOSE

A
Locatio
n

Preaccident
Accident
Initiated

EAB
LPZ
EAB
LPZ

B

CD

Current Analysis Of NewW
FSAR
Record
Overfill
FailedOverfill
Case
open ASD
Case
Value
Case Value
Value
VlE
[REMI
[REM]
[REM]
34.3
24.48
46.2
3.43
2.52
4.71
22.9
5.64
13.4
2.29
0.64
1.43
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[E
300
300
300
300
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WHOLE BODY DOSE
A
B
Current
FSAR Analysis of
Location FailedRecord
open ASD Overfill
Case
Case Value
Value
[REM]

[REM]

Precde 1EAB
Pre-acciden~ LPZ
Accident
EAB
LPZ
Initiated

0.324
0.0367
0.643
0.0685

0.047
0.0056
0.035
0.0043

C
D

New W
Overfill
Case
Value
[REM]

Rgltr
Regulatory
Lit[RM

0.362
0.0385
0.396
0.0424

25
25
25
25

Note that the initial iodine inventory in the reactor coolant system (RCS) and the
SGs are assumed to be at the maximum concentrations permitted by the TS. The initial
noble gas inventory in the RCS is based on fuel damage equivalent to 1.0 percent failed
fuel. In the pre-accident case, the iodine spike occurs just before the SGTR and the RCS
iodine inventory is at 60 pCi/gm dose equivalent I-131. In the accident-initiated case, the
SGTR event initiates an iodine spike that increases the rate at which iodine is released
from the fuel to the RCS (335 times the normal iodine appearance rate).
As shown in the tables above, the SGTR with overfill accident dose radiological
consequences are presented as dose to the thyroid and dose to the whole body for
locations at the Exclusion Area Boundary (EAB) and Low Population Zone (LPZ).
Because the increase in dose values between the re-analysis values and the Analysis of
Record values are less than 10% of the margin to the regulatory limits, the recalculated
dose values represent "minimal increases" in 10 CFR 50.59 context. Therefore, the new
values do not require prior NRC approval.
The re-analysis of the radiological consequences uses Regulatory Guide 1.195
source term methodology to calculate the accident radioiodine levels and doses to the
thyroid. This involved changing two elements of the Analysis of Record methodology:
(1) The reanalysis uses thyroid DCFs based on the 1979 International Commission
on Radiation Protection Publication 30 (ICRP-3 0), which is a departure from
the more conservative ICRP-2 method of evaluation for DCFs used in the
Analysis of Record, and
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(2) The reanalysis uses a factor of 335 for the accident initiated iodine spike release
rate, which is a departure from the more conservative factor of 500 modeled in
the Analysis of Record.
Both of these methodology changes reduce the magnitude of the accident source
term and result in lower thyroid doses than would be obtained using the methodology
currently presented in the SGTR with overfill Analysis of Record. However, the
Regulatory Guide 1.195 source term methodology is recognized by the nuclear industry as
having a better scientific basis and it has been approved by the NRC for use by other
licensees. In summary, even though the re-analysis results in an insignificant increase in
thyroid and whole body doses received at the EAB, all doses remain well below the limits
established in the Standard Review Plan (NUREG 0800) for SGTR events.
Small Break Loss-of Coolant Accident (SBLOCA)
The small break LOCA Analysis of Record modeled a MFIV stroke time of 5
seconds. The effect of small changes on the secondary side of the steam generator has a
minimal impact on the SBLOCA analysis results. It has been concluded that the proposed
change will have a negligible impact on reported peak clad temperatures for the SBLOCA
sequence. The current reported peak clad temperature for SBLOCA is 1687 'F. The
regulatory limit is 2200 IF.
A SBLOCA event is considered a Condition m event. The SBLOCA was
analyzed only taking credit for the TDAFP providing AFW to four Steam Generators.
Therefore, the MDAFP ARC valve modification and associated increase in maximum
AFW flow has no impact on this accident. A hydraulic analysis of the AFW System using
the latest pump surveillance data for the TDAFP found this pump could provide 1054 gpm
during a SBLOCA. Assuming a single protection train failure as required, a diversion of
up to 15 gpm per actuator, 60 gpm total, of AFW flow could occur during the SBLOCA.
This would result in a net flow of 994 gpm (1054 gpm - 60 gpm) to four Steam
Generators, which exceeds the required flow of 940 gpm assumed in the accident analysis.
When the single failure assumed during this event is the loss of one diesel
generator, all solenoid valves on the MFIV system-medium actuators will function as
designed. Therefore, the solenoid valves WMill provide a complete pressure boundary for
the AFW system and no diversion of AFW through the MFIV actuators will occur.
LOCA Mass and Energv Release Analysis
The short-term and long-term LOCA mass and energy releases, which are
discussed in FSAR Section 6.2.1.3, do not credit nor model the main feedwater isolation
valve closure. An instantaneous isolation is assumed, since quicker isolation produces
limiting results based on an increased superheating of the LOCA mass/energy release. The
increase of the MFIV closure time to 15 seconds has no adverse effect on these analyses.
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Therefore, the current short-term and long-term LOCA mass and energy releases
presented in the FSAR remain valid.
The LOCA mass and energy release analysis models auxiliary feedwater flow.
Therefore, the MDAFP ARC valve and associated increase in maximum AFW flow would
have an impact on this event. The increase in AFW flow cools the SG secondary side and
reduces the energy released. The MDAFP ARC valve and associated increase in
maximum AFW flow is beneficial to the mitigation of this event.
Main Steam Line Break Mass and Enerzv Release Analysis
The increase to the MFIV stroke time has the potential to affect the main steam
line break (MSLB) mass and energy (M&E) releases inside and outside containment.
Main Steam Line Break Outside Containment
The analysis of the MSLB M&E releases outside containment (FSAR Section
3B.4.2) assumes main feedwater isolation coincident with reactor trip, with no delays
associated with instrumentation or valve stroke. This is a conservative assumption for this
event. Quicker isolation of main feedwater flow produces more limiting Main Steam
Tunnel pressure-temperature results due to minimized total mass addition to the SGs and
resultant higher levels of superheat in the blowdown Mass and Energy (M&E) releases
(page 2-10 of Reference 8.18). Therefore, an increase in the MF1V closure time will not
adversely impact this analysis. The MDAFP ARC valve and associated increase in
maximum AFW flow would be beneficial in the mitigation of this event. The increase in
AFW flow cools the steam generator secondary side and reduces the energy released.
Main Steam Line Break Inside Containment
The key parameter in the MSLB inside containment analysis affected by the
proposed change to MFIV isolation time is steam generator dry-out time. This parameter
is addressed in the original pressure-temperature calculations. Although slower valve
closure time impacts mass and energy releases in general, the proposed stroke time
increase of 10 seconds does not specifically impact the original calculated Mass and
Energy (M&E) Releases. The original portion of the analysis is unaffected by the
proposed change in MFIV isolation time.
The analysis of the MSLB M&E releases inside containment (FSAR Section
6.2.1.4) for Callaway is limiting at part-power conditions, resulting from a split rupture in
a steam line. The analysis supporting the limiting MSLBs for containment response is a
generic calculation performed by the NSSS supplier for the Model F steam generator
design. The MSLB M&E releases for split ruptures are generic with no specific
assumptions regarding time for main feedwater isolation (as well as other critical
protection functions). It has been confirmed that the generic assumptions made in the
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original Mass and Energy Releases analysis bound the Callaway Plant proposed MFIV
stroke time of 15 seconds.
Adjustments have been made to the generic M&E release values for specific
Callaway Plant conditions. As previously stated, the key parameter affected by longer
MFJV isolation time is steam generator dry-out time.
Post-accident steam generator dry-out is defined as the time when flow into the
affected generator is equal to flow out of the generator, after the break has occurred. (In
order to reach dry-out, the initial inventory must be depleted, break flow is then a function
only of flow into the generator. Following dry-out, the magnitude of the break flow is not
influenced by the secondary side water inventory). If dry-out occurs after the termination
of AFW flow to the faulted steam generator, the mass release rate is set to zero following
dry-out. If dry-out occurs prior to AFW termination, the mass release rate is set to the
AFW flow rate. The mass release rate is then subsequently set to zero once AFW flow is
terminated.
The proposed increase in MFIV stroke time would result in additional main
feedwater mass being introduced into the affected steam generator. The additional mass
would then be released to containment, which would delay dry-out of the affected
generator. This would then provide the potential to lead to higher post-MSLB pressures
or temperatures inside containment.
AmerenUE has performed a calculation to quantify the impact of the additional 10
seconds of main feedwater flow to the steam generators following initiation of the
accident sequence. This calculation quantified the additional steam generator secondary
side mass inventory, following a MSLB inside containment. CONTEMPT (Reference
8.15) runs were then executed to determine the impact of the additional mass on postMSLB containment pressures and temperatures. These CONTEMPT runs found that the
proposed MFIV actuator replacement and associated increase in MFIV stroke time caused
no adverse impact on post-MSLB containment pressures and temperatures. The
calculated pressure and temperature profiles remain bounded by the analysis envelopes
originally calculated by Bechtel.
The MDAFP ARC valve and associated increase in maximum AFW flow affects
the MSLB inside containment analysis due to the increased flow to the steam generators.
This has the same impact as the delayed isolation of the MFIVs and the impact of this
modification is also bounded by the analysis originally calculated by Bechtel.
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impact of the Proposed Change on other Analyses
NSSS Design Thermal Transients
The impact of the proposed change to MFIV isolation time on the NSSS design
thermal transients has been evaluated. It has been concluded that the transient profiles and
the number of occurrences remain valid for the increase in MFIV isolation time.
Steam Releases Assumed in Radiological Analyses
The Callaway Plant NSSS supplier is responsible for those analyses that establish
the steam mass releases used for the radiological consequence analyses for the following
accident sequences:
Loss of AC Power
Locked RCP Rotor
Main Steam Line Break
RCCA Ejection
Timing of Main Feedwater isolation is not an input parameter in the analyses that
calculated the steam mass release values. Therefore, it has been concluded that the steam
releases currently assumed in the radiological analyses for these sequences remain valid.
The proposed change in MFIV isolation time and increased AFW flow therefore will not
adversely impact the radiological consequence analyses for these sequences.
RISK SIGNIFCANCE
MFIV Actuator Replacement and Increased MFIV Stroke Time
The risk significance of replacing the existing MFIV actuators has been evaluated
based on different design, different actuating media, and the increase in the closing stroke
time for the valve. The evaluation concludes that the availability of the feedwater
isolation function is unchanged for the new actuator design. Although there is a slight
decrease in risk of a reactor trip for the new actuator, the decrease is not quantifiable
because trip frequency data do not distinguish the causes of the trip.
In addition, based on the simplicity of the new actuator design and based on the
extent of the verification and validation to be performed on the modified MSFIS actuation
logic software (for MFIV inputs and outputs only), common mode software failures are
no more likely with the new actuator design than they are with the current digital design.
In conclusion, use of the new MFIV actuators does not result in an increase in the
risk of a reactor trip or an increase in the unavailability of the feedwater isolation function.
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The new actuators improve reliability and reduce required maintenance on the MF1Ys.
Relaxing the required stroke time from 5 to 15 seconds reduces the magnitude of
feedwater system pressure transients. The proposed changes do not significantly impact
the Callaway core damage frequency nor do they impose risk significant changes to the
plant.
MDAFP ARC Valve and Increased Maximum AFW Flow
The MDAFP ARC valves replace the existing swing check valves. Elimination of
the existing valves also eliminates the need for the existing flow orifices in each
recirculation line. In the unlikely event that the armature that connects recirculation flow
control and the lifting check disc were to fail (break), the result would be that the
recirculation line of the ARC valve would fail open. In essence, the system would return
to what is currently installed at Callaway, with flow through the recirculation line being
continuous, although restricted by the bypass pressure reducer orifice of the ARC valve.
This proposed change does not impact the Callaway core damage frequency nor impose
risk significant changes to the plant.
Use of ICRP 30 Based DCFs and Iodine Spike Model based on Regulatory
Guide 1.195 in Re-Analysis of SGTR with Overfill
Incorporating alternate methodologies in the re-analysis of design basis accidents
are not assessed for risk significance to core damage. The use of Regulatory Guide 1.195
for determining the source term is considered a methodology that is recognized for its
scientific basis and has been approved by the NRC for use by other licensees. The use of
the revised DCFs based on ICRP 30 and the revised iodine spike factor are recommended
methodologies based on Section 4.1.2 and Appendix E of Regulatory Guide 1.195. There
are precedents for use of the revised methods and it is warranted to incorporate the
methodology changes into plant analyses. The proposed change does not impact the
Callaway core damage frequency nor impose risk significant changes to the plant.
CONCLUSION
Based on the evaluation results and the re-analysis of SGTR with overfill, the
proposed increase in MFIV stroke time, the increased MDAFP flow margin, the use of
Regulatory Guide 1.195 source term methodology, do not adversely impact plant safety.
The proposed amendment is acceptable for continued safe operation. The analyses
summarized above demonstrate that the modifications and associated changes do not
adversely impact the adequacy of existing plant system design features, plant procedures,
or existing analyses for postulated accidents and their consequences. The proposed
amendment request is in compliance with all existing regulatory requirements and criteria
such that, 1) there is reasonable assurance that the health and safety of the public will not
be endangered by operation in the proposed manner, 2) such activities will be conducted in
compliance with the Commission's regulations, and 3) the issuance of the amendment will
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not be inimical to the common defense and security or to the health and safety of the
public.
5.0

REGULATORY SAFETY ANALYSIS

5.1

No Significant Hazards Consideration

This license amendment request proposes to change the Technical Specifications to
increase MFIV stroke time from 5 seconds to 15 seconds and to revise the definition of
DOSE EQUIVALENT I-131 to include ICRP 30 based DCFs. Other changes include
methodology revisions based on the Regulatory Guide 1.195 source term methodology
and the re-analysis of the SGTR with overfill accident. AmerenUE has evaluated whether
or not a significant hazards consideration is involved with the proposed changes by
focusing on the three standards set forth in 10 CFR 50.92(c) as discussed below:
1.

Do the proposed changes involve a significant increase in the probability or
consequences of an accident previously evaluated?
Response: No.
MFIV Actuator Replacement and Increased MFIV Stroke Time

As discussed above, the increase in MF1Y stroke time does not adversely impact
the NSSS design transients evaluated for the Callaway Plant. The increase in MFIV stroke
time will result in a slightly longer normal post trip cool down. Although the plant post
trip cool down is expected to be slightly longer for the increased MFIV stroke time, the
plant response does not significantly deviate from its current evaluated response following
a normal reactor trip.
Evaluations assessing the impact of the change in MFIV actuators and the increase in
MFIV stroke time on LOCA mass and energy releases; main steamline break mass and
energy releases; LOCA and LOCA related transients; non-LOCA transients; LOCA
hydraulic forces and steam releases used for radiological consequence calculations
were also performed. The increase in isolation time and change in MFIV actuators
either do not provide an adverse impact or have no impact. Except for the SGTR with
overfill accident, the results presented in the FSAR remain valid. The increase in
MFIV stroke time was evaluated for impact on the SGTR with overfill accident. As
discussed below, the results from the re-analysis of the SGTR with overfill accident
confirm that there is no significant increase in the probability or consequences of an
accident previously evaluated.
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The replacement of the existing electro-hydraulic MFIV actuators with systemmedium actuators and the increase in MFIV stroke time from 5 seconds to 15 seconds will
not result in a significant increase in the probability or consequences of an accident
previously evaluated.
MDAFP ARC Valve and Increased Maximum AFW Flow
The replacement of the existing MDAFP discharge check valves with the ARC valves
results in increased maximum AFW flow to the steam generators. In many accident
scenarios the increase in AFW flow to the SGs is beneficial to mitigation of the event.
The evaluations above demonstrate that in those accident scenarios where maximum
AFW flow is limiting, except for the SGTR with overfill accident, the increase in AFW
flow remains bounded by FSAR analyses. The increase in maximum AFW flow was
evaluated for impact on the SGTR with overfill accident. As discussed below, the
results from the re-analysis of the SGTR with overfill accident confirm that there is no
significant increase in the probability or consequences of an accident previously
evaluated. The AFW system is not the initiator of any accident and there is no
possibility of a significant increase in the probability of an accident or malfunction
previously evaluated.
Use of the ARC valve is an enhancement and the associated increase in the
maximum AFW flow will not result in a significant increase in the probability or
consequences of an accident previously evaluated.
Use of Revised Methods in Re-Analysis of SGTR with Overfill
The reanalysis of the design basis accident for SGTR with overfill does not
significantly increase the probability or consequences of an accident previously evaluated.
The re-analysis of an accident is not an initiator. The SGTR accident is classified as an
ANS Condition IV Event, Limiting Faults, and is only postulated and not expected to
occur. The reanalysis activity being evaluated does not change the ANS classification for
this design basis event. The re-analysis does provide dose consequences that are minimal
increases to the doses in the Analysis of Record.
However, the doses remain well below regulatory limits. In support of this
methodology the proposed TS definition for DOSE EQUIVALENT I-131 will allow the
use of ICRP 30 based DCFs. Section 4.1.2 and in Appendix E of Regulatory Guide 1.195
find acceptable and recommend the method revisions.
In summary, using the proposed revised methods for the re-analysis of the SGTR
with overfill does not result in a significant increase in the probability or consequences of
an accident previously evaluated.
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2.

Do the proposed changes create the possibility of a new or different kind of
accident from any accident previously evaluated?
Response: No.
MFIV Actuator Replacement and Increased MFIV Stroke Time

The change in MFIV actuators and associated increase in MFIV stroke time will
not prevent the main feedwater or auxiliary feedwater systems from performing their
safety functions. The proposed increase will not affect the normal method of plant
operation. No new accident scenarios, transient precursors, failure mechanisms, or
limiting single failures are introduced as a result of the increase. Although the
modification does alter the design of the MFIV actuators, it does not prevent the main
feedwater or AFW systems from performing their safety functions.
Therefore, the proposed changes do not create a new or different kind of accident
from any accident previously evaluated.
MDAFP ARC Valve and Increased Maximum AFW Flow
The new MDAFP ARC valve and associated increase in maximum AFW flow, will
not prevent the AFW system from performing its safety function. The proposed increase
in AFW system flow margin will not affect the normal method of plant operation. No
new accident scenarios, transient precursors, failure mechanisms, or limiting single failures
are introduced as a result of the increase in AFW system flow margin. Although the
modification alters the design of the MDAFP discharge check valves, it does not prevent
the AFW system from performing its safety functions.
Therefore, the proposed changes do not create a new or different kind of accident
from any accident previously evaluated.
Use of Revised Methods in Re-Analysis of SGTR with Overfill
The revision to the Technical Specifications to allow the use of ICRP 30 based
DCFs is based on methodologies found acceptable to the NRC and recommended for use
as described in Section 4.1.2 of Regulatory Guide 1.195. The reanalysis of the design
basis accident for SGTR with overfill and the use of recommended analysis methods
acceptable to the NRC does not introduce the possibility of a new accident. Accident reanalysis is not an initiator of any accident and no new failure modes are introduced. In
summary, there is no increase in the possibility of an accident of a different type.
Therefore, the proposed changes do not create a new or different kind of accident
from any accident previously evaluated.
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3.

Does the proposed change involve a significant reduction in a margin of safety?
Response: No.
MFIV Actuator Replacement and Increased MFIV Stroke Time

The replacement of the MFIV actuator and the associated increase in the MFIV
stroke time does not affect the manner in which safety limits or limiting safety system
settings are determined, nor will there be any adverse effect on those plant systems
necessary to assure the accomplishment of protection functions. There will be no
significant impact on the overpower limit, departure from nucleate boiling ratio limits, heat
flux hot channel factor (FQ), nuclear enthalpy rise hot channel factor (F-delta-H), loss of
coolant accident peak cladding temperature (LOCA PCT), peak local power density, or
any other margin of safety. The radiological dose consequence acceptance criteria listed
in the Standard Review Plan will continue to be met.
Therefore, the proposed changes do not involve a significant reduction in the
margin of safety.
MDAFP ARC Valve and Increased Maximum AFW Flow
The use of the MDAFP ARC valve and the associated increase in AFW system
flow margin does not affect the manner in which safety limits or limiting safety system
settings are determined nor will there be any adverse effect on those plant systems
necessary to assure the accomplishment of protection functions. There will be no
significant impact on the overpower limit, departure from nucleate boiling ratio limits, heat
flux hot channel factor (FQ), nuclear enthalpy rise hot channel factor (F-delta-H), loss of
coolant accident peak cladding temperature (LOCA PCT), peak local power density, or
any other margin of safety. The radiological dose consequence acceptance criteria listed
in the Standard Review Plan will continue to be met.
Therefore, the proposed changes do not involve a significant reduction in the
margin of safety.
Use of Revised Methods in Re-Analysis of SGTR with Overfill
Use of revised methods in the re-analysis for the SGTR with overfill accident does
not affect the manner in which safety limits or limiting safety system settings are
determined nor will there be any adverse effect on those plant systems necessary to assure
the accomplishment of protection functions. There is no significant impact on the
overpower limit, departure from nucleate boiling ratio limits, heat flux hot channel factor
(Fe), nuclear enthalpy rise hot channel factor (F-delta-H), loss of coolant accident peak
cladding temperature (LOCA PCT), peak local power density, or any other margin of
safety. The radiological dose consequence acceptance criteria listed in the Standard
Review Plan will continue to be met. The re-analysis of the SGTh with overfill confirms
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that both the thermal-hydraulic and radiological consequences are within the regulatory
requirements and does not result in a significant reduction in a margin of safety.
Therefore, the proposed changes do not involve a significant reduction in the
margin of safety.
CONCLUSION
Based on the above evaluations, AmerenUE concludes that the activities
associated with the changes described above present no significant hazards consideration
under the standards set forth in 10 CF.R 50.92 and accordingly, a finding by the NRC of
no significant hazards consideration is justified.
5.2

Applicable Reirulatory Requirements/Criteria
MFIV Actuator Replacement and Increased Stroke Time

The regulatory basis for TS 3.7.3, 'Main Feedwater Isolation Valves (MFIVs)", is
the isolation of main feedwater (MFW) flow to the secondary side of the steam generators
following a high energy line break (HELB). Closure of the MFIVs terminates flow to the
steam generators, terminating the event for feedwater line breaks (FLBs) occurring
upstream of the MFIVs. Closure of the MFIVs effectively terminates the addition of
feedwater to an affected steam generator, limiting the mass and energy release for steam
line breaks (SLBs) or FLBs inside containment and reducing the cooldown effects for
SLBs. For FLBs inside containment or SLBs, isolation of main feedwater limits the high
energy fluid to the broken loop and provides a path for the addition of auxiliary feedwater
to the three intact steam generators.
The MFIVs isolate nonsafety related portions of the feedwater and condensate
systems from the safety related portions. In the event of a secondary side pipe rupture
inside containment, the valves (1) limit the quantity of high energy fluid that enters
containment through the break, and (2) provide an acceptable pressure boundary for the
controlled addition of auxiliary feedwater (AFW) to the intact loops.
The safety related functions of the MFIV actuators are to close an MFIV within
the specified time frame and to provide an acceptable pressure boundary for the delivery
of auxiliary feedwater. A single failure of any active component cannot prevent the
actuators from performing their safety functions. Current Technical Specifications provide
a specified valve stroke time of less than or equal to 5 seconds. The proposed
amendment would increase this time to less than or equal to 15 seconds.
The portion of the feedwater system from the steam generators to the MFIVs is
safety related and is required to function following a design basis accident (DBA), and to
achieve and maintain the plant in a safe shutdown condition. General Design Criteria
(GDC) 2, "Design Bases for Protection against Natural Phenomena", requires that the
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safety related portion of the feedwater system be protected from the effects of natural
phenomena, such as earthquakes, tornadoes, hurricanes, floods, and external missiles.
GDC 3, 'Tire Protection", and GDC 4, "Environmental and Dynamic Effects
Design Bases", requires that the safety related portion of the feedwater system be
designed to remain functional after a safe shutdown earthquake (SSE), and to perform its
intended function following postulated hazards of fire, internal missiles, or pipe break.
GDC 34, "Residual Heat Removal", requires that safety functions of the feedwater
system can be performed assuming a single active component failure coincident with the
loss of offsite power. GDC 34 also requires that for a main feedwater line break
upstream of the MFIVs (outside containment), the feedwater system is designed to
prevent the blowdown of any one steam generator and to provide a path for the addition
of auxiliary feedwater for reactor cooldown under emergency shutdown conditions.
The change in mass for the new main feedwater isolation valve operators has been
evaluated to ensure the feedwater piping system does not exceed ASME Code Class 2
piping design limits.
Considering the postulated plant and external conditions, the main feedwater
isolation valves are designed and assumed to close in 15 seconds or less upon receipt of an
automatic or manual close signal.
MDAFP ARC Valve and Associated Increase in Maximum AFW Flow
Requirements for the AFW system are identified in FSAR Section 10.4.9.1. Based
on the modifications and proposed changes, the applicable regulatory requirement for the
AFW system is to provide feedwater (in conjunction with the condensate storage tank
(nonsafety-related and not credited for accident mitigation) or essential service water
system, which is credited for accident mitigation) to maintain sufficient steam generator
level to ensure heat removal from the reactor coolant system in order to achieve a safe
shutdown following a main feedwater line break, a main steam line break, or an abnormal
plant situation requiring shutdown. The AFW system is capable of delivering full flow
when required, after detection of any accident requiring auxiliary feedwater.
Use of Regulatory Guide 1.195 Source Term Methodology in Re-Analysis of
SGTR with Overfill
The regulatory requirements for use of source term methodology in the re-analysis
of the SGTR with overfill apply to the reactor coolant iodine concentration corresponding
to (1) pre-accident iodine spike and (2) a concurrent (accident-initiated) iodine spike.
Criteria for acceptable analyses of radiological consequences require meeting the
acceptance criteria of the following:
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-

The relevant dose guidelines provided in 10 CFR Part 100
Standard Review Plan (NUREG 0800) Sections 15.6.3

-

General Design Criterion (GDC) - 19 as it relates to mitigating the radiological

-

6.0

consequences of SGTR accidents.
Regulatory Guide 1.195, Methods and Assumptions for Evaluating
Radiological Consequences of Design Basis Accidents at Light-Water Nuclear
Power Plants.

ENVIRONMENTAL CONSIDERATION

AmerenUE has determined that the proposed amendment would change
requirements with respect to the installation or use of a facility component located within
the restricted area, as defined in 10 CFR 20, or would change an inspection or surveillance
requirement. AmerenUE has evaluated the proposed changes and has determined that the
changes do not involve (i) a significant hazards consideration, (ii) a significant change in
the types of or significant increase in the amounts of any effluents that may be released
offsite, or (iii) a significant increase in individual or cumulative occupational radiation
exposure.
As discussed above, the proposed changes do not involve a significant hazards
consideration and the analysis demonstrates that the consequences from the postulated
accidents are well within the 10 CFR 100 limits. Accordingly, the proposed changes
meets the eligibility criteria for categorical exclusion set forth in 10 CFR 51.22(c)(9).
Therefore, pursuant to 10 CF.R 51.22(b), an environmental assessment of the
proposed change is not required.
7.0

PRECEDENTS

The proposed amendment request associated with the MFIV actuator replacement
is specific to the Callaway Plant. AmerenUE does not reference a precedent for increasing
the MFIV stroke time based on the replacement of MFIV actuators.
Use of the ARC valve in the MDAFP discharge line is not a new application for
the valve design. Similar ARC valves have been installed at other plants (such as McGuire
and South Texas) in similar applications and with acceptable results. Further, a similar
functioning valve is used at Callaway as the start-up main feed pump auto recirculation
control valve.
Use of the alternate source term methodology in the re-analysis of the SGTR with
overfill accident has precedents for this application. The methodology is recognized by
the nuclear industry as having a better scientific basis and has been approved by the NRC
for use by Diablo Canyon (NRC Safety Evaluation (SE) for Diablo Canyon Units 1 & 2
Operating License Amendment No. 156 to Facility Operating License No. DPR-80 and
Amendment No. 156 to Facility Operating License No. 82, dated February 20, 2003).
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ATTACHMENT 3

MARKUP OF TECHNICAL SPECIFICATION PAGES

CHANNEL

OPERATIONAL
Definitions
1.1

1.1 Definitions (continued)
CHANNEL OPERATIONAL

TEST (COT)

A COT shall be the injection of a simulated or actual signal
into the channel as dose to the sensor as practicable to verify
OPERABILITY of all devices Inthe channel required for
channel OPERABILITY. The COT shall include adjustments,
as necessary, of the required alarm, interlock, and trip
setpoints required for channel OPERABILITY such that the
setpoints are within the necessary range and accuracy. The
COT may be performed by means of any series of sequential,
overlapping or total channel steps.

CORE ALTERATION

CORE ALTERATION shall be the movement of any fuel,
sources, or reactivity control components, within the reactor
vessel with the vessel head removed and fuel in the vessel.
Suspension of CORE ALTERATIONS shall not preclude
completion of movement of a component to a safe position.

CORE OPERATING LIMI' rs
REPORT (COLR)

The COLA is the unit specific document that provides cycle
specific parameter limits for he current reload cycle. These
cycle specific parameter limits shall be deternined for each
reload cycle in accordance with S eI.
ant
operation within these limits jsddressed in individual
Specifications.

DOSE EQUIVALENT 1-1311

DOSE EQU
ENT 131 shall be that concentration of
1-131 (m rieslgram) that alone would produce the same
thyro ose as the quantity and isotopic mixture of 1-131,
I1133,1-34, and 1-135 actually present The thyroid
d
conversion factors used for this calculation shall be
listed inTable ll of TID-14844, AEC, 1962, Calculation
* Distance Factors fq~E~w~r~Test Reactor Sit6

0e1%

E - AVERAGE
DISINTEGRATION ENEF tGY

II be the average (weighted In proportion to the
ncentaton of each radionuclide In the reactor coolant at
time of sampling) of the sum of the average beta and
gamma energies per disintegration-(in MeV) for Isotopes,
r than iodines, with half livs > 15 minutes. making up at
st 95% of the total noniodine activity Inthe coolant.
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3.7 PLANT SYSTEMS
3.7.3 Main Feedwater Isolation Valves (MFIVs)
LCO 3.7.3

Four MFIVs shall be OPERABLE.

APPLICABILITY:

MODES 1, 2, and 3.

ACTIONS
NOTE
Separate Condition entry is allowed for each valve.

REQUIRED ACTION

CONDITION
A. One or more MFIVs
inoperable.

.------

COMPLETION

Close MFIV.

4 hours

A.2

Verify MFIV is dosed.

Once per 7 days

B.1

Be in MODE 3.

6 hours

In MODE 4.
BeB.2

12 hours'

A.1
AND

B.

Required Action and
associated Completion
Time not met.

AND
.

0
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MFIVs
3.7.3
SURVEILLANCE REQUIREMENTS
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SURVEILLANCE
N

SR 3.7.3.1
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tme of each MFIV is

s.

@Testing
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SR 3.7.3.2
Only requ

NOTE
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b performed
e
iVto

amnts

Verify ea MFtV actuates to the isolation position on
an actual osimulated actuation signal.

CALLAWAY PLANT

3.7-8

In accordance with
the nservice
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RETYPED TECHNICAL SPECIFICATION PAGES

- -----

Definitions
1.1
1.1 Definitions (continued)
CHANNEL OPERATIONAL
TEST (COT)

A COT shall be the injection of a simulated or actual signal
into the channel as close to the sensor as practicable to verify
OPERABILITY of all devices in the channel required for
channel OPERABILITY. The COT shall include adjustments,
as necessary, of the required alarm, interlock, and trip
setpoints required for channel OPERABILITY such that the
setpoints are within the necessary range and accuracy. The
COT may be performed by means of any series of sequential,
overlapping, or total channel steps.

CORE ALTERATION

CORE ALTERATION shall be the movement of any fuel,
sources, or reactivity control components, within the reactor
vessel with the vessel head removed and fuel in the vessel.
Suspension of CORE ALTERATIONS shall not preclude
completion of movement of a component to a safe position.

CORE OPERATING LIMITS
REPORT (COLR)

The COLR is the unit specific document that provides cycle
specific parameter limits for the current reload cycle. These
cycle specific parameter limits shall be determined for each
reload cycle in accordance with Specification 5.6.5. Plant
operation within these limits is addressed in individual
Specifications.

DOSE EQUIVALENT 1-131

DOSE EQUIVALENT 1-131 shall be that concentration of
1-131 (microcuries/gram) that alone would produce the same
thyroid dose as the quantity and isotopic mixture of 1-131,
1-132,1-133, 1-134, and 1-135 actually present. The thyroid
dose conversion factors used for this calculation shall be
those listed in Table IlIl of TID-14844, AEC, 1962, "Calculation
of Distance Factors for Power and Test Reactor Sites" or
those derived from the data provided in International
Commission on Radiological Protection Publication 30, "Limits
for Intakes of Radionuclides by Workers," 1979.

E -AVERAGE
DISINTEGRATION ENERGY

E shall be the average (weighted in proportion to the
concentration of each radionuclide in the reactor coolant at
the time of sampling) of the sum of the average beta and
gamma energies per disintegration (in MeV) for isotopes,
other than iodines, with half lives > 15 minutes, making up at
least 95% of the total noniodine activity in the coolant.

(continued)
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MFIVs

3.7.3
SURVEILLANCE REQUIREMENTS
FREQUENCY

SURVEILLANCE
l

SR 3.7.3.1

--------

N

NOTE

-

Only required to be performed in MODES 1 and 2.
Verify the closure time of each MFIV is • 15 seconds.

SR 3.7.3.2

In accordance with
the Inservice
Testing Program

N
NOTE -___
------Only required to be performed in MODES 1 and 2.
Verify each MFIV actuates to the isolation position on
an actual or simulated actuation signal.

CALLAWAY PLANT
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18 months
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PROPOSED TECHNICAL SPECIFICATION BASES CHANGES

(for information only)

MFIVs
B 3.7.3
B3.7 PLANT SYSTEMS
B 3.7.3 MainFeedwat
BA

S

(MFIVs)
-)

=

AKGROUND

~'

D o

/

The MFIVs Isolate main feedwater (MFW) flow to the secondary side of
the steam generators following a high energy line break (HELB). The
MFRVs function to control feedwater flow to the SGs.
The MFIV is a 14-inch gate valve with a
actuator. The assumed single active fail
tZL~will not prevent the MFIV from dosing.

c
of the redundant MFI

Closure of the MFIVs terminates flow to the steam gen
terminating the event for feedwater line breaks
occurring
upstream of the MFIVs. The consequen
events occurring in the
main steam lines or in the MFW lines wnstream from theMFIVs will be
mitigated by their closuof
the MFIVs effectively terminates the
addition of feedwate o an affected steam generator, limiting the mass
and energy rele for steam line breaks (SLBs) orFWLBs inside
cont nm
and reducing the cooldown effects forSLBs.
,

he MFIVs isolate the nonsafety related portions from the safety related
portions of the system. In the event of a secondary side pipe rupture
inside containment, the valves limit the quantity of high energy fluid that
enters containment through the break, and provide a pressure boundary
for the controlled addition of auxiliary feedwater (AFW) to the intact loops.
One MFIV is located on each MFW line, outside but close to containment.
The MFIVs are located upstream of the AFW injection point so that AFW
may be supplied to the steam generators following MFIV closure. The
piping volume from these valves to the steam generators is accounted for
in calculating mass and energy releases, and refilled prior to AFW
reaching the steam generator following either an SLB or FWLB.
The MFIVs dose on receipt of any safety injection signal, aT. - Low
coincident with reactor trip (PA), a low-low steam generator level, or
steam generator water level - high high signal. They may also be
actuated manually. In addition to theMFIVs a check valve inside
containment is available. The check valve isolates the feedwater line,
of any intact
penetrating containment, and ensures the pr
loop not receiving auxfliary feedwater.
uma h- ulic wer
o seprat
The MFIV actuators consist
trains each receiving an uation signal from one of the re undanti
(continued)
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MFIVs
B 3.7.3
BASES
BACKGROUND
(continued)

ESFAS channels. A single active failure in one power train would not
prevent the other power train from functioning. The MFIVs provIde the
primary success path for events requiring feedwater isolation and
isolation of non-safety-related portions from the safety-related portion of
the system, such as, for auxiliary feedwater addition.
A description of the MFIVs and MFRVs is found in the FSAR,
Section 10.4.7 (Ref. 1).

APPLICABLE
SAFETY
ANALYSES

Credit is taken in accident analysis for the MFIVs to close on demand.
The function of the MFRVs and associated bypass valves as discussed In
the-accident analysis is to provide a diverse backup function to theMFlVs
for the potential failure of an MFIV to close even though theMFRVs are
located in the non-safety-related portion of the feedwater system. Further
assurance of feedwater flow termination is provided by the SGFP trip
function; however, this is not credited in accident analysis. The a
l
analysis credits the main feedwater check valves as ba
eMFIVs
to prevent SG blowdown for pipe ruptures in the no eismic Category I
portions of the feedwater system outside contain nt.
E
Criterion 3 of 10 CFR 50.36(c)(2)(ii) indicate hat components that are
part of the primary success path and that a uate to mitigate an event that
presents a challenge to a fission product ba er should be in Technical
Specifications. The primary success path ol a safety sequence analysis
consists of the combination and sequent of equipment needed to
operate (including consideration of the ngle failure criteria) so that the
plant response to the event remains i in appropriate acceptance
criteria. The primary success path doe not include backup and diverse
equipment. The MFIVs, with their dual redundant
a rS
the
primary success path for feedwater iso tion; the MFRVs, bypass valves,.
and the SGFP trip function are backup a diverse equipment.
Therefore, only the MFIVs are incorporated Into Technical Specifications.
The MFIVs satisfy Criterion 3 of 10CFR .36(c)(2)(ji).
,0

-r, oj

LCO

This LCO ensures that the MFIVs will isolat
-ftciw
etl¶stn
generators, following an FWLB or main steam line break. These valves
will also Isolate the nonsafety related portions from the safety related
portions of the system.
This LCO requires that four MFIVs be OPERABLE. The MFIVs are
considered OPERABLE when isolation times are within limits when given
a fast close signal and they are capable of closing on an isolation
actuation signal.

(continued)
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Revision

MFIVs
B 3.7.3
.

BASES

Failure to meet the LCO requirements can result in additi al mass and
7WL3iside
-energy being released to containment following -n SLB
containment. A feedwater isolation signal on high stea generator level
is relied on to terminate an excess feedwater flow even

LCO
*continued)

TSECm
f-OO
t
APPLICABILI1Y

The MFIVs must be OPERABLE whenever there is significant mass and
energy in the Reactor Coolant System and steam generators. This
ensures that, in the event of an HELB, a single failure cannot result in the
blowdown of more than one steam generator. In MODES 1,2, and 3, the
MFIVs are required to be OPERABLE to limit the amount of available fluid
that could be added to containment in the case of a secondary system
pipe break inside containment. When the MFIVs are closed they are
performing their safety function.
In MODES 4, 5, and 6, steam generator energy is low. Therefore, the
MFIVs are not required to mitigate the effects of a feedwater o teamline
break in these MODES.
:iasz~sfX~C~.
Xcm DIl-09
The ACTIONS table is modified by a Note indicating that separate
Condition entry is allowed for each valve.

ACTIONS

A.1 and A.2
With one MFIV in one or more flow paths inoperable, action must be
taken to restore the affected valves to OPERABLE status, or to close or
isolate inoperable affected valves within 4 hours. When these valves are
closed, they are performing their required safety function.

CA

Oct°

ie takes into account the redundancy afforded
e 4 hour Compet
by the dual-redundant
on the MFIVs and the low probability of
an event occurring during this time period that would require isolation of
the MFW flow paths. The 4 hour Completion Time is reasonable, based
on operating experience.
Inoperable MFIVs that are closed must be verified on a periodic basis that
they are closed. This is necessary to ensure that the assumptions In the
safety analysis remain valid. The 7 day Completion lime is reasonable,
based on engineering judgment, in view of valve status indications
available in the control room, and other administrative controls, to ensure
that these valves are closed.

CALLAWAY
PLANT
CALLAWAY PLANT

B 3.7.3-3

B 3.7.33

(continued)
Revision I
Revision

MFIVs
B 3.7.3
BASES

ACTIONS
(continued)

ILLANCE

B.1 and B.2
If the MFIV(s) cannot be restored to OPERABLE status, or closed, within
the associated Completion Tine, the unit must be placed in a MODE in
which the LCO does not apply. To achieve this status, the unit must be
placed in at least MODE 3 within 6 hours, and in MODE 4 within
12 hours. The allowed Completion Times are reasonable, based on
operating experience. to rech thp
m ired OR conditiona fr full power
con
ranlorderly manner and without challenging unit system
SR 3.7.3.1

EQUIREMENTS

D

\ O0,
oX~0

This S v es that the closure time of each MFIV is
n s from
/eac
train when tested pursuant to the Inservice Testing
Program. The MFIV closure time is assumed in the accident and
containment analyses. This Surveillance is normally performed upon
returning the unit to operation following a refueling outage. These
es
should not be tested at power since even a part stroke exe ncreases
the risk of a valve closure with the unit generating
h the Inservice Testing

The Frequency for this SR is in accor
Program..

Th
uted in MODE 3 with the unit at nominal operating
temperature and pressure, as discussed in Reference 2. This SR is
modified by a Note that allows entry into and operation in MODE 3 prior to
performing the SR. This allows a delay of testing until MODE 3, to
establish conditions consistent with those under which the acceptance
C
I6t
criterion was generated.
SR 3.7.3.2

hu t

e terta

This SR verifies that each MFIV is capable of closure on actual or
simulated actuation signal. The manual fast close hands itch in the
Control Room provides an acceptable actuation signal. is Surveillance
is normally performed upon returning the unit to operation following a
refueling outage in conjunction with SR 3.7.3.1. However, it is acceptable
to perform this surveillance individually.
The frequency of MFIV testing is every 18 months. The18 month
Frequency for testing Is based on the refueling cycle. This Frequency is
acceptable from a reliability standpoint. This SR is modified by a NOTE
that allows entry into and operation in MODE 3 prior to performing the
SR.
(continued)
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Revision 1

AFW System
B 3.7.5
BASES
SURVEILLANCE

SR 3.7.5.2 (continued)

REQUIREMENT
The required differential pressure for the AFW pumps when tested in
accordance with the Inservice Testing Program is:
a. The acceptance criteria for the MDAFPs have been calculated using a
limiting performance curve. The acceptance criteria, given as a table
below, have been determined based on the Loss of Normal
Feedwater (LONF) or Loss
mergency AC Power (LOAC)
evernts
~~MOTOR DRIVEN PUMPS\
~~~~~ACCEPTANCECRITERIA\

;-

>

-

(using performance curve)
b

e Recirc. Flow (gpm)

S90

\

s595
s100

\
t
0 C,%
<

/

t b~~~~~~~urie ntu p k

Dff. Pressure (psid) t

1540 1\
>1
2544\
\214\

iat 120gpm

elfre
SR sol
ote indicatin tthe
TNi
ti modified bo
eferrli qid
estabishd >
retest conior
- until
~~~~~because theis ins ffcientsa presuet pe? the

SR 3.7.5.3
This SR verifies that AFW can be delivered to the appropriate steam
generator in the event of any accident or transient that generat
ESFAS, by demonstrating that each automatic valve in the pat
uation signal.
actuates to its correct position on an actual or simulated
This Surveillance Is not required for valves that are lied, sealed, or
otherwise secured Inthe required position u er- ministrative controls.
eed to perform this
The 18 month Frequency is based on
xveillance under the conditions that pply during a unit outage and the
thafe Surveillance were performed
oan unplanned
poe
er. The 18 month Frequency is acceptable based
with the rea o
on operating experience and the design reliability of the equipment.
(continued)
CALLAWAY PLANT

B 3.7.5-9

Revision 4

TSB CN 01-009
INSERT A
Diff. Pressure (psid)

Recirc. Flow (gom)
> 130

> 1543

> 150

> 1542

> 160

> 1539

> 170

> 1537

INSERT B
b. The acceptance criteria for the TDAFP has been calculated using a limiting
performance curve. The acceptance criteria, given as a table below, have been
determined based on the Small Break Loss of Coolant Accident (SBLOCA)
event.
TURBINE DRIVEN PUMP
ACCEPTANCE CRITERIA
(using performance curve)

Recirc. Flow (rm)

Diff. Pressure (sid)

> 120

> 1628

> 140

> 1626

This SR is modified by a Note indicating that the SR should be deferred until
suitable test conditions are established. This deferral is required because there is
insufficient steam pressure to perform the test.
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PROPOSED CALLAWAY FSAR CHANGES
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TABLE 3.9(B)-16 (Sheet 3)
VALVE
LQCATOR NO.
AE-FV-039
AE-FV-040
AE-FV-041
AE-FV-042
AE-V-120
AE-V-121
AE-V-122
AE-V-123
AE-V-124
AE-V-1 25
AE-V-126
AE-V-127
AL-HV-005
AL-HV-006
AL-HV-007
AL-HV-008
AL-HV-009
AL-HV-010
AL-HV-011
AL-HV-012
AL-HV-030

-SSEM I

14.0

Feedwater
Feedwater
Feedwater
Feedwater
Feedwater
Feedwater
Feedwater
Feedwater
Feedwater
Feedwater
Feedwater
Feedwater
Auxiliary Feedwater
Auxiliary Feedwater
Auxiliary Feedwater
Auxiliary Feedwater
Auxiliary Feedwater
Auxiliary Feedwater
Auxiliary Feedwater
Auxiliary Feedwater
Auxiliary Feedwater

14.0
14.0
14.0
14.0
14.0
14.0
14.0
14.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
4.0
6.0

AP
AP
AP
AP
AP
AP
AP
AP

Electric Motor
Air Cylinder
Electric Motor
Air Cylinder
Electric Motor
Air Cylinder
Electric Motor
Air Cylinder
Electric Motor

IXEPELQL
Gate/2
Gate/2
Gate/2
Gate/2
Check/2
Check/2
Check/2
Check/2
CheckJ2
Check/2
Check/2
Check/2
Globe/2
Globe/2
Globe/2
Globe/2
Globe/2
Globe/2
Globe/2
Globe/2
Butterfiy/3

NORMAL
EOSITIQN
Open
Open
Open
Open
NA
NA
NA
NA
NA
NA
NA
NA
Open
Open
Open
Open
Open
Open
Open
Open
Closed

3BASI
3
3
3
3
3
3
3
3
4
4
4
4
4
4
4
4
4
4
4
4
4

Rev. OL-13
5/03
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TABLE 3.9(B)-I 6 (Sheet 4)
VALVE
LOCATOR NO,
AL-HV-031
AL-HV-032
AL-HV-033
AL-HV-034
AL-HV-035
AL-HV-036
AL-V-001
AL-V-002
AL-V-003

YSTEM
Auxiliary Feedwater
Auxiliary Feedwater
Auxiliary Feedwater
Auxiliary Feedwater
Auxiliary Feedwater
Auxiliary Feedwater
Auxiliary Feedwater
Auxiliary Feedwater

ACTUATED B
Electric Motor
Electric Motor
Electric Motor
Electric Motor
Electric Motor
Electric Motor
AP
AP

SIZE(IN.
6.0
8.0
8.0
8.0
8.0
10.0
10.0
8.0
8.0

TYPE/CLASS
Butterfly/3
Butterfly/3
Butterfly/3
Gate/3
Gate/3
Gate/3
Check/3
Check/3
Checkl3
Check/3

NORMAL
PQITION
Closed
Closed
Closed
Open
Open
Open
NA
NA
NA
NA
NA

AS
4
4
4
6
6
6
6
6
6
4
4
4,6
)4,6
)4
4

Rev. OL-13
5/03
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safety analysis will be controlled in accordance with AmerenUE's
software control procedures.
3.

2.3 Training and Qualification of Licensee Personnel
Training and qualification of personnel performing Safety Analysis
calculations will be accomplished in accordance with AmerenUE's
Engineering Support Personnel training program.

4.

2.4 Comparison Calculations
Comparison and benchmark calculations will be performed in
accordance with approved procedural controls. Computer codes
used for safety analysis will be controlled in accordance with
AmerenUE's software control procedures.

5.

2.5 Quality Assurance and Change Control
Safety Analysis calculations will be performed in accordance with
the AmerenUE OQAP, which implements IOCFR50, Appendix B
Criterion ll. Computer codes used for safety analysis will be
controlled in accordance with AmerenUE's software control
procedures.

FSAR Cm 03-023

3A-58

Rev. OL-13
5/03

FSAR CN 03-023
INSERT Al
REGULATORY GUIDE 1.195

REVISION 0

DATED 5/03

Methods and Assumptions for Evaluating Radiological Consequences of Design Basis
Accidents at Light-Water Nuclear Power Reactors
DISCUSSION:
The recommendations of this regulatory guide are met as described in the analysis of
FSAR design basis accidents and their radiological consequences.
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effects on equipment in both compartments. The Case b peak temperatures exceed
the qualification requirements previously established for equipment In these rooms
based on a 1.4 ft2 break without superheat; therefore, the surface temperature response
of the equipment was evaluated to demonstrate the proper operation of equipment
before it was calculated to be heated above its qualified temperature. Failure modes and
effects analyses were also employed, when required, to evaluate certain electrical
circuits and determine equipment performance.
The surface temperature response was calculated for various representative pieces of
equipment and components which may be required following an MSLB in the steam
tunnel. The most severe room conditions (those for the break compartment) and the flow
characteristics from the FLUD calculation results were used in the calculation of the time
dependent equipment surface temperatures.
At any given time, the greater of four times the Uchida condensing heat transfer rate
(based on the compartment air to steam mass ratio) or the convective heat transfer rate
was used to evaluate the transient surface temperature response of the selected
equipment. The Hilpert correlation, for flow past an object in a fluid stream, with
consideration for system turbulence, was used to calculate the convective heat transfer
coefficient. Inthe evaluation of the heat transfer coefficient for a component, the
characteristic velocity was taken as the time dependent average velocity of the flow
between the east and west rooms of the steam tunnel. The film properties used in the
evaluation of the Hilpert equation were based on the state of the air and steam in the
stream.
As only the outside casing of equipment was m
was
used to calculate the surface tem
ponse of the equipment. This appross
justified by the thinness an
igh thermal conductivity of the modelled external
casings. For the
am isolation valve
rminal
blocks locat
terminal boxes on the valve actuators and the solenoid valves mounted
on the
rs, more detailed, two-dimensional thermal lag analyses were performed
to ermine equipment temperatures. Details of the equipment modelling are provided
ieferences 8 and 9.
The surface temperature analysis showed that, with certain exceptions, the equipment
surface temperature did not exceed the qualified temperature limits prior to the time
when a steam line Isolation signal (SLIS) or feedwater isolation signal (FWIS) was
initiated. Surface temperature values at the time of SLIS are provided in Reference 12.
The exceptions are the main steam pressure transmitter instrument cable, and
air-operated valve control cable. A failure modes and effects analysis showed that
failure of these cables will not affect the ability to safely shut down the plant following a
main steam line break as the affected equipment either fails safe or alternative capability
is provided. Further analysis showed that the failure of equipment subsequent to its
actuation will not result Inequipment repositioning or in misleading the plant operators.
Reference 9 provides additional details concerning failure modes and effects analysis
Discussions of qualification margins may be found in References 7 and 9.
\7

313A13
1

3

FSAR CN 01-036
INSERT A
Surface temperatures at the time of a FWIS are lower since feedwater isolation was
conservatively assumed to occur coincident with reactor trip (see Reference 14).

---
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6.2.1.4.3

Containment Response Analysis

The COPATTA computer code (Ref. 1), which is discussed in Section 6.2.1.1.3, was
used to determine the containment responses following the postulated main steam line
breaks. The CONTEMPT computer code (Ref. 11), which Is also discussed In Section
6.2.1.1.3, was used in June, 2000 to assess the impact of reduced containment cooler
performance on containment pressure and temperature results by re-analyzing
containment response following limiting main steam line breaks. The following
assumptions were made to obtain these responses.
6.2.1.4.3.1

Initial Conditions

The initial containment conditions are the same as those used in the containment
response analysis for the postulated reactor coolant system pipe ruptures (see Table
6.2.1-5).
6.2.1.4.3.2

Mass and Energy Release Data

The tables contained in Reference 7 present the mass and energy release data used to
determine the containment pressure-temperature responses for the spectrum of breaks
analyzed. The basis for these tables is provided in Reference 6, along with a discussion
of the methods used to modify the data to reflect the specific plant design. The specific
plant design input which was assumed is provided for each case in Table 6.2.1-57.
Tables 6.2.1-57A and 6.2.1-57B provide the mass and energy release data for the cases
which resulted in the highest temperature and pressure, respectively.
The rate of auxiliary feedwater addition represents the maximum runout flowrate to a
fully depressurized steam generator. The value given for mass added by feedwater
pumping assumes that no reduction in feedwater pump turbine speed occurs following a
MSLB and prior to main feedwater isolation. Feedwater isolation for the full and partial
double-ended ruptures is dependent on signals generated by the primary protection
system, which results in Isolation times ranging between 7.0 and 8.9 seconds for these
cases. Feedwater isolation for the split breaks was based on the time required to reach
the containment High-1 pressure setpoint which generates an SIS, which then results In
the feedwater Isolation signal. Determination of feedwater flowrates prior to isolation
assumed that the feedwater control valve in the broken loop goes wide open while those

FSa4R

in the intact loops remain in their pre-break positions.
6.2.1.4.3.3

Containment Pressure-Temperature Results

Figures 6.2.1-79 through 6.2.1-82 provide curves of the resultant containment
pressure-temperature transients for the cases producing the highest peak containment
pressure and temperature. Table 6.2.1-58 summarizes the results of all the cases
analyzed and indicates the times at which dryout occurs and the various containment
pressure setpoints are reached. The sequence of events following a postulated main

6.2.1-32

Rev. OL-1 3
5/03
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FSAR CN 01-036
INSERT B
It should be noted the main feedwater isolation time was increased from 5 seconds to 15
seconds by Amendment XXX to the Operating License in support of the plant design
change which installed system-medium actuators on the Main Feedwater Isolation
Valves. This 10 second increase in the isolation time results in an increase in the amount
of main feedwater added to the steam generators for each break case. Calculations
performed in support of the design change to install the system-medium actuators
determined that the previously evaluated steam generator dry-out time and total mass
release values remain bounding.
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TABLE 6.2.1-57 SPECIFIC PLANT DESIGN INPUT FOR MSLB ANALYSIS

Case

~~1

Initial steam generator
inventory, Ibm

2

4

124,000

124,000

124,000

134,000

134,000

134,000

983

983

983

1,013

1,013

1,013

19,814

17,604

35,863

19,000

17,000

32,000

10,432

10,432

10,432

10,748

10,748

10,748

800

800

800

800

800

800

Ayxiliary feedwater addition

6.9 x 10 i

6.9 x 105

6.9 x 105

6.9 x 105

6.9 x 105

lamn steam line isolation

7.3

8.9

68.1

7.0

8.7

63.6

7.3

8.9

23.1

7.0

8.7

20.9

1800***

1800***

1800***

1800***

1800***

1800***

Initial steam pre

psa

Mass addey feedwater
pumping m x% *
Mass

~ded by feedwater

Steamn iping blowdown

)

6.9

105

tte sec

Ma feedwater line Isolation
Ter ation of auxiliary
feedwar addition, sec

FO CI

Rev. OL-13
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TABLE 6.2.1-57 (Sheet 2)

a

9

1Q

M

12

145,000

145,000

145,000

156,000

156,000

156,000

1,036

1,036

1,036

1,063

1,063

1,063

19,000

16,000

35,000

20,000

16,000

35,000

11,020

11,020

11,020

11,508

11,508

11,508

800

800

800

800

800

800

6.9 x 105

6.9 x 105

6.9 x 105

6.9 x 105

6.9 x 105

6.9 x 105

7.0

8.5

65.8

7.0

8.1

81.1

7.0

8.5

21.3

7.0

8.1

24.0

1800***

1800***

1800***

1800***

1800***

1800***

7use

Initial steam generator

I

inventory, bm

Initial steam
Mass add
pumpi

by feedwater
bm

x A* -

Mass added by feedwater

|

flashi g, bm

Steam iping blowdown
inve

ry, O3

Au Ilary feedwater addition
rate Ibrn/hr

Ma

steam line isolation

time sec

M n feedwater line
islation tme
#4 i 4
Te
feed

nation of auxiliary
ter addition, sec

Rev. OL-13
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TABLE 6.2.1-57 (Sheet 3)

a

14

15

168,000

168,000

168,000

Initial steapressure, psla

1,106

1,106

1,106

983

Mass ded by feedwater
pump gIbm -A * *s A

5,000

5,000

12,000

19,814

Mass dded by feedwater
fshin , Ibm\

12,500

12,500

12,500

10,432

800

800

800

9300 *

Case
Initial steam generator
inventory, Ibm

Ste

piping blowdown

uxiliary feedwater addition
Ibmthlr
ai steam line isolation
ne, see
M n feedwater line isolation
ti , see
X$
$*
rmination of auxiliary
f tedwater addition, sec
*

124,000

6 9 x 105

6.9 x 105

6.9 x 105

6.9 x 105

7.0

7.5

193.8

7.3 **

7.0

7.5

36.0

7.3

1800***

1800***

1800***

1800***

\7Jn addition, a steam relea e rate of 10 Ibm/sec was added to the total blowdown to account for releases from
unisolated branch lines the main steam piping.
;:R Co4
01l-36O

/
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**

***

ss *

TABLE 6.2.1-57 (Sheet 4)
Intact loop isolation valves only. Broken loop solation valve is assumed to fail open.
Termination of auxiliary feedwater at 600 seconds is assumed for the re-analysis performed in June, 2000 to assess
a reduction in containment cooler performance. Since results for Inputs above are bounding, the Table values are
conservative and have not been revised. Also refer to Section 6.2.1.4.
V
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All main Feed isolation times listed in this table should be increased by 10 seconds to
support the plant design change which installed system-medium actuators on the Main
Feed Water Isolation Valves.
This would result in an increase in the amount of main feedwater added to the steam
generators for each break case discussed in this table. Calculations performed in support
of the system-medium actuator design determined that the previously evaluated steam
generator dry-out and total mass release values remain bounding.
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TABLE 6.2.1-58 SUMMARY OF RESULT FOR MSLB CONTAINMENT PRESSURE-TEMPERATURE AN
Power

Case
No.

Level
(%)

Break
Size

ft2

1*

102

Full

2*
3*

102.
102

0.60

4

75

0.80
Full

5
6

75
75

0.55
0.84

7

50

8
9
10
11

50
50
25
25

Fun
0.45

12

25

13
14

0.80
Full

Max Press
Break
Type

a Time

(PsIg @ lme)

Max Vapor Temp
@ Time
(F 1 sec)

Dryout
Time
(sec)

YSIS

6 psg

@Time
(sec)

D.E.
D.E.

39.6

@1800

348.0 @110

186

36.8

1800

338.0 Q 310

355.6

SplK

45.6 0 1800

336.0 @204

D.E.
D.E.

38.5 @1800
37.8 @1800

313.9 0 150
363.9 @370

529
182
496

SplK

45.0 @1800

676

14.38

D.E.

39.5 @1800
39.7 @1800

384.9 C 135
308.1 § 145

213
719

2.61

1475
236
1433
908

D.E.
Split

361.2 @455
382.6 @145

2.13
10.7

JA *
20 pg
@ Time
(ec)
11.86

30 psig
@ Time
(Sec)
78.5

120.2

275.0

16.6
2.48

61.6
29.30

169.0
116.0

17.30

160.92
57.12

335.0
104.0
114.0

24.81

25.15
213.94

425.0

14.78

59.33

114.0

2.51

28.58
348.58

125.0

46.59
17.54

74.57

0.33

D.E.

47.8 @1800
40.7 @1800
43.9 @1800

SplK

48.1

1800

HS

0.6
Full

357.0 @685
380.0 §,195

D.E.

39.3 0 1800

312.1 @180

243

2.44

37.97

149.0

HS

0.2

36.8 0 2870

328.2 0 1400

2672

115.10

766.20

1380.0

15

HS

0.40

D.E.
Split

47.1 @2170

363.4 @510

2165

29.40

187.30

490.0

16

102

Fun

D.E.

34.6 @ 186

352.0

186

2.13

8.46

51A

*

D.E.

311.5 C 160

45

650.0
160.0

Cases 1-3 and 16 revised per ULNRC-1471 dated 3/31/87.
Cases 6, 12 and 14 were re-analyzed In June, 2000 assuming termination of auxiliary feedwater at 600 seconds, 8%revaporization of blowdown condensate and a reduction
In containment cooler performance. Snce the results above are bounding, the Table values are conservative and have not been revised. Also refer to Section 6.2.1.4.
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The main feedwater isolation times listed in this table should be increased by 1O seconds
to support the plant design change which installed system-medium actuators on the Main
Feed Water Isolation Valves.
This would result in an increase in the amount of main feedwater added to the steam
generators for each break case discussed in this table. Calculations performed in support
of the system-medium actuators design determined that the previously evaluated steam
generator dry-out and total mass release values remain bounding.
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TABLE 6.2.1-59 SEQUENCE OF EVENTS FOR CASE 12
PEAK CALCULATED CONTAINMENT PRESSURE CASE FOR MSLB**
Event

Time (sec)

Break occurs, blowdown from all four steam generators

0.0
17.5
g24.0

Containment pressure setpoint for Isolation of main
feedwater lines reached (6 psig)
sX%2

60.0

o1-03(6

Air coolers start
Containment pressure setpoint for isolation of main
steam lines reached (20 psig)

74.6
81.1

*

1

Main feedwater line Isolation valves closed

J

Main steam line Isolation valves closed, blowdown from
broken loop steam generator and unisolated steam
piping only

160.0

Containment pressure setpoint for actuation of
containment sprays reached (30 psig)

190.0*

Containment sprays start

190.0

Peak containment vapor temperature of 380°F is
reached.

908.0

Dryout occurs, blowdown equals auxiliary feedwater
addition rate

1800.0

Auxiliary feedwater addition is terminated

1800.0

Peak containment pressure of 48.1 psig is reached

The 30-second delivery time considers the simultaneous opening of the
containment Isolation valve and the starting of the containment spray pumps.
Case 12 was re-analyzed InJune, 2000 assuming termination of auxiliary
feedwater at 600 seconds, 8% revaporization of blowdown condensate and a
reduction Incontainment cooler performance. Since the results above are
bounding, the Table values are conservative and have not been revised. Also
refer to Section 6.2.1.4.
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INSERT D
The main feedwater isolation times listed in this table should be increased by 10 seconds
to support the plant design change which installed system-medium actuators on the Main
Feed Water Isolation Valves.
This would result in an increase in the amount of main feedwater added to the steam
generators for each break case discussed in this table. Calculations performed in support
of the system-medium actuators design determined that the previously evaluated steam
generator dry-out and total mass release values remain bounding.
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TABLE 6.2.1-60 SEQUENCE OF EVENTS FOR CASE 6
PEAK CALCULATED CONTAINMENT TEMPERATURE FOR MSLB**

Event

Time (seg)

0.0

Break occurs, blowdown from all steam generators
Containment pressure setpoint for isolation at main
feedwater lines reached (6 psig)

20.9 iCX}

/

Main feedwater line isolation valves closed

57.1

\

Containment pressure setpoint for isolation of main
steam lines reached (20 psig)

F cd
60.0
63.6

33.3

Air coolers start
/

Main steam line Isolation valves closed, blowdown from
broken loop steam generator and unisolated steam
piping only
Containment pressure setpoint for actuation of
containment sprays reached (30 psig)

133.3*

Containment sprays start

140.0

Peak containment vapor temperature of 384.90 F is
reached

676.0

Dryout occurs, blowdown equals auxiliary feedwater
addition rate

1800.0

Auxiliary feedwater addition is terminated

1800.0

Peak containment pressure of 45.0 psig is reached

*

The 30-second delivery time considers the simultaneous opening of the
containment Isolation valve and the starting of the containment spray pumps.

**

Case 6 was re-analyzed in June, 2000 assuming termination of auxiliary
feedwater at 600 seconds, 8%revaporization of blowdown condensate and a
reduction Incontainment cooler performance. Since the results above are
bounding, the Table values are conservative and have not been revised. Also
refer to Section 6.2.1.4.
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The main feedwater isolation times listed in this table should be increased by 10 seconds
to support the plant design change which installed system-medium actuators on the Main
Feed Water Isolation Valves.
This would result in an increase in the amount of main feedwater added to the steam
generators for the break case discussed in this table. Calculations performed in support
of the system-medium actuators design determined that the previously evaluated steam
generator dry-out and total mass release values remain bounding.
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TABLE 6.2.1-61 MASS AND ENERGY BALANCE
PEAK CALCULATED CONTAINMENT PRESSURE CASE FOR MSLBZ

i

ENERGY BALANCE (x 106 Btu)

Initial
0 se2

Peak Pressure
1800 sec

Containment atmosphere
Containment sump
Total Energy

6.5
0.0
6.5

275.2
247.9
523.1

275.2
247.9
523.1

Initial energy
Energy added by blowdown
Energy added by sprays
Energy removed by air coolers
Energy removed by heat sinks
Total Energy

6.5
0.0
0.0
0.0
0.0
6.5

6.5
730.3
48.2
94.4
167.4
523.2

6.5
730.3
48.2
94.4
167.4
523.2

End of Blowdown
1800 sec

MASS BALANCE (x 103 Ibm)

Initial

Peak Pressure
I1800 see

Containment atmosphere
Containment sump
Total Mass

6.2
0.0
6.2

248.1
1073.1
1321.2

248.1
1073.1
1321.2

Initial Mass
Mass added by blowdown
Mass added by sprays
Total Mass

6.2
0.0
0.0
6.2

6.2
606.8
708.2
1321.2

6.2
606.8
708.2
1321.2

*

End of Blowdown
1800 =e

Case 6 was re-analyzed In June, 2000 assuming termination of auxiliary
feedwater at 600 seconds, 8% revaporization of blowdown condensate and a
reduction in containment cooler performance. Since the results above are
bounding, the Table values are conservative and have not been revised. Also
refer to Section 6.2.1.4.
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The main feedwater isolation times listed in this table should be increased by 10 seconds
to support the plant design change which installed system-medium actuators on the Main
Feed Water Isolation Valves.
This would result in an increase in the amount of main feedwater added to the steam
generators for the break case discussed in this table. Calculations performed in support
of the system-medium actuators design determined that the previously evaluated steam
generator dry-out and total mass release values remain bounding.
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TABLE 6.2.1-62 MASS AND ENERGY BALANCE

PEAK CALCULATED CONTAINMENT TEMPERATURE FOR MSLB*I
ENERGY BALANCE (x 106 Btu)

Initial
Loge

Peak Pressure
1800 sec

Containment atmosphere
Containment sump
Total Energy

6.5
0.0
6.5

294.5
246.1
540.6

294.5
246.1
540.6

Initial energy
Energy added by blowdown
Energy added by sprays
Energy removed by air coolers
Energy removed by heat sinks
Total Energy

6.5
0.0
0.0
0.0
0.0
6.5

6.5
754.5
46.5
95.6
171.4
540.5

6.5
754.5
46.5
95.6
171.4
540.5

End of Blowdown
1800 sej

MASS BALANCE (x 103 Ibm)

Initial

End of Blowdown
1800 sec

0 se

Peak Pressure
1800 sec

Containment atmosphere
Containment sump
Total Mass

6.2
0.0
6.2

265.3
1052.1
1317.4

265.3
1052.1
1317.4

Initial Mass
Mass added by blowdown
Mass added by sprays
Total Mass

6.2
0.0
0.0
6.2

6.2
626.9
684.3
1317.4

6.2
626.9
684.3
1317.4

*

Case 12 was re-analyzed in June, 2000 assuming termination of auxiliary
feedwater at 600 seconds, 8% revaporization of blowdown condensate and a
reduction in containment cooler performance. Since the results above are
bounding, the Table values are conservative and have not been revised. Also
refer to Section 6.2.1.4.
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The main feedwater isolation times listed in this table should be increased by 1O seconds
to support the plant design change which installed system-medium actuators on the Main
Feed Water Isolation Valves.
This would result in an increase in the amount of main feedwater added to the steam
generators for the break case discussed in this table. Calculations performed in support
of the system-medium actuators design determined that the previously evaluated steam
generator dry-out and total mass release values remain bounding.
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TABLE 7.1-1 INSTRUMENTATION SYSTEMS IDENTIFICATION

Similer
To Plant

Designer

Safety-Related Systems
1. Reactor tip system

wadboma

Comanche
Eok

x

x

W.B. McGulr and
ofth
Wal Dar

Rft

FtWW 01!-03(p

x

2. Engineered safety feature actuation systems
a. Main steam and feedwater Isolation

X

X

Fe5/)R.4N Ol-(l

U

X

b. Containment combustble gas contol
c. Containmt purge Isolation
d. Fuel building ventilation Isolation

X
X

a. Control oom ventilation Isolation

X

£ Auxiliary feedweter supply

X

g. NSSS ESfAS

x

X

New (see 7.3.2)
New (see 7.3.3)
X

X

-

New (see 7.3.4)

-

New supply configuration
(see 7.3.6)

x

3. Systems required for sae shutdown
a. Hot standby

x

x

x

x

b. Cold shutdown

x
x

x
x

x

x

c. Safe shutdown from outside corntrol on
4. Seyred display Instrumentation
a. Reactor trip system
b. Engineering safety feature actuation
system's
c. Systems required for safe shutdown

x

New (see 7.4.3)

x

x

x

x

x

x

x

x

x

x

x

5. Other instrumentation systems required for
safety
a. Instumentation and control pwersupply
system

Trojan

x

b. Residual heat removal system Isolation
valve hiterocks

x

x

c. Refueling Interlocks

x

x
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7.3.7

MAIN STEAM AND FEEDWATER ISOLATION

7.3.7.1

Description

The signals that initiate automatic closure of the main steam and feedwater isolation
valves are generated in the ESrdaers
for
nIgals are shown in Figure 7.2-1 (Sheets 8 and 13).
the generation of these
remainder ofh6
SF~on
concentrates on the non-Westinghouse portion of the ma
steam
feedwater isolation system (MSFIS
The am s
isolatolves are operated by hydraulic actuators. The
a attors are powered by
r
ir accumulators, which are controlled by
lectrically operated solenoid vves. Each valve has two actuators. Each actuator is
controlled from a separate Class IE electrical system, and each is capable of closing the
valve independentyoftheother.
The non-Westinghouse MSFIS consists of two independent Class IE actuation trains.
Within each train, three Programmable Logic Controllers (PLCs) produce a 2 out of 3
logic configuration for each actuation relay per valve. The use of the same software in
the PLCs in each train can produce the possibility of a Common Mode Software Failure
(CMSF). Consequently, a diverse backup means to fast close the main steam isolation
valves through the use of an Emergency Override Panel and Fast Close toggle switches
is included in each train to mitigate the consequences of the CMSF.
7.3.7.1.1
a.

System Description
Initiating circuits
The main steam and feedwater isolation valves close automatically upon
receipt of an automatic close signal from the Westinghouse solid state
protedim (S1ternjSSPS). Manual operation Is also provided.

A'
-.

b.

--

F

-

Logic
See Sectraings7.3.8.
autoat tpnod

edd Secti-bn11.7.81n addqbN
f oeaif,
manSal cordos a
rde
ite
siv oenigk doin
11
ch
i sa~avefothecumlto {

pesse, avd fo 5Vale opqaindhcht cis sh av 0/
+

~c.

Bypass

o

See Section 7.3.8.
d.

/

USgC;Ad

Interlocks

4

A/
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INSERT E
The main feedwater isolation valves are operated by system-medium actuators. The
actuators are powered by the system-medium, which is controlled by electrically operated
solenoid valves. Each main feedwater isolation valve has six solenoid valves, three in
each actuation train. Each actuation train is powered from a-separate Class lE electrical
system and is capable of closing the valve independent of the opposite actuation train.
INSERT F
Two manual Fast Close switches, one per each actuation train, are provided for the main
steam isolation valves. Either switch will close all four associated valves.
Two manual Fast Close switches are provided for the feedwater isolation valves. Each
switch has the capability to actuate both actuation trains associated with all four valves.
Train isolation at the switches is assured by fire retardant sleeving on the wire going to
the switches, and by qualification testing that was performed on the switches. This
feature is provided to conserve feedwater that would be lost to the condenser in the event
of a single train actuation. Refer to Table 7.1-5 Position 5.

INSERT G
In addition to the manual and automatic trip modes of operation, manual controls are
provided for the slow opening or closing, and for checking the accumulator pressures for
each main steam isolation valve. For the main feedwater isolation valves, in addition to
the manual and automatic trip modes of operation, manual controls are provided for
opening and closing the valves.
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e

3.8.

Reundancy

/r

/4

?fl..A1t

$lC..&

isoI&Iion

vaIves,tD

complete actuation systems are provided for each valve operator.
Each system is capable of closing the valve as required, regardless of the
state of the other.
f.

Diversity
See Section 7.3.8 for a discussion of diversity with regard to the automatic

0 0

actuation signal.
g.

Actuated devices

The actuated devices are the main steam and feedwater isolation valves.
h.

Supporting systems
The system makes use of the Class IE dc power system and of the
compressed air system.

(

i.Portions of the system not required for safety

McA1 S

One operator for each ave includes provisions for opening or slow closing
the valve. Instrumentation is provided for measuring the accumulator
~~pressures. Neither of thesepDovI in

\

.3.7.1.2

required for safety./

Design Bases

The\ esign bases for the main steam and feedwater isolation actuation system are
provi d in Section 7.3.8. The design bases for the remainder of the main steam and
feedwat isolation system are that the system isolates the main steam and feedwater
when req ired, and that no single failure can prevent any valve from performing its
required nction. See Section 7.3.8 for additional discussion.
In additio Section 7.3.1.1.2 is applicable to the control system components.
7.3.7.1.3

rawings

See Figures 7.2-1 (5eet 8), 7.3-2, and 7.3-3. Other drawings pertainin
are included in the intouctory material for this section.
7.3.7.2
a.

this system

Analysis
Conformance to NRC general design criteria
7.3-25
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INSERT H
For the main feedwater isolation valves, two complete actuation trains are provided for
each actuator. Each actuation train consists of three solenoid valves and is capable of
closing the main feedwater isolation valve regardless of the state of the opposite actuation
trains

INSERT I
For the main feedwater isolation valves, each actuation train includes provisions to
'Normal Close' the valves, while both actuation trains are required to remotely 'Open'
the valves. These functions are not required for safety. The vent lines downstream of the
safety related rupture disk, which include manual isolation valves, along with the
actuation position indication, are also not required for safety.
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See Section 7.3.8.
b.

Conformance to IEEE Standard 279-1971
The design of the valve control system conforms to the applicable
requirements of IEEE Standard 279-1971, as listed and discussed in
Section 7.3.1.2, except that the system is automatically actuated. The
setpoints are provided in the Callaway Technical Specifications.

c.

Conformance to Nry

S

gues

on73.8.

Failure modes and effects analysis

e.

VSRRen CM4

Periodic testing
The valve control system includes provi ons for verifying the proper
operation of the electronic logic circuits, or checking the accumulator
pressure In each actuator. The frequency of actuation system testing is
provided in the Callaway Technical Specifications. The mechanical system
testing provisions are given in Technical Specification 3.7 and FSAR
;
,1i0.3.
0Iih
Note that each valve can be closed within the appropriate time limit by
either actuator side. Testing is administratively controlled to ensure tha
both sides of a given actuator will not be set to TEST" mode
simultaneously.

7.
7.3.8.1_

NSSS ENGINEERED SAFETY FEATURE ACTUATION SYSTEM
A

The Westinghouse solid state protection system (SSPS) consists of two parts: the
reactor trip system (RTS), which Is described In Section 7.2, and the engineered safety
feature actuation system (ESFAS), which Is described here. The ESFAS monitors
selected plant parameters and, If predetermined safety limits are exceeded, transmits
signals to logic matrices sensitive to combinations Indicative of primary or secondary
system boundary ruptures (Condition Ill or IV events). When certain logic combinations
occur, the system sends actuation signals to the appropriate engineered safety feature
components. The ESFAS meets the requirements of GDCs 13, 20, 21, 22, 23, 24, 25,
27, 28, 34, 35, 37, 38, 40, 41, 43, 44, 46, 54, 55, and 56.

7.3-26
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7.

Feedwater isolation (see Section 10.4.7)

8.

Ventilation solation valves and damper actuator (see Section 6.4)

9.

Steam line Isolation valve actuators (see Section 7.3.7 and
Section 10.3)

10.

Containment spray pump and valve actuators (see Section 6.2.2)

If an accident is assumed to occur coincident with a loss of offsite power,
the engineered safety feature loads must be sequenced onto the diesel
generators to prevent overloading them. This sequence is discussed in
Section 8.3. The design meets the requirements of GDC-35.
i.

Support systems
The following systems are required for support of the engineered safety
features:
1.

Essential service water system - heat removal (see Section 9.2.1)

2.

Component cooling water system - heat removal (see Section 9.2)

3.

Electrical power distribution systems (see Section 8.3)

4.

Essential HVAC systems (see Section 9.4)

Table 7.3-12 provides a list of the auxiliary support ESF systems.

j.

Portion of system not required for safety
The system produces annunciator, status light, and computer Input signals
to Indicate ndividual channel status. The system provides signals to the
reactor trip annunciators for sequence of events Indication, and indicates
the condition of blocks and permissives. Semiautomatic testing features
are provided for on-line testing. All monitoring for the testing Is at the
protection system cabinets. Equipment used to accomplish these
functions is Isolated from the protection functions and Is not required for the
safety of the plant. Section 7.3.7.1.11
sses individual steam and
feedwater Isolation control switchesow ohat
are not required for

safety.
7.3.8.1.2

ZS4tcJ o-03('

Design Bases

The functional diagrams presented in Figure 7.2-1 (Sheets 5, 6, 7, and 8) provide a
graphic outline of the functional logic associated with requirements for the ESFAS.

7.3-33
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TABLE 7.3-14 (Sheet 2)

No-

Functional Unit

N. of Channels

No. of
Channels to Trip

f.

2*

1*

Manual

*

Note 1:

The feedwater line will isolate on low Tag only in conjunction with reactor trip
(P4). This feedwater isolation signal may be bypassed for normal reactor
startups and shutdowns.

Note 2:

The feedwater line will isolate on reactor trip in conjunction with low Tavg (see
Note 1), high-high steam generator level, or safety injection.

Rev. OL-13
5103

FSAR CN 01036
INSERT J
Manual actuation of either switch closes all main feedwater isolation valves or all main
steam isolation and bypass valves. It is also possible to operate these valves with
individual switches. However, those controls are provided for normal operation only.
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TABLE 9.3-2 SAiETY-RELATED PNEUMATICALLY OPERATED VALVES

Valve

Safe

Fsffurm Moaie
on Loss of
Ssfetv Functfon

Popeon
Loop 2 Steam Supply to AFW Pump Turbine

open

Open

Loop 3 Steam Supply to AFW Pump Turbine
Main Steam Iso. Valve Loop 4
Main Steam iso. Valve Loop I
Main Steam Iso. Valve Loop 2
Main Steam iso. Valve Loop 3
Main Steam Iso. Bypass Valve Loop 4
Main Steam Iso. Bypass Valve Loop I
Main Steam iso. Bypass Valve Loop 2
Main Steam Iso. Bypass Valve Loop 3

Open

Open

Closed
Closed
Closed
Closed
Closed
Closed

NA
NA
NA
NA

Admit steam to AFW pump turbine and
secondary side pressure boundary Isolation

AB-HV-06
AB-WV-11
AB-HV-14
ABE-IV-17
AB-HV-20
AB-WV-12
AB-WV-15
A&WH-18
AB-HiV-21
AB-14-48

IJ
Secondary side pressure boundary isolation
'
Secondary side pressure boundary isolation
and steam line warmup

Loop 2 Steam Supply to AFW Turbine Bypass

Closed
Closed
Closed

Closed
Closed
Closed
Closed
Closed

AB-HV-49

Loop 3 Steam Supply to AFW Turbine Bypass

Closed

Closed

AB-LV-07
AB-LV-ft
AB3-LV-09
AB-LV-10
AB-PV-01
AB-PV-02
AB-PV-03
AB-PV-04

Main Steam Line Drain Valve Loop 3
Main Steam Line Drain Valve Loop 2
Main Steam Une Drain Valve Loop I
Main Steam Line Drain Valve Loop 4
Steam Gen. A Atm. Relief Valve
Steam Gen. B Atm. Relief Valve
Steam Gen. C Atm. Relief Valve
Steam Gen. D Atm. Relief Valve

Closed
Closed
Closed
Closed
Closed
Closed
Closed
Closed

Closed
Closed

Secondary side pressure boundary isolation
and condensate drain

Closed

Secondary side pressure boundary Isolation,
secondary side heat removal, and pressure
z
relief

AE-FV.39
AE-FV-40
AE-FV-41
AE-FV-42
AE-FV-43
AE-FV-44
AE-FV-45
AE-FV-46

Feedwater Iso. Valve Loop
Feedwater Iso. Valve Loop
Feedwater Iso. Valve Loop
Feedwater Iso. Vaive Loop

Closed
Closed
Closed
Closed
Closed
Closed

NA
NA
NA
NA

Secondary side

Closed

Secondary side
and chemistry a

1
2
3
4

Steam Gen. A Chemical Control
Steam Gen. BChemical Control
Steam Gen. C Chemical Control
Steam Gen. D Chemical Control

Cosed
Closed

Closed
Closed
Closed

Closed
Closed
Closed

3
3
3
3

Secondary side pressure boundary isolation
and steam line keep warm

2
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TABLE 9.3-2 (Sheet 4)
Failure Mode
on Loss of
Aon
ASUDDV
Closed

Safe

Vahe
Number
EP-V-8879C

Desption
Ace. Tank C to SIS Test Une Iso. Vle

Closed

EP-HV-8879D
EP-WHV-8880

Acc. Tank D to SIS Test Une Iso. Vae
Ctmt. Iso. Valve - N2 Supply to Accum.

Cosed
Closed

Closed
Closed

System pressure boundary Isolation
Containment isolation

FC-FV-310
GT-HZ-04

AFP Steam Trap Isolation Valve
CtmL Iso. Valve - CtnL Mini Purge
Ctmt Iso. Valve - Ctmt. Mii Purge
Ctmt. Iso. Valve - Ctmt. Large Vol.

Closed
Closed

Closed
Closed

Closed

Closed

Condensate removal
Containment Isolation
Containment Isolation

Closed

Closed

Containment Isolation

Large Vol.
Large Vol.
Large Vol.

Closed
Closed
Closed

Closed
Closed
Closed

Containment Isolation
Containment isatIon
Containment Isolation

Mini Purge

Closed

Closed

Closed

Closed

Closed
Closed

Closed
Closed

ContaInment isolation
Containment Isolation

HB-HV-7176

Ctmt. Iso. Valve - CtmL Mini Purge
Ctmt Iso. Valve - RCDT to Wste Gas Comp.
CtmL Iso. Vaive - RCDT to Recy. Holdup Tank
CtmL Iso. Valve - RCDT to Racy. Holdup Tank
CtmL Iso. Valve - RCDT to Waste Gas Comp.

Containment Isolation
Containment Isolation

Closed
Closed

Closed
Closed

Containment Isolation
Containment Isolation

KA-FV-29

Ctmt. Iso. Valve Inst. Air Line

Cosed

Closed

Containment isolation

GT4-H05
GT44Z-O

Ctnt. Iso. Vale - Ctmt
CtmL Iso. Valve - CtmL
CtmL Iso. Valve - Ctmt.
Ctmt. Iso. Valve - Ctmt.

GT-HZ-07
GT44Z-08
GT4HZ-09
GT4HZ-11
GT-HZ-12
HB-WV7126
HB.V-7136
HB-HV-7150

LF-FV-96u
NOTES: (1)
(4)
/

t

Sfuno
System pressure boundary isolation

Closed
n
ed with baclwp compressed gas supply to open for safety functions
iovided wlth backup compressed gas suply to modulate vaive as required during cooldown rom hot shutdown condition to cold shutdown
Pr
prssurzedn
o
Isdrn by asearate
t(redundent)hydraullcactuators. Each hydrulic
-cylinders
povkdedwhhshghtaiur
EachMSiV
~~storsge container. On lose of electrical control power the MSIVe fall as-Is !t!!
ov
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TABLE 9.3-11 SERVICE GAS REQUIREMENTS
Component Serviced
with Nftrgga

Service Gas
Function

Safety injection accumulator tanks

Cover gas, source of potential energy

Pressurizer relief tank

Cover gas

Volume control tank

Purge gas (during shutdown)

Spent resin tanks

Sluice spent resins to solid radwaste
system

Gas decay tanks

Maintenance during shutdown
I

Feedwater heaters

Purge and cover gas during layup

Steam generator (shell side)

Purge and cover gas during layup

Auxiliary steam generator and reboiler

Purge and cover during layup

Chilled water expansion tank

Cover gas

Chemical addition tanks

Cover gas

Electrical penetration assemblies

Testing

Steam generator blowdown system

Chemical mixing in steam generators

Hydrogen recombiners

Purge gas

gas system

Source of potential energy
Cover gas, source of potential energy
(from 6 494 SCF local cylinders in the
turbine building)
Purge gas

Rev. OL-13
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A.23.7

Analysis

A.23.7.1

Fire Suppression

A fire in this area will be detected and alarmed by the de
em. The fire cane
extinguished manually, using the portable extinguish
d/or the hose station In Room
1506. The safe shutdown Instrumentation in this ea has watertight enclosures.
/

f>~R cN o-036

The hydraulic fluid in the actuators of the main a
iso
stion valves is
contained in a totally enclosed system. The ade name for the fluid is Fyrquel 220. This
is a synthetic phosphate ester fluid. The flui does not easily sustain combustion (due to
its self-extinguishing property). A prolonge xposure to an ignition source is required to
initiate and maintain combustion. It is incredi to postulate such an ignition source in
these rooms. Al the safe shutdown equipment i hese rooms is qualified to a steam
environment and an ambient temperature of 3200F.
Since the access to this area is controlled and limited, the transient combustibles
introduced into these rooms will be those associated with the maintenance of equipment
located in these rooms. Any major maintenance work on the isolation valves or the
power-operated relief valves will require a plant shutdown. (Maintenance on these
valves will normally be done during refueling outage). Any postulated transient fire will
not damage the 2-foot-thick concrete wall. Due to the low combustible loading and the
strict control on access and transient combustibles, this area is judged to require a
degree of fire protection equivalent to the reactor building. Therefore, the provisions of
Appendix R, Section lll.G2.f are applied to this area.
A.23.7.2

Safe Shutdown Capability

Loops 1 and 4 main steam piping (steam generators A and D) and associated isolation
valves, relief valves, power-operated relief valves, and pressure transmitters are located
in Room 1508. The corresponding equipment for Loops 2 and 3 (steam generators B
and C) are located in Room 1509. The feedwater piping and associated isolation and
nonretum valves for Loops I and 4 are installed In Room 1411 while Room 1412 has the
equipment for Loops 2 and 3. In addition, Room 1412 has two valves on the steam
supply from Loops 2 and 3 main steam piping to the auxiliary feedwater pump turbine.
The steam generator blowdown isolation valves are installed in Rooms 1412 and 1411.
The failure modes on loss of power (or air if air operated) for the various valves Inthis
area are given below:
Valve

a.
b.

Main steam Isolation
Main steam isolation valve
bypass

9.5B-72

Normal

Failure

Mode

Mode-

Open

Open

Closed

Closed

Rev. OL-13
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for design data. Safety-related feedwater piping materials are discussed in
Section 10.3.6.
MAIN FEEDWATER PIPING - Feedwater is supplied to the four steam generators by
four 14-inch carbon steel lines. Each of the lines Is anchored at the containment wall and
has sufficient flexibility to provide for relative movement of the steam generators due to
thermal expansion. The main feedwater line and
t
ne
containment penetration and the torsional restnt upstream of the MFIV are designedlo
meet the no break zone" criteria, as
ed in NRC BTP MEB-3-1 (refer to
Section 3.6)..
MAIN FEEDWATER ISO TION VALVES - On main feedwater isolation valve (MFIV) is
installed in each of
ur main feedwater Ii es outside the containment and
downstream of
feedwater control valv
e MFIVs are installed to prevent
uncontrolled blodown from
steam generator in the event of a feed er
pipe rupture In t e turbine building. The main feedwater check valve provides b up
isolation. The M s Isolate the n
portions of the syste .
nt of a secondary cycle pipe rupture inside the
contai

imits the quantity of high energy fluid that enters the containment

thro
the broken loop and provides a pressure boundary for the controlled addition of
xiliary feedwater to the three intact loops. The valves are bl-directional, double disc,
parallel slide ate valves.&Jred e

leni

a

ize hr

rgy fo

ssartab

lsin s suppli d b a

I sorc aer
.

mass

mulator which

F

In the
evento ai secodry cycle the ptun to idump to the id res air.
edwrater controlvalve(and
oatebyplic s ar e
provi
ierse backp to t
valve closure.
l
enoids arekenergized from sparateClass I sources O MAIN FEEDWATER CONTROL VALVES AND CONTROL BYPASS VALVES - The MF
control valves are air-operated angle valves which automatically control feedwater v
between 20 percent and full power. The bypass control valves are air-operated
valves, which are used during startup up to 2-percent power. The MF cot~avs
and bypass control valves are located in the turbine building.

In the event of a secondary cycle pipe rupture inside the containment,
the
main
dwter control valves(provideeabd
s)
p
ie
backup to the
MFVo iet the quantity of high energy flua
otiment through the
broken loopoemrnc
valve closure. Eooi

o noe
ds, when de-energized, will result in
s are energized from separate Class IE sources.

MAIN FEEDWATER CHECK VALVES - The main feedwater check valves are located
inside the containment, downstream of the auxiliary feedwater connection. In the event
of a secondary cycle pipe rupture, inside the containment, the main feedwater check
valves provide a diverse backup to the MFIV to ensure the pressure boundary of any

Intact loop not receiving auxiliary feedwater.
10.4-21
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The MFIV actuators utilize two separate actuation trains, which are energized from
separate Class E sources. Energy for closing an MWIV is provided by the process fluid
(feedwater), which is admitted to the volume above the actuator piston (upper piston
chamber) to close the valve. The MFIV actuators utilize six solenoid valves, three
solenoids per actuation train, to perform their safety design functions. Process fluid will
be directed to the actuator upper piston chamber (to close the valve) by two parallel trains
consisting of one two-way solenoid valve and one three-way solenoid valve in series.
For emergency closure, both upper piston chamber solenoid valves within an actuation
train must be de-energized. Once the two upper piston chamber solenoids within an
actuation train de-energize, they open to admit process fluid from the valve bonnet
chamber to the actuator upper piston chamber. The actuator lower piston chamber is
vented through a two-way solenoid valve and a three-way solenoid valve connected in
parallel to the actuator lower piston chamber, which are in a de-energized state (vented
position). After a thirty-second time delay both actuator lower piston chamber solenoid
valves will energize, isolating the lower piston chamber. Isolating the lower piston
chamber will prevent any leakage of process fluid from either the piston rings of the stem
seal from venting through the lower piston chamber to the condenser.

CALLAWAY - SP
hydrazine injection are controlled by conductivity and by hydrazine residual In the
system, which are continuously monitored by the process sampling system.
ure ns ters a)e Installd in eaph MFIV ctuator ccumulasr for the ontnu s
m nitoriqS of
niten prure. P essure witches re also Irtailed w ch act te
ontrol y6om a rms on low ctuat accu lator pr sure. Th! alarm
ictes at

eatjaot In

estion Lsnot

be

coing evalve~ the re

red

Instrumentation, including pressure indicators, flow indicators, and temperature
indicators, required for monitoring the system is provided in the control room.
10.4.8

FSAR C4
3

01-0 , (P

STEAM GENERATOR BLOWDOWN SYSTEM

The steam generator blowdown system (SGBS) helps to maintain the steam generator
secondary side water within the chemical specifications prescribed by the NSSS
supplier. Heat Is recovered from the blowdown and returned to the feedwater system.
The blowdown is then treated to remove impurities before being returned to the
condenser.

10A.8.1

Design Bases

10A.8.1.1

Safety Design Basis

Portions of the SGBS are safety related and are required to function following a DBA and
to achieve and maintain the plant in a safe shutdown condition. The following safety
design bases have been met:
SAFETY DESIGN BASIS ONE - The safety-related portion of the SGBS is protected
from the effects of natural phenomena, such as earthquakes, tornadoes, hurricanes,
floods, and external missiles (GDC-2).
SAFETY DESIGN BASIS TWO - The safety-related portion of the SGBS remains
functional after an SSE or performs its intended function following a postulated hazard,
such as a fire, nternal missile, or pipe break (GDC-3 and 4).
SAFETY DESIGN BASIS THREE - Safety functions can be performed, assuming a
single active component failure coincident with the loss of offsite power (GDC-34).
SAFETY DESIGN BASIS FOUR - The active components of the SGBS are capable of
being tested during plant operation. Provisions are made to permit nservice inspection
of components at appropriate times specified in the ASME Boiler and Pressure Vessel
Code, Section Xl.
SAFETY DESIGN BASIS FIVE - The SGBS is designed and fabricated to codes
consistent with the quality group classification assigned by Regulatory Guide 1.26 and

10A-29
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10.4.9.2.2

Component Description

Codes and standards applica
e AFS are sted in Tables 3.2-1 and 10
e
AFS is designed and
cted in accordance with quality groups B and C and seismi
Catego
ents.
TOR-DRIVEN PUMPS - Two auxiliary feedwater pumps are driven by ac-powered
electric motors supplied with power from independent Class 1E switchgear busses.
Each horizontal centrifugal pump takes suction from the nonsafety-related condensate
storage tank, or altematively, from the ESWS. Pump design capacity
includesuds|
inimum flow recirculation, which is controlled by
on
TURBINE-DRIVEN PUMP - A turbine-driven pump provides system redundancy of
auxiliary feedwater supply and diversity of motive pumping power. The pump is a
horizontal centrifugal unit. Pump bearings are cooled by the pumped fluid. Pump design
capacity includes continuous minimum flow recirculation. AC powered valves required
for operability of the turbine driven pump are aligned in accordance with Technical
Specifications such that their positions are not required to change upon a loss of all ac
power. Air operated valves, controls and instrumentation required for operation of the
turbine driven pump are powered by the Class 1E dc system or dc backed vital ac
system. Swapover to ESW supply is not postulated during a loss of all ac power as
discussed In Section 8.3A. The turbine driven pump is diverse from the two ac motor
driven pumps with ac motor operated valves powered from the diesel backed on-site
wer system.
f~g C o'3-o'8
am supply piping to the turbine driver is taken from two of the four main steam lines
tween the containment penetrations and the main steam isolation valves. Each of the
s am supply lines to the turbine is equipped with a locked-open gate valve, normally
cl ed air-operated globe valve with air-operated globe bypass to keep the line warm,
an
o nonretum valves. Air-operated globe valves are equipped with dc-powered
soleno valves. These steam supply lines join to form a header which leads to the
turbine thgh a normally closed, dc motor-operated mechanical trip and throttle valve.
The main stam system Is described in Section 10.3.
The steam ies contain provisions to prevent the accumulation of condensate. The
turbine driver designed to operate with steam Inlet pressures ranging from 92 to 1,290
psia. Exhaust s m from the turbine driver is vented to the atmosphere above the
auxiliary building
er to Safety Evaluation Two for a discussion of the design
provisions for the exhaust I,
.

PIPING AND VALVES - All pipi
used throughout the system, e

in the AFS is seamless carbon steel. Welded joints are
t for flanged connections at the pu
l

The piping from the ESWS to the suction of ch of the auxiliary feedwater pumps Is
equipped with a motor-operated butterfly valv an isolation valve, and a nonretum valve.
Each line from the condensate storage tank is uipped with a motor-operated gate
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automatic recirculation control check valves.

INSERT B
and the automatic recirculation control check valves.
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valve and a
alve.
Each motor-driven pump discharges through a nonretum
valve and a locked-open isolation valve to feed two steam generators through individual
sets of a locked open isolation valve, a normally open, motor-operated control valve, a
check valve followed by a flow restriction orifice, and a locked-open globe valve. The
turbine-driven pump discharges through a nonretum valve, a locked-open gate valve to
each of the four steam generators through ndividualsets of a locked-open isolation
valve, a normally open air-operated control valve, followed by a nonretum valve, a flow
restriction orifice, and a locked-open globe valve.
The turbine-driven pump discharge control valves are air operated with dc-powered
solenoid valves. At each connection to the four main feedwater lines, the auxiliary
feedwater lines are equipped with check valves.
The system design precludes the occurrence of water hammer in the main feedwater
inlet to the steam generators. For a description of prevention of water hammer, refer to
Section 10.4.7.2.1.
10.4.9.2.3

System Operation

NORMAL PLANT OPERATION - The AFS is not required during normal power
generation. The pumps are placed in the automatic mode, lined up with the nonsafetyrelated condensate storage tank, and are available if needed.
EMERGENCY OPERATION - In addition to remote manual-actuation capabilities, the
AFS is aligned to be placed into service automatically in the event of an emergency.
Anyone of the following conditions will cause automatic startup of both motor-driven
pumps:
a.

Two out of four low-low level signals in any one steam generator

b.

Trip of both main feedwater pumps

c.

Safeguards sequence signal (initiated by safety injection signal or
loss-of-offsite power)

d.

Class IE bus loss of voltage sequence signal (i.e. loss-of-offsite power)

e.

AMSAC

The turbine-driven pump Is actuated automatically on either of the following signals.
a.

Two out of four low-low level signals in any two steam generators

b.

Class IE bus loss of voltage sequence signal (i.e. loss-of-offsite power)

c.

AMSAC

10.4-43
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automatic recirculation control check
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TABLE 10.4-6 CONDENSATE AND FEEDWATER SYSTEM DESIGN DATA
Main Feedwater Piping (Safety-Related Portion)
Design (VWO) flowrate, lb/hr

15,960,000

Number of lines

4

Nominal size, in.

14

Schedule

80

Design pressure, psig

1,185

Design temperature, F

450

Design code

ASME Section III, Class 2

Seismic design

Category I

Feedwater Isolation Valves
Number per main feedwater line
Closing time, sec
Body design pressure, psig
Design temperature, F
Design code
Seismic design
Feedwater Control Valves
Number per main feedwater line

5

Closing time, sec

5

Design code

ASME Section I, Class 3

Seismic design

None

Rev. OL.13
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TABLE 10.4-7 FEEDWATER ISOLATION SINGLE FAILURE ANALYSIS

Main feedwater control valve (MFCV) (1)

Main feedwater bypass control valve.
MFBCU(1)
Main feedwater Isolation valve (MFIV)

EFlure

Cmments

Valve fails to close upon receipt of automatic signal (FIS)

MFIV wil close, providing adequate isolation to lmit hIgh energy
fluid addition

Loss of power from one power supply

Valve fals as is upon loss of either trahi of power, however, MFIV
be dosed providIng adequate Isolation to limit high energy

e

Same as

Same as main feedwater control valve

control valve

Valve fas to dose upon receipt of automatic signal (FIS)
/

MF control valve (1)and MF check valve close as

red to

~~~~~~~~~~~~~~~~~~~~~solate.
The MF control valve (1)(and bypass control val) serve o limit

the addItIon of high energy fluid into the containment
se-u
-7>Ie
.iof AWfoneLL
Valve ils to dose
Valve fails to dose upon receipt of automatic signal (FIS)
Loss of power for valve operation

Valve fls dosed

/

Main feedwater check valve
Chemical addition Isoation va e
Chemical addition check vale
Awdliary feedwater check vaive

_____________

Valve fails to dose
Valve falls to open property

c
\1 \,036

oftKg

0'

signal generated for protection logic from one transmitter

Steam generator narrow range level (Four per
steam generator)

Loss of one of four logic channels

(1)

ga

main feedwater line rupture Inside the containment or met
steam One break.
:In
02
a p~
o e4
MFIV will dose, providing adequate Iolation
Associated check valve will dose, providing adequate isoati

Valve provides backup Isolation capabmity
miltigton.

og

Chemical addition isolation valve will dose, providing a

uate

isoiation

Remaining two Intact steam generators win pradquate
auxiliry feedwater
2 out-of-4 logic reverts to 2aoutng, ad protection logic Is
generated by other channel d ces
2-out-of-4 logic reverts to 2 -of-S logic, and protection log Is
generated by other chandvices

pipe rupture of feedwater line Inside containment or following a M

*

but Isnot part of prlmary success path for accident
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Loss of Power from one power supply

Valve fails closed upon loss of either
train of power. Slight venting of
feedwater will occur through the
opposite train solenoid valves. This
slight venting has been evaluated
and found acceptable.

Loss of one solenoid valve

Valve can still be closed by the
redundant actuation train. Slight
venting of feedwater may occur
through the failed solenoid valve.
This potential venting has been
evaluated and found acceptable.
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TABLE 15.1-1 TIME SEQUENCE OF EVENTS FOR INCIDENTS THAT RESULT IN AN
INCREASE IN HEAT REMOVAL BY THE SECONDARY SYSTEM
ime
Accident
Excessive feedwater flow at full
power

Event

One main feedwater control valve
fails fully open
High-high steam generator water
level setpoint reached
Feedwater isolation valves close
automatically
Minimum DNBR occurs
Low-low steam generator water /
setpoint reached

0.0

Rods begin to drop
Turbine trip occurs due to
Reduction in feedwater temperature
at full power

Excessive increase in secondary
steam flow
1.
Manual reactor control
(minimum moderator
feedback)
2.

Manual reactor control
(maximum moderator
feedback)

3.

Automatic reactor control
(minimum moderator
feedback)

4.

Automatic reactor
control (maximum
moderator feedback)

Delivery of cooler feedwater
Overpower AT setpoint read
Rods begin to drop
Minimum DNBR occurs
Turbine trip occurs due to
High-high steam generator wate
level setpoint reached
Feedwater isolation valves close
automatically

10-percent step load increase
Equilibrium conditions reached*
10-percent step load Increase

0.0

Equilibrium conditions reached*
10-percent step load Increase

50
0.0

Equilibrium conditions reached*
10-percent step load
Increase

150
0.0

Rev. OL-13
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TABLE 15.1-1 (Sheet 2)

Eq

u

i

r

lime
(sec)

Equilibrium conditions reached*

50

Inadvertent opening of one main
steam safety or relief valve
Pressurizer empties
Si actuation
Boron reaches core Criticality
attained

0.0

Steamline ruptures
Low steamline pressure setpoint
reached
Pressurizer empties
Si actuation
Boron reaches core
Criticality attained
Steamline ruptures
Low steamline pressure setpoint
reached
Pressurizer empties
Si actuation
Boron reaches core
Criticality attained

0
0.8

Inadvertent opening of a steam
generator relief or safety valve

Steam system piping failure
Case I (offsite power
1.
available)

2.

*

Case 2 (concurrent loss of
offsite power)

154
192
211
353

13
27.8
44
45
0
0.8
15
39.8
61
62

Approximate time only

f:1R CA OI-03Y
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The Main Feed isolation time listed in this table should be increased by 10 seconds to
support the plant design change which installed system-medium actuators on the Main
Feedwater Isolation Valves.
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TABLE 15.2-1 (Sheet 3)
Accident

Event
Second peak water level in
pressurizer occurs

Time
{se)
3,456

Core decay heat generation is
exceeded by auxiliary feedwater
heat removal capacity

-3600

EAM enables harsh environment
low-low level trip setpoint

•

Feedwater system pipe break
1. With offsite power available
(licensing basis)

10.0

Feedwater control system
malfunction occurs due to harsh
environment

10.0

Low-low steam generator level
reactor trip setpoint reached in all
steam generators

61.2

Low-low level trip signal is
generated

61.2

Rods begin to drop and feedwater
line rupture occurs

63.2

Steam generator safety valve
setpoint reached (first occurrence)

65.0

Main feedwater isolation valves

68.2

X *3.

closed
Low steam line pressure se
reached In ruptured steam
generator

112.9

Main steam line isolation valves
closed

119.9

Pressurizer water relief begins
Cold auxiliary feedwater is
delivered to Intact steam
generators

409
-460

Rev. OL-1 3
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TABLE 15.2-1 (Sheet 4)
Time

Accident

2. Withoutoffsitepoweravailable
(licensing basis)

Eve1

(mmc)

Steam generator safety valve
setpoint reached in intact steam
generators (second occurrence)

462.0

Core decay heat plus pump heat
decreases to auxiliary feedwater
heat removal capacity

-1,600

EAM enables harsh environment
low-low level trip setpoint

•

10.0

Feedwater control system
malfunction occurs due to harsh
environment

10.0

Low-ow steam generator level
reactor trip setpoint reached in all
steam generators

61.2

Low-low level trip signal is
generated

61.2

Rods begin to drop; power lost to
the reactor coolant pumps;
feedwater line rupture occurs

63.2

Steam generator safety valve
setpoint reached (first occurrence)

65.0

Main feedwater isolation valves
dosed
Low steam line pressure etpaint
reached in ruptured stea
generator

.2
105.2

Main steam line isolation1
closed
Steam generator safety valve
setpoint reached in intact steam
generators (second occurrence)

176

Pressurizer water relief begins

447
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TABLE 15.2-1 (Sheet 5)
Time
Accident

3. With offsite power available
(no SI case)

Event

()

Cold auxiliary feedwater is
delivered to Intact steam
generators

-460

Core decay heat decreases to
auxiliary feedwater heat removal
capacity

-760

EAM enables harsh environment
low-low level trip setpoint

< 10.0

Feedwater control system
malfunction occurs due to harsh
environment

10.0

Low-low steam generator level
reactor trip setpoint reached in all
steam generators

61.2

Low-low level trip signal is
generated

61.2

Rods begin to drop and feedwater
line rupture occurs

63.2

Steam generator safety valve
setpoint reached (first occurrence)

65.0

Main feedwater Isolation valves
dosed

68.2 f

Low steam line pressure setpoi
reached in ruptured steam
generator

112

Main steam line isolation valves
dosed

119

Pressurizer water relief begins

97

Cold auxiliary feedwater is
delivered to Intact steam
generators

-460
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TABLE 15.2-1 (Sheet 6)
Accident

Event
Steam generator safety valve
setpoint reached in Intact steam
generators (second occurrence)

4. Without offsite power available
(no Si case)

Time
(sec
474

Core decay heat plus pump heat
decreases to auxiliary feedwater
heat removal capacity

-1700

EAM enables harsh environment
low-low level trip setpoint

s 10.0

Feedwater control system
malfunction occurs due to harsh
environment

10.0

Low-low steam generator level
reactor trip setpoint reached Inall
steam generators

61.2

Low-low level trip signal is
generated

61.2

Rods begin to drop; power lost to
the reactor coolant pumps; and
feedwater line rupture occurs

63.2

Steam generator safety valve
setpoint reached (first occurrence)

65.0

Main feedwater isolation valves
closed

68.2

Low steam line pressure setpoint
reached in ruptured steam
generator

105

Main steam line Isolation valv
closed

112

Steam generator safety valve
setpoint reached In intact steam
generators (second occurrence)

169

Pressurizer water relief begins

426

A
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TABLE 15.2-1 (Sheet 7)
Time
Even

Accident

Cold auxiliary feedwater is
delivered to intact steam
generators

-460

Core decay heat decreases to
auxiliary feedwater heat removal
capacity

-850

*DNBR does not decrease below its initial value.
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The Main Feed isolation time listed in this table should be increased by 10 seconds to
support the plant design change which installed system-medium actuators on the Main
Feedwater Isolation Valves.
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be expected due to the adsorption of some of the iodine is very small compared with the
design capacity of these filters.
15.6.2.1.3.2

Dose to Receptor at the Exclusion Area Boundary and Low-Population
Zone Outer Boundary

The radiological consequences resulting from the occurrence of a postulated letdown
line rupture have been conservatively analyzed, using assumptions and models
described in previous sections.
The thyroid inhalation total-body immersion doses have been analyzed for the 0-2 hour
dose at the exclusion area boundary and for the duration of the accident at the
in Table 15.-3. The
ow-populatioed
suitanfoses are well within the guideline values of 10 R 100.

15.6.3
.6

STEAM GENERATOR TUBE FAILURE
~Identification of Cassa

cietDscription

The letters listed under Reference 3 discuss the reanalysis of the SGTR accident. The
licensing basis SGTR accident discussed in this section represents an update to the
original SNUPPS generic analysis that assumes the failure of a steam generator
atmospheric steam dump valve in the open position in order to maximize offsite doses.
This update reflects current plant design, operation, and analysis parameters (e.g.,
VANTAGE 5NANTAGE+ fuel, uprated power, 15% equivalent steam generator tube
plugging).
mined is the complet everance of a single steam enerator tube.
he accident
Th*s event is con ered an ANS Conditi IV event, a limiting fault (se Section 15.0.1).
Th accident is asskmed to take place at wer with the reactor coolan ntaminated
rresponding to contin ous operation with a limite mount of
with ssion products
defe ve fuel rods. Th accident leads to an inrease in the contamination f the
the event
ry system due tohe leakage of radioact e coolant from the RCS.
seco
of a coin ident loss of offsi power or failure of the team dump system, disc rge of
activity to e atmosphere ta s place via the steam nerator safety and/or
power-ope ted atmospheric st m dump valves.
In view of the ct that the steam ge erator tube material is conel600 and is a hihly
ductile materia it is considered that t assumption of a com te severance is
somewhat conse aive. The more poale mode of tube failu iwuld be one or mr
minor leaks of undetermined origin. Activt in the steam and pow conversion syst^
is subject to continu surveillance, and an Cuulation of minor lead which exceed\
in plant/
is not permitted
the limits established the Technical Spe iiains
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The accident examined is the complete severance of a single steam generator tube. This
event is considered an ANS Condition IV event, a limiting fault (see Section 15.0.1).
The accident is assumed to take place at power with the reactor coolant contaminated
with fission products corresponding to continuous operation with a limited amount of
defective fuel rods. The accident leads to an increase in the contamination of the
secondary system due to the leakage of radioactive coolant from the RCS. In the event of
a coincident loss of offsite power or failure of the steam dump system, discharge of
activity to the atmosphere takes place via the steam generator safety and/or poweroperated atmospheric steam dump valves.
In view of the fact that the steam generator tube material is Inconel-600 and is a highly
ductile material, it is considered that the assumption of a complete severance is somewhat
conservative. The more probable mode of tube failure would be one or more minor leaks
of undetermined origin. Activity in the steam and power conversion system is subject to
continual surveillance, and an accumulation of minor leaks which exceed the limits
established in the Technical Specifications is not permitted during plant operation.
In order to select the reference worst case, a spectrum of steam generator tube rupture
(SGTR) events was analyzed. The letters of Reference 3 provide a detailed description of
the selection process. Based on the selection process, two major SGTR accident
scenarios are identified as the major concerns for radioactive releases to the environment.
The events of major concern, associated with a SGTR, are: (1) failure of an ASD in the
open position leading to continued release of steam generator fluid and contained
radioactivity and (2) the potential for overfill of the ruptured steam generator with water
entering the main steam line resulting in water relief through an atmospheric steam dump
(ASD) valve and/or a main steam safety valve (MSSV). To examine these concerns, the
SGTR Scoping Code (discussed in Appendix B of the SNUPPS report attached to
SLNRC 86-01, see Reference 3), in conjunction with other analyses, was used to evaluate
the sensitivity of offsite power, location of tube failures; availability of offsite power;
location of the rupture; operator action times; power level; and iodine spiking.
For example, the operator is expected to determine that a SGTR has occurred and to
identify and isolate the affected steam generator on a restricted time scale to minimize
contamination of the secondary system and ensure termination of radioactive release to
the atmosphere from the affected generator. Sufficient indications, controls, alarms and
procedures are provided to enable the operator to carry out these functions satisfactorily.
Operator actions in response to an SGTR are assumed to follow plant-specific emergency
procedures, which are based on procedure E-3 (SGTR response) and related procedures
of the generic emergency response guidelines (ERGs) for Westinghouse plants.

FSAR CN 03-023
INSERT A continued

As discussed above, two SGTR accident scenarios are identified as resulting in limiting
radioactive releases to the environment. For the case of SGTR with postulated stuckopen Atmospheric Steam Dump (ASD) valve on the ruptured steam generator, the
radioactive releases are maximized by assuming the ruptured steam generator ASD is
stuck-open for 20 minutes (Reference 3). For the case of SGTR with postulated failure
of the ruptured steam generator Auxiliary Feedwater (AFW) flow control valve, auxiliary
feedwater flow is maximized in order to increase the probability for ruptured steam
generator overfill and to maximize subsequent liquid relief from its safety valve. The
radioactive releases are maximized by assuming that the safety valve is stuck-open
following liquid relief with an effective flow area equal to 5% of the total safety valve
flow area (Reference 5). Detailed analyses are presented for these two scenarios in
Sections 15.6.3.1 and 15.6.3.2 respectively.
15.6.3.1

STEAM GENERATOR TUBE RUPTURE WITH POSTULATED
STUCK-OPEN ATMOSPHERIC STEAM DUMP VALVE

l er to slect the reference worst case, a spectrum of SGTR events was analz
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The timing of operator actions utilized in the tube rupture analysis presented n this
section has been estimated using data from the following sources: (1) plant simulator/
exercises; (2) SGTR events at the Ginna, Prairie Island, and North Anna plants; (3) da
standard ANS 58.8, Revision 2; and (4) Callaway operating experience in closing an/
atmospheric steam dump manual block valve. eaviest weight has been placed one
simulator and experience data because it reflects what plant operators hv don sng
of
plant-specific procedures. The letters of Reference 3 provide more detail otmig
operator actions./
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As discussed in Reference 3, the analysis presented in this section was originally selected
as the "worst case dose" scenario for the SGTR accident.

INSERT C
with a stuck-open ASD
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g.

The atmospheric steam dump (ASD) valve for the ruptured steam
generator (SG) is assumed to fail open and steam release continues for 20
minutes until the ASD block valve Is manually closed (Figure 15.6-3g).
During this time, pressure falls in all SGs and RCS temperature drops in
response to the steam release.

h.

Once the ASD is isolated, controlled cooldown is initiated and continues
until RCS temperature is reduced to 500 F less than the ruptured SG
saturation temperature.

i.

Primary depressurization is then performed until primary and secondary
pressures equalize. This terminates break flow (Figure 15.6-3i). Safety
injection flow is terminated 3 minutes after RCS depressurization.
However, in the interim, safety injection flow repressurizes the primary

j.

Five minutes aft safety injection termination, it is assumed that the
operators minim
the primary-secondary pressure difference by opening
a pressurizer POR igures 15.6-3a and 15.6-3m). Any primary side

3.1.1 2

pressure rise after this s cond depressurization is moderate and a function
of decay heat.

9.J

Analysis of Effects and C

equences

Method of Analysis
Mass and energy balance calcul tions are performed using RETRAN (Section 15.0.11.8)
to determine primary-to-secon ry mass release'and to determine the amount of steam
vented from each of the stea generators from the occurrence of the tube rupture until
after the second primary-se
dary pressure equalization. RETRAN provides
time-dependent values
CS mass, break flow, flashed fraction, steam generator liquid
mass, and steam
erator atmospheric steam dump valve flow for the calculation of
sequences. Conservatively high values of break flow rate and flashed
fraction are assumed for the first hour of the transient to maximize radiological
consequences; Supplementary mass and energy balance calculations, with
conservative assumptions, are performed for the period from pressure equalization until
8 hours after the accident, beyond the time of RHR initiation.
In estimating the mass transfer from the RCS through the broken tube, the following
assumptions are made:

a.

Reactor trip and safety injection occur coincidentally as a result of low
pressurizer pressure. Overtemperature AT trip is not considered. This
allows more break flow. Loss of offsite power occurs at reactor trip.

15.6-9
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i.

ured steam generators's S
his Is 4%
hier than the nominal setpoint which delays the release of pre
from
e ruptured steam generator, resulting in increased valve discharge fb
and integrated break flow. The ASD on the ruptured steam generator fails
/open for 20 minutes, beginning on initial demand, shortly after reactor trip.
( flOsiwhe~in faijbre Blat ma/imizfs offte ds
F3AL cM 03-023
The

.

The initial steam generator pressure is 939 psia, the minimum expected
ressure associated with 15% tube plugging. This increases the leaked
k.

rtis 1.2 (based on 3636 MWt.
The decay heat mu
heat to be transferred whic

the

I.

The narrow range level in all steam generators must be greater than 10%
and the ruptured steam generator pressure must be greater than 615 psig
prior to initiating RCS cooldown.

m.

RCS depressurization is assumed to begin 3 minutes after completion of
cooldown. When the ruptured steam generator pressure is higher than the
RCS pressure, the pressurizer PORVs are closed.

n.

Safety injection is terminated 3 minutes after completion of RCS
depressurization.

Other initial conditions, given in Table 15.0
re. csen to maxim
temperatures, decay heat, flashed fraction f RCS leakage, and break flow,
thereby maximizing radioactivity trans o the secondary and, consequently,
offsite doses.

The above assumptions, suitably cons rvative foa
made to maximize offsite doses.

are

FSAR( Ci4 03-023
Prior to reactor trip, steam is dumped to e condenser from both the ruptured and intact
steam generators. After the condenser i lost, following assumed loss of offsite power at
reactor trip, steam from all steam gener rs is released to the atmosphere.
<,¢

Following isolation of the ruptured steam
tor, it is assumed that atmosp eric
steam dump from the intact steam generators is
eR
prature to
500 F below the ruptured steam generator saturation temperature. From 2 to 5 hours,
steam is assumed to be relieved from the intact steam generators to reduce the RCS
temperature and pressure to RHRS conditions. The ruptured steam generator is
depressurized to the RHRS cut-in pressure using the emergency recovery procedures.
After 5 hours, further plant cooldown is carried out with the RHRS. The 0 to 2 hour and 2
to 8 hour steam releases from the intact steam generators required to remove decay
heat, metal heat, reactor coolant pump heat, and stored fluid
15.6-11
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Number

Title

15.6-3d

Steam Flow Rate (Intact Generators) Transient for Steam Generator Tube
Rupture Event

15.6-3e

Steam Flow Rate (Faulted Generator) Transient for Steam Generator
Tube Rupture Event

15.6-3f

Steam Generator Temperature (Faulted and Intact Generators) Transients
for Steam Generator Tube Rupture Event

15.6-3g

Steam Generator Atmospheric Relief Valve Flow Rate (Faulted
Generator) Transient for Steam Generator Tube Rupture Event

15.6-3h

Steam Generator Atmospheric Relief Valve Flow Rate (Intact Generators)
Transient for Steam Generator Tube Rupture Event

15.6-3i

Faulted Steam Generator Break Flow Rate Transient for Steam Generator
Tube Rupture Event

15.6-3j

Auxiliary Feedwater Flow Rate and Narrow Range Level (Faulted
Generator) Transients for Steam Generator Tube Rupture Event

15.6-3k

Auxiliary Feedwater Flow Rate and Narrow Range Level (Intact
Generators) Transients for Steam Generator Tube Rupture Event

15.6-31

Steam Generator Liquid Volume (Faulted Generator) Transient for Steam
Generator Tube Rupture Event

15.6-3m

Pressurizer PORV Flow Rate Transient for Steam Generator Tube
Rupture Event

15.6-3n

Pressurizer Liquid Volume Transient for Steam Generator Tube Rupture
Event

15.6-30

Feedwater Flow Rate (Faulted Generator) Transient for Steam Generator
Tube Rupture Event

15.6-3p

Feedwater Flow Rate (Intact Generators) Transient for Steam Generator
Tube Rupture Event
Radiological Consequences

tB3J

Method of Analysis

The evaluation of the radiological consequences due to a postulated steam generator
tube rupture (SGTR) with a stuck open atmospheric steam dump valve on the ruptured
15.6-13
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steam generator assumes a complete severance of a single steam generator tube while
the reactor is operating at full rated power and a coincident loss of offsite power.
Occurrence of the accident leads to an increase in contamination of the secondary
system due to reactor coolant leakage through the tube break. A reactor trip occurs
automatically, as a result of low pressurizer pressure. The reactor trip will automatically
trip the turbine.
Steam generator blowdown will automatically be terminated by the SGBSIS (AFAS)
signal (refer to Section 10.4.8) which is initiated by the safety injection signal. The
assumed coincident loss of offsite power will cause closure of the condenser steam
dump valves to protect the condenser. The steam generator pressure will then increase
rapidly, resulting in steam discharge as well as activity release through the steam
generator atmospheric steam dump valves. Venting from the affected steam generator,
i.e., the steam generator which experiences the tube rupture, will continue until the
manual block valve is closed, isolating the stuck open atmospheric steam dump valve on
the ruptured steam generator. At this time, the affected steam generator is effectively
isolated. The remaining unaffected steam generators remove core decay heat by
venting steam through the atmospheric steam dump valves until the controlled cooldown
is terminated.
The analysis of the radiological consequences of an SGTR considers the most severe
release of secondary activity, as well as reactor activity leaked from the tube break. The
or release to the
roduct activi
inventory f
;eak flow and cooaeakage rates,
nt depends on the primary-to-seco
enviro
th
rcentage of defective fuel in the core, flashed fraction of reactor coola and the
ass of steam discharged to the environment. Conservative assumptions we e made
/frall these parameters.

The major assumptions and parameters assumed in the analysis are itemized i Tables
15.6-4 and 15A-1 and are summarized below.
The assumptions used to determine the concentrations of isotopes in the rea
and secondary systems prior to the accident are as follows:

\ wf3

r coolant

Cg o3-0'3
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a.

The assumed reactor coolant iodine activity is determined for the following
two cases:
Case I

Case 2

The initial reactor coolant iodine activity corresponds to an
isotope mixture that bounds Technical Specification
allowable conditions for both tight and open fuel defects.
The initial isotopic mix is based on the relative
concentrations from Table 11.1-5. The concentrations are
then changed to achieve a Does Equivalent 1-131 (DEl) of
1.0 pLCigm, while maintaining the isotopic ratios from Table
11.1-5. This provides conservative values for the longer
lived lodines which contribute the majority of the calculated
thyroid dose. The initial inventories of the shorter lived
iodine Isotopes, which can provide a significant contribution
to the calculated whole body does, are then Increased to
conservatively bound isotopic mixes which may occur in the
presence of open fuel defects. Case I then includes an
accident initiated, spiked release rate that increases by a
factor of 500 during the accident sequence.
-

The initial reator coolant iodine activity corresponds to an
assumed pre-accident Iodine spike which results in
concentrations that are a factor of 60 higher than those used
in Case 1.

b.

The noble gas activity in the reactor coolant is based on 1-percent failed
fuel, as provided in Table 11.1-5.

c.

The initial secondary side radio-iodine concentrations are assumed to be
10% of the initial Case I primary side concentrations.

The following assumptions and parameters are used to calculate the activity released
and the offsite doses following an SGTR:
a.

Break flow to the ruptured steam generator is conservatively assigned
values that bound calculated break flow rate values. The assumed values
bound the break flow rates calculated by the RETRAN code; Break flow
rate values are discussed in Table 15.6-4.

b.

The fraction of reactor coolant that flashes to steam after reaching the
secondary side, as assumed in the accident analysis, varies over time.
Key events which trigger changes in the assumed flashed fraction are
reactor trip and closure of the manual block valve to isolate the failed open
SG atmospheric steam dump valve. Flashed fraction values assumed in
the radiological analysis are described In Table 15.6-4.

15.6-15
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a.

A 1-gpm primary-to-secondary leak is assumed to occur to the unaffected
steam generators.

b.

All noble gas activity in the reactor coolant which is transported to the
secondary system via the tube rupture and the primary-to-secondary
leakage is assumed to be immediately released to the environment.

c.

At 67.3 minutes after the accident, it Is assumed that the RCS and steam
generator pressures are equalized and below the steam generator
atmospheric relief valve set pressure. Break flow to the faulted steam
generator and primary-to-secondary leakage to the intact steam generators
are conservatively assumed to continue until 8 hours after the tube rupture.

d.

The iodine partition faction between the liquid and steam in the steam
generator is assumed to be 0.01.

e.

The steam releases from the steam generators to the atmosphere are
given in Table 15.6-4.

f.

Offsite power is lost.

9.

Five hours after the accident, the RHR system Is assumed to be in
operation to cool down the plant. Thus, no additional steam release is
assumed.

h.

Radioactive decay prior to the release of activity is considered. No decay
during transit or ground deposition is considered.

i.

Short-term accident atmospheric dispersion factor, breathing rates, and
dose conversion factors are provided in Tables 15A-2, 15A-1, and 15A-4,
respectively.

1e.6. .3 .3

Mathematical Models Used in the

F5"

C

03-0 Z3

Mathematical models used in the analysis are described in the following sections:
a.

The mathematical models used to analyze the activity released during the
course of the accident are based on the assumptions listed above.

b.

The atmospheric dispersion factors used in the analysis were calculated
based on the onsite meteorological measurements program, as described
in Section 2.3 of the Site Addendum, and are provided in Table 15A-2.

c.

The thyroid inhalation immersion doses to a receptor at the exclusion area
boundary and outer boundary of the low-population zone were analyzed,
using the models described in Appendix 15A.
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For the purposes of evaluating the radiological consequences due to a postulated SGTR,
the activity released from the affected steam generator, prior to isolation, is released
directly to the environment by the atmospheric steam dump valve. The unaffected steam
generators are assumed to continually discharge steam and entrained activity via the
atmospheric steam dump valves up to the time nitiation of the RHR system can be
accomplished. Since the activity is released directly to the environment with no credit for
plateout or retention, the results of the analysis are based on the most direct leakage
pathway available. Therefore, the resultant radiological consequences represent the
most conservative estimate of the potential integrated dose due to the postulated SGTR.

CN
dentifcation of Uncertainties and Conservatisms in the Analysis

03-62-3

a.

Reactor coolant activities based on extreme iodine spiking effects are
orders of magnitude greater than that assumed for normal operating
conditions.

b.

A 1-gpm steam generator primary-to-secondary leakage, with a
conservatively high density, is assumed which is significantly greater than
that anticipated during normal operation. This leakage continues for 8
hours, even though RHR operation is assumed to begin at 5 hours.

c.

Tube rupture of the steam generator is assumed to be a double-ended
severance of a single steam generator tube. This is a conservative
assumption, since the steam generator tubes are constructed of highly
ductile materials. The more probable mode of tube failure is one or more
minor leaks of undetermined origin. Activity in the secondary steam
system is subject to continual surveillance, and the accumulation of activity
from minor leaks that exceeds the limits established in the technical
specifications would lead to reactor shutdown. Therefore, It is highly
unlikely that the total amount of activity considered available for release in,
this analysis would ever be realized.

d.

The coincident loss-of offsite power with the occurrence of an SGTR is a
highly conservative assumption. In the event of the availability of offsite
power, the condenser dump valves will open, permitting steam dump to the
condenser. This will reduce the amount of steam and entrained activity
discharged directly to the environment from the unaffected steam
generators.

e.

The meteorological conditions which may be present at the site during the
course of the accident are uncertain. However, it is highly unlikely that the
meteorological conditions assumed will be present during the course of the
accident for any extended period of time. Therefore, the radiological
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consequences evaluated, based on the me orological conditions

assumed, are conservative.

FMRSct 03-023

f.

The radiological consequences have en based on ada!6 single
failure in the open position of the ruptur d steam generator atmospheric
steam dump (ASD) valve which isn't isol ted until 30.4 minutes after tube
rupture.

g.

The flashed fraction of the break flow to the rupture
rt
varies over time. The values assumed in the radiological consequence
calculation conservatively bound the calculated values. Key events which
trigger changes in the assumed flashed fraction include reactor trip and
closure of the manual block valve to isolate the failed open SG atmospheric
steam dump valve. Specific values for the flashed fraction are listed in
Table 15.6-4.

h.

The flashed fraction of the primary-to-secondary leakage to the intact
steam generators is conservatively assumed to be the same as in the
ruptured steam generator.

i.

Break flow to the ruptured steam generator is conservatively assigned
values that bound calculated break flow rate values. Break flow rate values
are discussed in Table 15.64.

j.

There are two steam release pathways from the ruptured steam generator
that are addressed by the radiological consequence calculation. These
pathways are the steaming and flash pathways. The steam pathway
accounts for the boiling of the secondary side water inventory of the
ruptured steam generator. The flash pathway accounts for the fraction of
the leaked primary fluids which Immediately flashes to steam after arriving
In the secondary side. Release via the steaming pathway is terminated by
the SG atmospheric steam dump block valve closure at 30.4 minutes.
Release via the flash pathway is conservatively continued following block
valve closure. Release via this pathway is continued until the RETRAN
results Indicate that no further flashing will occur.

k.

The steam release from the intact steam generator ASDs during the 5 hour
yz I _i_1__ut~n-concM
at taively assumed to occur in
tsntrtduring the 2 hour period of the tran

1.

Whole body doses from the intact steam generalor ASs durn
cooldown to RHR cut~n conditions are calculated using consevte
~primary side activities.
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Table 15.6-5 lists the offsite doses for the SGTR with a stuck-open ASD.
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15.6.3.2 STbEAM GENERATOR TUBE RUPTrURE WITI- FAILURE O FALE
/
~~STEAM GENERATOR AFW CONTROL VALVE \

*

\

15.6.3.2.1 Identification of Causes and Accident Description

AS

As discussed in Reference 3, an SGTR case demonstrating he effects of steam generator.
1) overfill wa orned. In this case the analysis assumes the failure of the AFW control
a tide of the motor-driven AFW pump feeding the ruptured steam
_&enerator.
e
on the ruptured steam generator is not assumed to fail open

A~bs

ttur d steatener or) Failure of this valve coupled with the contribution from the
turbine-driven AFW pump provides a greater potential for overfilling the ruptured steam
generator. For this special overfill scenario, reactor trip and safety injection actuation
were conservatively assumed at SGTR initiation (time zero) to maxin-ze the AFW
addition to the ruptured steam generator. Some of the assumptions which differ from the
analysis described in Section 15.6.3.1.1 do so because the trip time sensitivity has been
eliminated. The effect of these revised assumptions is an increase in break flow and
ruptured steam generator AFW flow, which results in overfill and water relief
The analysis scenario is outlined below. This analysis is consistent with the overfill
scenario presented in Reference 3, but has been updated to match the current plant
configuration. This includes revised (longer) operator action times that reflect recent
simulator studies of this SGTR scenario.
'
S
An SGTR occurs while
plant is at 100%
a en
le at steady state.
Concurrent with the SG a reactor trip occ rs and a safety injection signal is generated.
A loss of offsite power (L P) is assumed oincident with the reactor trip. Following
reactor trip, safety injection ctuation, and e loss of offsite power, the feedwater flow
stops and the Main Steam I

\of TV /

V

e secondary pressure rises and

a
es( Ge~pO
secon y
SIn
response to the reactor trip and
LOOP, auxiliary feedwarer isdeliv to the secondary. It is assumed that the AFW
control valve fails full open on the ruptured SG and delivers excessive AFW to the
ruptured steam generator. The excessive AFW flow quickly rebounds the - tired steam
generator water level and drives the steam enerator toward overfill.
AD
In accordance with the emergency o r g procedures (EOPs), the nptGis
isolated by ensuring that the MSI
and blowdown isolation valves are closed on
the ruptured loop. The final isolation step requires AFW termination to the SG. After
isolation, the primary and ruptured secondary pressure rise in response to reduced heat
removal. Following isolation of the ruptured steam enerator, operators begin cooldown
of the primary via the intact steam generators'
Eentually proper subcooling
limits are obtained and primary depressurizatio
ni ated.using a primary power
operated relief valve (PORV). Primary depressuri tion is performed until primary and
secondary pressures equalize. This stops break f
momentarily. In accordance with
EOP procedures, the safety injection flow is termin ed fairly soon after the
depressunzation step. Unfortunately, safety injecti flow, in the interim, has

X

A)

/fS~s
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The ASD never opens and all liquid relief is considered through a main steam safety
valve (MSSV). The AFW control valve is assumed failed in the wide-open position to
maximize the flow to the ruptured steam generator.

FSAR 03-023
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re-pressurized the primary and a primary/secondary pressure difference still exists. After
itisassumed that the operators minimize the primary/secondary pressure
S t
erence by opening a
1
rise after this step is moderate and a
function of decay heat.

4

Primary and secondary equilibrium does not occur before the ruptured steam
tor
overfills and water fills the steanmine up to the MSIV. When the steam generator
steamline go water solid a pressure spike (on the secondary) occurs as the primary side
(drivenby SI) drives the secondary pressure toward equilibrium. Thus a safety valve
|-}
opens and contaminated wa
umped to the atmosphere. Water continues to be
relieved from the rupturedo
til equilibrium is reached between
and
secondary pressures, effectively terminating flow into the ruptured sam generato To
urge., after ater
t CA assure continued relief, an active failure of the SV is assumed to
relief the valve remains partially open (5%). Eventually, water reli depletes the
longer
secondary mass and creates a steam void. This steam void grows un
able to pass out the safety valve.
It is assumed that steam relief continues until RHR cut-in, since steam relief continues to
shrink the ruptured SG mass via cooling and mass depletion. Following break flow
termination it is assumed that the operators transition to the cooldown procedures and
initiate cooldown via intact SG atmospheric steam dump. Cooldown to RHR cut-in
conditions requires approximately 4 hours from initiation of intact SG atmospheric steam
dum.
.
tw*'
Analysis of Effects and Consequences
Methodof Analysis/
ass ~etccations
are performed using REIRAN to determine the
plant response to the SGTIR and calculate the break flow, break flow flashing, secondary
releases, and system masses for the calculation of the radiological consequences. The
Westinghouse RETRAN version based on RETRANO2 MODOS (Reference 30) was
used for this analysis in place of REIRAN02 MOD003 (Section 15.0.11.8) which w
used for the original analyses documented in Reference 3. (Modeling of the planting
. The
RITRAN volumes, junctions, control blocks, etc. is unchanged from Referen
ficant
change to the Westinghouse RETRAN version was verified to have an
impact on the predicted plant response for this scenario.)

/-6.3.2.2

\

<

the calculation of the plant response for this scenario the followi g assumptions are

a.
b.

Single failure: The ruptured steam generator's auxiliary feedwater control valve
fails in the full open position.
Additional active failure: The ruptured steam generator's safety valve fails
partially open (5% effective area) after water relief.

FSAR 03-023
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c.
wAt J

d.
e.

i.
g.
h.

The atspperi

9
the ruptured SG is assumed inoperablet

Ile tube rupture is modeled as a double-ended-guillotine break of a single tube
at he cold leg tube sheet. An additional 5%uncertainty is added to the flow
predicted for resistance limited flow.
Initial conditions
* Core power
t
* Pressurizer pressure = 2280 psia. This is the nominal pressure plus error
allowance. The higher pressure maximizes the break flow.
• Pressurizer level = 65
)
q
Vessel average temperature = 583.4 0F - 5OF = 578.4F. This is the minimum
expected vessel average temperature. The lower temperature increases the
density of the reactor coolant and thus increases the leakage
RCS flow = minimum measured flow =
Steam generator pressure = 908 psia. This is the lowest credible secondary
pressure and produces the highest initial break flow. The lower initial
pressure also reduces the steam releases after trip, maintaining inve n
the ruptured steam generator and bringing it closer to overfill. I
S
* Feedwater temperature = 3900F.
Steam generator level = 55% NRS. This is the nominal level plus uncertainty
to maximize the initial inventory.
Steam generator tube plugging: The initial conditions are based on 10%
steam generator tube plugging. However, the SG heat transfer model in
RETRAN is based on 15% tube plugging and this is conservatively retainedA conservatively high initial secondary mass is assumed to bound 0% tube
plugging.
Reactor tip occurs at time zeio.
Loss of offsite power (LOOP) occurs at reactor trip (i.e., at time zero)
MSIV isolation is modeled at reactor trip and the assumed loss of offsite power.
although it could be significantly delayed based on the expected operator
response. Early isolation of the MSIV allows the ruptured SG to depressurize
due to the addition of the (maximum) AFW flow, while the intact SG pressure
stays relatively high. TIhis results in increased break flow to the ruptured SG,
which is conservative. It also leads to higher AFW flow to the ruptured SG. If
the MS1V would be lt open, a OUs would tend to -beat the same pressure,
which would be closer to that of e intact SGs (w
are lumped together in
the RETRAN model). Also, w the MSIV o 3ov rfilling the ruptured SG
would not necessarily lead to ater relief, since
ater could go to the intact

FSAR CN 03-023
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in the closed position for the duration of the accident sequence.
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More limiting results are obtained by replacing the nominal value with this minimal
value.
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Ss. The secondary pressure would not spike and the safety valve would not
lift.
i.

The MSIV closes in 1.5 seconds. As noted ab

isolation is considered

to be more liniting.
j.

The main feedwater isolation valve (MFIV) closure is modeled as a step
function after a 17 second delay. The SI signal generated at reactor trip initiates
the isolation.

k.

Decay heat = 0.8 x 1979 ANS 2a model
The following maximum AFW flow rates are modeled prior to partiallfull
isolation of AFW flow to the ruptured SG:
The AFW flow to the ruptured SG before isolation of the turbine driven AFW
pump flow to the ruptured steam generator, at the intact SG pressure of 1235.7
psia is used as a base. As the intact SG pressure drops the flow to the ruptured
SG is reduced. This model is reflected in the table below:
Ruptured SG
Pressure (psia)

AFW to
Ruptured SG (gpm)

Intact SG
Pressure (psia)

Reduction in AFW to
Ruptured SG (gpm)

414.7
614.7
814.7
1014.7
1139.7
1235.7

1317.0
1214.0
1104.0
982.0
895.0
823.0

414.7
614.7
814.7
1014.7
1139.7
1235.7

72.6
55.4
37.8
20.0
8.6
0.0

The AFW flow to the intact SGs (total for the 3) before isolation of the turbine
driven AFW pump flow to the ruptured steam generator is provided in the
table below.
Intact SG
Pressure (psia)

AFW to
Intact SGs (gpm)

214.7
414.7
614.7
814.7
1014.7
1139.7
1235.7

1691.0
1576.0
1455.0
1326.0
1186.0
1091.0
1013.0

FSAR 03-023
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The following maximum AFW flow rates are modeled after partiallfull isolation
of AFW flow to the ruptured SG:

m.

The AFW flow to the ruptured SG after isolation of the turbine driven AFW
pump flow to the ruptured steam generator is provided in the table below:

*

Ruptured SG
Pressure (psia)

AEW to
Ruptured SG (gpm)

414.7
614.7
814.7
1014.7
1139.7
1235.7

770.
712.
651.
586.
537.
498.

The AFW flow

s o

I

tmp
the ruptured steam gener
now to
driven
isolatof AFW to the ruptured SG, is provided in

I.

FSAR CN 03423
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Quicker initiation of AFW flow provides more limiting results for this accident sequence.
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(

Isolation of all AW flow to he ruptured SG at 20 minutes from the start o

~~the event.

2

/

.

Initiate cooldown by dumping steam from the lumped intact loop SG
after 30 minutes from reactor trip (which is at the start of the event).
The cooldown is terminated when the core outlet temperature reaches the
target temperature specified in the EOPs as a function of the ruptured SG
pressure(yi

*

Initiatl epressution
de
using the pressurize lief valve
at a time such that the depressurization will be completed at 40 minutes from
the start of the event.
ISFR cM 03023

.

The depressurization is terminated when the pressurizer pressure and the
faulted SG pressure are equal.

.

SI flow is terminated 5 minutes after the depressurization is completed. This
is approximately 45 minutes from the start of the event.

*

Depressurize (
amusing pressurize relief valve following SI
termination to terminate break flow at 60 minutes from the start of the event.

(
RETRAN analysis

Cooldown to RI-ER

s initiated after break flow is terminated. The

not include the complete cooldown to RHR
conditions. The initial part of the cooldown is shown to demonstrate that once
the cooldown is initiated the pressure differential (and break flow) is minimal.
r.

The break flow flashing fraction is conservatively determined assuming all
break flow is at the ruptured loop hot leg temperature-

s.

Pressurizer heaters and sprays are not modeledX

t.

Ruptured steam generator secondary side volume modeling: le secondary side
volume of a single SG is -5825 ft3. The steam line volume up to the MS1V is
-680 ft3. The estimated volume in the horizontal section of the steam pipe up
to the MSIV is 201 ft3 . Only 100 f of this volume (about half) is credited.
Water relief is not started until the pressure spike, which occurs when the
defined RETRAN volume becomes water solid, lifts the SV. Until that time
water is filling the steamline up to the MSIV but does not force the SV open so
no water is released. Once water release starts it continues until the water in the
ni ured SG steamline drops below the 100 ft 3 of horizontal steanline.

Results

4I

sequence of events is presented in Table 15.6-1. These events include the postulated
operator action times.
The single tube rupture leads to a slow depressurization of the reactor cool
Reactor trip and safety injection (SI) actuation are assumed to occur coinci

ym.
nt with the

l
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(heaters are not energized at this point in the accident sequence).
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tube rupture and loss of offsite power is assumed to result from the trip. The Si signal
initiates makeup flow and isolates main feedwater. AFW is initiated to provide cooling
for decay heat removal. The secondary pressure rises, but no steam is released from the
ruptured SG since the H is not credited and the pressure does not reach the;

setpoint.

By

Within 10 minutes the operators are assumed to isolate flow from the turbine driven
AFW pump to the ruptured steam generator in response to the increase in level in that
steam generator. Due to the assumed failure of the valve from the motor driven AFW
pump, AEW flow to the ruptured steam generator continues until 20 minutes when the
operators are assumed to have isolated all AFW flow to the ruptured SG.
Due to the assumed high initial secondary side water inventory, maximum AFW and
conservatively high break flow modeling, the ruptured steam generator overfills
it
is completely isolated. When the steamline volume up to the MSIV fills with w terpa
pressure spike occurs in that steam line, and the safety valve lifts. Initial fow oue
safety valve is high, matching the flow into the steam generator (AJ
lus break flow). ;
After AFW isolation and as break flow is reduced, the flow out thei
L
assumed that the valve sticks open at 5% effective area, leading to continued water relief
at rates that exceed the flow into the steam generator. Eventually, water relief depletes
the secondary mass and creates a steam void. This steam void grows until wi
no
longer able to pass out the safety valve.

(.ASS)J

At 30 minutes the operators initiate RCS cooldown by opening the intact SG1. This
cooldown continues until the subcooling margin appropriate to allow the primary
depressurization is reached. The cooldown is completed approximately 36.5 minutes into
the event.
At approximately 38 minutes operators depressurize the primary using a pressurizer
power operated relief valve (PORV) until primary-secondary pressure equilibrium is
reached, at approximately 40 minutes. Safety injection flow is terminated 5 minutes
later. A second RCS depressurization is initiated at approximately 60 minutes from the
start of the event, leading to break flow termination. Cooldown to RHR conditions using
the intact SG~
is assumed to be initiated' mi
ff n.w t1 ffie event.

Eventually, the steam void resulting from contie
eliefrore assumed stuck
0
n the ruptured steam generator grows to the extent that the valve no longer
e >F~passes
J
water. This occurs at approximately 76 minutes from the start of the event.
The following is a list of figures of pertinent time dependent parameters:
Number

Title

15.6-3.2.a

Pressurizer and Steam Generator (Ruptured and Intact Generators)
Pressure Transients for SGTR Event with Overfill

15.6-3.2.b

Reactor Coolant System Temperature (Ruptured Loop) Transient for
SGTR Event with Overfill

_
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Number
15.6-3.2.c
15.6-3.2.d
15.6-3.2-e
15.6-3.2.f
15.6-3.2.g
15.6-3.2.h
15.6-3.2.i
15.6-3.2.j
15.6-3.2.k
15.6-3.2.1
15.6-3.2.m
15.6-3.2.n

Title
Reactor Coolant System Temperature (Intact Loops) Transient for
SGTR Event with Overfill
Reactor Coolant System and Steam Generator (Ruptured and Intact
Generators) Water Mass Transient for SGTR Event with Overfill
Ruptured Steam Generator Break Flow Flashing Fraction Transient for
SGTR Event with Overfill
Steam Generator Temperature (Ruptured and Intact Generators)
Transient for SGTR Event with Overfill
Steam Generator Atmospheric Release Flow Rate (Ruptured Generator)
Transient for SGTR Event with Overfill
Steam Generator Atmospheric Release Flow Rate (Intact Generators)
Transient for SGTR Event with Overfill
Ruptured Steam Generator Break Flow Rate Transient for SGTR
Event with Overfill
Auxiliary Feedwater Flow Rate and Narrow Range Level (Ruptured
Generator) Transients for SGTR Event with Overfill
Auxiliary Feedwater Flow Rate and Narrow Range Level (Intact
Generators) Transients for SGTR Event with Overfill
Ruptured Steam Generator Liquid Volume Transient for SGTR Event
with Overfill
Pressurizer PORV Plow Rate Transient for SGTR Event with Overfill
Pressurizer Liquid Volume Transient for SGTR Event with Overfill
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/ The analysis

th overfilan water\

release is performed in a manner consistent with that presented in Sectio 1.6.3.1.
the SGTR with the postulated stuck open ARV. The assumptions are outlined below.
Unless otherwise noted, these assumptions are consistent with the Section 15.6.3.1.3
analysis assumptions.
a.

Short-term accident atmospheric dispersion factors and breathing rates are provided
in Tables 15A-2 and 15A-1, respectively.

b.

Thyroid dose conversion factors (DCs) from 1 t-30(Reference 31) are
used in place of the values in Table 15A-4. The wpole body dose conversion
factors used in the Section 15.6.3.1.3 analysis are placed with those from
Table M.1 of Federal Guidance Report 12 (Ref. A), consistent with t
ange to
ICRP-30 thyroid DCFs. This is consistent with
Fef.
not list values for Kr-89 &
tion5
.3 analysis values are
retained.
M
.

c.

d.

The initial reactor coolant system (RCS) iodine and noble gas concentrations are
defined as in the Section 15.6.3.1.3 dose calculations, except that the ICRP-30
DCFs are used in determining the initial concentrations of the longer lived iodine
OAR
03-3
isotopes.
Spike modeling
The accident-initiated iodine spike is modeled as in the Section 15.63.1.3
ye
dose calculations, except that the spike factor of 335 allowed b
'8
ere
Regulatory Guide
(Reference
is applied. This replaces the spike factor of 500 modeled 1i
analysis,
including the analysis presented in Section 15.6.3.1.3.
/
The pre-accident iodine spike case spike is modeled as in the Section
15.6.3.1.3 dose calculations.

e.

Initial secondary activity is 10% of the primary side activity modee
accident-initiated iodine spike.
Water/Steam Iodine Partitioning: Fluid released frm ear generators as steam
tains a portion of the activity present in the flp.The partition factor is 0.01. All
vitontained in break flow that fi
o steam upon entering the SG is

g.

Activity released with water from ruptured SG = 50%. Activity contained in water
released from the raptured SG after overfill is not subject to partitioning. However,
only 50% of the activity contained in the water is assumed to become airborne. No
additional activity release due to evaporation is modeled. These assumptions were
made in the analysis approved in Reference 3.

h.

Break flow rate for iodine doses:

/

FSAR 03-023
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The Section 15.6.3.1.3 dose analysis conservatively modeled a constant break
flow rate. For the analysis of doses for the overfill case the transient break
flow rate from the RERAN analysis presented in Figure 15.6-3.2.i is used,
up until the time when water relief stops. This is consistent with the analysis
approved i eference 3.
*

alculation of iodine doses until
conditions are reached
onservatively assumes a break flow of 4 lb
until 5 hours after break
flow termination. This is consistent with the ana sis approved in Reference 3.
This portion of the analysis assumes that RHR con ins are achieved within
5 hours of break flow termination, even though the intac G releases and the
/ble gas releases assumeQjs hours.

as doses are calculated in Section 15.6.3.1.3 assuning constant break
5 Ibmsec for the first hour of the transient and 10 Ibmseereafter
for 8 hours. For the analysis of the SGTR with overfill the duration of the 5
Ibmsec break flow is extended until 2 hours.

j.

Break flow flashing fraction
OS-1625
. The Section 15.6.3.1.3 dose analysis modeled conservative bounding valu
for the flashing fraction. For the analysis of doses for the overfill case the
transient flashing fraction from the RETRAN analysis presented in Figure
15.6-3.2.e is used. This is consistent with the analysis approved in
Reference 3. This analysis models the release of all the activity contained in
the flashed break flow. This conservative assumption is consistent with
Section 15.6.3.1.3 which modeled the direct release of activity in flashed
bcak flow even after the ruptured SG's failed open atmos ri
e
\ owas isolated.
(SD) VdAle
. Primary to secondary
leakagconsistentwi
* the analysis approved in Reference 3. The leak is small and it is assumed that
any steam bubbles formed by flashing leakage would collapse before reaching
the top of the water level.

k.

The ruptured SG releases are modeled using the REURAN analysis results
presented in Figure 15.6-3.2.g. In the calculation of doses for the cooldown to
RHR conditions it is assumed that a steam flow rate of 8 bmfsec is maintain due
to the failed open safety valve. Thus, 144,000 Ibm of steam is released fro
ruptured SGin the 5 hours frombreak flow termination until RHR condi
are
Ac ed.
Th
Ih~ntact SG ieases are modded using the REFRAN analys esults presented
in Figu .3.
. In the Adulation of dose
to RHR
conditions it is assu
at 4000
te sreleased from the intact SGs
from the time of break flow termination. This value was conservatively calculated
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for the case with the failed open
presented in Section 15.6.3.13 and inains
conservative when applied to the analysis of the SGTR with overfill.
m.

The calculation of the secondary ath
an
presented in the Sectio
15.6.3.1.3 only credits reduction by d cayve.he ease of activity from the
secondary side (steam and water) is
credited to re ce the secondary activity.
This is an overly conservative assumpth
ificant water release occurs.
The analysis for the SGTR with overfill and water relief accounts for the activit
that leaves the SG in the water.

n.

Tle reactor coolant system, ruptured steam generator and intact steam genera rs
masses are modeled using the RETRAN analysis results from Figure 15.6-3. .d.
This is consistent with the analysis approved in Reference 3. The analysis
presented in the Section 15.6.3.13 modeled conservative bounding values or the
RCS and secondary masses.

Table 15.6-S5a lists the offsite doses for the SGTR with overfill andase.

FOR Ct

Conclusions

Filter Loadings

$AR

tJ

03-3

The only ESF filtration system considered in the analysis which limits the consequences
of the steam generator tube rupture is the control room filtration system. Activity
loadings on the control room charcoal filter are based on flow rate through the filter,
concentration of activity at the filter inlet, and filter efficiency.
Activity in the control room filter as a function of time has been evaluated for the LOCA,
Section 15.6.5. Since the control room filters are capable of accommodating the
potential design-basis LOCA fission product iodine loadings, more than adequate design
margin is available with respect to postulated SGTR accident releases.
Doses to Receptor at the Exclusion Area Boundary and Low-Population
Zone Outer Boundary
The potential radiological consequences resulting from the occurrence of a postulated
SGTR have been conservatively analyzed, using assumptions and models described in
previous sections.
The total-body dose due to immersion and the thyroid dose due to inhalation have been
analyzed for the 0-2 hour period at the exclusion area boundary and for a time period
effectively greater than the duration of the accident (0 to 8 hours) at the low-population

1

15.6.3.4

Conclusions

A steam generator tube rupture will cause no subsequent damage to the RCSorg
reactor core. An orderly recovery from the accident can be completed, even amn

15.6.4

SPECTRUM OF BWR STEAM SYSTEM PIPING FAILURES OUTSIDE
OF CONTAINMENT

This section is not applicable to the Callaway Plant.
15.6.5

15.6.5.1

LOSS-OF-COOLANT ACCIDENTS RESULTING FROM A SPECTRUM
OF POSTULATED PIPING BREAKS WITHIN THE REACTOR COOLANT
PRESSURE BOUNDARY
Identification of Causes and Frequency Classification

A LOCA is the result of a pipe rupture of the RCS pressure boundary. For the analyses
reported here, a major pipe break (large break) is defined as a rupture with a total
15.6-19
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Two potentially limiting failure scenarios have been analyzed. Table 15.6-5 presents the
offsite dose results for the case of an SGTR with a stuck-open ASD for the ruptured
steam generator. Table 15.6-5a presents the offsite dose results for the case of an SGTR
with the postulated failure of the ruptures steam generator AFW flow control valve. For
both scenarios, the doses considering a pre-accident iodine spike are within the guideline.
values of IOCFR 100. For both scenarios, the doses considering an accident-initiated
iodine spike are within the 10% of the guideline values of 10 CFR 100.
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TABLE 15.6-1 TiME SEQUENCE OF EVENTS FOR INCIDENTS WHICH RESULT IN A
DECREASE IN REACTOR COOLANT INVENTORY

lime (sec)

Accidenit

Inadvertent opening of a
pressurizer safety valve

Safety valve opens fully

0.0

Overtemperature AT reactor trip setpoint
reached

26.2
28.2

rop-s
Minimum DNBR

am generator tube rupture

Tube rupture occurs
Reactor trip signal

t~~~
(

dw

'A

0
sj_)23qR

28.4

s

0.0
a

613.3

Safety injection signal

613.3

Rod motion

615.3

Feedwater terminated

7.6

Ruptured steam generator atmospheric!
steam dump valve opens

5.6

Safety injection begins

6

Auxiliary feedwater injection

675.

Operator isolates faulted steam generator
by dosing manual block valve

1826

Operator initiates RCS cooldown via intact
steam generator atmospheric steam dump
valves

2447

Operator completes RCS cooldown

3288

Operator initiates RCS depressurization
via pressurizer PORVs

3469

Operator completes RCS depressurization

3558

Operator terminates safety injection

3739

Operator equalizes primary-secondary
pressure

4039

RHR cut-In conditions reached

3

18000

Rev. OL-1
5103
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Steam generator tube
rupture with overfill Tube rupture occurs

0.

Reactor trip signal and loss of offsite power

0.

Safety injection signal

0.

Auxiliary feedwater injection starts

5.

Safety injection delivered

15.

Feedwater terminated

17.

Operator terminates auxiliary feedwater from
TDAFW pump to ruptured steam generator

600.

Ruptured steam generator water relief begins

1149.

Operator terminates auxiliary feedwater from
MDAFW pump to ruptured steam generator

1200.

Operator initiates RCS cooldown via intact steam
generator atmospheric steam dump valves

1800.

Operator completes RCS cooldown

2188.

Operator initiates RCS depressurization via
pressurizer PORVs

2280.

Operator completes RCS depressurization

2401.

Operator terminates safety injection

2701.

Operator equalizes primary-secondary pressure
Cooldown to RHR cut-in begins
Ruptured SG safety valve begins to relieve steam

4560.

RHR cut-in conditions reached

21600.
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TABLE 15.6-1 TiME SEQUENCE OF EVENTS FOR INCIDENTS WHICH RESULT IN A
DECREASE IN REACTOR COOLANT INVENTORY
Accident

Event

Inadvertent opening of a
pressurizer safety valve

Safety valve opens fully

Steam generator tube rupture

lime (sec)
0.0

Overtemperature AT reactor trip setpoint
reached

26.2

Rods begin to drop

28.2

Minimum DNBR occurs

28.4

Tube rupture occurs
Reactor trip signal

0.0
613.3

Safety injection signal
Rod motion
Feedwater terminated
Ruptured steam generator atmosphe c
steam dump valve opens
Safety injection begins
Auxiliary feedwater injection
Operator isolates faulted steam generator
by closing manual block valve
Operator initiates RCS cooldown via intact
steam generator atmospheric steam dump
valves

2447

Operator completes RCS cooldown

3288

Operator Initiates RCS depressurization
via pressurizer PORVs

3469

Operator completes RCS depressurization

3558

Operator terminates safety injection

3739

Operator equalizes primary-secondary
pressure

4039

RHR cut-in conditions reached

18000
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The Main Feed isolation time listed in this table should be increased by 10 seconds to
support the plant design change which installed system-medium actuators on the Main
Feedwater Isolation Valves.
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/ TBLE15.6-5 RADIOLOGICAL CONSEQUENCES OF A STEAM GENERATOR TUB
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~~~~~~~~
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~~~~~~~

(rem))

~Doses

Case 1, accident initiated iodine spike
Exclusion Area Boundary (0-2 hr)
Thyroid
Whole body

22.9
0.643

Low Population Zone Outer Boundary (duration)
Thyroid
Whole body
2.

2.29
0.0685

Case 2, pre-accident iodine spike
Exclusion Area Boundary (0-2 hr)
Thyroid
Whole body

34.3
0.324

Low Population Zone Outer Boundary (duration)
Thyroid
Whole body

1-'

3.43
0.0367
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V~~~~~~~~~~~~~~-
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Table 15.6-5a
RADIOLOGICAL CONSEQUENCES OF A
STEAM GENERATOR TUBE RUPTURE
WITH OVERFILL
1.

2.

Accident initiated iodine spike

Doses (rem)

Exclusion Area Boundary (0-2 hr)
Thyroid
Whole Body

13.4
0.396

Low Population Zone Outer Boundary
Thyroid
Whole Body

1.43
0.0424

Pre-accident iodine spike

Doses (rem)

Exclusion Area Boundary (0-2 hr)
Thyroid
Whole Body

46.2
0.362

Low Population Zone Outer Boundary
Thyroid
Whole Body

4.71
0.0385

FIGURE 15.6-3P
STEAM GENERATOR FEED WATER FLOW RATE TRANSIENT
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SYSTEM PRESSURES
SGTR With Overfill
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Figure 15.6-3.2.a: Pressurizer and Steam Generator (Ruptured and Intact Generators)
Pressure Transients for SGTR Event with Overfill
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AFFECTED LOOP RCS TEMP
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Figure 15.6-3.2.b: Reactor Coolant System Temperature (Ruptured Loop) Transient for
SGTR Event with Overfill
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INTACT LOOP RCS TEMPERATURES
SGTR With Overfill
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Figure 15.6-3.2.c: Reactor Coolant System Temperature (Intact Loops) Transient for
SGUR Event with Overfill
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RCS AND SG SECONDARY WATER MASSES
SGTR With Overfill
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Figure 15.6-32.d: Reactor Coolant System and Steam Generator (Ruptured and Intact
Generators) Water Mass Transient for SGTR Event with Overfill
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BREAK FLOW FLASHING FRACTION
SGTR With Overfill
Break flow Flashing Fraction
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Figure 15.0-.2.e: Ruptured Steam Generator Break Flow Flashing Fraction Transient for
SGTR Event with Overfill
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Figure 15.6-32.f: Steam Generator Temperature (Ruptured and Intact Generators)
Transient for SGTR Event with Overfill
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RUPTURED SG RELIEF
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Figure 15.6-32.g: Steam Generator Abnospheric Release Flow Rate (Ruptured
Generator) Transient for SGTR Event with Overfill

550

FSAR 03-023
INSERT J
Page 8

INTACT SG RELIEF
SGTR With Overfill
Intact ARV Flow

50D r
450 +
4oD -350V)

M
-J
bi
1-

250-

? 200C)
LL-

150 100 50 .

0

.

.

500

.
.

.

.

1o

.
.

.

.

1500

.

.

.

..

2

.

..

..

250

..

..

3do

..

..

.

3500

..

..

40

..

..

&

..

..

5000

.
55b

Time (s)

Figure 15.6-3.2.h: Steam Generator Atmospheric Release Flow Rate (Intact Generators)
Transient for SGTR Event with Overfill
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Figure 15.6-3.2.: Ruptured Steam Generator Break Flow Rate Transient for SGTR Event
with Overfill
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RUPTURED SG AFW & NR
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Figure 15.6-3.2.j: Auxiliary Feedwater low Rate and Narrow Range Level (Ruptured
Generator) Transients for SGTR Event with Overfill
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Figure 15.6-3.2.k: Auxiliary Feedwater Flow Rate and Narrow Range Level (Intact
Generators) Transients for SGIR Event with Overfill
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Figure 15.6-3.2.1: Ruptured Steam Generator Liquid Volume Transient for SGTR Event
with Overfill
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Figure 15.6-3.2.m: Pressurizer PORV Flow Rate Transient for SGTR Event with Overfill
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Figure 15.6-3.2.n: Pressurizer Liquid Volune Transient for SGTR Event with Overfill
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CALLAWAY - SP
TABLE 15A-4 DOSE CONVERSION FACTORS USED IN ACCIDENT ANALYSIS F

Nudide
1-131
1-132
1-133
1-134
1-135
Kr-83m
Kr-85m
Kr-85
Kr-87
Kr-88
Kr-9
Xe-131m
Xe-133m
Xe-133
Xe-135m
Xe-135
Xe-137
Xe-1 38

pfS

Total Body

Beta Skin

Rem-meter3
Cl-sec
8.72E-2
5.13E-1
1.55E-1
5.32E-1
4.21 E-1
2.40E-6
3.71 E-2
5.11E-4
1.88E-1
4.67E-1
5.27E-1
2.91E-3
7.97E-3
9.33E-3
9.91 E-2
5.75E-2
4.51 E-2
2.80E-1

Rem-mete?3

c

Cl-sec
3.17E-2
1.32E-1
7.35E-2
9.23E-2
1.29E-1
0
4.63E-2
4.25E-2
3.09E-1
7.52E-2
3.20E-1
1.51E-2
3.15E-2
9.70E-3
2.25E-2
5.90E-2
3.87E-1
1.31 E-1

f-2
Thyr
Rem
1.49E+6
1.43E+4
2.69E+5
3.73E+3
5.60E+4
NA
NA
, NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
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The SGTR-Overfill radiological consequences have been re-analyzed using the following whole body and
thyroid dose conversion factors from ICRP-30. hese factors may be applied to other accident sequences
as they are re-analyzed:
Nuclide

Total Body
REM-meter 3
Ci-sec

Thyroid
Rem/Ci

1-131
I-132

8.72E-02
5.13E-01

1.07E+06
6.29E+03

1-133
1-134
t-135

1.55E-Oi
5.32E01

1.81E.05
1.07E.03

4.21E-01
2.40E-06
3.07E-4
4.84E.04
1A6E-01
3.70E01
5.27E-41
1.52E-03
5.53E-03

3.14E04
NA
NA
NA
NA
NA
NA

Kr-83m
Kr-85m
Kr-85
Kr-87
Kr-88
Kr-89
e-131m
e-133m
Xe-133
Xe-135m
Xe-135
Xe-137
Xe-138

NA
NA

6.24E-03
7.75E-02

NA

4.82E-Z
1.98E-o1
2.80E41

NA

NA

NA
NA
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SUMMARY OF REGULATORY COMMMENTS

SUMMARY OF REGULATORY COMMITMENTS
The following table identifies those actions committed to by AmerenUE, Callaway Plant in
this document. Any other statements in this submittal are provided for information
purposes and are not considered to be commitments. Please direct questions regarding
these commitments to Mr. Dave E. Shafer, Superintendent, Licensing at AmerenUE,
(314) 554-3104.
COMMITMENT

Due Date/Event

The approved amendment will be implemented prior to restart of Prior to restart
the unit following Refueling Outage 13. This means that all following
required procedure and document revisions shall be completed Refueling 13
prior to restart of the unit following Refuel 13.

The associated FSAR and TS Bases revisions, as approved by 6 months
plant review programs performed under 10 CFR 50.59, 10 CFR following the end
50.71(e), and TS 5.5.5, will be incorporated into the next licensing of Refuel 13
document regulatory update.

The NRC approved reanalysis for the SGTR with overfill accident 6 months
will be incorporated into the FSAR during the next licensing following the end
document regulatory update.
of Refuel 13
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