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Tennessee Valley Authority, 1101 Market Street, Chattanooga, Tennessee 37402

CNL-16-093

June 17, 2016
10 CFR 50.90

ATTN: Document Control Desk
U.S. Nuclear Regulatory Commission
Washington, D.C. 20555-0001

Browns Ferry Nuclear Plant, Units 1, 2, and 3
Renewed Facility Operating License Nos. DPR-33, DPR-52, and DPR-68
NRC Docket Nos. 50-259, 50-260, and 50-296

Subject: Proposed Technical Specifications (TS) Change TS-505 - Request for
License Amendments - Extended Power Uprate (EPU) - Supplement 19,
Responses to Requests for Additional Information

References: 1. Letter from TVA to NRC, CNL-15-169, "Proposed Technical Specifications
(TS) Change TS-505 - Request for License Amendments - Extended Power
Uprate (EPU)," dated September 21, 2015 (ML15282A152)

2. Letter from NRC to TVA, “Browns Ferry Nuclear Plant, Units 1, 2, and 3 -
Request for Additional Information Related to License Amendment Request
Regarding Extended Power Uprate (CAC Nos. MF6741, MF6742, and MF6743),”
dated May 6, 2016 (ML16119A440)

By the Reference 1 letter, Tennessee Valley Authority (TVA) submitted a license amendment
request (LAR) for the Extended Power Uprate (EPU) of Browns Ferry Nuclear Plant (BFN)
Units 1, 2 and 3. The proposed LAR modifies the renewed operating licenses to increase the
maximum authorized core thermal power level from the current licensed thermal power of
3458 megawatts to 3952 megawatts. During the technical review of the LAR, the Nuclear
Regulatory Commission (NRC) identified the need for additional information. The Reference 2
letter provided NRC Electrical Engineering Branch Requests for Additional Information (RAIs)
EEEB-RAIs 5 through 25. The due date for the responses to the NRC RAls provided by the
Reference 2 letter is June 10, 2016. Subsequently, it was determined that additional time was
needed to complete the responses to these RAIls and the due date for submittal of the
responses to EEEB-RAIs 5 through 25 was extended to June 17, 2016, per communication with
the NRC Project Manager. The enclosures to this letter provide the responses to the RAls
included in the Reference 2 letter.
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Enclosures:
1.
2.
3.
4.
5.
CC:

Responses to NRC Electrical Engineering Branch Requests for Additional
Information EEEB-RAIs 5 through 25

Supplement to PUSAR (NEDC-33860P, Revision 0) - (Proprietary version)

Supplement to PUSAR (NEDO-33860, Revision 0) - (Non-proprietary
version)

General Electric Hitachi Affidavit for NEDC-33860P, Revision 0

Single Line Diagrams Requested by EEEB-RAI 18

NRC Regional Administrator - Region Il
NRC Senior Resident Inspector - Browns Ferry Nuclear Plant
State Health Officer, Alabama Department of Public Health (w/o Enclosure 2)



ENCLOSURE 1

Responses to NRC Electrical Engineering Branch Requests for Additional Information EEEB-
RAIs 5 through 25



ENCLOSURE 1

EEEB-RAI 5’

In Section 2.3.1 of Attachment 7 (ADAMS Accession No. ML15282A181) of the LAR, the
licensee identified changes to existing environmental qualification (EQ) parameters
(temperatures, pressures, radiation and humidity) for electrical equipment in some areas inside
and outside primary containment due to the extended power uprate (EPU). However, the
licensee did not specify if these changes (also shown in Tables 2.3-1, 2.3-2, 2.3-3, and 2.3-5,
Figure 2.3-1, and Figure 2.3-2) apply to all three BFN units.

Confirm if these changes in Section 2.3.1 and above mentioned tables and figures are
applicable to all three BFN units. If not, provide unit-specific evaluation, tables, and figures for
EQ parameters.

TVA Response:

TVA confirms that the changes in Section 2.3.1 of Attachment 7 of the LAR along with
Tables 2.3-1, 2.3-2, 2.3-3 and 2.3-5, Figure 2.3.1 and Figure 2.3-2 apply to all three Browns
Ferry Nuclear Plant units.

! Refer to TVA letter dated February 16, 2016, for EEEB-RAI 1 through 4.
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ENCLOSURE 1

EEEB-RAI 6

On page 2-130 of Attachment 7 of the LAR, in the BFN Current Licensing Basis section, the
licensee stated that the BFN EQ program for electrical equipment is described in the BFN
Updated Final Safety Analysis Report (UFSAR), Section 8.9, “Safety Systems Independence
Criteria and Bases for Electrical Cable Installation.” However, Section 8.9 of the UFSAR does
not contain the description of the BFN EQ program.

Provide the current licensing basis (include the history) for the BFN EQ of electrical equipment,
and a mark-up of the UFSAR’s relevant sections showing the requested information.

TVA Response:

The Environmental Qualification (EQ) of Electrical Equipment for the Browns Ferry Nuclear
Plant (BFN) is described in Section 7.1.6 of the UFSAR. Corrected mark-ups of the affected
page of the PUSAR (proprietary and non-proprietary) are provided in Enclosures 2 and 3,
respectively. The current licensing basis (including the history) for the BFN EQ of electrical
equipment is provided in the attached mark-up (Attachment 1) of the proposed change to
Section 7.1.6 of the BFN UFSAR.
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Attachment 1

UFSAR Section 7.1.6 Mark-up



10.

11.

12.

BFN-17

Activated Device--An activated device is a mechanical module in a system
used to accomplish an action. An activated device is controlled by an
actuation device. See Figure 7.1-1.

Trip--A trip is the change of state of a bistable device which represents the
change from a normal condition. A trip signal, which results from a trip, is
generated in the channels of a trip system and produces subsequent trips and
trip signals throughout the system as directed by the logic.

Setpoint--A setpoint is that value of the monitored plant variable which causes
a channel trip.

Component--A component includes those items from which the system is
assembled (e.g., resistors, capacitors, wires, connectors, transistors, switches,
springs, pumps, valves, piping, heat exchangers, vessels, etc.).

Module--A module is any assembly of interconnected components which
constitutes an identifiable device, instrument, or piece of equipment.

Incident Detection Circuitry--Incident detection circuitry includes those trip
systems which are used to sense the occurrence of an incident. Such circuitry
is described and evaluated separately where the incident detection circuitry is
common to several systems.

Channel calibration, channel check, channel functional test, and logic system
functional definitions are provided in Technical Specification Section 1.1.

7.1.6 Environmental Qualification of Electrical Equipment

Insert A/

7.1-6



INSERT A
7.1.6 Environmental Qualification of Electrical Equipment

The electrical equipment, within the scope of 10CFR50.49, at BFN must be qualified to the
acceptance criteria specified in Category Il of NUREG-0588 or the Division of Operating
Reactor (DOR) guidelines of NRC Inspection and Enforcement (IE) Bulletin 79-01B (Institute of
Electrical and Electronics Engineers (IEEE) 323-1971).

NRC IE Bulletin 79-01B “Environmental Qualification of Class 1E Equipment,” was issued
January 14, 1980. Subsequent supplements were issued February 29, 1980, September 30,
1980, and October 24, 1980. This bulletin requires the licensee to perform a detailed review of
the environmental qualification of Class 1E electrical equipment to ensure that the equipment
will function under postulated accident conditions.

TVA evaluated the electrical qualification of the safety-related electrical components in harsh
environments during accident conditions and responded to the NRC on October 31, 1980.

The NRC issued a Safety Evaluation, dated June 3, 1981, for the Environmental Qualification of
Safety-Related Electrical Equipment, noting several deficiencies. TVA responded in a letter
dated September 29, 1981, to address these deficiencies.

The NRC Safety Evaluation, dated January 11, 1983, requested additional information from
TVA. The TVA response, dated January 29, 1985, provided resolution to the NRC
questions/deficiencies. In a letter dated August 8, 1985, the NRC concluded that BFN was in
compliance with 10CFR50.49, and that proposed resolution to deficiencies noted was
acceptable.

In July 1985, a TVA Environmental Qualification (EQ) program audit revealed significant
deficiencies in the BFN EQ program. On August 6, 1985, the NRC issued Generic Letter 85-15
related to the deadlines for 10CFR50.49 compliance. Based on these developments, TVA
subsequently voluntarily maintained BFN Units 1, 2, and 3, in shutdown conditions with the
intent to correct deficiencies and establish and implement an EQ program that would assure
compliance with 10CFR50.49.

Following shutdown, extensive rework of the BFN EQ program took place. The Environmental
Qualification Project (EQP) was established to verify, with auditable records, that all plant
equipment covered under 10CFR50.49 was qualified for its application and met its specified
performance requirements when subjected to the conditions predicted to be present when it
must perform its safety function; up to the end of its qualified life. Supplemental procedures
were written, approved, and implemented. The purpose of Environmental Qualification
Documentation Packages (EQDPs) is to document, in one place, everything needed about how
a given piece of equipment was qualified, and what is necessary to maintain qualification for the
life of the plant. In May of 1988 the NRC performed an inspection of BFN’s partially completed
EQ program. On October 21, 1988, the NRC issued a Safety Evaluation that concluded the BFN
EQ program complied with the requirements of 10CFR50.49.



TVA letter dated October 24, 1988, committed to implement the EQ Program prior to the restart
of each unit. The NRC Safety Evaluation for the BFN EQ Program was issued on January 23,
1991.

During the license renewal process for Units 1, 2, and 3, TVA was required to demonstrate that
the equipment and components in the scope of the EQ program meet the requirements of
10CFR54.21(c)(1). Section 4.4 of the License Renewal Amendment addressed this
requirement. In the Safety Evaluation dated April 2006, the NRC concluded that these
components will be adequately managed for the period of extended operation.

The effects of Extended Power Uprate (EPU) on the environmental conditions for the
qualification of electrical equipment have been evaluated. The evaluation indicates that the
electrical equipment will continue to meet the relevant requirements of 10 CFR 50.49 following
implementation of EPU.

TVA has a program in place to environmentally qualify safety-related electrical equipment
(including cable) that is within the scope of 10CFR50.49 to ensure that the equipment will
perform its safety-related function under environmental conditions associated with all normal,
abnormal, and plant accident conditions.

The method of assuring that electrical components of safety-related equipment are qualified for
their potential normal operational and worst-case accident environments is described in this
section.

7.1.6.1 Equipment Identification and Environmental Conditions
7.1.6.1.1 Identification of Safety Systems

Systems that are required to function to mitigate a loss-of-coolant accident (LOCA) or
high-energy line break (HELB) are listed in Table 7.1.6-1; systems required to support these
systems are also identified.

7.1.6.1.2 Identification of Equipment in Harsh Environments

For the safety systems listed in Table 7.1.6-1, safety-related equipment within the harsh
environment of the Design Basis Events (DBEs) was identified. This was based on a review of
electrical instrument tabulations, mechanical piping drawings, mechanical heating and
ventilation drawings, conduit and grounding drawings, Technical Specifications, the UFSAR,
and Emergency Operating Instructions.

7.1.6.1.3 Environmental Conditions
7.1.6.1.3.1 Mild Environments

Mild environments are those areas where: (1) the environmental conditions related to
temperature, pressure, or relative humidity resulting from the direct effects of a DBE are no
more severe than those which would occur during an abnormal plant operational condition; (2)
the temperature will not exceed 130°F due to the indirect effects of a DBE (e.g., increased heat



loads from electrical equipment); (3) the accident radiation dose is less than or equal to
1.0 x 10 rads; and (4) the total accident plus 60 year total integrated dose (TID) is less than or
equal to 5.0 x 10* rads.

For equipment located in a harsh zone, that is required to function or not fail for mitigation of a
specific DBA, if (for the specific DBA) the accident environment in the area in which the device
is located would at no time be significantly more severe than the environment for normal
operation, including anticipated operational occurrences, then the environment may be
considered to be essentially mild for classification purposes. Essentially mild calculations are
performed for the associated area to document that the accident environmental conditions do
not impose significant environmental stresses over and above normal operating conditions
(including anticipated operational transients) on the device in the associated area.

7.1.6.1.3.2 Harsh Environments

Harsh area environmental conditions are defined as those conditions that exceed those of mild
spaces. Environmental conditions have been established for all harsh environment areas
resulting from a design basis event. Temperature, pressure, humidity, radiation, and
submergence were the parameters considered.

7.1.6.2 Electrical Equipment within the Scope of 10CFR50.49

A systems analysis was conducted to identify for each UFSAR design basis accident, the
equipment which must operate or stay “as-is” to ensure completion of safety related functions as
defined in 10CFR50.49. These devices became the Master Components Electrical List (MCEL).
This list includes devices in both harsh and mild environmental zones.

The BFN Component Master List (CML) was derived from the MCEL. The CML is a compilation,
for areas designated as harsh on the environmental data drawings, of all safety-related
equipment, any required nonsafety-related equipment, and any equipment added to comply with
commitments to NUREG-0737 and/or NUREG-0578 and post-accident monitoring equipment
(10CFR50.49b(3)). All MCEL supporting/ancillary equipment was then identified. All
components were field verified. The 10CFR50.49 list is a compilation of data for electrical
equipment which has been determined to be within the scope of 10CFR50.49 via the process
beginning with the CML database through the evaluations performed in preparing a qualification
EQDP (or “EQ binder”). Auditable documentation that supports environmental qualification for
the equipment type is compiled and placed in the EQ binder or is referenced therein. The
10CFR50.49 list will be maintained for the life of the plant as a permanent record. This includes
revisions resulting from changes occurring in the plant design and configuration which impact
the equipment within the scope of 10CFR50.49. The 10CFR50.49 list for Units 1, 2, and 3 is
maintained as part of the plant Master Equipment List (MEL) data. Post-accident Monitoring
(PAM) equipment instrumentation (all Category 1 and 2 equipment, with the exception of
Emergency Equipment Cooling Water flow) is qualified to the requirements of 10CFR50.49.



7.1.6.3 Qualification Tests and Analysis

Qualification tests and analyses for safety-related electrical equipment were conducted in
accordance with the requirements of 10CFR50.49, |IE Bulletin 79-01B, and the guidelines of
NUREG-0588.

7.1.6.4 Qualification Test Results

Qualification test results are included or referenced in the EQ binder for safety-related electrical
equipment in the 10CFR50.49 program.

References

NRC IE Bulletin 79-01B, Environmental Qualification of Class IE Equipment,” dated
January 14, 1980.

NRC Division of Operating Reactors, “Guidelines for Evaluating Environmental Qualification of
Class IE Electrical Equipment in Operating Reactors,” dated November 13, 1979.

TVA Response to NRC IE Bulletin 79-01B, dated October 31, 1980.

NRC Safety Evaluation for Environmental Qualification of Safety-Related Electrical Equipment,
dated June 3, 1981.

NUREG-0588, “Interim Staff Position on Environmental Qualification of Safety-Related Electrical
Equipment," Revision 1, dated July 1981.

BFN Letter to NRC, “Response to NRC Safety Evaluation deficiencies,” dated September 29,
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NRC Safety Evaluation for Environmental Qualification of Safety-Related Electrical Equipment,
dated January 11, 1983.

TVA Letter to NRC, “Summary Status of TVA’'s Compliance with 10CFR50.49,” dated January
29, 1985.
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“‘NRC Safety Evaluation for the Browns Ferry Nuclear Performance Plan,” dated October 21,
1988.

NUREG-1843, “Safety Evaluation Report Related to the License Renewal of the Browns Ferry
Nuclear Plant, Units 1, 2, and 3,” dated April 2006.

NRC Code of Federal Regulations, 10CFR50.49.

NRC Safety Evaluation Report on Tennessee Valley Authority: Browns Ferry Nuclear
Performance Plan — Browns Ferry Unit 2 Restart, April 1989.



Table 7.1.6.1 Systems (or Portions of Systems) Required to Mitigate LOCA and/or HELB

Neutron Monitoring System

Auxiliary Power

Main Steam Supply

Reactor Feedwater System

RHR Service Water System

Raw Cooling Water

Control Air System

Sampling and Water Quality

Standby Liquid Control System

Primary Containment System

Standby Gas Treatment

Emergency Equipment Cooling Water System
Reactor Water Recirculation

Reactor Water Cleanup System

Reactor Building Closed Cooling Water System
Reactor Core Isolation Cooling

High Pressure Core Injection

Residual Heat Removal

Core Spray System

Containment Inerting

HPCI Torus Room

Radwaste System

Fuel Pool Cooling and Demineralizing System
Containment Atmosphere Dilution System
CRD Hydraulic System

Radiation Monitoring System

Cables, Control Stations, Junction Boxes, and Terminal Blocks



ENCLOSURE 1

EEEB-RAI 7

In Figure 2.3-1 of Attachment 7 of the LAR, the licensee provided the worst case drywell EQ
accident temperature profiles for current licensed thermal power (CLTP) and EPU for 100 days.
On page 2-132 of Attachment 7, the licensee stated that the profiles were developed by
combining the bounding curves for both the steamline break and loss-of-coolant accident
(LOCA) design basis accidents. Based on the figure, the staff noted that the EPU drywell
temperature profile exceeds the existing drywell temperature profile over the entire 100 days.
Note 1 of Table 2.3-1 states: “Current component qualification testing bounds the temperature
increases.”

Provide the current component qualification temperature profile of EQ electrical equipment
(considering the qualified temperature of worst case components) inside primary containment to
confirm that it bounds the EPU drywell temperature profile shown in Figure 2.3-1. Also, discuss
how the temperature margins in the Institute for Electrical and Electronics Engineers Standard
323-1974 will be maintained under EPU conditions.

TVA Response:

With respect to providing the current component qualification temperature profile of EQ
electrical equipment inside containment to confirm it bounds the EPU drywell temperature
profile, the following response is provided.

Although Figure 2.3-1 of Attachment 7 of the BFN LAR shows that the EPU drywell profile
exceeds the CLTP drywell profile, the individual component qualification temperature testing
still bounds the EPU drywell temperature profile. Note 1 of Table 2.3-1 states that “Current
component qualification testing bounds the temperature increase.” This statement is based
on the result of accident degradation equivalency (ADE) calculations which support that the
current component qualification testing exceeds the EPU drywell temperature profile. This is
an industry accepted method of comparing the test and plant accident temperature profiles
to demonstrate acceptable post-accident qualification.

The three worst case examples of Environmental Qualified (EQ) Electrical equipment inside
primary containment for temperature margin are Limitorque AC actuators inside
containment, Rockbestos Company cable Type PXJ/PXMJ and Okonite Company cable
type PXJ/PXMJ. The ADE calculations and profiles for the three worst cases are shown in
Tables EEEB-RAI 7-1 through 7-3 and Figures EEEB RAI 7-1 through 7-3. These ADE
calculations are derived from the Curtis-Wright EQ-System 1000 computer program.
System 1000 is an industry accepted and widely used database and calculation program
which provides a wide range of thermal information, thermal calculations and radiation
effects data for a wide range of organic material used in various environments. The results
of these ADE calculations show that each of these component qualification temperature
tests exceed the EPU drywell temperature profile.

E1-3



ENCLOSURE 1

With respect to maintaining the temperature margins in the Institute for Electrical and
Electronics Engineers (IEEE) 323-1974 under EPU conditions, the following response is
provided.

Browns Ferry Nuclear Plant (BFN) has EQ components qualified to Division of Operating
Reactors (DOR) “Guidelines for Evaluating Qualification of Class IE Electrical Equipment in
Operating Reactors,” NUREG-0588, “Interim Staff Positon on Environmental Qualification of
Safety-Related Electrical Equipment,” and 10CFR50.49, “Environmental qualification of
electric equipment important to safety for nuclear power plants.”

The DOR Guidelines, Section 6.0, do not provide explicit margin requirements because of
implicit conservatisms included in the guideline criteria. Qualification requirements of the
DOR Guidelines and NUREG-0588 Category Il are compatible and provide equivalent
qualification criteria. Therefore, BFN does not apply the IEEE 323-1974 suggested
temperature margin, except as a guide, for evaluating both DOR and NUREG-0588
Category Il electrical components.

BFN treats NUREG-0588 Category | components the same as 10CFR50.59 components.
For both NUREG-0588 Category | and 10CFR50.49 components, a current component
qualification temperature profile was either verified to provide the IEEE 323-1974 suggested
temperature margin or a technical justification provided why adequate margin is maintained.
Attached Table EEEB-RAI 7-4 lists those BFN 10CFR50.49 components that do not meet
the suggested IEEE 323-1974 temperature margin and provides technical justification why
adequate temperature margin is still maintained.
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ENCLOSURE 1

Table EEEB-RAI 7-1

CURTISS -

WRIGHT System 1000 Revision 17.0.d TVR Report

TEST VS. REQUIREMENTS CALCULATION
Description: EPU DW vs Limitorque AC Actuators Inside Contaihment

USER PREFERENCES USED IN THIS CALCULATION

Temperature (C to K) Conversion Factor: 273.00
Ramp Integration Interval: 0.1

CALCULATION INPUTS

Activation Energy: 1.02
Reference Temperature: 115.00 Fahrenheit

Requirements Profile:

Time Units Temperature Units

1.00 Seconds 223.40 Fahrenheit
8.00 Seconds 301.10 Fahrenheit
10.00 Seconds 309.20 Fahrenheit
15.00 Seconds 314.10 Fahrenheit
20.00 Seconds 314.90 Fahrenheit
25.00 Seconds 315.50 Fahrenheit
30.00 Seconds 316.60 Fahrenheit
60.00 Seconds 325.70 Fahrenheit
600.00 Seconds 336.90 Fahrenheit
1200.00 Seconds 322.30 Fahrenheit
1800.00 Seconds 225.20 Fahrenheit
2400.00 Seconds 226.10 Fahrenheit
3000.00 Seconds 227.80 Fahrenheit
3600.00 Seconds 227.70 Fahrenheit
86400.00 Seconds 157.50 Fahrenheit
172800.00 Seconds 145.60 Fahrenheit
432000.00 Seconds 132.50 Fahrenheit
864000.00 Seconds 126.70 Fahrenheit
3456000.00 Seconds 118.70 Fahrenheit
5184000.00 Seconds 116.90 Fahrenheit
8640000.00 Seconds 115.10 Fahrenheit
Test Profile:

Time Units Temperatur Units

1.00 Seconds 162.00 Fahrenheit
23.00 Seconds 336.00 Fahrenheit
240.00 Seconds 340.00 Fahrenheit
3.00 Hours 340.00 Fahrenheit
3.25 Hours 332.00 Fahrenheit
3.50 Hours 325.00 Fahrenheit
35 Hours 322.00 Fahrenheit
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ENCLOSURE 1

Table EEEB-RAI 7-1 (continued)

CURTISS -

WRIGH'T System 1000 Revision 17.0.d TVR Report

Accident Profile (continued):

Time Units Temperature Units

4.00 Hours 320.00 Fahrenheit
6.00 Hours 320.00 Fahrenheit
7.00 Hours 252.00 Fahrenheit
7.50 Hours 249.00 Fahrenheit
24.00 Hours 249.00 Fahrenheit
4.00 Days 249.00 Fahrenheit
4.00 Days 190.00 Fahrenheit
30.00 Days 190.00 Fahrenheit

CALCULATION RESULTS

Requirements Equivalent Time: 1.8070 Years
Test Equivalent Time: 35.4232 Years
Margin: 1,860.35 %
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ENCLOSURE 1

Figure EEEB-RAI 7-1

System 1000 Revision 17.0.d TVR Report
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ENCLOSURE 1

Table EEEB-RAI 7-2

CURTISS ~
WRIGH'T System 1000 Revision 17.0.d TVR Report
EST VS. REQUIRE CALC I

Description:EPU DW vs Rockbestos Company Cable Type PXJ/PXMJ
USER PREFERENCES USED IN THIS CALCULATION

Temperature (C to K) Conversion Factor: 273.00
Ramp Integration Interval: 0.1

CALCULATION INPUTS
Activation Energy: 1.34
Reference Temperature: 115.00 Fahrenheit

Requirements Profile:

Time Units Temperature Units

1.00 Seconds 223.40 Fahrenheit
8.00 Seconds 301.10 Fahrenheit
10.00 Seconds 309.20 Fahrenheit
15.00 Seconds 314.10 Fahrenheit
20.00 Seconds 314.90 Fahrenheit
25.00 Seconds 315.50 Fahrenheit
30.00 Seconds 316.60 Fahrenheit
60.00 Seconds 325.70 Fahrenheit
600.00 Seconds 336.90 Fahrenheit
1200.00 Seconds 322.30 Fahrenheit
1800.00 Seconds 225.20 Fahrenheit
2400.00 Seconds 226.10 Fahrenheit
3000.00 Seconds 227.80 Fahrenheit
3600.00 Seconds 227.70 Fahrenheit
86400.00 Seconds 1567.50 Fahrenheit
172800.00 Seconds 145.60 Fahrenheit
432000.00 Seconds 132.50 Fahrenheit
864000.00 Seconds 126.70 Fahrenheit
3456000.00 Seconds 118.70 Fahrenheit
5184000.00 Seconds 116.90 Fahrenheit
8640000.00 Seconds 115.10 Fahrenheit
Test Profile:

Time Units Temperature Units

1.00 Seconds 342.00 Fahrenheit
3260.00 Seconds 340.00 Fahrenheit
21260.00 Seconds 319.00 Fahrenheit
24860.00 Seconds 302.00 Fahrenheit
28460.00 Seconds 300.00 Fahrenheit
35660.00 Seconds 300.00 Fahrenheit
39260.00 Seconds 253.00 Fahrenheit
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ENCLOSURE 1

Table EEEB-RAI 7-2 (continued)

CURTISS —
WRIGH'T System 1000 Revision 17.0.d TVR Report

Accident Profile (continued):

Time Units Temperature Units

53660.00 Seconds 249.00 Fahrenheit
64460.00 Seconds 250.00 Fahrenheit
71600.00 Seconds 249.00 Fahrenheit
75260.00 Seconds 259.00 Fahrenheit
78860.00 Seconds 261.00 Fahrenheit
86400.00 Seconds 257.00 Fahrenheit
111260.00 Seconds 254.00 Fahrenheit
348860.00 Seconds 222.00 Fahrenheit
586460.00 Seconds 227.00 Fahrenheit
672860.00 Seconds 223.00 Fahrenheit
1018460.00 Seconds 218.00 Fahrenheit
1277660.00 Seconds 233.00 Fahrenheit
1364060.00 Seconds 233:00 Fahrenheit
1623260.00 Seconds 222.00 Fahrenheit
3610460.00 Seconds 222.00 Fahrenheit
8621660.00 Seconds 224.00 Fahrenheit

CALCULATION RESULTS
Requirements Equivalent Time: 26.4621 Years

Test Equivalent Time: 1,181.4493 Years
Margin: 4,364.68 %

E1-9



ENCLOSURE 1

Figure EEEB-RAI 7-2
CURTISS -
WRIGHT System 1000 Revision 17.0.d TVR Report
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ENCLOSURE 1

Table EEEB-RAI 7-3

CURTISS —~
WRIGH'T System 1000 Revision 17.0.d TVR Report
TEST VS. REQUIREMENTS CALCULATION

Description: EPU DW vs Okonite Company Cable Type PXJ/PXMJ
USER PREFERENCES USED IN THIS CALCULATION

Temperature (C to K) Conversion Factor: 273.00
Ramp Integration Interval: 0.1

CALCULATION INPUTS
Activation Energy: 1.07
Reference Temperature: 115.00 Fahrenheit

Requirements Profile:

Time Units Temperature Units

1.00 Seconds 223.40 Fahrenheit
8.00 Seconds 301.10 Fahrenheit
10.00 Seconds 309.20 Fahrenheit
15.00 Seconds 314.10 Fahrenheit
20.00 Seconds 314.90 Fahrenheit
25.00 Seconds 315.50 Fahrenheit
30.00 Seconds 316.60 Fahrenheit
60.00 Seconds 325.70 Fahrenheit
600.00 Seconds 336.90 Fahrenheit
1200.00 Seconds 322.30 Fahrenheit
1800.00 Seconds 225.20 Fahrenheit
2400.00 Seconds 226.10 Fahrenheit
3000.00 Seconds 227.80 Fahrenheit
3600.00 Seconds 227.70 Fahrenheit
86400.00 Seconds 157.50 Fahrenheit
172800.00 Seconds 145.60 Fahrenheit
432000.00 Seconds 132.50 Fahrenheit
864000.00 Seconds 126.70 Fahrenheit
3456000.00 Seconds 118.70 Fahrenheit
5184000.00 Seconds 116.90 Fahrenheit
8640000.00 Seconds 115.10 Fahrenheit
Test Profile:

Time Units Temperature Units

1.00 Seconds 168.00 Fahrenheit
30.00 Seconds 333.00 Fahrenheit
300.00 Seconds 394.00 Fahrenheit
10800.00 Seconds 394.00 Fahrenheit
10800.00 Seconds 388.00 Fahrenheit
21600.00 Seconds 388.00 Fahrenheit
21600.00 Seconds 368.00 Fahrenheit
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ENCLOSURE 1

Table EEEB-RAI 7-3 (continued)

CURTISS -
WRIGHT System 1000 Revision 17.0.d TVR Report

Accident Profile (continued):

Time Units Temperature Units

36000.00 Seconds 368.00 Fahrenheit
36000.00 Seconds 318.00 Fahrenheit
86400.00 Seconds 318.00 Fahrenheit
91.00 Hours 318.00 Fahrenheit
91.00 Hours 265.00 Fahrenheit
3155.00 Hours 265.00 Fahrenheit

CALCULATION RESULTS

Requirements Equivalent Time: 2.5785 Years
Test Equivalent Time: 1,618.7473 Years
Margin: 62,678.47 %
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ENCLOSURE 1

Figure EEEB-RAI 7-3
CURTISS -~
WRIGHT System 1000 Revision 17.0.d TVR Report

Test vs. Requirements Plot ‘/"\J,-"'Requirement:
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ENCLOSURE 1

EEEB-RAI 8
On page 2-132 of Attachment 7 of the LAR, the licensee states:

The maximum normal and maximum abnormal temperatures [inside primary containment]
will increase by 0.12°F [degrees Fahrenheit], which will be rounded to 1°F. This small
temperature increase will have a minor effect on thermal qualified life and will be addressed
as part of normal EQ maintenance replacement.

Also, on page 2-133 of Attachment 7, the licensee states:

The Steam Tunnel (EQ room 7) bulk temperature [outside primary containment] at EPU
conditions will increase by 0.37°F and is conservatively rounded up to a 1°F increase for
the EPU evaluation. This temperature increase has a minor effect on thermal qualified life
and is addressed as part of normal EQ maintenance replacement.

a. Provide the EPU maximum normal and abnormal temperatures, the qualification
temperature limits, and the thermal qualified life for electrical equipment inside the
primary containment preferably in a tabular form. Also, provide the EPU temperatures,
the qualification temperature limits, and the thermal qualified life for electrical equipment
in the steam tunnel preferably in a tabular form.

b. Discuss the effects of the increased temperatures on the equipment thermal qualified life
and how the equipment will be maintained during its lifetime to ensure that it remains
qualified and capable of performing its intended design function under EPU conditions.

TVA Response:

a. The EPU maximum normal and abnormal temperatures, the qualification temperature limits,
and the thermal qualified life for electrical equipment inside the primary containment are
provided in Table EEEB-RAI 8-1. The EPU maximum normal and abnormal temperatures,
the qualification temperature limits, and the thermal qualified life for electrical equipment in
the steam tunnel are provided in Table EEEB-RAI 8-2.

b. Any increase in the ambient temperature that an environmentally qualified component
experiences would result in a reduction of its thermal qualified life. However, the small
increases in ambient temperature due to EPU will have an insignificant effect on the
equipment qualified life. Requirements for maintenance and periodic replacement of
10CFR50.49 components are tracked by the BFN EQ program. The effects of
environmental conditions due to EPU on the qualification of electrical equipment have been
evaluated and the EQ program maintenance and periodic replacement requirements will be
changed, as required, to ensure all 10CFR50.49 components will remain qualified and
capable of performing their intended designed function under EPU conditions. The resulting
EQ maintenance and periodic replacement requirements are incorporated in, and tracked
by, the BFN preventative maintenance program.
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ENCLOSURE 1

Table EEEB-RAI 8-1
Temperatures and Qualified Lives for Components Inside Containment at EPU

Ma'f(::’um EPU Maximum | Qualification
... Abnormal Temperature Thermal Qualified Life
Component Description Normal L
Temperature Limits (Years)
Temperature o opy1
o) (°F) (°F)
Rockbestos Cable
[Type PXJIPXM.J] 148 165 341.9 60.67
Eaton Cable [Type MS] 148 165 375 67.87
Brand Rex Cable
[Type PXJIPXMJ] 148 165 385 60.71
Okonite Cable
[Type PX/PXJPXMJ] 148 165 341 96.57
Rockbestos Cable
[Type SIS] 145 159 341.8 60.67
Rockbestos Cable
[Type PXJ/PXMJ] 148 165 341 60.90
Rockbestos Cable
[Type MS] 148 165 341 60.67
Rockbestos
[Coaxial Cable] 148 165 353 97.37
Okonite Cable
[Type PXJ/PXMJ] 148 165 341 60
Conax Corp. ECSA 148 165 375 69.16
Teflon Connector - 20.16 (U2)
Conax Coaxial Connector 136 141 445 Rexolite Connector - 3861.06
(U1 and U3)
Temperature Element -
Weed SP611-1A-A-3-C-2-
75-4D4-2, 136 141 500 39.99
1B1D/612D-1A-C-6-C-17-00
Special Measure Transmitter Charge Converter - 3.38
- TEC VFMS22773A, 504A, 145 159 510 Transient Shield - 6.45
160-2 and 2273-C2 BNC Adaptor - 289.39
Limit Switch Namco 2 3 2 3 2 3
EA-740 (QTR-180) 136 /148 1417/ 165 387 10.25°/5.69
Fiberite - 40.47
MOV - Limitorque AC/IPC Phenolic - 94.32
SMB-000, 00, 0, 2, and SB-3 145 159 340 Motor Insulation - 103.27
SIS Wire - 60.67
EPA - Conax 7504-10001-
03-04, -05, and 136 141 371 60.2 (U1 and U2)

7F02-10000-01
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ENCLOSURE 1

Table EEEB-RAI 8-1

Temperatures and Qualified Lives for Components Inside Containment at EPU (continued)

EPU EPU Qualification
Maximum Maximum Temperature
Component Description Normal Abnormal L'iamits Thermal Qualified Life (Years)
Temperature | Temperature (°F)1
_ (°F) (°F)
EPA - GE 100 Series 136 141 340 Flamatrol Cable - 113
(TVAID Nos. EA & EF) Epoxy - 1614 (U1 and U2)
. Vulkene Cable - 52.07
Egg(égoERﬁa”'Ster 136 141 340 XR-5126 Epoxy - 70.82
Flamtrol Cable - 58.78 (U3)
. . 206 Series Elastomers - 19.59
g‘flgr?oupv‘:’ffe'is’ 206 Series 148 165 535 NP8316 Elastomers - 48.65
206 and NP8316 Coil - 3501.09
Manifold Block - 11.13
250 VDC H Coil/
. O-Rings - 5.62
A&?E?t“s:c:f:rl:fi  Valves 136 141 360 250 VAC H Coil - 11.13
3-Way Solenoid Valve - 49.05
4-Way Solenoid Valve - 49.05
Terminal Block - 16.03
Solenoid Coil - 10.52
Target Rock 1/2 SMS-S-02- 145 159 355 Solenoid Enclosure - 25.51
05 Solenoid Valves . )
Viton O-Ring - 10
Raychem WCSF-N Splices
(Old formulation Raychem) 148 165 390 60.12
Raychem NPKV,
NPKC,NPKP, NPKS, NMCK,
NCBK. NESK Splices 148 165 390 60.12
(Old formulation Raychem)
Raychem WCSF-N Series,
NPKV, NPKC, NPKP, NPKS,
NMCK, NCBK, NESK 148 165 425 54.65

Splices (New formulation
Raychem)

Maximum DBA qualification test temperature

Drywell Elevation (El.) 549.92’ to EI. 585’

Drywell El. 617’ to El. 639’
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ENCLOSURE 1

Table EEEB-RAI 8-2

Temperatures and Qualified Lives for Components Inside the Steam Tunnel (Rm. 7) at EPU

EPU EPU Qualification
Component Description Maximum Maximum Temperature Thermal Qualified Life
Normal Abnormal .
Limits (Years)
Temperature | Temperature (°F)1
(°F) (°F)
Rockbestos Cable
[Type PXJ / PXMJ] 161 181 341.9 60.67
Eaton Cable [Type MS] 161 181 375 67.67
Okonite Cable [Type PXJ] 161 181 345 60
Brand Rex Cable
[Type PXJIPXMJ] 161 181 385 49.61
Rockbestos Cable
[Type SIS] 161 181 341.8 60.67
Conax Corp. ECSA 161 181 375 69.16
Insulator Material - 20.75
. . EPDM O-Rings - 4.50
EGS Quick Disconnect 161 181 435 Epoxy Potting Material - 20.20
SIS Wire - 60.67
Temperature Element -
Weed SP611-
1A-A-3-C-2-75-4D4-2, 161 181 500 12.77
1B1D/612D-1A-C-6-C-17-00
Temperature Switch - EGS
(Fenwal) 01-170230-090 161 181 350 539
Namco EA-740 161 181 387 3.1
- Motor Insulation - 7.07
Limitorque DG/OPC SMB- Terminal Blocks - 22.21
000, 00, 0, 2, 3, 4T, and 161 181 340 Fiberi iteh
SB-0 iberite S\_Nltc es-8.09
SIS Wire - 60.67
Manifold Block - 9.06
3-Way Solenoid Valve - 9.06
. 4-Way Solenoid Valve - 9.06
Automatic Valve C-5497 161 181 360 250VDC H Coil/O-Ring - 5.23
250VAC H Coil - 10.48
Terminal Block - 8.46
Raychem WCSF-N Series
Splices 161 181 390 60.12

(Old formulation Raychem)
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ENCLOSURE 1

Table EEEB-RAI 8-2
Temperatures and Qualified Lives for Components Inside the Steam Tunnel (Rm. 7) at EPU
(continued)

EPU Maximum EPU Qualification

Component Description Normal Maximum - t Th I lified Lif
Temperature Abnormal enr_;_:el_'ta ure erma YQua med Lite

(°F) Temperature |:n '15 (Years)

Raychem NPKV, NPKC,

NPKP, NPKS, NMCK,

NCBK, NESK Splices 161 181 390 60.12

(Old formulation Raychem)

Raychem WCSF-N Series,

NPKV, NPKC, NPKP, NPKS,

NMCK, NCBK, NESK1 161 181 425 54.65

(New formulation Raychem)

' Maximum DBA qualification test temperature
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ENCLOSURE 1

EEEB-RAI 9

On page 2-133 of Attachment 7 of the LAR, the licensee stated that the reactor water cleanup
(RWCU) high energy line break (HELB) outside primary containment will change peak
temperatures in some EQ rooms at EPU conditions. Table 2.3-1 indicated that RWCU HELB
peak temperatures will increase 5 to 20°F in EQ rooms 6B, 8, 9A, 9D, 12, 13, 16, 19 and 20,
and will decrease in EQ room 18 due to the EPU. In Table 2.3-5, the licensee provided a listing
of the EQ components affected by the increase in RWCU LOCA/HELB peak accident
temperatures and their qualification limits for rooms 6B, 8, 9D, 12, and 16, but not for rooms 9A,
13, 18, 19 and 20.

a.

Provide the RWCU HELB temperature evaluation as shown in Table 2.3-5 for rooms 9A,
13, 18, 19 and 20; and identify the information that pertains to RWCU HELB (differentiate
from LOCA) for rooms 6B, 8, 9D, 12, and 16 in Table 2.3-5. Also, explain why there is a
temperature decrease in EQ room 18 (cleanup demineralizer valve room per Table 2.3-4)
during a RWCU HELB at EPU conditions.

In Table 2.3-1, the licensee states:

LOCA - All but a few EQ locations will fractionally increase in temperature. The Torus
Room and NE [northeast] Pump Room will increase by 6.3°F and 1.2°F, respectively.

Specify the EQ location(s) of the LOCA, and provide the LOCA temperature evaluation,
preferably in a tabular form similar to Table 2.3-5, for all EQ locations affected by the LOCA
outside primary containment.

TVA Response:

a.

The attached Table EEEB-RAI 9-1, which is based on Table 2.3-5 in Attachment 7 (PUSAR)
of the LAR, provides the peak RWCU HELB accident temperature for each of the original
listed EQ Rooms and also includes EQ Rooms 9A, 13, 18, 19 and 20, as requested.

In a previous revision of Reference 81 of the PUSAR, the RWCU HELB temperature profile
for Room 16 was conservatively used to also represent Room 18, because Room 18 was
not explicitly modeled. When subsequently re-evaluated for EPU, it was documented that
the temperature in Room 18 is unaffected by an RWCU HELB. As such, the maximum
temperature in this room was reduced during an RWCU HELB to the room’s maximum
abnormal temperature. Consequently, although the evaluation performed for EPU
appropriately resulted in a documented temperature decrease for Room 18 during an
RWCU HELB; the actual temperature in Room 18 during an RWCU HELB would be the
same at CLTP and EPU.

The outside primary containment EQ locations which experience environmental changes as
a result of a Loss-of-Coolant Accident (LOCA) event are provided in the attached

Table EEEB-RAI 9-2. Table EEEB-RAI 9-2 identifies the affected EQ components in each
EQ location and provides the results of the LOCA temperature evaluation.
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RWCU HELB Temperature Evaluation Outside Containment

ENCLOSURE 1

Table EEEB-RAI 9-1

Peak EPU
Room Room Description Component Qualification Accident
Number? P P Limit (°F)1 Temperature
(F)
6B RX. Bldg. EL. 519.0 Torus Room MOV_— DC Limitorque Outside Primary 340 165
Containment
8 i:;'aB'dg' EL. 565.0 General Floor | | ;i switches ( NAMCO) 350 175
8 ié.aBldg. EL. 565.0 General Floor Penetrations (Conax, GE) 340 175
8 E:((a.aBldg. EL. 565.0 General Floor Level Switches ( FCI) 203 175
8 'I;{:((a.aBldg. EL. 565.0 General Floor Connector (Conax) 445 175
9A RHR Heat Exchanger Rooms Cable —Various Vendors 205° 145
9D RX. Bldg. EL. 593.0 General Area * | Cable —Various Vendors 205° 180
i) P i f
9D RX. Bldg. EL. 593.0 General Area MOV - AC Limitorque Outside Primary 250 180
Containment
9D RX. Bldg. EL. 593.0 General Area * | Raychem 240 180
9D RX. Bldg. EL. 593.0 General Area * | Transmitters (Rosemount, Weed, Gould) 260 180
9D RX.Bldg. EL.593.0 General Area* | Solenoids (ASCO, Target Rock) 420 180
9D RX. Bldg. EL. 593.0 General Area * | Temperature Switch ( SOR) 227 180
9D RX. Bldg. EL. 593.0 General Area * | Conduit Seals (Conax, Rosemount, EGS) 375 180
9D RX. Bldg. EL. 593.0 General Area * | Hand Switches (Cutler-Hammer, GE) 330 180
9D RX. Bldg. EL. 593.0 General Area * | Pressure Switches (SOR) 227 180
9D RX. Bldg. EL. 593.0 General Area * | Terminal Block (GE) 350 180
9D RX. Bldg. EL. 593.0 General Area * | HVAC (Ellis-Watts) 206.6 180
9D RX. Bldg. EL. 593.0 General Area * | Flow Switch (SOR) 325 180
12 EﬁéerE%a EL.621.25General Cable —Various Vendors 205° 145
12 El)é 'orB,l’-(\jrg(]e'a EL. 621.25General Transformer (Brown Boveri) 447 160
13 IISI)o(é)EErge'a (ESI;)u?ﬁig -0 General Cable —Various Vendors 205° 145
RX. Bldg. EL.639.0 General

13 Floor Area (South) Raychem 390 145
RX. Bldg. EL. 593 RWCU 215

16 Backwash Receiving Tank Room Cable —Various Vendors 205° (for ~60

seconds)
18 RX. Bldg. EL.621.5 Cleanup No EQ components installed in Room N/A 105

Demineralizer Valve Room
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ENCLOSURE 1

Table EEEB-RAI 9-1

RWCU HELB Temperature Evaluation Outside Containment (continued)

Peak EPU
Room Room Describtion Component Qualification Limit Accident
Number? P P (°F)' Temperature
(F)
19 RX. Bldg. EL. 565.0 Drywell Raychem 390 175
Access Area
19 RX. Bldg. EL.565.0 Drywell Terminal Block (GE) 350 175
Access Area
19 | RX.Bldg. EL.565.0 Drywell Cable —Various Vendors 341 175
Access Area
20 RX Bldg. EL.565.0 Traversing Cable —Various Vendors 341.9 175

In-Core Probe System Room

Worst case EQ Location (Room)

Lowest qualification peak LOCA/HELB temperature for the component type.

DOR cable is worst case limited to 205°F long term peak temperature but may exceed 205°F for approximately

10 minutes as long it is under a maximum temperature of 300°F (TVA Letter to the NRC Dated 05/11/1989 (Docket
no. 50-260)).
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ENCLOSURE 1

Table EEEB-RAI 9-2

LOCA Temperature Evaluation Outside Containment

Peak EPU
Room Room Describtion Component Qualification Accident
Number P P Limit ("F)1 Temperature
(°F)
1 RX. Bldg. EL 510.0 HPCI Room Cable — Various Vendors 205 132
1 RX. Bldg. EL 510.0 HPCI Room Raychem 390 132
1 RX. Bldg. EL 510.0 HPCI Room Handswitches (GE, Cutler-Hammer) 330 132
RX. Bldg. EL 510.0 HPCI Room MOV — DC Limitorque Outside Primary
1 . 340 132
Containment
1 RX. Bldg. EL 510.0 HPCI Room Terminal Block (GE) 350 132
1 RX. Bldg. EL 510.0 HPCI Room Temperature Switches (Fenwal) 350 132
o | RX Bldg. EL 510.0 Southwest Cable — Various Vendors 205 130
Pump Room
> EX. Bldg. EL 510.0 Southwest Raychem 358 130
ump Room
2 RX. Bidg. EL 510.0 Southwest Conduit Seal (Conax, EGS, Rosemount) 375 130
ump Room
2 RX. Bldg. EL 510.0 Southwest Flow Switches (SOR) 227 130
ump Room
2 RX. Bldg. EL 510.0 Southwest Terminal Block (GE) 350 130
Pump Room
2 EX Bldg. EL 510.0 Southwest Transmitters (Gould, Rosemount) 260 130
ump Room
2 ?X Bldg. EL 510.0 Southwest Handswitches (GE, Cutler-Hammer) 330 130
ump Room
2 RX. Bldg. EL 510.0 Southwest Motor (460V, Reliance) 491 130
Pump Room
2 R Bidg. EL510.0 Southwest Motor (4160V, Reliance/Baldor) 310 130
ump Room
2 | R Bldg EL5T0.0 Southwest Motor (4160V, GE) — Refurbished 235 130
ump Room
RX. Bldg. EL 510.0 Southwest MQV - DC Limitorque Outside Primary
2 . 340 130
Pump Room Containment
RX. Bldg. EL 510.0 Southwest MOV — AC Limitorque Outside Primary
2 . 250 130
Pump Room Containment
2 ?X Bldg. EL 510.0 Southwest Temperature Switch (SOR) 350 130
ump Room
2 RX. Bldg. EL 510.0 Southwest Pressure Switches (SOR) 350 130
Pump Room
3 RX. Bldg. EL 510.0 Northwest Raychem 358 119
Pump Room
3 RX. Bldg. EL 510.0 Northwest Cable — Various Vendors 320 119

Pump Room
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Table EEEB-RAI 9-2

LOCA Temperature Evaluation Outside Containment (continued)

Peak EPU
Room Room Describtion Component Qualification Accident
Number P P Limit ("F)1 Temperature
(°F)
3 R Bidg. EL 5100 Nortwes! Conduit Seal (Conax, EGS, Rosemount) 375 119
ump Room
3 RX. Bidg. EL 5100 Northwes! Flow Switches (SOR) 227 119
ump Room
3 RX. Bldg. EL 510.0 Northwest Solenoid Valves (ASCO) 535 119
Pump Room
3 RX. Bldg. EL 510.0 Northwest Transmitters (Rosemount) Various Models 318 119
Pump Room
3 ?X Bldg. EL 510.0 Northwest Handswitches (GE, Cutler-Hammer) 330 119
ump Room
3 RX. Bldg. EL 510.0 Northwest Motor (4160V, Reliance/Baldor) 310 119
Pump Room
3 | R Bidg. EL 510.0 Northwest Motor (4160V, GE) - Refurbished 235 119
Pump Room
RX. Bldg. EL 510.0 Northwest MOV — DC Limitorque Outside Primary
3 . 340 119
Pump Room Containment
RX. Bldg. EL 510.0 Northwest MOV — AC Limitorque Outside Primary
3 . 250 119
Pump Room Containment
3 RX. Bldg. EL 510.0 Northwest Pressure Switches (SOR) 207 119
Pump Room
3 RX. Bidg. EL 5100 Northwes! Terminal Block (GE) 350 119
ump Room
3 EX' Bldg. EL 510.0 Northwest Temperature Switches (Fenwal) 350 119
ump Room
RX. Bldg. EL 510.0 Northwest T
3 Pump Room Limitswitch (Honeywell) 308 119
4 ?X Bldg. EL 510.0 Northeast Raychem 358 119
ump Room
4 | RX Bldg.EL 510.0 Northeast Cable — Various Vendors 205° 119
Pump Room
4 R Bidg. BL 510.0 Northeast Conduit Seal (Conax, EGS, Rosemount) 375 119
ump Room
4 R Bidg. EL 510.0 Northeast Flow Switches (SOR) 207 119
ump Room
4 RX. Bldg. EL 510.0 Northeast Transmitters (Rosemount) Various Models 318 119
Pump Room
4 | xBldg EL510.0 Northeast Handswitch — Cutler-Hammer 330 119
ump Room
4 RX. Bldg. EL 510.0 Northeast Level Switch (Magnetrol) 281 119

Pump Room
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LOCA Temperature Evaluation Outside Containment (continued)

ENCLOSURE 1

Table EEEB-RAI 9-2

Peak EPU
Room Room Describtion Component Qualification Accident
Number P P Limit ("F)1 Temperature
(°F)
4 R Bidg. BL 510.0 Northeast Motor (4160V, Reliance/Baldor) 310 119
ump Room
4 RX. Bidg. EL 510.0 Northeast Motor (460V, Reliance) 491 119
ump Room
RX. Bldg. EL 510.0 Northeast MOV — AC Limitorque Outside Primary
4 . 250 119
Pump Room Containment
4 EX Bldg. EL 510.0 Northeast Pressure Switches (SOR) Various Models 227 119
ump Room
4 RX. Bidg. EL 510.0 Northeast Terminal Block (GE) 350 119
ump Room
4 EX. Bldg. EL 510.0 Northeast Temperature Switch (SOR) 350 119
ump Room
5 | . Bidg EL510.0 Southeast Raychem -Various 358 132
ump Room
5 RX. Bldg. EL 510.0 Southeast Cable — Various Vendors 205° 132
Pump Room
5 RX. Bldg. EL 510.0 Southeast Conduit Seal (EGS, Rosemount) 420 132
Pump Room
5 RX. Bldg. EL 510.0 Southeast Flow Switch (SOR) 297 132
Pump Room
5 ?X Bldg. EL 510.0 Southeast Transmitters (Rosemount) 318 132
ump Room
5 RX. Bldg. EL 510.0 Southeast Handswitches (GE, Cutler-Hammer) 330 132
Pump Room
5 RX. Bldg. EL 510.0 Southeast Motor (460V, Reliance) 491 132
Pump Room
5 RX. Bidg. EL 5100 Southeas! Motor (4160V, Reliance/Baldor) 310 132
ump Room
5 | RX. Bldg. EL 510.0 Southeast Motor (4160V. GE) - Refurbished 235 132
Pump Room
5 RX. Bldg. EL 510.0 Southeast Pressure Switch (SOR) 227 132
Pump Room
5 RX. Bidg. EL 5100 Southeas! Terminal Block (GE) 350 132
ump Room
5 RX. Bldg. EL 510.0 Southeast Temperature Switch (SOR) 350 132
Pump Room
RX. Bldg. EL 510.0 Southeast MOV — DC Limitorque Outside Primary
5 . 340 132
Pump Room Containment
5 RX. Bldg. EL 510.0 Southeast MOV — AC Limitorque Outside Primary 250 132

Pump Room

Containment
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LOCA Temperature Evaluation Outside Containment (continued)

ENCLOSURE 1

Table EEEB-RAI 9-2

Peak EPU
Room Room Description Component Qualificati?n Accident
Number Limit (°F) Temperature
(°F)
6A-D RX. Bldg. EL. 519.0 Torus Room Raychem -Various 390 140
6A-D RX. Bldg. EL. 519.0 Torus Room Cable — Various Vendors 205° 140
6A-D RX. Bldg. EL. 519.0 Torus Room Conduit Seal (Conax, EGS, Rosemount) 375 140
6A-D RX. Bldg. EL. 519.0 Torus Room Connector (Conax) 445 140
6A-D RX. Bldg. EL. 519.0 Torus Room Solenoid (ASCO, Target Rock, Valcor) 346 140
6A-D RX. Bldg. EL. 519.0 Torus Room Handswitches (GE, Cutler-Hammer) 330 140
6A-D | RX.Bldg. EL.519.0 Torus Room | MOV~ DC Limitorque Outside Primary 340 140
Containment
6A-D | RX.Bldg. EL.519.0 Torus Room '(\:"OV — AC Limitorque Outside Primary 250 140
ontainment
6A-D RX. Bldg. EL. 519.0 Torus Room Transmitters (Rosemount) 420 140
6A-D RX. Bldg. EL. 519.0 Torus Room Terminal Block (GE) 350 140
6A-D RX. Bldg. EL. 519.0 Torus Room Temperature Elements (Fenwal, Weed) 350 140
6A-D RX. Bldg. EL. 519.0 Torus Room Limit Switch (NAMCO) 350 140
Main Steam Valve Vault/Main
7 Steam Tunnel (including Main Raychem 390 181
Steam Control/Stop Valves)
Main Steam Valve Vault/Main
7 Steam Tunnel (including Main Cable — Various Vendors 341 181
Steam Control/Stop Valves)
Main Steam Valve Vault/Main
7 Steam Tunnel (including Main MSIV Pneumatic Control Manifold (AVCO) 360 181
Steam Control/Stop Valves)
Main Steam Valve Vault/Main
7 Steam Tunnel (including Main Conduit Seal (Conax, EGS) 375 181
Steam Control/Stop Valves)
Main Steam Valve Vault/Main - . .
7 Steam Tunnel (including Main E/I;\t/ai—na(;nlfmltorque Outside Primary 340 181
Steam Control/Stop Valves)
Main Steam Valve Vault/Main
7 Steam Tunnel (including Main Temperature Element (Fenwal, Weed) 350 181
Steam Control/Stop Valves)
Main Steam Valve Vault/Main
7 Steam Tunnel (including Main Limit Switch (NAMCO) 387 181
Steam Control/Stop Valves)
8 E?((a.aBldg. EL. 565.0 General Floor Raychem 240 130
8 'I;{?é.aBldg. EL. 565.0 General Floor Cable — Various Vendors 205° 130
8 i:;aB'dg' EL.565.0 General Floor | | ;i switches (NAMCO) 373 130
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LOCA Temperature Evaluation Outside Containment (continued)

ENCLOSURE 1

Table EEEB-RAI 9-2

Peak EPU
Room Room Describtion Component Qualification Accident
Number P P Limit (°F)1 Temperature
(°F)
8 o Bldg. L. 5650 General Floor | 5o etrations (Conax, GE) 340 130
8 i?;aB'dg' EL.565.0 General Floor || o | switches (FCI, Magnetrol, SOR.) 203 130
8 'I;Q:éaBldg. EL. 565.0 General Floor Connector (Conax) 445 130
8 ii(éaBldg. EL. 565.0 General Floor Pressure Switch (SOR) 350 130
8 'I;{:éaBIdg. EL. 565.0 General Floor Terminal Block (GE) 350 130
8 i:é‘aB'dg' EL. 565.0 General Floor | o016id Valve (ASCO, Target Rock, Valcor) 346 130
8 o Bldg. L5650 General Floor | it Seal (EGS, Rosemount) 420 130
8 ";?éaB'dg' EL.565.0 General Floor | o2 Solenoid Pilot Valve (AVCO) 327 130
RX. Bldg. EL. 565.0 General Floor | MOV — DC Limitorque Outside Primary
8 . 340 130
Area Containment
8 E:é‘aBldg' EL. 565.0 General Floor Transmitter (Rosemount, Weed) 271 130
8 'I;{:éaBldg. EL. 565.0 General Floor Temperature Element (Weed) 500 130
8 ié‘aBldg' EL. 565.0 General Floor Handswitches (GE, Cutler-Hammer) 330 130
9A RHR Heat Exchanger Rooms Cable — Various Vendors 205° 132
RX. Bldg. EL. 593.0 General Floor . . .
9B-E Area (SW, NW, NE & SE MOV - AC Limitorque Outside Primary 250 134
Containment
Quadrant)
9B-E RX. Bldg. EL. 593.0 General Floor
Area (SW, NW, NE & SE Raychem 271 134
Quadrant)
9B-E RX. Bldg. EL. 593.0 General Floor
Area (SW, NW, NE & SE Cable — Various Vendors 2052 134
Quadrant)
9B-E RX. Bldg. EL. 593.0 General Floor
Area (SW, NW, NE & SE Transmitters (Gould, Rosemount, Weed) 180 134
Quadrant)
9B-E RX. Bldg. EL. 593.0 General Floor
Area (SW, NW, NE & SE Solenoids ( Valcor, ASCO, AVCO, Target Rock) 535 134
Quadrant)
9B-E RX. Bldg. EL. 593.0 General Floor
Area (SW, NW, NE & SE Temperature Elements (Weed, Fenwal, SOR) 350 134
Quadrant)
9B-E RX. Bldg. EL. 593.0 General Floor
Area (SW, NW, NE & SE Conduit Seals (Conax, Rosemount, EGS) 375 134
Quadrant)
9B-E RX. Bldg. EL. 593.0 General Floor
Area (SW, NW, NE & SE Hand Switches (Cutler-Hammer, GE) 330 134

Quadrant)
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LOCA Temperature Evaluation Outside Containment (continued)

ENCLOSURE 1

Table EEEB-RAI 9-2

Peak LOCA
Room . Qualificatio E'.DU
Number Room Description Component n Limit (°F)1 Accident
Temperature
(°F)
9B-E RX. Bldg. EL. 593.0 General Floor
Area (SW, NW, NE & SE Pressure Switches (SOR) 227 134
Quadrant)
9B-E RX. Bldg. EL. 593.0 General Floor
Area (SW, NW, NE & SE Terminal Block (GE) 350 134
Quadrant)
9B-E RX. Bldg. EL.593.0 General Floor
Area (SW, NW, NE & SE HVAC (Ellis-Watts) 215 134
Quadrant)
9B-E RX. Bldg. EL.593.0 General Floor
Area (SW, NW, NE & SE Flow Switch (SOR) 325 134
Quadrant)
9B-E RX. Bldg. EL. 593.0 General Floor | AC Unit (Ellis-Watts)
Area (SW, NW, NE & SE Toshiba Motor 301
Quadrant) Anutnies Control Airflow Switches 206.6
Sporlan Solenoid Valve 206.6 134
East Coast Compressor Control Solenoid Valves 206.6
Johnson Controls Suction Pressure Controller 208.4
Johnson Controls Temperature Switch 206.6
Ellis & Watts Motor 2155
11 RWCU Pump Rooms Raychem -Various 390 134
11 RWCU Pump Rooms Cable — Various Vendors 341 134
11 RWCU Pump Rooms Hand Switches (Cutler-Hammer, GE) 330 134
11 RWCU Pump Rooms Conduit Seal (Conax, EGS) 375 134
1 RWCU Pump Rooms MQV - DC Limitorque Outside Primary 340 134
Containment
11 RWCU Pump Rooms Temperature Element (Weed) 500 134
12 RX. Bldg. EL. Eﬁ‘; .§5General Floor Raychem —Various 390 136
12| RX-Bldg. EL.62125General Floor | capie _various Vendors 2052 136
12 RX. Bldg. EL. (?AZr'(Ie.jSGeneral Floor Transformer (Brown Boveri) 447.98 136
12 RX. Bldg. EL. Efr‘legSGeneral Floor Connector (EGS) 435 136
12 | RX-Bldg. EL62125General Floor | gojengig vaive (ASCO) 535 136
12 RX. Bldg. EL. ‘frl'fsee”era' Floor | bressure Switch (SOR) 227 136
12 RX. Bldg. EL. Efr‘legSGeneral Floor Terminal Block (GE) 350 136
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ENCLOSURE 1

Table EEEB-RAI 9-2
LOCA Temperature Evaluation Outside Containment (continued)

Peak LOCA
Room Qualification EPU
Room Description Component s o Accident
Number Limit (°F)
Temperature
(°F)
12 'I;{?é.aBIdg. EL. 621.25General Floor Limit Switch (NAMCO) 350 136
12 'Ii:é.aBIdg. EL. 621.25General Floor Conduit Seal (Conax) 375 136
12 /'iiéaB'dg' EL. 621.25General Floor | 1. jswitch (Cutler-Hammer) 330 136
12 ";?é'aB'dg' EL. 621.25General Floor | | it switch (Honeywell) 308 136
RX. Bldg. EL. 639.0 General Floor 5
13 Area (South) Cable —Various Vendors 205 128
RX. Bldg. EL. 639.0 General Floor
13 Area (South) Raychem 390 128
14 RX. Bldg. EL. 639.0 General Floor Cable —Various Vendors 318 128
Area (North)
15 RX. Bldg. EL.664.0 Refueling Cable —Various Vendors 318 123
Floor Area
16 RX. Bldg. EL. 593 RWCU 215
Backwash Receiving Tank Room Cable —Various Vendors 205° (for ~60
seconds)
18 RX. Bldg. . EL. 621.5 Cleanup No EQ components installed in Room N/A Note 3
Demineralizer Valve Room
19 RX. Bldg. EL.565.0 Drywell Raychem 390 128
Access Area
19 ix Bldg. EL.565.0 Drywell Cable —Various Vendors 341 128
ccess Area
19 ";{X' Bldg. EL.565.0 Drywell Terminal Blocks (GE) 350 128
ccess Area
o0 | RX.Bldg. EL.565.0 TraversingIn- | 10 v/arious Vendors 341.9 135
Core Probe System Room

Lowest qualification peak temperature for the component type.

DOR cable is worst case limited to 205°F long term peak temperature but may exceed 205°F for approximately
10 minutes as long it is under a maximum temperature of 300°F (TVA Letter to the NRC Dated 05/11/1989 (Docket
no. 50-260)).

Room 18 was not modeled for LOCA temperature response.
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ENCLOSURE 1

EEEB-RAI 10

In Table 2.3-3 of Attachment 7 of the LAR, the licensee provided the radiation qualification
doses and the EPU ftotal integrated doses (normal plus accident) for equipment located inside
and outside primary containment. The radiation qualification doses for some cables, solenoids,
splices, and motor operated valves’ components are less than the EPU total integrated doses.
Note 3 of Table 2.3-3 stated that these components have a limited life of less than 60 years due
to EPU radiation, and they will be replaced periodically as part of the normal EQ maintenance
program.

Provide the radiation qualified life for the above components. Also, describe the approach for
assessing the effects of radiation aging and determining the periodic replacement for these
components. Also, explain why certain splices of Raychem, such as NPkV, NPKC etc., have
been listed twice with different qualified doses.

TVA Response:

The radiation qualified life for components with less than a 60 year radiation qualified life are as
follows.

Radiation Qualified Life

Component
(Years)
Cable - Rockbestos Company [Type PXJ / PXMJ] 44 .51
Cable - Eaton Cable [Type MS] 49.92
Cable - Triangle / PWC Inc. [Type PN / PNJ] 51.83
Cable - Brand Rex [Type PXJ / PXMJ] 43.57
Cable - Okonite Company [Type PX/PXJ/PXMJ] 40.72
Cable - Rockbestos Company [Type PXJ / PXMJ] 53.69
Cable - Rockbestos Company [Type MS] 50.84
Cable - Rockbestos Company [Type Coaxial Cable] 52.4

MOV - Limitorque AC/IPC SMB-000, 00, 0, 2, and SB-3 Motor Insulation - 39.34
Wiring Insulation - 56.33

MQV - Limitorque DC/OPC SMB-000, 00, 0, 2, 3, 4T

and SB-0 (MOVs motor and all other components have 50.40 (Unit 1)
separate qualification doses and Total Integrated Doses 52.6 (Units 2 and 3)
(TIDs))

3-Way Valve - 47.01
4-Way Valve - 47.01
Manifold Block - 9.68
MSIV Pneumatic Control Manifold C-5497 250VDC H Coil - 39.9

Internals - 9.68
250 VAC H Coil - 9.68
Terminal Block - 39.9

Target Rock 1/2 SMS-S-02-5

(O-Rings and all other non-metallics) 8.19
Splices - Raychem WCSF-N Series 46.75
(Old formula Raychem) :
Splices - Raychem NPKV, NPKC, NPKP, NPKS, NMCK, 55.89
NCBK, NESK (Old formula Raychem) )
Raychem WCSF-N Series, NPKV, NPKC, NPKP, 44 52

NPKS, NMCK, NCBK, NESK (New formula Raychem)
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The approach for assessing the effects of radiation aging and determining the periodic
replacement for these components is as follows.

The predicted accident dose (for the worst case applicable accident) is subtracted from the
tested dose and this difference is used as the service life radiation limit (i.e. normal dose
limit). The accident dose consists of both the gamma and the beta dose. Normal dose
consists of gamma dose, except in the drywell, were normal dose consists of neutron plus
gamma dose. The length of time, at normal operation, it would take to reach this service life
radiation limit is then calculated. This time frame represents the length of time that the
component can operate at normal conditions and still be qualified to mitigate the postulated
accident conditions.

The reason certain splices of Raychem such as NPKV, NPKC, etc. have been listed twice with
different qualified doses is as follows.

These splices have different formulas of construction as indicated in the different test reports
of the two different EQ binders. The older formula splice material was tested to a higher
Total Integrated Dose than the newer formula splice material.
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EEEB-RAI 11

On page 2-134 of Attachment 7 of the LAR, the licensee states:

The HELB pressure profiles [outside primary containment] for CLTP conditions were
determined to be bounding for EPU conditions.

Table 2.3-1 indicates that “there will be no change” in accident pressure outside primary
containment as a result of the EPU.

a.

Provide:

i. the HELB pressure profiles for CLTP and EPU conditions to show that the HELB
pressure profiles are bounding for EPU conditions; and

ii. the component qualification pressure profile for electrical equipment outside primary
containment to show that it bounds the HELB pressure profiles at EPU conditions.

Explain why the pressure considered for EQ of electrical equipment remains the same
for CLTP and EPU conditions.

TVA Response:

a.i. The BFN EQ program only utilizes the HELB accident peak pressure, in a given EQ room,

a.i

for performing an EQ component analysis. Table EEEB-RAI 11-1 is provided to show the
current Unit 2 peak CLTP HELB pressures used for EQ evaluation in each EQ location
affected by an HELB event. The values in Table EEEB-RAI 11-1 are the result of rounding
up the Table EEEB-RAI 11-2 CLTP values to the nearest 0.25 psia.

The RWCU (Reactor Water Cleanup) and MS/FW (Main Steam/Feedwater) HELBs were
determined to be potentially impacted by EPU. These systems were reevaluated due to the
changes in RWCU and Feedwater temperatures and/or flow rates. The Reactor Core
Injection Cooling (RCIC) and High Pressure Coolant Injection (HPCI) HELBs were
determined to not be impacted by EPU because the reactor vessel pressure remains at the
CLTP value. Table EEEB-RAI 11-2 is provided to show both the calculated Unit 2 CLTP
and EPU Gothic computer program peak HELB pressures prior to rounding up for EQ
application. Unit 2 is used as a representative example for both Unit 1 and 3 since Units 1
and 3 are similar in construction and operation.

Based on rounding up of the results shown in Table EEEB-RAI 11-2 to the nearest 0.25
psig, the Unit 2 CLTP EQ Room Peak HELB Pressures listed in Table EEEB-RAI 11-1 are
still valid and binding for EPU.

As stated in the response to a.i., BFN only uses the peak outside primary containment HELB

pressures to ensure EQ component qualification. Table EEEB-RAI 11-3 is provided to show
the peak qualification pressure for each of the Unit 2 BFN EQ components outside primary
containment using Unit 2 as a representative example for all three BFN units. The
qualification peak pressures shown in Table EEEB-RAI 11-3 bound the EPU HELB peak
pressures (Table EEEB-RAI 11-1) for the EQ Rooms in which the components are installed.
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b. The RCIC and HPCI HELBs EQ room accident peak pressures did not change because the
reactor vessel pressure and temperature did not change from CLTP to EPU. There are
small changes in RWCU and MS/FW HELB EPU peak accident pressures due to EPU.
However, because both the CLTP and EPU results are rounded up to the nearest 0.25 psig
for EQ qualification, the resulting EQ Room accident peak pressures remain the same for

both CLTP and EPU.

ENCLOSURE 1

Table EEEB-RAI 11-1
Unit 2 CLTP EQ Room Peak HELB Pressures

EQ | Unit2 PEAK HELB PRESSURE (psia)’
Room' | CLTP | CLTP | CLTP | CLTP

No. | RWCU | HPCI | RCIC | MS/FW
1 15.00 | 16.00 | 15.00 | 15.00
2 15.00 | 15.00 | 15.00 | 15.00
3 15.00 | 15.00 | 15.00 | 15.00
4 15.00 | 15.00 | 15.00 | 15.00
5 15.00 | 15.00 | 15.00 | 15.00
6A 15.00 | 1550 | 15.00 | 15.00
6B 15.00 | 15.25 | 15.00 | 15.00
6C 15.00 | 1525 | 15.00 | 15.00
6D 15.00 | 1550 | 15.00 | 15.00
7 15.25 | 15.00 | 15.25 | 21.75
8 15.00 | 15.00 | 15.00 | 15.00
9A 15.00 | 15.00 | 15.00 | 15.00
9B 15.00 | 15.00 | 15.00 | 15.00
9C 15.00 | 15.00 | 15.00 | 15.00
9D 15.00 | 15.00 | 15.00 | 15.00
9E 15.00 | 15.00 | 15.00 | 15.00
10 16.50 | 15.00 | 15.00 | 15.00
11 17.00 | 15.00 | 15.00 | 15.00
12 15.00 | 15.00 | 15.00 | 15.00
13 15.00 | 15.00 | 15.00 | 15.00
14 15.00 | 15.00 | 15.00 | 15.00
15 15.00 | 15.00 | 15.00 | 15.00
16 16.75 | 15.00 | 15.00 | 15.00
19 15.00 | 15.00 | 15.00 | 15.00
20 15.00 | 15.00 | 15.00 | 15.00

1

EQ Rooms 17 and 18 not explicitly modeled since they were determined to be unaffected by
HELB. The Room temperature goes to and remains at its maximum abnormal temperature
until normal Heating Ventilating and Air Conditioning (HVAC) is restored. EQ Room 22
(Standby Gas Treatment) and Room 23 (Offgas Stack) are not addressed because they are
EQ Rooms separate from the Units 1, 2 and 3 Reactor Buildings. Rooms 22 and 23 are not

significantly affected by an outside primary containment HELB.

pressures shown in Table EEEB-RAI 11-2 for CLTP.
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ENCLOSURE 1

Table EEEB-RAI 11-2
Unit 2 GOTHIC Room Peak HELB Pressures

PEAK HELB PRESSURE (psia)

R(I)EOQm1 U2 U2 U2 u2 u2 U2
No. CLTP EPU | CLTP/EPU | CLTP/EPU | CLTP EPU
RWCU | RWCU HPCI RCIC MS/FW | MS/FW

1 14.91 | 14.97 15.85 14.75 14.92 14.92
2 14.89 | 14.94 14.88 14.72 14.88 14.88
3 14.90 | 14.95 14.92 14.75 14.92 14.92
4 14.92 | 14.97 14.95 14.75 14.89 14.89
5 14.89 | 14.95 14.89 14.73 14.89 14.89
6A 14.91 | 14.96 15.30 14.75 14.90 14.90
6B 14.90 | 14.96 15.18 14.75 14.90 14.90
6C 14.90 | 14.97 15.20 14.75 14.90 14.90
6D 14.91 | 14.96 15.29 14.75 14.90 14.90
7 15.04 | 15.06 14.92 15.03 21.62 21.62
8 14.88 | 14.94 14.87 14.71 14.87 14.87
9A 14.87 | 14.91 14.86 14.69 14.85 14.85
9B 14.84 | 14.88 14.84 14.67 14.83 14.83
9C 14.88 | 14.90 14.84 14.72 14.88 14.87
9D 14.87 | 14.90 14.84 14.69 14.87 14.84
9E 14.87 | 14.89 14.84 14.68 14.84 14.84
10 16.38 | 16.42 14.80 14.66 14.79 14.79
11 16.84 | 16.76 14.79 14.65 14.79 14.79
12 14.89 | 14.91 14.86 14.68 14.91 14.91
13 14.78 | 14.81 14.79 14.65 14.78 14.78
14 14.91 | 14.93 14.91 14.69 14.95 14.95
15 14.74 | 14.75 14.75 14.59 14.75 14.75
16 16.66 | 16.59 14.78 14.66 14.78 14.78
19 14.90 | 14.96 14.99 14.73 14.89 14.89
20 14.88 | 14.93 14.86 14.73 14.87 14.87

' EQ Rooms 17 and 18 not explicitly modeled since they were determined to be unaffected

by HELB. The Room temperature goes to and remains at its maximum abnormal
temperature until normal HVAC is restored. EQ Room 22 (Standby Gas Treatment) and
Room 23 (Offgas Stack) are not addressed because they are EQ Rooms separate from the
Units 1, 2 and 3 Reactor Buildings.
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Table EEEB-RAI 11-3

Qualification Pressure of EQ Components Outside Primary Containment

EQ Room(s) Component Qualification | Qualification
Pressure Pressure®
(psig) (psia)
8,9 Cable - American Insulated Wire [Type PXJ / PXMJ] 5' 19.4
58,9 Cable - American Insulated Wire [Type PXJ / PXMJ 112 126.4
1,8,9,12 Cable - Anaconda Power and Control [Type PXMJ] 66 80.4
1-9, 12,19, 22 | Cable - Rockbestos Company [Type PXJ / PXMJ] 117.2 131.6
2-5,8,9,12 Cable - Continental (Anaconda) [Type MS] 9.75 2415
8,9, 12,22 Cable - Anaconda Cable Co. [Type PJJ] 7.7 221
156’185’ 91’912’ Cable - Brand-Rex Company [Type PN / PNJ] 7.7 221
]2_ 6.8,9,11, Cable - Brand Rex Company [Type MS] 66 86.4
4,6,7,8,9,12 | Cable - Eaton Cable [Type MS] 72 86.4
2,4,6,8,9,12 | Cable - Essex International, Inc. [Type CPJ / CPJJ] 5' 19.4
8,9 Cable - Essex Cable [Type PXMJ] 5 194
12 4.6,8,9, Cable - Essex Group, Inc. [Type PXJ / PXMJ] 113 127.4
9,12 Cable - General Cable Corporation [Type PNJ] 7.7 22.1
4,8,9,12,13 | Cable - General Cable Corporation [Type CPSJ] 5' 194
9,13, 22 Cable - General Cable Corporation [Type CPJ] 5 194
8,9 Cable - Okonite Company [Type PXJ] 114 128.4
6,8,9, 22 Cable - Phelps Dodge Cable [Type CPJ] 5' 19.4
1-6,8,9, 12, .
15,16, 19, 22 Cable - Triangle / PWC Inc. [Type PN/ PNJ] 7.7 221
25291219 | cable - Triangle / PWC Inc. [Type CPJ / CPJJ] 5' 19.4
8,9, 12 Cable - Triangle / PWC Inc. [Type CPSJ] 5' 19.4
8,9 Cable - Rockbestos KXL-780, Firewall Il [Type MS] 34 48.4
6,8,9, 12,22 | Cable - Rome Cable [Type CPJ/ CPJJ] 5' 19.4
1-6,8,9, 12,
19, 20, 22 Cable - Rome (Cyprus) [Type PJJ] 17 31.4
1,8,9,12 Cable - Simplex Wire & Cable Co.[Type CPJ] 5' 19.4
1,5,6,8 9 12 Cable - Sumitomo Electric Industries, Ltd. [Type 77 29 1
CPJJ]
1! 2! 47 81 97
12 14, 22 Cable - Tamaqua - Products Cable Corp. [Type PNJ] 7.7 221
1,8,9 Cable - Times Wire and Cable [Type MS] 1.8 16.2
1,3-12, 19, 22 | Cable - Brand Rex [Type PXJ / PXMJ] 113 127.4
8,9 Cable - Simplex Wire & Cable Co.[ Type CPSJ] 5' 19.4
6,8,9, 12 Cable - Triangle / PWC Inc. [Type PJJ] 19.8 34.2
14222 6.8,9, Cable - Okonite Company [Type PX/ PXJ / PXMJ] 112 126.4
;2 9, 11,12, Cable - Rockbestos Company [Type SIS] 117.2 131.6
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Table EEEB-RAI 11-3

Qualification Pressure of EQ Components Outside Primary Containment (continued)

EQ Room(s) Component Qualification Qualification
Pressure Pressure®
(psig) (psia)
228912 | Cable - Okonite Company [Type EPSJ] 114 128.4
1,2,3,5-9,
11,1219, 22 Cable - Rockbestos Company [Type PXJ / PXMJ] 107 121.4
1-57-11 Cable - Rockbestos Company [Type MS] 117.2 131.6
6,8,9 Cable - Rockbestos Company [Type Coaxial Cable] 113 127.4
1,6,8,9, 12 Cable - Okonite Company [Type PXJ / PXMJ] 112 126.4
3,4,6-12 Conduit Seal - CONAX Corp. ECSA 75 89.4
2-6,8,9 Conduit Seal - Rosemount Inc. 353C 120 134.4
7,8,9 Conduit Seal - EGS Quick Disconnect 77 91.4
6 Connector - CONAX Coaxial Connector 80.4 94.8
2-6,8,9, 12, Handswitch - Cutler-Hammer 10250T 1
29 7.5 31.9
1-6, 8,9, 11 Handswitch - General Electric CR2940 7.5 21.9
2,3,4,5 Flow Switch - SOR 103AS 25 39.4
N/A Flow Switch - SOR 141 Series 7 214
8 Flow/Level Switch - Fluid Components Inc. FR72-45A, 10 244
FR72-4HTR-DLL, FR72-1R )
4,6 Level Switch - Magnetrol 291 Series 18 32.4
8 Level Switch - Magnetrol 402 Series 18 32.4
2,3,4,5,12 Pressure Switch - SOR 5N/6N/12N 7 214
2,3,528,9 Pressure Switch - SOR Test Report 9058-102 40 54.4
Temperature Element - Weed SP611-1A-A-3-C-2-75-4D4-
67,810,171 | 5 1B1D/612D-1A-C-6-C-17-00 s 894
Temperature Switch — EGS (Fenwal) 01-170230-090,
1.3.6,7 01-170020-090 26 404
2,3,4,5 Temperature Switch - SOR 201, 205 7 214
6, 8, 12 Limit Switch - NAMCO EA-740 75 89.4
8,12 Limit Switch - NAMCO EA-180 76.4 90.8
Limit Switch - Honeywell/Microswitch
3,12,22 OP-AR/OPD-AR/OPD-AR-30 21 354
7 Limit Switch - NAMCO EA-740 (QTR-180) 127 141.4
2,3 Motors - GE 5K6348XC23A & 5K6336XC198A 1.32 14.72
2,3,4,5 mg:g:s' Reliance TEFC-XT Type P, Random Wound See footnote 2 | See footnote 2
2,4,5 Motor - Reliance 4160VAC 12 26.4
2-6,8,9 MQV - Limitorque AC/OPC SMB-000- Thru SMB-5T 25 394
1,3.6,7, 11 Iglg_\()/ - Limitorque DC/OPC SMB-000, 00, 0, 2, 3, 4T & 120 134.4
8 EPA - Conax 7504-10001-03, -04, -05 & 7F02-10000-01 55 69.4
8 EPA - GE 100 Series 103 117.4
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Table EEEB-RAI 11-3

Qualification Pressure of EQ Components Outside Primary Containment (continued)

EQ Room(s) Component Qualification | Qualification
Pressure Pressure®
(psig) (psia)

HVAC - Ellis-Watts ACH275.LC39
Toshiba Motors 35 494
Atunes Control Air Flow Switches ATM? ATM?

9 Sporlan Solenoid Valves ATM? ATM?
East Coast Compressor Solenoids ATM? ATM?
Johnson Controls Suction Pressure Controller ATM? ATM?
Johnson Controls Temperature Switch ATM? ATM?
Ellis-Watts Motors 10.1 24.5
Damper Motor Actuators - 4 4

22 Raymond Controls Sure 24-10-4 N/A N/A

29 Eg\r/nvper Motor Actuators - Raymond Controls Sure 25-10- N/A® N/A*

6, 8 Solenoid - VALCOR V526-529-2 73.7 88.1

3,6,8,9,12 Solenoid - ASCO NP Series, 206 Series 113.8 127.2

7 Solenoid - Automatic Valve C-5497 65 79.4

6, 8, 9D Solenoid - Target Rock 81NN, 927 66 80.4

8 Solenoid — AVCO Scram Solenoid Pilot Valve 11.4 25.8

2-9, 11,12, 19 gggg?s - Raychem WCSF-N Series (old formula, before 66 80.4
Splices - Raychem NPKV, NPKC, NPKP, NPKS, NMCK,

1-12,19 NCBK, NESK (old formula, before 2006) 66 80.4

2,3,4,5 Splices - Raychem NMCK8/NHVT 25.3 39.7
Raychem WCSF-N Series, NPKV, NPKC, NPKP, NPKS,

2-4,6-9,12 | \MCK, NCBK, NESK (New formula, after 2006) 120 134.4

1-6,8, 9, 11, Terminal Block - General Electric CR151A, CR151B, EB-5, 16 30.4

12,19 EB-25 '

12 Transformer - BBC VPE Not ; Not ;

Determined Determined

2-58,9 Pressure Transmitter - Rosemount 1153 B 73 87.4

2,4,6,8,9 Pressure Transmitter - Rosemount 1153D/1154/115 Series 90 104.4
Pressure Transmitter - Gould PD3200-100 Series, 400,

9B, 9D PDH3200-030 17.6 32.0

8,9 Pressure Transmitter — Weed DTN2010 20 344
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Footnotes to Table EEEB-RAI 11-3 (continued)

DOR cable is worst case limited to 5 psi above normal atmospheric conditions. (TVA Letter to the
NRC Dated 05/11/1989 (Docket no. 50-260)). Normal atmospheric pressure at BFN is approximately
14.4 psia.

Pressure testing is not required since the accident pressure parameter for the plant installed
equipment is slightly above atmospheric pressure (peak of 0.6 psig) which is not detrimental to the
motors due to their rugged construction and pressure equalization of the motor internals.

Although the pressure during the test was not determined, the 0.6 psig requirement is considered to
be negligible with respect to qualification of the EQ Room 9 HVAC components since this low
accident pressure would have no significant effect on the functional operation of the HVAC
components during an accident.

Standby Gas Treatment Building (EQ Room 22) is separate from the Units 1, 2 and 3 Reactor
Building and does not have significant changes in pressure.

Although the pressure during the test was not determined, the 0.6 psig requirement is considered to
be negligible with respect to qualification of the EQ Room 12 transformer since this low accident
pressure would have no significant effect on the functional operation of the transformers during an
accident. Transformer cabinets are louvered for natural convection cooling and cannot retain
pressure other than ambient.

Obtained by adding the BFN atmospheric pressure of 14.4 psia to the qualification pressure measured
in psig.
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EEEB-RAI 12

In Table 2.3-6 of Attachment 7 of the LAR, the licensee provided the megavolts amperes (MVA)
ratings of the Unit Station Service Transformers (USSTs) and the Common Station Service
Transformers (CSSTs) of the offsite power system and their respective EPU duties.

a. The CLTP duties and margins for the USSTs and CSSTs are not provided in Table 2.3-6.
Provide the missing parameters or justify their omission.

b. The loadings/duties of USSTs are provided at normal loading. Provide maximum loadings
of USSTs under the accident/shutdown conditions also.

TVA Response:

a. Provided in Table EEEB-RAI 12-1 are the last three rows of Table 2.3-6 of Attachment 7 of
the BFN LAR. Values have been updated for Normal Operating Loading. Unit 1 restarted
from an extended shutdown in 2007. Many EPU modifications were installed while Unit 1
was shutdown, including the larger condensate pump motors, condensate booster pump
motors, and recirculation pump motors. The EPU horsepower ratings were entered into the
load flow calculations for these new pump motors. As such, after the Unit 1 re-start, no true
set of “CLTP” load data exists as the Unit 1 loads were set to EPU values. The CLTP Duties
presented in this response reflect Unit 1 equipment at EPU loadings.

Table EEEB-RAI 12-1
Offsite Electrical Equipment Ratings and Margins

CLTP EPU
Component CLTP Margin Margin
Component Rating Duty (%) EPU Duty (%)
Unit Station Service 24/32/40 MVA 26.1 U1" 34.7 U1 26.0 U1 35.0
Transformers A (MVA) OA/FA/FOA® 23.5 U2 41.3 U2 26.3 U2 34.3
@55°C 18.8 U3 53.0 U3 21.6 U3 46.0
1
Unit Station Service | 24/32 MVA OA/FA LA s 18.5 U1 422
Transformers B (MVA) @55°C 13.8 U2 56.9 U2 16.8 U2 475
15.9 U3 50.3 U3 19.0 U3 40.6
Common Station 21.9/29.2/36.5
Service Transformers | MVA OA/FA/FOA 88 g 1888 g 88 g‘ 1888
(A and B) (MVA)? @>55°C : : : :

! Unit 1 restarted in 2007 with many EPU modifications installed. The CLTP Duty reflects these modifications.
2 CSSTs have zero loading during normal operations.
* OA= Oil-Air, self cooled, no fans or pumps. FA= Forced Air, cooling fans. FOA=Forced Oil -Air, fans and pumps.

At normal operating loading, the USSTs show positive margin at CLTP and EPU conditions.
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b. The Electrical Transients Analysis Program (ETAP) runs, for the different possible electrical
lineups and unit accident combinations, were evaluated for the worst case loadings on each
of the USSTs under accident/shutdown conditions. The worst case loading results are
presented in Table EEEB-RAI 12-2.

Table EEEB-RAI 12-2
Maximum Loadings of USSTs Under Accident/Shutdown Conditions

CLTP EPU

Component 1 Margin 1 Margin
Component Rating CLTP Duty (%) EPU Duty (%)
Unit Station Service 24/32/40 MVA 26.2 U1? 34.5 U1 26.4 U1 34.0
Transformers A (MVA) OA/FA/FOA 23.6 U2 41.0 U2 26.7 U2 33.3
@55°C 19.0 U3 52.5U3 22.2 U3 445

2

Unit Station Service | 24/32 MVA OAFA | S1-1 U1 =8 0E 28.5 U1 10.9
Transformers B (MVA) @55°C 28.7 U2 10.3 U2 28.5U2 10.9
25.0 U3 219 U3 29.0 U3 9.4

' Loads associated with the shutdown of the non-accident units are included.

2 Unit 1 restarted in 2007 with many EPU modifications installed. The CLTP Duty reflects these modifications.

In conclusion, at maximum loadings under accident/shutdown conditions, the USSTs show
positive margin at CLTP and EPU conditions.
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EEEB-RAI 13

On page 2-138 of Attachment 7 of the LAR, the licensee stated that the main generators have
been rewound to increase their maximum ratings to 1,330 MVA for Unit 1 and 1,332 MVA for
Units 2 and 3; and the generator step-up transformers (GSUTs) have been replaced and
upgraded at a rating of 1,500 MVA at 65°C to support the increase in generator output. On page
2-136, the licensee stated that no changes are required for the protective relaying for the main
generator for operation at EPU.

Provide a summary of evaluation performed to determine that the settings of the protective
relays, which are described in Section 8.2 of BFN UFSAR, for the rewound generator and the
upgraded GSUTs remain adequate to protect the equipment at EPU conditions.

TVA Response:

In 2007, the TVA Transmission System Protection and Analysis department performed a review
of the Browns Ferry Nuclear Plant (BFN) Units 1, 2, and 3 main generator protective relaying for
Extended Power Uprate (EPU). This review concluded that the J1K (Generator Field Over-
excitation) relay settings needed to be revised for EPU conditions. All other protective relay
settings were found to be fully adequate to support the unit uprates.

In 2011 and 2012, on all three units, BFN replaced the existing General Electric (GE) Alterrex
Automatic Voltage Regulators (AVRs) with Asea Brown Boveri (ABB) Unitrol 5000 AVRs.
Installation of these modifications made the following changes to the generator protective
relaying:

Relay Function Change
J1K Field Over-excitation for Eliminated relay as it was no longer needed due to
Generator replacement of GE Alterrex Voltage Regulator.

VC Generator- Over-excitation Replaced by Volts (V)/Hertz (Hz) 1°' Level Relay.

64EF Field Ground Detector relay Replaced by new relay. No settings required.

64GF Field Ground Detector relay Replaced by new relay. No settings required.

F24.1 Generator Over-excitation 1% | Replaced by new relay.

Level
F24.2 Generator Over-excitation 2" | Replaced by new relay.
Level
32 Reverse Power Relays Adjusted relay settings per GE Technical
Information Letter TIL 964-2 R1. (Non-EPU
related.)

Between 2010 and 2013, on all three units, BFN replaced the Generator Step-up (GSU) Main
Power Transformers (MTs). At the same time, the existing MT electro-mechanical differential
relays were replaced with microprocessor type differential relays.
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The following table lists the protective relaying described in the FSAR Section 8.2 and
summarizes the evaluation of the adequacy of the current relay settings for all three units at

EPU conditions.

Function from FSAR Section 8.2 Relay Evaluation

High-speed, induction-type, 87G Change of machine MVA will not affect

percentage-differential relays differential pickup. No setting change is needed.

Inverse-time overcurrent relay with Relay picks up at 155% of new machine MVA

. 51G rating at unity power factor vs. 161% of old

voltage restraint . . : .
machine rating. No setting change is needed.

Induction-type overvoltage relays No change to generator terminal voltage,

59GN : .

on the neutral transformer therefore no setting change is needed.

Relay is designed to operate between 0.5%-1.0%

Reverse power relays 32 of rated machine MVA at unity power factor or
6,650-13,300 kW. Pickup of relay is 9,360 kW.
No setting change is needed.

No change to generator synchronous impedance

Loss of field relays 40 on system 100 MVA base. No setting change is
needed.

V/Hz Relays were set for EPU conditions based on

Volts / Hertz relays Relay BFN calculation when they were installed as part

1% Level | of the ABB Unitrol 5000 AVR modifications.
V/Hz Relays were set for EPU conditions based on a

Volts / Hertz relays Relay BFN calculation when they were installed as part

2" Level | of the ABB Unitrol 5000 AVR modifications.
Setting is based on rated machine current
. unbalance limits; 1,%t. Present setting will not limit

Negative sequence relay 46 :
maximum allowable unbalance current. No
setting change is needed.

Generator field ground relays 64EF Relays require no settings. Alarm only

Generator field ground relays 64GF Relays require no settings. Alarm only.

Phase unbalance relays 60 Setting is based on secondary generator voltage
used to detect relaying potential transformer
failure. As there is no change to generator
terminal voltage, no setting change is needed.
Alarm only.

Generator breaker failure relays 50 Setting is based on rated generator breaker
interrupting time which has not changed. No
setting change is needed.
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Function from FSAR Section 8.2

Relay

Evaluation

Generator backup relay 1*

21 GB1*

Setting is based on generator synchronous
impedance and MT impedance. No change to
generator synchronous impedance on system
100 MVA base and new MTs have lower
impedance which increases margin. No setting
change is needed.

Generator backup relay 2*

21 GB2*

Setting is based on generator synchronous
impedance and MT impedance. No change to
generator synchronous impedance on system
100 MVA base and new MTs have lower
impedance which increases margin. No setting
change is needed.

Main Power Transformer variable
percentage differential relays with
harmonic restraints

87T

Relays were set for EPU conditions based on a
BFN calculation when they were installed as part
of the MT replacement modifications.

* Backup protection. Not described in the FSAR Section 8.2.

In conclusion, the current settings of the protective relays for the main generators and MTs are
adequate to protect the equipment at EPU conditions.
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EEEB-RAI 14

On page 2-138 of Attachment 7 of the LAR, the licensee stated that the existing 500 kilovolts
(KV) switchyard components (i.e., bus, breakers, switches, transformers, and lines) are
adequate for the increased generator output associated with EPU.

Provide a summary of evaluation for the above components, including ratings and margins
under CLTP and EPU duties, to confirm that the above components remain adequate under

EPU conditions. Also, provide a discussion for the adequacy of the 161 KV switchyard
components to support operation at EPU conditions.

TVA Response:

500kV Switchyard

The scope of this response will include from the high side of the Main Power Transformers
(MPTSs), to the 500 kV switchyard, the switchyard buswork itself, and include information on the
sub-bays and their associated transmission lines. In Table EEEB-RAI14-1, the 500 kV offsite
electrical equipment ratings and margins are evaluated. The duty is based on the generator
maximum output at minimum system voltage (495 kV) and with no house loads deducted

(50 MVA) which will provide a conservatively high duty loading. The transmission line loading is
under the control of Transmission Operations and Power Supply and varies daily. The
transmission Interconnection System Impact Study (SIS), performed at EPU conditions,
evaluated numerous possible configurations of the transmission system with many different
combinations of lines and generators out of service at expected worst case loadings, and in all
cases, the most limiting components in the BFN 500kV and 161kV switchyards were never
identified as overloaded. The interconnection SIS does not report actual loading values or
margins, so this data cannot be provided. The interconnection SIS does show that all
components are adequately rated for the worst case loading conditions at EPU. As reflected in
Table EEEB-RAI 14-1, margin exists for all of the 500 kV switchyard components at EPU
conditions.

161 kV Switchyard

BFN does not supply power to the 161 kV switchyard. The 161 kV switchyard supplies power to
the Common Station Service Transformers (CSSTs) and Cooling Tower Transformers (CTTs).
In Table EEEB-RAI 14-2, the 161 kV offsite electrical equipment ratings and margins are
evaluated. The duty is based on the maximum allowable load on the CSSTs with the 161 kV
system as a delayed source, plus the load expected from the CTTs, using the minimum system
voltage that still qualifies as a delayed source (157 kV). This will maximize the duty loading. As
reflected on Table EEEB-RAI 14-2, margin exists for all of the 161 kV switchyard components at
EPU conditions.
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Table EEEB-RAI 14-1
500 kV Offsite Electrical Equipment Ratings and Margins

Component Rating CLTP Duty Margin EPU Duty Margin
P (Amps)' (Amps) (%) (Amps) (%)
MPT #1 1732 1493 13.8 1554 10.3
Most Limiting Buswork Element (MLBE) -
3" Aluminum (Al) Tube 2275 1493 34.4 1554 31.7
MPT #2 1732 1493 13.8 1554 10.3
MLBE - 3" Aluminum (Al) Tube 2275 1493 34.4 1554 31.7
MPT #3 1732 1493 13.8 1554 10.3
MLBE - 3" Al Tube 2275 1493 34.4 1554 31.7
500kV Switchyard - General
Bus Bars - 5" Aluminum (Al) Tube 3683 1493 59.5 1554 57.8
Bus Bars - 6" Al Tube 4448 1493 66.4 1554 65.1
Disconnect SW|tCheS 3000 1493 502 1554 482
Transmission Line to West Point 2000
MLBE - 4" Al Tube 2949
Transmission Line to Madison 2949
MLBE - 4" Al Tube 2949
Transmission Line to Trinity#1 2262
MLBE - 2-2500 mcm conductors 3314
issi i 2949
Transmission Line to Maury See Note 2
MLBE - 4" Al Tube 2949
Transmission Line to Union 2000
MLBE - 4" Al Tube 2949
Transmission Line to Limestone 2949
MLBE - 4" Al Tube 2949
Transmission Line to Trinity#2 2262
MLBE - 2-2500 mcm conductors 3314

! Ratings for all conductors are "summer continuous" ratings which are the most restrictive.

2 Though specific duty and margins are not available, the interconnection SIS study found no overloading
conditions for the most limiting component of the BFN 500 kV switchyard for the worst case transmission system
configurations and loading conditions at EPU.
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ENCLOSURE 1

161 kV Offsite Electrical Equipment Ratings and Margins

Component Rating1 %ﬂ; Margin E)EtL;/ Margin

(Amps) (Amps) (%) (Amps) (%)

161kV Switchyard- General
Bus Bars - 4" Aluminum (Al) Tube 2949 348 88.2 417 85.8
Bus Bars - 6" Al Tube 4448 348 92.2 417 90.6
Disconnect Switches 1600 348 78.3 417 73.9
Circuit Breakers 3000 348 88.4 417 86.1
Transmission Line (TL) from Athens 1335 348 73.9 417 68.7
LS S | e | s | w0 | an | s
Transmission Line from Trinity 1593 348 78.2 417 73.8
MLBE - Stinger (2500AAC) 1657 348 79.0 417 74.8
Bus-Tie Facility 1600 348 78.3 417 73.9
MLBE - 3" Al Tube 2275 348 84.7 417 81.7

! Ratings for all conductors are "summer continuous" ratings which are the most restrictive.
A "stinger" is the jumper that connects the transmission line to the bus.
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EEEB-RAI 15

By letter dated December 18, 2015, the licensee provided the interconnection system impact
study (SIS) and a revised transmission system stability evaluation, which was originally provided
in Attachment 43 of the LAR, to supplement the LAR per request of the EEEB staff.

The transmission system stability evaluation, revision 1, provided the results of the transmission
system study (TSS)-grid voltage study and the evaluation of the impacts of the transmission
system upgrades identified by the SIS on the results of the TSS. The TSS evaluated the impact
of BFN operation at EPU conditions on its continued compliance with Title 10 of Code of
Federal Regulation, Part 50, Appendix A, General Design Criterion (GDC) 17. In the TSS, the
licensee stated that each BFN unit will be uprated to provide a maximum power (winter) output
of 1,318 megawatts (MW) and approximately 1,260 MW during the summer months post-EPU.
The TSS assumed all three units operation at the winter output of 1318 MW and used base
cases from summer 2015 (pre-EPU) and summer 2019 (post-EPU) peak system loads.

Explain why the study was performed using the generators’ winter maximum power output with
the system summer peak load cases instead of winter peak load cases.

TVA Response:

Load forecasts predicts that the overall TVA transmission system load will peak in the summer.
Therefore, a summer peak case was selected to have bounding transmission system load
conditions. The winter peak output of 1,318 MWs represents the maximum BFN main generator
supply and therefore bounds the lower summer output of 1,260 MW with respect to BFN main
generator influence on the TVA transmission system. Using the bounding conditions during
model simulation runs assures that the results are conservative.
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EEEB-RAI 16

The SIS identified three upgrades on the TVA transmission system that are required for the
BFN, Units 1, 2, and 3 EPU. The upgrades include installing of 774 megavolts amperes reactive
capacitor banks at four locations throughout the TVA transmission system to meet all reactive
power requirements for the incremental increase in MW output from each BFN unit.

Discuss the actions the licensee will take, such as reduction in BFN unit power output prior to
the capacitor bank installations.

TVA Response:

TVA Transmission Planning does not require the BFN to take actions based on the capacitor
banks not being in service prior to the BFN units operating at EPU conditions. The
Transmission System Stability Evaluation shows that the capacitor banks are not required for
compliance with GDC 17. The Federal Energy Reliability Commission (FERC) requires a 0.95
power factor (pf) capability on all new synchronous generation sources. TVA enforces this
requirement for all new synchronous generation sources. The capacitor banks are being
installed to address the FERC 0.95 pf requirement for the new generation associated with the
BFN units operating at EPU conditions. As documented in the BFN Interconnection System
Impact Study, Revision 1, TVA does not preclude BFN from operating at EPU conditions during
capacitor bank installation. The BFN units may operate at the EPU condition during the interim
period between BFN uprate and completion of the capacitor banks.
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EEEB-RAI 17

In response to EEEB-RAI-1, the licensee stated, in letter dated February 16, 2016, that the TSS
study evaluated the performance of the 500 KV and 161 KV offsite power systems during a
design-basis event under EPU conditions. Bus voltages observed during the simulation are
compared to acceptance criteria to determine adequacy of the offsite power supply. The
licensee provided the results for loss of the largest load, loss of the largest generator, and loss
of the most critical 500 KV transmission line. The minimum voltage acceptance criteria for the
500 KV source were met in all cases.

a. Provide the voltages obtained for the 161 KV offsite source for the most critical 161 KV
transmission line out-of-service scenarios to verify that the acceptance voltage criteria at
161 KV are met under EPU conditions.

b. The loadings provided for CSSTs A and B are different for three scenarios: (1) 161 KV
Immediate Source for T = 0 to 2.5 seconds; (2) 161 KV Immediate Source for T = 2.5
second and beyond; (3) 161 KV Delayed Source. Provide a discussion of the CSSTs A and
B loadings under the three scenarios.

TVA Response:

a. As previously stated in TVA response to EEEB-RAI-1, the 161 kilovolt (kV) acceptance
criteria for crediting the 161kV line as an immediate source are as follows:

161 kV IMMEDIATE SOURCE ACCEPTANCE CRITERIA:
At T=0+s: Voltage = 152 kV and Voltage Drop < 10 kV
With an associated load of:

CSST A Load CSST B Load TCT 1 Load TCT 2 Load
(Pri.) (Pri.) (Sec.) (Sec.)
22.8 +j23.3 16.3 +j8.9 32.1 +j20.9 34.1 +j20.5

At T= 2.5s and beyond: Voltage = 159 kV and Voltage Drop < 4 kV

With an associated load of:

CSST A Load CSST B Load TCT 1 Load TCT 2 Load
(Pri.) (Pri.) (Sec.) (Sec.)
25.6 +j18.9 20.3 +j15.3 32.1 +j20.9 34.1 +j20.5

The most critical transmission line for the 161kV source at BFN is the BFN to Trinity 161 kV
transmission line. The voltage response is shown below in Table EEEB-RAI-17 -1, 161 kV

System Voltage Response at 1,318 MW, with this line out of service pre-event.




ENCLOSURE 1

Table EEEB-RAI-17-1
161 kV System Voltage Response at 1,318 MW

Pre-Event Tere t=0 g0 T=t75 T=25 [ 2% T=56 T=7 T=14 T=21 T=28  T=60
3 Unit Operation
|BFN-Trinity161 kVTL| 155.7 | 149.3 | 6.4 ‘ 156.2 ‘ 162.1 ‘ 6.4 ‘ 163.6 ‘161.6‘ 161.3 ‘161.1 | 161.2 | 162.5 |
2 Unit Operation
| BFN-Trinity 161 kv TL | 1558 | 1486 | 7.2 | 1555 | 1613 | -55 | 1629 | 1608 | 1605 | 1603 | 1604 | 1617 |
1 Unit Operation
| BFN-Trinity 161 kv TL | 1560 | 147.9 | 80 | 1549 | 1607 | 47 | 1622 | 1601 | 1598 | 1506 | 159.8 | 1610 |

The pre-event outage of the BFN - Trinity 161 kV transmission line scenario passes the
delta voltage requirements, however, the T= 0 voltage is below the 152 kV requirement and
would not qualify as an immediate source.

As previously stated in TVA response to EEEB-RAI-1, the 161kV acceptance criteria for
crediting the 161kV line as a delayed source are as follows:

161 kV Delayed Source Acceptance Criteria
Voltage = 157 kV with the associated load of:

CSST A Load (Pri) CSST B Load (Pri) TCT 1 Load (Sec) TCT 2 Load (Sec)

32.04+j16.74 32.04+j16.74 32.1 +j20.9 34.1 4j20.5

The pre-event outage of the BFN - Trinity 161 kV transmission line out of service scenario
was rerun with the delayed source CSST load and then compared to the delayed source
criteria. As shown in Table EEEB-RAI-17-2, 161 kV System Response-Delayed Source
Load, the pre-event outage of the BFN - Trinity 161 kV transmission line scenario meets the
delayed source criteria. This is not unique to extended power uprate (EPU) because the
same scenario at current licensed thermal power has similar results.

Table EEEB-RAI-17-2
161 kV System Response-Delayed Source Load

Pre-Event Voltage With
BFN-Trinity 161 kV Delayed Source
Load (kV)
3-Unit Operation 161.2
2-Unit Operation 161.0
1-Unit Operation 160.5

In the normal electrical configuration (all ties closed), the 161 kV system is qualified as an
alternate immediate off-site power supply for Unit 3 only. Units 1 and 2 do not rely on the
161 kV system as an alternate immediate off-site power source during the loss of coolant
accident (LOCA) shutdown. All three units may rely on the 161 kV system as a delayed off-
site power source.
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As noted in the BFN EPU license amendment request (LAR), Attachment 43, Transmission
System Stability Evaluation, the 161 kV off-site circuit can provide power to the Unit 3
shutdown boards via the common station service transformers (CSSTs). Prior to initiation of
the event (design basis LOCA) the 161 kV system is in the normal configuration with
capacitor banks available, but switched off. Unit 3 is being supplied pre-event from the unit
station service transformers (USSTs), which are tied to the 500 kV system with the CSSTs
having no pre-load. At the initiation of the design basis LOCA (T=0s), the supply through
the USSTs 500 kV system is assumed lost causing the Unit 3 shutdown boards to fast
transfer to the 161 kV system via the CSSTs. Also, at the initiation of the event, the auto
sequenced loads are applied to the boards according to their defined load sequence timers
(T=0s through T=60s). Large sequenced loads such as residual heat removal (RHR), core
spray (CS), and residual heat removal service water (RHRSW) are sequenced on line at
discrete times (T=0s, T=7s, T=14s, T=21s, and T=28s). Sequence of large loads is shown
in Table EEEB RAI 17-3, Unit 3 Shutdown Board Load Sequence. It is assumed that by
T=60s, all required loads are operating and post-LOCA steady state load conditions exist.
The load applied to the CSST at each time step in the sequence is shown in Table EEEB
RAI 17-4, CSST (A/B) No Pre-Load.

Table EEEB RAI 17-3

Unit 3 Shutdown Board Load Sequence

Time (From 4 kV Shutdown | 4 kV Shutdown | 4 kV Shutdown | 4 kV Shutdown
Accident Signal) Board 3EA Board 3EC Board 3B Board 3D
0<T<1 second RHR, CS
6=T<8 second RHR, CS
12<T<16 second RHR, CS
18<T<24 second RHR, CS
27<T<29 second RHRSW RHRSW RHRSW RHRSW

Table EEEB RAI 17-4

CSST (A/B) No Pre-Load

Time (From
Accident Signal) CSST A (MW + MVAR) CSST B (MW + MVAR)

O+s 22.8 +j23.3 16.3 +j8.9
1.75s 22.7 +j22.1 16.2 +j8.7
2.5s 23.0 +j22.0 16.2 +j8.5
5.6s 22.5+j12.3 16.3 +j8.4
7s 22.5+j12.3 18.2 +j21.1
14s 24.4 +j25.8 17.5 +j9.1
21s 24.3+j13.5 19.5 +j22.3
28s 25.6 +j18.9 20.3 +j15.3
60s 25.9+j14.6 20.8 +j11.3

b.(1)

Unit 3 LOCA Shutdown-161 kV System-Immediate Source (0 < T < 2.5s):

As shown above shown in Table EEEB RAI 17-1, Unit 3 Shutdown Board Load
Sequence, one RHR pump and one CS pump start between T=0+s and T=2.5s. The
loads on the CSSTs between T=0+s and T=2.5s would be those that were running prior
to the event plus any sequenced loads that started according to their sequence timers
(one RHR pump and one CS pump start at T=0+s). The 161 kV acceptance criteria is
established at the load that would exist at T=0+s.
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Unit 3 LOCA Shutdown-161 kV System-Immediate Source (2.5s < T < 60s):

The effect of the 161 kV capacitor banks is considered in the analysis. By T=2.5s, all
161 kV capacitor banks are switched on. The time beyond T=2.5s is analyzed with
capacitor banks switched on at the specified load for each time step. The loads on the
CSSTs at time steps between T=2.5s and T=60s would be those that were running prior
to T=2.5s plus any sequenced loads that started according to their sequence timers.
The acceptance criteria is established at the load that would exist at T=28s. At the
completion of this sequence load step, four RHR pumps, four CS pumps, and four
RHRSW pumps would be running.

BFN Units 1, 2, or 3 - 161 kV System - Delayed Source:

If pre-load exists on a CSST (any USST out of service), the 161 kV source does not
qualify as an immediate source and the auto transfer of the operating units is blocked.
All three units may rely on the 161 kV system as a delayed off-site power source.

For the 161 kV delayed source analysis, the safety related shutdown boards of the
affected unit are assumed to be initially supplied from the unit's emergency diesel
generators (DGs)..Loading on the CSST to establish the acceptance criteria is based
upon the loading on the buses supplied by the X and Y windings of the CSSTs. The
analysis is performed at the minimum bus voltage required to reset the degraded voltage
relays (3983V). The X- windings of the CSSTs supply start buses 1A and 1B. Start
buses 1A and 1B are assumed loaded to their maximum bus rating of 3000 amperes (A)
each. The Y-winding of the CSSTs supply start buses 2A and 2B which are alternate
supplies for the 4 kV Recirculation Boards. Each start bus is limited to two recirculation
pump motors, based upon the rating of the CSST Y-winding. Therefore, start buses 2A
and 2B are each assumed loaded with two recirculation pump motors operating at 100
percent. Each recirculation pump motor is rated at 1066A and 3965V.

To support long term recovery of an accident unit, or shutdown of a non-accident unit,
the 4 kV unit boards can be manually transferred to the 4 kV start buses. The 4 kV
shutdown boards can then be manually transferred from the DGs to the CSSTs via the 4
kV unit boards and 4 kV start buses. During this evolution, loading is managed to
maintain each start bus below 3000A.
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EEEB-RAI 18

On page 2-140 of Attachment 7 of the LAR, the licensee stated that equipment are operated at
or below the nameplate ratings in both normal and emergency conditions at the EPU power
level. Table 2.3-7 shows that the nameplate rating of the condensate booster pumps (CBPs) in
all three units is 3,000 horsepower (hp), but the maximum transient load on the CBPs assuming
a trip of one out of three CBPs or condensate pumps (CPs) is 3,720 brake hp. This shows that
the CBPs are overloaded during the transient, and thus are operated above the nameplate
ratings.

a. Identify the balance of plant buses/boards that power the CPs and CBPs, and provide the
worst case loading of these buses/boards and margin available at CLTP and EPU
conditions. Also, provide a copy of all the Single Line Diagrams listed on page E5-5
provided in response to EEEB-RAI-2.

b. Provide a summary of relay settings to show that CBPs and their associated boards remain
adequately protected during transient loading. Also, provide a duration of the transient
loading.

TVA Response:

The overload condition for the condensate booster pumps (CBP) shown in Table 2.3-7 of
Attachment 7 of the Extended Power Uprate (EPU) License Amendment Request (LAR) are
from system hydraulic analyses for each Browns Ferry Nuclear Plant (BFN) units that were
designed to maximize the loading of the BFN Unit boards. The electrical buses that supply
power to the condensate pump (CP) and CBP motors also are the normal supply for the safety-
related shutdown buses. In the event of a loss of coolant accident (LOCA) or high energy line
break, the electrical load flow analyses assume that the CP and CBP flow can potentially
increase such that the brake horsepower requirements of the pumps will exceed the motor
ratings. As a result, the maximum horsepower is computed at the maximum possible flow
across CPs and CBPs. These maximum loads were then input into the BFN electrical load flow
analyses for the determination of the maximum bus loads, adequacy of degraded voltage
settings (See the TVA response to EEEB-RAI 2), motor terminal voltages, and short circuit
analyses where a LOCA without loss of offsite power is postulated to occur after a trip of a CBP.
In order to maximize the brake horsepower (BHP) loading of the CBPs, the hydraulic analyses
for the CBP trip allowed the two remaining CBP to either go into runout flow conditions or to
operate with no net positive suction head (NPSH) margin. These analysis conditions are very
conservative versus the actual CBP BHP results upon a trip of a CBP at EPU power levels from
an initial 3/3/3 CP/CBP/feedwater pump running configuration. The maximum CBP BHP upon
trip of a CBP at EPU rated thermal power is 3,377 hp. While this power demand is above the
CBP motor nameplate rating of 3,000 hp, it is within the 1.15 service factor (SF) rating of the
motor (3,450 hp). Upon a trip of a CBP, the BFN operators would perform increased monitoring
of the CBP motor parameters and a load reduction would be initiated to prevent exceeding the
pump motor winding temperature alarm of 266°F.
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a. The balance of plant (BOP) boards that power the condensate pumps (CP) and CBPs are
shown in Table EEEB-RAI 18-1. The requested drawings identified in the TVA response to
EEEB-RAI 2 are provided in Attachment 2 of this RAI response.

Table EEEB-RAI 18-1

Pump Motors Board
1A CP and 1A CBP Unit Board 1A
1B CP and 1B CBP Unit Board 1B
1C CP and 1C CBP Unit Board 1C
2A CP and 2A CBP Unit Board 2A
2B CP and 2B CBP Unit Board 2B
2C CP and 2C CBP Unit Board 2C
3A CP and 3A CBP Unit Board 3A
3B CP and 3B CBP Unit Board 3B
3C CP and 3C CBP Unit Board 3C

The worst case loading for the BFN Unit Boards is shown in Table EEEB-RAI 18-2. The
Unit Board loads in Table EEEB-RAI 18-2 represents the highest individual board load for all
load flow analysis conditions that include normal and alternate feeds to the 4KV unit boards,
4KV shutdown boards, 480V shutdown boards and 480V RMOV boards. The limiting load
flow analyses assume a trip of a CBP in one BFN unit followed by LOCA without loss of off-
site power. This worst case loading condition is applicable to BFN current licensed thermal
power (CLTP) and EPU conditions. The hydraulic analyses that determined the maximum
CBP and CP loadings are independent of the plant initial power level because the analyses
artificially placed the remaining CP and CBP in runout conditions and/or set the pumps into
conditions of zero NPSH margin. These analysis conditions are characteristics of the
pumps and the condensate/feedwater piping and not the initial plant power level. In
addition, the CP and CBP upgrades were performed for Unit 1 prior to Unit 1 restart.
Previous load flow analyses prior to Unit 1 restart considered Unit 1 in a shutdown and
defueled condition, i.e. there was no loading on the Unit 1 unit boards 1A, 1B, and 1C.
Therefore, there is no direct comparison analysis between CLTP and EPU power for the
limiting load flows. The CBP and CP upgrades have been field implemented at all three
BFN units where the last implementation was the CBP upgrade for BFN Unit 3 in the Spring
2016 refueling outage.
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Table EEEB-RAI 18-2

Unit Board | Maximum LOCA Loads Board rating Margin to Board
(amps) (amps) Rating (%)
1A 1992 2000 0.4
1B 1992 2000 0.4
1C 935 1200 22.1
2A 1990 2000 0.5
2B 1997 2000 0.1
2C 895 1200 254
3A 1952 2000 2.4
3B 1975 2000 1.3
3C 898 1200 25.2

Motor breaker relay settings for the upgraded CPs and CBPs as well as the Unit Board
normal and alternate feeder breakers are shown in Table EEEB-RAI 18-3.

Summary information concerning the calculation of the CBP relay settings and coordination
with the feeder breakers is as follows:

The below data is for the 3000 hp CBP motors. All BFN Unit 1, 2, and 3 CBP motors are
identical.

HP Power Efficiency | Rated Full Load Locked LRC Time
Factor Voltage Amps Rotor (cold)
Current
(LRC)
3000 0.907 0.958 4000 372 2325 9 seconds
Volts amperes amperes

The following are requirements for the breaker relay settings:

e The service factor of the CBP motors is 1.15. The device 51 (time overcurrent (OC)
relay) is set to protect against overload conditions, and its minimum pickup (overcurrent
tap setting) should not exceed 125% of full load current.

e Device 50 (instantaneous overcurrent relay) is set to actuate between 150% and 200%
of motor locked-rotor current at 100% of rated voltage

e The time dial is set to provide an operating time to allow the motor start and protect the
motor against locked rotor condition and running overload.

e The high drop out is set between 130 and 200% of motor full load current.

Coordination curves between the motor breaker settings and the bus (Unit board) feeder
breakers are drawn.
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The following is a summary computation of the CBP breaker relay settings:

A

The coordination curves, Figures EEEB-RAI 18-2, 18-3, and 18-4, show that the settings are

Inputs

Device: 50/51

Type of relay: 121AC66K8A

Current transformer (CT) Ratio: 500/5 = 100
Current Tap Setting (OC Tap Setting)

Set at approximately 125% of full load current
OC Tap setting = (1.25 x 372)/100 = 4.65 amp
Set at 4.5 amp (121% of full load current)
Normal Dropout Instantaneous (Norm. Inst.)
Set at approximately 200% of locked rotor current (LRC)
Norm. Inst. = (2 x 2325)/100 = 46.5 amp

Set at 46.5 (200% of locked rotor current)
High Drop Out Instantaneous (High D.O. Inst.)
Set between 130% and 200% of load current
(1.3 x372)/100 = 4.84

(2x372)/100 =7.44

Set at 7.0 (188% of full load current)

Time Dial

Set the time dial at 1.0 to protect the motor and allow the motor to start.

acceptable.

Figure EEEB-RAI 18-1 provides a schematic of the normal and alternate board feeds and

the CBP motor feed.

Figure EEEB-RAI 18-2 coordination curve is applicable to CBP 1A, 1B, 2A, 2B, 3A, and 3B.

Figure EEEB-RAI 18-3 coordination curve is applicable to CBP 1C, 2C, and 3C.
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Figure EEEB-RAI 18-4 coordination curve is applicable to all CBPs. Observation of Figure
EEEB-RAI 18-4 shows that a 124% overload of a CBP, the BHP associated with the limiting
CBP BHP used as input into the limiting electrical load flow analysis, would result in a trip of
the CBP in approximately 40 seconds. The BFN load flow analysis does not credit any
tripping of the running CBP during the 65 second duration of the LOCA load flow analysis.

The total transient loading duration for the 4KV Unit Boards supplying power to the CBPs,
as well as the 4KV shutdown boards and 480V boards, is 61 seconds during the worst-case
LOCA loading condition. At 61 seconds following the LOCA initiation, all large accident
loads such as residual heat removal, core spray and residual heat removal service water
pumps that are brought on line at discrete time sequences will have been loaded onto the
plant electrical boards and all motor operated valves will have started and stroked to their
required configuration. The BFN LOCA load flow analysis is run for a duration of 65
seconds to ensure that a steady state load flow is achieved. Therefore, the analyzed
transient duration for the BFN electrical load flow analyses is 65 seconds.

The following drawings listed in the TVA response to EEEB-RAI 2 are provided in
Enclosure 5.

4kV SHUTDOWN BD A
4kV SHUTDOWN BD B
4kV SHUTDOWN BD C
4kV SHUTDOWN BD D
4kV SHUTDOWN BD 3EA
4kV SHUTDOWN BD 3EB
4kV SHUTDOWN BD 3EC
4kV SHUTDOWN BD 3ED
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Figure EEEB-RAI 18-1 (This figure is applicable to all Unit 1, 2, and 3 4KV Unit Boards)
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EEEB-RAI 19
On page 2-139 of Attachment 7 of the LAR, the licensee states:

The AC onsite power system consists of equipment and systems required to provide AC
power to safety-related and nonsafety-related loads as long as offsite power is available.
This includes 500 KV transformers, 161 KV transformers, 22 KV transformers, 4.16 KV
transformers, 4.16 KV switchgears, 480 V [volt] transformers, 480 V load centers and motor
control centers, 208/120 V distribution panels, and Uninterruptible Power Supply (UPS)
systems.

In Table 2.3-6, the licensee provided the ratings, duties, and margins of offsite electrical
equipment including the 500 KV (main GSUTs), 161 KV (CSSTs), and 22 KV (USSTs)
transformers at CLTP and EPU conditions.

Provide the ratings, worst case loading and margins of the 4.16 KV transformers, 4.16 KV
switchgears, 480 V transformers, 480 V load centers and motor control centers, 208/120 V
distribution panels, and UPS systems at CLTP and EPU conditions to show that the above
electrical distribution equipment and systems are adequately sized to support plant operation at
EPU conditions.

TVA Response:

BFN Unit 1 restarted from an extended shutdown in 2007. Many EPU modifications were
installed while the unit was shutdown including the larger condensate pump motors, condensate
booster pump motors, and recirculation pump motors. The EPU horsepower ratings were entered
into the load flow calculations for these new pump motors. As such, after the BFN Unit 1 restart,
no true set of “CLTP” load data exists as Unit 1 loads were set to EPU values. The CLTP Duties
presented in this response reflect Unit 1 equipment at EPU loadings.

The ETAP runs, for the different possible electrical lineups and unit accident combinations, were
evaluated for the worst case loadings on the electrical distribution equipment and systems (under
4.16 kV) under accident/shutdown conditions. The worst case loading results are presented in
Table EEEB-RAI 19-1. Loads associated with the shutdown of the non-accident units are
included. The transformers with 4.16 kV on the secondary are the USSTs and CSSTs and the
loadings, ratings, and margin for these components can be found in the TVA response to
EEEB-RAI 12.

Steady state loading for the 120V AC distribution systems is provided in Table EEEB-RAI 19-2.
Only EPU data is presented since the calculations for these systems are based on existing
nameplate data and these systems do not experience a change in load related to EPU
conditions. Data for the following systems is presented.
e 120/208V AC Instrument and Control (1&C) Power System - This system provides two
independent sources of Class 1E power per unit to the instruments and controls.
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e 120/240V AC Unit Preferred System - This system provides, on a per unit basis, a
reliable source of non-class 1E power to important non-safety related loads. (For Unit 1,
the normal feed is a UPS. For Units 2 and 3, the normal feeds are from motor generator
sets (MG Sets).

e Reactor Protection System (RPS) - The RPS system provides two independent channels
per unit. Each channels’ normal feed is from an MG Set.

In conclusion, the BFN electrical distribution equipment and systems, from 4kV down to 120 VAC,
are adequately sized to support plant operation at EPU conditions.
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Table EEEB-RAI 19-1
Worst Case Loading for Components Under 4 kV at CLTP and EPU Conditions

Component Rating (Amps) CLTP Duty' (Amps) CLTP Margin (%) EPU Duty (Amps) EPU Margin (%)
4kVUB 1A 2000 1992 04 1992 0.4
4kVUB 1B 2000 1992 04 1992 0.4
4kvUB 1C 1200 902 24.8 935 221
4kVCOMBD A 1200 571 52.4 571 524
4kVSD BD A 1200 645 46.3 562 53.2
4kVSD BD B 1200 768 36.0 573 52.3
480VSD BD 1A 1600 1365 147 1357 15.2
= 480VSDBD 1B 1600 1026 359 1036 35.3
5 480VRMOVBD 1A 600 374 377 371 38.2
480VRMOVBD 1B 600 303 495 302 49.7
480VRMOVBD 1C 600 135 775 143 76.2
480V CONT BAY VENTBD A 600 222 63.0 221 63.2
480V DSL AUXBD A 600 338 43.7 338 43.7
Component Rating (kVA) CLTP Duty (kVA) CLTP Margin (%) EPU Duty (kVA) EPU Margin (%)
480V TRANS TDA 0.3 0.282 6.0 0.282 6.0
480VTRANS TS1E 1.15 0.782 32.0 0.849 26.2
480V TRANS TDE 0.3 0.246 18.0 0.248 17.3
Component Rating (Amps) CLTP Duty (Amps) CLTP Margin (%) EPU Duty (Amps) EPU Margin (%)
4kV UB 2A 2000 1784 10.8 1990 0.5
4kV UB 2B 2000 1953 24 1997 0.1
4kV UB 2C 1200 665 446 895 254
4kVCOMBD B 1200 630 475 615 48.8
4kVSDBD C 1200 613 48.9 509 57.6
4kVSD BD D 1200 589 50.9 598 50.2
480V SD BD 2A 1600 1288 19.5 1343 16.1
g 480V SD BD 2B 1600 1105 30.9 1174 26.6
5 480V RMOV BD 2A 600 285 525 284 52.7
480V RMOV BD 2B 600 299 50.2 300 50.0
480V RMOVBD 2C 600 133 77.8 142 76.3
480V RMOV BD 2D 90 0 100.0 0 100.0
480V RMOV BD 2E 250 0 100.0 0 100.0
480V DSL AUXBD B 600 298 50.3 298 50.3
Component Rating (kVA) CLTP Duty (kVA) CLTP Margin (%) EPU Duty (kVA) EPU Margin (%)
480V TRANS TS2E 1.15 0.96 16.5 0.865 248
480V TRANS TDB 0.3 0.249 17.0 0.25 16.7
Component Rating (Amps) CLTP Duty (Amps) CLTP Margin (%) EPU Duty (Amps) EPU Margin (%)
4kV UB 3A 2000 1663 16.9 1952 24
4kV UB 3B 2000 1705 14.8 1975 1.3
4kVUB 3C 1200 640 46.7 898 252
4kV SD BD 3EA 1200 505 57.9 519 56.8
4kV SD BD 3EB 1200 443 63.1 451 62.4
4kV SD BD 3EC 1200 536 55.3 546 54.5
4kV SD BD 3ED 1200 384 68.0 392 67.3
480V SD BD 3A 1600 1246 221 1261 21.2
480V SD BD 3B 1600 1415 11.6 1434 104
480V RMOV BD 3A 600 406 323 415 30.8
: 480V RMOV BD 3B 600 461 23.2 465 225
5 480V RMOVBD 3C 600 129 78.5 140 76.7
480V RMOV BD 3D 225 0 100.0 0 100.0
480V RMOV BD 3E 225 0 100.0 0 100.0
480V DSL AUXBD 3EA 600 131 78.2 131 78.2
480V DSL AUXBD 3EB 600 106 82.3 107 82.2
480V CONT BAY VENT BD B 600 194 67.7 197 67.2
480VHVAC BD B 1600 362 774 367 771
480 SGT BD 600 103 82.8 103 82.8
Component Rating (kVA) CLTP Duty (kVA) CLTP Margin (%) EPU Duty (kVA) EPU Margin (%)
480V TRANS TS3E 1.15 0.791 31.2 0.807 29.8
480V TRANS THB 1.333 0.302 773 0.302 773
480V TRANS TSG1A 0.3 0.087 71.0 0.088 70.7
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Table EEEB-RAI 19-2
120V AC Systems at EPU Conditions

Component I(Qlf\t/'z? EPLikli;):;j ing M(elzg;in
Instrument and Control (1&C)
U1 Panel 9-9 I&C Bus A 50.0 16.2 67.6
U1 Panel 9-9 I1&C Bus B 50.0 13.9 72.2
U2 Panel 9-9 I&C Bus A 50.0 14.7 70.5
U2 Panel 9-9 1&C Bus B 50.0 14.3 71.3
U3 Panel 9-9 I&C Bus A 50.0 12.2 75.7
U3 Panel 9-9 I1&C Bus B 50.0 15.2 69.5
Reactor Protection System (RPS)
Bus 1A 18.75 12.3 347
Bus 1B 18.75 10.9 41.9
Bus 2A 18.75 12.0 36.0
Bus 2B 18.75 13.9 25.9
Bus 3A 18.75 15.3 18.6
Bus 3B 18.75 13.7 271
Unit Preferred 120V AC
U1 from UPS L1 8.4 6.7 20.4
U1 from UPS L2 8.4 6.3 25.0
U2 from MG Set L1 8.4 6.4 244
U2 from MG Set L2 8.4 3.8 55.2
U3 from MG Set L1 8.4 55 34.6
U3 from MG Set L2 8.4 3.0 64.7
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EEEB-RAI 20

In Section 2.3.4 of Attachment 7 of the LAR, the licensee stated that the current licensing basis
for BFN onsite DC power systems is based on the 1967 Atomic Energy Commission proposed
GDC or draft-GDC 24 and 39. The licensee also stated in Sections 2.3.2 and 2.3.3 that the final
GDC 17 is applicable to BFN offsite and onsite AC power systems, as described in UFSAR
Section 8.3.

Explain to what extent the GDC 17 is applicable to the BFN DC power systems.

TVA Response:

As discussed in the Browns Ferry Nuclear Plant (BFN) Technical Specifications Bases B 3.8.4,
“DC Sources - Operating,” the DC electrical power system is designed to have sufficient
independence, redundancy, and testability to perform its safety functions, assuming a single
failure, as required by 10 CFR 50, Appendix A, GDC 17.
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EEEB-RAI 21
On page 2-143 of Attachment 7 of the LAR, the licensee states:

The results of the battery sizing calculation for the LOCA/LOORP [loss of offsite power]
analysis scenario show that the existing batteries have adequate voltage at the end of the
duty cycle. It also shows all required DC devices are within their design voltage range.

Provide a summary of the battery (identify the batteries) sizing calculation, including
assumptions, voltages and margin, for the LOCA/LOOP scenario corresponding to EPU
conditions.

TVA Response:

The summary of the battery sizing calculation for the LOCA/LOOP scenario corresponding to
EPU conditions is as follows.

1.0 PURPOSE

1.1 Perform the DC load study for all three units on 250V DC unit batteries 1, 2 and 3 to
verify that the size of the existing batteries is adequate during a DBA on one unit and
spurious DBA on another unit (Loss of Coolant Accident (LOCA) and Loss of Offsite
Power (LOOP)) with one battery system out of service and the safe shutdown and
cooldown of the remaining non-DBA unit.

1.2 Establish the voltage profile for each battery duty cycle to determine the minimum
available voltage at the terminals of each unit battery, battery boards, Reactor Motor
Operated Valve (RMQOV) boards, and Shutdown Boards for each case of study and
verify that these calculated voltages are higher than the bus voltage used to perform
control circuit voltage drop (CCVD) calculations.

2.0 SYSTEM DESCRIPTION

The existing 250V DC system at BFN serves the three unit plant with a continuous
source of DC power to both safety-related and non-safety related loads. It also provides
power for unit control functions, operative power for unit control loads, control power for
4kV and 480V switchgear, common plant and transmission system control functions, and
drive power for motor loads.

2.1 The 250V DC Power System at BFN has two sub-systems.
2.1.a The 250V DC plant system consists of three unit batteries 1, 2, and 3 and their

associated battery chargers and distribution boards. These batteries supply all the
required safety related loads.
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Three station batteries 4, 5 and 6 and their associated battery chargers and distribution
boards supply loads that are not essential to safe shutdown and cooldown of the units
and are therefore not discussed further.

Each unit battery is a 120 cell lead-acid battery of C&D make, type LCUN-33. They
have a one-minute rating of 2080 amps and an 8-hour discharge rating of

2320 ampere-hours. Both ratings are based on a battery terminal voltage of 210V
(at 77°F) at end of discharge (1.75V/Cell).

The three unit batteries are for three units and feed Class 1E battery boards 1, 2, and 3.
These three unit batteries have all the engineered safeguards loads for the three units
distributed among them so that redundant systems on each unit have separate normal
and alternate power supplies, each capable of providing sufficient power for engineered
safeguard loads. Safety-related DC Motor Operated Valve (MOV) boards have power
supplies from two different batteries designated as normal and alternate power supply.
All transfers from normal to alternate sources are performed manually.

250V DC control power supply system consists of five shutdown batteries (SB) SB-A, B,
C, D and 3EB and their associated battery chargers and distribution boards. This
system supplies control power to 4160V Shutdown Boards A, B, C, D and 3EB and

480 Shutdown Boards 1A, 1B, 2A, and 2B.

Each shutdown board battery is a 120 cell lead-acid battery of C&D make, type KCR-11.
They have a one-minute discharge rating of 500 amperes and an 8-hour discharge
rating of 410 ampere-hours. Both ratings are based on a battery terminal voltage of
210V (at 77°F).

ACCEPTANCE CRITERIA

Battery Sizing - The batteries’ cells must contain more positive plates than the number of
positive plates required as calculated by the ETAP program.

Battery Capacity - The capacity of the battery shall be considered adequate for minimum
required battery terminal voltage of 210.0V (1.75V/Cell). However, higher minimum
voltage at the battery terminals shall be maintained for maintaining the minimum
voltages for various boards in order to have adequate voltage at the control devices
evaluated in control circuit voltage drop calculations. (See Section 3.3) The battery’s
duty cycle is 30 minutes.

Minimum Board Voltages - The minimum available voltages necessary at the end
devices are calculated by the ETAP using actual minimum voltage at the upstream
buses of the end devices. The following minimum voltages have been used at the
250V DC boards to perform control circuit voltage drop calculations and therefore these
minimum voltages must be maintained:

4kV Shutdown Board A 206.0V
4kV Shutdown Board B 207.5V
4kV Shutdown Board C 208.0V
4kV Shutdown Board D 207.5V
4kV Shutdown Board 3EA, 3EB, 3EC, 3ED 204.5V
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480V Shutdown Board 1A, 1B, 2A, 2B, 3A, 3B 202.0V

250V RMOQV Board 2A 210.0V
250V RMQV Boards 2C and 2B 210.0V
250V RMOQV Boards 3A, 3B and 3C 210.0V
250V RMOQV Boards 1A, 1B and 1C 210.0V
ANALYSIS

The 250V DC load study calculation is performed using the TVA verified ETAP software,
Version 5.0.3.

The worst case loading condition for the batteries, based on the operation of valves,
pumps, etc., is used in the 30 minute battery duty cycle. Both HPCI and RCIC systems
will automatically start at time t=0 seconds for the Units in the real, as well as spurious,
DBA events. Even though HPCI and RCIC do not start simultaneously, loading is
considered at t=0 seconds for conservatism. The HPCI and RCIC systems for the Unit,
which will not be in a DBA event, will initiate after 25 seconds of the battery duty cycle.
Even though Unit 1 is not in a DBA event, the applied loads at 25 seconds are
considered to be the LOCA loads. Units 2 and 3 loads are initiated at O seconds in the
battery duty cycle and Unit 1 at 25 seconds. The worst load peak is at 0 seconds due to
Units 2 and 3 transient loads. This worst case loading is considered for the entire
minute. Therefore, any combination of DBA and non-DBA events configuration (for e.g.,
"U1 in LOCA, U2 in spurious LOCA and U3 in normal cold shutdown" or "U3 in LOCA,
U1 in spurious LOCA and U2 in normal cold shutdown mode") will be enveloped by the
analyzed configuration of U2 in LOCA, U3 in Spurious LOCA and U1 in normal cold
shutdown mode. Hence, separate battery loading evaluation has not been performed for
different combination of DBA events between the units.

Also, the minimum available voltage at the end devices will be the same as computed
with these DBA events, because ETAP performs voltage drop computations with the
minimum calculated voltage during the entire first minute. The voltage drop computation
has been performed with actual cable data for all units which have been input in the
ETAP. Therefore, the minimum available voltages will be the same in different
combinations of DBA events between units.

Battery load is calculated to verify the adequacy of the 250V DC system to perform its
design functions. Unit batteries are required to carry the accident load with one battery
out of service. Also, any one shutdown battery may be removed from service. The
250V DC distribution system provides alternate feeds to all loads to allow one battery to
be removed from service. Considering combination of each unit battery with no unit
batteries out of service and with each battery out of service one at a time results in the
following cases of study.

Establish 30 minute duty cycles for Battery Board #1 with:
Case 1: Shutdown Battery C* out of service.
Case 2: Unit Battery 2 out of service.
Case 3: Unit Battery 3 out of service.
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Establish 30 minute duty cycles for Battery Board #2 with:
Case 4: Unit Shutdown Battery A* out of service.
Case 5: Unit Battery 1 out of service.
Case 6: Unit Battery 3 out of service.

Establish 30 minute duty cycles for Battery Board #3 with
Case 7: Shutdown Battery D* out of service.
Case 8: Unit Battery 1 out of service.
Case 9: Unit Battery 2 out of service.

* For consideration of shutdown batteries out of service, only the worst case load on
each unit battery is calculated.

Unit batteries 1, 2 and 3 supply all safety related loads and station batteries 4, 5 and 6
supply all non-safety related loads. Only loads for the following board/panel equipment
can be transferred between the unit and station batteries.

* 4KV Cooling Tower Switchgear D (From BB4 (Norm) to BB1 (Alt))

* Electrical Distribution Circuit Breaker Panel 9-24 (From BB4 (Norm) to BB2 (Alt))

The ETAP has been modeled as showing the alternate breakers as closed. The
alternate breakers would normally only be closed if unit battery 4 were out of service.
Modeling the alternate breakers as closed is conservative and eliminates the need to run
a special case for each unit battery 1, 2 and 3, with unit battery 4 out of service.

The total load on each battery board for each of the three cases of study is compiled and
the battery duty cycle is established for all cases. Battery sizing calculations, to
determine the required number of positive plates, are then performed for each case
using ETAP. The battery voltage profile is also determined for each battery duty cycle
for every case using the same ETAP model.

The following cell sizing correction factors are used in this calculation.

1.11 - Temperature correction for 60°F.

1.25 - Compensating for aging factor for 80% of rated capacity at the end life.

1.02 - Design Margin (BFN being an operational plant, minimum 2% Design
Margin is used).

The DC buses are considered to have negligible resistance and inductance. The
inductance of cables is not considered in the calculations.

The impedance of circuit breakers and fused disconnect switches is considered to be
negligible.

Battery internal cell resistance used is 0.01416 Ohms (0.000118 Ohms/Cell x 120 Cells),
Battery initial voltage used in "ETAP" at t=0 seconds is considered to be Battery Open

Cell voltage of 2.055V/Cell (246.6V) for battery load flow and battery discharge
calculations.
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Initiation of HPCI and RCIC valves are analyzed for the entire duty cycle. For
conservative battery loading, the "ON & OFF" cycling of the valves has been considered
to initiate at the beginning of each time interval. This will result in conservative battery
loading since the loads are stacked on the top of each other.

The operating stroke times for all Units” MOVs, required to operate during a DBA event,
is less than or equal to one minute. However, all stroke times are entered into ETAP as
one minute for conservatism.

Control loads such as indicating lights in spare cubicles of switchgear are negligible and
are not considered.

All motor starting loads are modeled as constant resistance. The load current for
constant resistance loads is adjusted by ETAP based on available battery voltage. This
is conservative.

All safety-related control operations shall be automatic for the first 10 minutes after a
loss of off-site power and/or any other accident condition.

The full load current for the MOVs is normally based on 20% running torque. As per
Limitorque Corp., the MOV motor should be adequate to accommodate a running torque
of 10% to 25% of the seating force (torque). Hence a full load (running) current
corresponding to 25% running torque will be used. The increase in 5% running torque is
equivalent to 20% increase of the rated full load current and these values are used in the
ETAP calculation. This will also result in conservative battery loading.

The pump motors are assumed to reach rated speed within five seconds. This
assumption in the battery load duty cycle that the DC pump motor inrush current lasts for
five seconds is conservative based on the following:

DC pump motors have the reduced voltage starting circuit. The reduced voltage starting
resistance in the motor armature circuit cuts out after 2 seconds. The timer is typically
chosen such that the motor will be close to, or equal to, full speed (free running) before
the starting resistor is cut out. This means by two seconds, there is sufficient counter
emf generated in the motor such that the current won't be excessive when the starting
resistor is removed from the circuit. The remaining acceleration time to full speed will be
negligible. Therefore, the maximum duration of inrush current will be two seconds.

HPCI Gland Seal condensate pump is cycling on and off and is considered as a cyclic
load. Also the HPCI auxiliary oil pump is considered to run continuously during the
30-minute duty cycle. This represents conservative loading for the auxiliary oil pump.

Continuous 4.0 ampere margin is added to each of the following boards during each
step of the thirty minute duty cycle to account for the effects of the incorporation of future
design changes into this calculation and is conservative.

Battery Board 1, 2 and 3

250V RMOV Board 1A, 1 Band 1C
250V RMOV Board 2A, 2B and 2C
250V RMOV Board 3A, 3B and 3C
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A continuous design margin of 5.0 amps has been added to each 4kV shutdown board
DC distribution panel for the entire 30 minute battery duty cycle. This margin is included
to account for the effects of the incorporation of future design changes into this
calculation and is conservative.

RESULTS
Battery Sizing
Table 5.1
Unit Batteries - Sizing
Battery/Case NPuImber of Positive Number of Pos_itive Positive Polate Margin
ates Calculated Plates Supplied (%)
UNIT BATTERY 1, CASE 1 11.83 16 26.1
UNIT BATTERY 1, CASE 2 7.44 16 53.5
UNIT BATTERY 1, CASE 3 8.83 16 44.8
UNIT BATTERY 2, CASE 4 11.75 16 26.6
UNIT BATTERY 2, CASE 5 10.11 16 36.8
UNIT BATTERY 2, CASE 6 10.22 16 36.1
UNIT BATTERY 3, CASE 7 11.42 16 28.6
UNIT BATTERY 3, CASE 8 6.85 16 57.2
UNIT BATTERY 3, CASE 9 11.04 16 31.0
Table 5.2
Shutdown Batteries - Sizing
Shutdown Number of Positive Number of Positive Positive Plate Margin
Battery Plates Calculated Plates Supplied (%)
SB-A 2.37 5 52.6
SB-B 3.00 5 40.0
SB-C 3.00 5 40.0
SB-D 3.00 5 40.0
SB-3EB 3.00 5 40.0

Unit batteries 1, 2, and 3 and Shutdown Batteries SB-A, B, C, D, 3EB are adequately
sized as the number of positive plates supplied in the cells exceeds the number of
positive plates required by ETAP calculation.
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Battery Capacity
Table 5.3
Unit Batteries - Capacity
Minimum Voltage Required Minimum Voltage Margin
Battery/Case (Volts) (0-30 minutes) Voltage (Volts) (%)
UNIT BATTERY 1, CASE 1 221.91 210.00 32.5
UNIT BATTERY 1, CASE 2 227.24 210.00 471
UNIT BATTERY 1, CASE 3 225.06 210.00 41.1
UNIT BATTERY 2, CASE 4 222.05 210.00 32.9
UNIT BATTERY 2, CASE 5 223.88 210.00 37.9
UNIT BATTERY 2, CASE 6 223.27 210.00 36.3
UNIT BATTERY 3, CASE 7 222.25 210.00 33.5
UNIT BATTERY 3, CASE 8 228.03 210.00 49.3
UNIT BATTERY 3, CASE 9 222.34 210.00 33.7
Table 5.4
Shutdown Batteries - Capacity
Shutdown Board Minimum Voltage Required Minimum Voltage Margin
Battery (Volts) (0-30 minutes) Voltage (Volts) (%)
SB-A'
SB-B
SB-C 225.06 210.00 411
SB-D
SB-3EB

' Calculation was performed using the worst case profile for battery SB-A which bounds the load profiles
of the other batteries.

Unit batteries 1, 2, and 3 and Shutdown Batteries SB-A, B, C, D, 3EB have adequate
capacity as the minimum voltages, calculated by ETAP, were all greater than the
required minimum voltage of 210.0V (1.75V/Cell). However, higher minimum voltage at
the battery terminals shall be required for maintaining the minimum voltages for various
boards in order to have adequate voltage at the control devices evaluated in control
circuit voltage drop calculations. (See Results Section 5.3 - Minimum Board Voltages.)
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Table 5.5
Unit Batteries - Minimum Board Voltages
Minimum 250V DC BUS VOLTAGE
Shutdown Board A°°§‘l"tsab'e NORMAL SOURCE' ALTERNATE SOURCE'
ID
Voltage Minimum Margin Minimum Margin
(Volts) (Volts) (%) (Volts) (%)
4kV SHUTDOWN
BD 3EA 204.5 219.44 35.5 221.97 43.8
4kV SHUTDOWN
BD 3EC 204.5 219.13 38.3 215.81 415
4kV SHUTDOWN
BD 3ED 204.5 221.19 34.8 220.62 26.9
4kV BUS TIE BD 204.5 221.32 39.6 222.92 38.3
480V SHUTDOWN
BD 3A 202.0 215.48 30.2 222.86 46.8
;%OXBSHUTDOWN 202.0 21735 34.4 217.35 34.4

1

The three unit batteries, batteries 1, 2, and 3 have all the engineered safeguards loads for the three
units distributed among them so that redundant systems on each unit have separate normal and

alternate supplies.
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Table 5.6
Shutdown Batteries - Minimum Board Voltages
L. 250V DC BUS VOLTAGE
Minimum
Shutdown Board | Acceptable NORMAL SOURCE' ALTERNATE SOURCE'
ID Bus Voltage . . . .
(Volts) Minimum Margin Minimum Margin
(Volts) (%) (Volts) (%)
ékDVASHUTDOWN 206.0 220.61 36.0 220.28 35.2
LékDVBSHUTDOWN 207.5 220.61 33.5 21717 24.7
g‘BVCSHUTDOWN 208.0 220.61 32.7 212.09 10.6
‘é‘BVDSHUTDOWN 207.5 220.61 335 221.30 35.3
ékDV:aSEl—éUTDOWN 204.5 220.61 38.3 215.27 25.6
QSDOYASHUTDOWN 202.0 207.84 13.1 216.40 323
éSDOYBSHUTDOWN 202.0 207.84 13.1 225.67 53.1
E%O\;ASHUTDOWN 202.0 207.84 13.1 209.72 17.3
QSDO\Z/BSHUTDOWN 202.0 207.84 13.1 22567 53.1
RMOV BOARD 1A 210.0 218.81 241 See Footnote 2 N/A
RMOV BOARD 1B 210.0 221.12 30.4 See Footnote 2 N/A
RMOV BOARD 1C 210.0 220.81 29.5 See Footnote 2 N/A
RMOV BOARD 2A 210.0 217.60 20.8 See Footnote 2 N/A
RMOV BOARD 2B 210.0 220.58 28.9 See Footnote 2 N/A
RMOV BOARD 2C 210.0 220.91 29.8 See Footnote 2 N/A
RMOV BOARD 3A 210.0 218.40 23.0 See Footnote 2 N/A
RMOV BOARD 3B 210.0 220.21 27.9 See Footnote 2 N/A
RMOV BOARD 3C 210.0 219.96 27.2 See Footnote 2 N/A

The three unit batteries, batteries 1, 2, and 3 have all the engineered safeguards loads for the three units
distributed among them so that redundant systems on each unit have separate normal and alternate
supplies.

RMOV Board voltages calculated for the alternate source are not available. However, the minimum
voltages for every load fed from the RMOV Boards were calculated and all met their minimum acceptable
voltages. Therefore, by definition, it follows that the RMOV Board voltages also met their minimum
acceptable voltages.

Unit batteries 1, 2, and 3 and Shutdown Batteries SB-A, B, C, D, 3EB provide adequate
voltages to all boards as the calculated voltages supplied, from the normal source and
the alternate source to each board, are greater than the minimum voltages, required to
ensure the most limiting load on each board, functions properly.
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CONCLUSION

The 250V DC system has sufficient battery (Unit and Shutdown) capacity, at EPU
conditions, to power the necessary loads during a LOOP/LOCA event and maintain
adequate voltage levels to all required DC equipment during the 30 minute duty cycle.
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EEEB-RAI 22

On page 2-143 of Attachment 7 of the LAR, the licensee stated that changes are not required to
Class 1E DC power load for EPU implementation. As stated in UFSAR Section 8.6.3, the BFN
250 V DC power system supplies the engineered safeguards system and some nonsafety
related loads.

Discuss changes, if any, required for the nonsafety related DC loads required for operation at
EPU conditions.

TVA Response:

Only one change was required for the non-safety related 250V DC load for operation at EPU
conditions. When the Main Transformers were changed out for EPU, the existing
electro-mechanical, differential over-current relays were replaced with micro-processor based
relays. The new relays draw 0.1 amps constantly therefore 0.3 amps total were added to the
non-safety related 250V DC system for the three new relays (one per unit). The battery sizing
calculation of record considers nine different possible configurations of the battery system and
in each case, the battery is found to be adequate to support the present load profile.
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On page 2-146 of Attachment 7 of the LAR, the licensee also states:

The battery capacity analysis of record is conservative in that it includes an assumption in
the model that various HPCI [high pressure coolant injection] System loads, which are
relatively large, operate for long periods during the SBO [station blackout] mitigation
sequence. The CLTP mitigation sequence includes a single and relatively short HPCI cycle,
and the resulting HPCI loads are bounded by the analysis. EPU does not significantly
increase the HPCI loading, and similar to CLTP, only one relatively short HPCI cycle
(approximately 7 minutes) is predicted by the EPU containment analysis analytical model
(SHEX) model for SBO mitigation. Similarly, the number of required RCIC [reactor core
isolation cooling] cycles in the CLTP and EPU mitigation sequence as predicted by the
model is well below the RCIC initiations assumed in the analysis of record.

Table 2.3-8b, “Browns Ferry Station Blackout Sequence of Events,” indicated that HPCI
injection will last 6 minutes 14 seconds and RCIC injection will last 2 hours 22 minutes at EPU
conditions. The licensee stated that the calculations were performed using the NRC-approved
SHEX computer program.

a.

Provide the HPCI and RCIC loads and their duration of operation as assumed in the battery
capacity analysis for comparison with the HPCI and RCIC cycles calculated with the SHEX
program. Also, discuss changes, if any, in the HPCI loading due to the EPU.

Provide a summary of the battery capacity analysis including assumptions, duty cycles,
required voltages and available margin, for the 4-hour SBO mitigation at EPU conditions.
Also, provide available battery capacity margin corresponding to CLTP conditions.

TVA Response:

a.

The battery capacity analysis identified the worst case load sequence to which the station
batteries could be exposed for HPCI and RCIC operation during a Station Blackout (SBO)
event. The loads associated with HPCI are the motor operated valves that are stroked
when the system is placed into or removed from service, the HPCI turbine auxiliary oil
pump (assumed to run continuously during HPCI operation), the HPCI Gland Seal
Condenser Blower (assumed to run continuously during HPCI operation), and the HPCI
Gland Seal Condenser Condensate Pump (assumed to run continuously during HPCI
operation). The loads associated with RCIC are the motor operated valves that are stroked
when the system is placed into or removed from service, the gland seal vacuum tank
condensate pump (assumed to run continuously during RCIC operation), and the gland
seal vacuum pump (assumed to run continuously during RCIC operation). The following is
a listing of times and event descriptions from the battery capacity analysis of record for the
worst case event sequence:
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Time Event Description

T=0 secs Initiation of SBO event.

T=5 secs Reactor core is fully scrammed and Main Steam
Relief Valves (MSRVs) begin to lift to reduce
Reactor Pressure Vessel (RPV) pressure.

T= 25 secs HPCI/RCIC automatically initiate to restore RPV
water level.

T=6 min HPCI/RCIC trip on high RPV water level (Level 8).

T= 16 min Operators realign HPCI into test mode for decay
heat removal.

T= 24 min Operators restart RCIC to restore RPV water level
Duration: 12.0 min

T=51 min Operators restart RCIC to restore RPV water level
Duration: 14.3 min

T=80 min Operators restart RCIC to restore RPV water level
Duration: 19.0 min

T= 108 min Operators restart RCIC to restore RPV water level
Duration: 19.0 min

T= 147 min Operators restart RCIC to restore RPV water level
Duration: 19.0 min

T= 186 min Operators restart RCIC to restore RPV water level
Duration: 24.0 min

As can be seen above in the worst case event that is assumed in the CLTP battery capacity
analysis, RCIC cycles seven times and HPCI injects once and then is cycled again to be placed
in test mode for decay heat removal for the duration of the event. Using the SHEX program
results for EPU and the mitigation sequence as stated in PUSAR, RCIC is cycled once and
HPCI is cycled once (and not placed in test mode for decay heat removal). Therefore, there is
no increase in HPCI loading due to EPU as compared to the CLTP battery capacity analysis
and battery capacity remains adequate for EPU conditions.

b. The following is a summary of battery capacity analysis.
PURPOSE

Perform a DC load study for all three units on BFN Class 1E 250V DC unit batteries 1, 2, and
3 to verify their adequacy when called upon to supply High Pressure Coolant Injection /
Reactor Core Isolation Cooling and other miscellaneous loads required to cope with a 4-hour
SBO event pursuant to the requirements of 10CFR50.63, “Loss of All Alternating Current
Power.”

SYSTEM DESCRIPTION

The existing 250V DC system at BFN serves the three unit plant with a continuous source of
DC power to both safety-related and non-safety related loads. It also provides power for unit
control functions, operative power for unit control loads, control power for 4kV and 480V
switchgear, common plant and transmission system control functions, and drive power for
motor loads.

The 250V DC Power System at BFN has two sub-systems.
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ENCLOSURE 1

The 250V DC plant system consists of three unit batteries 1, 2, and 3 and their associated
battery chargers and distribution boards. These batteries supply all the required safety
related loads.

Three station batteries 4, 5 and 6 and their associated battery chargers and distribution
boards supply loads that are not essential to safe shutdown and cooldown of the units and
are therefore not discussed further.

Each unit battery is a 120 cell lead-acid battery of C&D make, type LCUN-33. They have a
one-minute rating of 2080 amps and an 8-hour discharge rating of 2320 ampere-hours. Both
ratings are based on a battery terminal voltage of 210V (at 77°F) at end of discharge
(1.75VICell).

The three unit batteries are for three units and feed Class 1E battery boards 1, 2, and 3.
These three unit batteries have all the engineered safeguards loads for the three units
distributed among them so that redundant systems on each unit have separate normal and
alternate power supplies, each capable of providing sufficient power for engineered
safeguard loads. Safety-related DC MOV boards have power supplies from two different
batteries designated as normal and alternate power supply. All transfers from normal to
alternate sources are performed manually.

ACCEPTANCE CRITERIA

1. Battery Sizing - The batteries’ cells must contain more positive plates than the number of
positive plates required as calculated by the ETAP program.

2. Battery Capacity - The capacity of the battery shall be considered adequate for minimum
required battery terminal voltage of 210.0V (1.75V/Cell). However, higher minimum
voltage at the battery terminals shall be maintained for maintaining the minimum
voltages for various boards in order to have adequate voltage at the control devices
evaluated in control circuit voltage drop calculations.

3. Minimum Board Voltages -The minimum available voltages necessary at the end
devices are calculated by the Electrical Transients Analysis Program (ETAP) using
actual minimum voltage at the upstream buses of the end devices. The following
minimum voltages have been used at the 250V DC boards to perform control circuit
voltage drop calculations and therefore these minimum voltages must be maintained:

250V RMOV Boards 2A, 2B, 2C 210.0V
250V RMOQV Boards 3A, 3B, 3C 210.0V
250V RMOV Boards 1A, 1B, 1C 210.0V

E1-83



ENCLOSURE 1

INITIAL CONDITIONS/ASSUMPTIONS

1.

wn

10.

Battery capacity has been conservatively estimated assuming end-of-battery life
condition (80% original capacity), lowest electrolyte temperature (minimum Unit battery
room temperature applicable for SBO is 69°F, calculated minimum steady state
temperature in the battery room is 67.6°F therefore case runs are performed at 67°F.), a
5% load design margin and an additional 4.0 amp design margin to account for future
design changes.

All batteries are fully charged prior to SBO event initiation.

No loads other than valves operations required for RPV level and pressure control
(RCIC and HPCI) will be added after 30 minutes into the SBO event.

The HPCI System will be placed in the test mode of operation by an operator within

16 minutes after an SBO event occurs.

The SBO event occurs while the reactors are operating at full rated power and have
been at this power for at least 100 days.

Immediately prior to the postulated SBO event, the reactors and their supporting
systems are within normal operating range for pressure, temperature, and water

level. All plant equipment is either normally operating or available from the standby state.
The initiating event is assumed to be a LOOP at the plant site resulting from a
switchyard related event due to random faults or an external disturbance (e.g., weather-
initiated grid disturbance). The LOOP is assumed to affect all BFN) units.

The occurrence of a design basis accident or other event is not postulated to occur
immediately prior to or during the SBO event.

Cycling loads are superimposed (i.e. start at the beginning of each defined time period
as shown in Table EEEB-RAI 23-1 (see below) and run continuously during the entire
period for conservative loading) on each section of the battery duty cycle.

The load which comes ON and OFF during various times which are greater than

one minute in the battery load duty cycle as indicated in Table EEEB-RAI 23-1 (see
below) are applied at the beginning of each period of the battery duty cycle. This will
result in conservative battery loading, since the loads are stacked on the top of each
other.

METHODOLOGY

Worst Case, Credible Event Sequence:

The sequence of events that have been determined to result in the worst case voltage profile
for the battery system is the operation of both HPCI and RCIC as shown in
Table EEEB-RAI 23-1.
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Table EEEB-RAI 23-1

Time Event Description

T=0 secs Initiation of SBO event.

T=5 secs Reactor core is fully scrammed and Main Steam
Relief Valves (MSRVSs) begin to lift to reduce
Reactor Pressure Vessel (RPV) pressure.

T= 25 secs HPCI/RCIC automatically initiate to restore RPV
water level.

T=6 min HPCI/RCIC trip on high RPV water level (Level 8).

T=16 min Operators realign HPCI into test mode for decay
heat removal.

T= 24 min Operators restart RCIC to restore RPV water level
Duration: 12.0 min

T=51 min Operators restart RCIC to restore RPV water level
Duration: 14.3 min

T= 80 min Operators restart RCIC to restore RPV water level
Duration: 19.0 min

T= 108 min Operators restart RCIC to restore RPV water level
Duration: 19.0 min

T= 147 min Operators restart RCIC to restore RPV water level
Duration: 19.0 min

T= 186 min Operators restart RCIC to restore RPV water level
Duration: 24.0 min

The SBO duty cycle is constructed using the load data from LOCA/LOOP battery analysis
and is extended to 4 hours for continuous loads to comply with SBO duty cycle. This load
data contains all the loads which are applicable to the battery load duty cycle during a
SBO event. The load data contains the board load for an accident concurrent with loss of
offsite power for all three Unit Batteries in service and one Shutdown Battery A, C, or D
out of service. Since normal configuration is applicable for SBO, Shutdown Boards A, C
and D loads are not applied to the SBO duty cycle and are not transferred since no other
failure has been considered in conjunction with SBO. All other continuous loads from
LOCA/LOOP battery analysis are included in the load duty cycle. Each non-continuous
load is reviewed and dispositioned against the SBO duty cycle.
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RESULTS
Battery Sizing

A review of the ETAP output report in SBO Appendices indicates that the following cell sizes
(number of positive plates) are required:

Number of " ” .
Battery Positive Plates Nl;rlr;?eesr gfupoﬁletg’e Positive 'Z!/a ;e Margin
Calculated o 0
UNIT BATTERY 1 12.44 16 22.2
UNIT BATTERY 2 12.35 16 22.8
UNIT BATTERY 3 12.09 16 24 .4

Unit batteries 1, 2, and 3 are adequately sized as the number of positive plates supplied in
the cells exceeds the number of positive plates required by ETAP calculation.

Battery Capacity/Minimum Terminal Voltage
The value for minimum voltage (in Volts) at the battery terminals, battery boards, and RMOVs

are obtained from ETAP output report. In all cases, the tabulated worst case minimum
voltage occurs during the first minute.

. Required Minimum
Battery Minimum Voltage (Volts) Voltage (Volts)
UNIT BATTERY 1 222.53 210.00
UNIT BATTERY 2 221.51 210.00
UNIT BATTERY 3 223.81 210.00
%JNIT BATTERY BOARD 299 19 210.00
;JNIT BATTERY BOARD 221 20 210.00
gNIT BATTERY BOARD 223 50 210.00
250V RMOV BOARD 1A 219.53 210.00
250V RMOV BOARD 1B 222.41 210.00
250V RMOV BOARD 1C 218.84 210.00
250V RMOV BOARD 2A 217.10 210.00
250V RMOV BOARD 2B 223.01 210.00
250V RMOV BOARD 2C 220.18 210.00
250V RMOV BOARD 3A 220.16 210.00
250V RMOV BOARD 3B 221.11 210.00
250V RMOV BOARD 3C 219.40 210.00

Unit batteries 1, 2, and 3 have adequate capacity as the minimum battery terminal voltages
and board voltages were all greater than the required minimum voltage of 210.0V.
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CONCLUSION

The 250VDC system has sufficient battery capacity at EPU conditions to power the
necessary loads during an SBO event and maintain adequate voltage levels to all required
DC equipment
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ENCLOSURE 1

On page 2-147 of Attachment 7 of the LAR, the licensee states:

Outside the drywell, the SBO loss-of-ventilation evaluation for the Control Building Rooms,
Reactor Building Shutdown Board Rooms/Electrical Board Rooms, RCIC Room, HPCI
Room, Main Steam Tunnel, Reactor Building General Floor Area, and Torus Room
determined that, compared to CLTP, equipment operability is maintained because the SBO
environment is milder than the existing design and qualification bases.

Provide a summary of the evaluation showing the maximum temperatures calculated for the
SBO conditions for the above areas versus the existing design and qualification temperatures of
the equipment required for coping with the SBO.

TVA Response:

Locations

Evaluation

Control Building Rooms, Reactor
Building Shutdown Board and
Electrical Board Rooms

Heating Ventilation and Air Conditioning (HVAC) remains available
in these areas during a Station Blackout (SBO) Event. NUMARC
87-00, Section 2.7.1 addresses Control Room ventilation and does
not require an analysis for loss of ventilation if a portion of the
HVAC is powered from a non-blacked out unit.

Reactor Core Isolation Cooling
(RCIC) Room

Extended Power Uprate (EPU) evaluated maximum RCIC
pump room temperatures during SBO event:
U1: 114°F; U2: 115°F; U3: 120°F.

Quiallification temperature: 135°F.

High Pressure Coolant Injection
(HPCI) Room

EPU evaluated maximum HPCI pump room temperatures
during SBO event:
U1: 113°F; U2: 112°F; U3: 113°F.

Quallification temperature: 135°F.

Main Steam Tunnel

EPU evaluated maximum Main Steam Tunnel temperatures
during SBO event: 180°F (coping time period of 4 hours).

Qualification temperature: 180°F (for an 8 hour time period).

Reactor Building General Floor

EPU evaluated maximum Reactor Building General Floor Area

Area temperatures during SBO event: U1: 109°F; U2: 109°F; U3:
110°F.
Qualification temperatures: U1: 130°F; U2: 127°F; U3: 130°F.
Torus Room EPU evaluated maximum Torus Room temperature during

SBO event: U1: 139.8°F; U2: 138.4°F; U3:139.97°F.

Qualification temperature: 140°F.
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EEEB-RAI 25

Provide an evaluation of any impacts of the EPU on reactor coolant inventory, procedures and
training, plant modifications, quality assurance, and emergency diesel generator reliability
program, considering the guidance provided in Regulatory Guidance 1.155, “Station Blackout,”
August 1988.

TVA Response:

The BFN EPU evaluation of the above Regulatory Guide (RG) 1.155 categories is as follows.

Reactor Coolant Inventory - RG 1.155, Section 3.2.3

The EPU evaluation for station blackout (SBO) is contained in the Power Uprate Safety Analysis
Report (PUSAR) Section 2.3.5. The evaluation was performed using the initial conditions stated
in PUSAR Table 2.3-8a. Separate SBO analysis cases were run using the GE-Hitachi Nuclear
Energy (GEH) SHEX code with both zero reactor coolant system (RCS) leakage and 61 gpm
RCS leakage because previous GEH EPU analysis experience had demonstrated that different
assumed leakage rates can be limiting for different output parameters. Consistent with the
methodology of Reference 1, the SBO analysis assumed 61 gpm RCS leakage (the combined
leakage of 18 gpm per reactor recirculation pump seal plus 25 gpm other RCS leakage). This
assumed RCS leakage for the EPU SBO analysis is unchanged from previous BFN SBO
analysis supporting BFN operation at 3458 MWt. The results of the EPU SBO analyses
demonstrate that high pressure coolant injection (HPCI) and/or reactor core isolation cooling
(RCIC) are capable of maintaining reactor coolant inventory during the SBO coping period with
pump suction from the condensate storage tank (CST). The maximum CST usage at EPU
conditions resulted from the SBO analysis case with the assumption of 61 gpm RCS leakage.
As stated in PUSAR Section 2.3.5 under the topic Condensate Inventory for Decay Heat
Removal, the current CST inventory reserve (135,000 gallons) for RCIC and HPCI use ensures
that adequate water volume is available to remove decay heat, depressurize the reactor and
maintain reactor vessel level above the top of active fuel (approximately 114,000 gallons
required at EPU conditions) during the coping period.

Plant Modifications - RG 1.155, Section 3.3

EPU results in no change to the currently licensed BFN SBO coping duration of four hours. No
plant modifications are required for BFN EPU in order to meet SBO requirements.

Procedures and Training - RG 1.155, Section 3.4

The single procedural and training change identified as a result of the BFN EPU for meeting
SBO requirements is for the operator to cross-tie drywell control air to the containment
atmospheric dilution (CAD) system. This operator action is discussed in PUSAR Section 2.3.5
under the topic Compressed Gas Capability and in PUSAR Section 2.11.1.2.1. The Tennessee
Valley Authority (TVA) response to APHB RAI 1 discusses in detail the TVA implementation of
this procedure change and the validation activities for time critical tasks.
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Quality Assurance - RG 1.155, Section 3.5

The RG 1.55 Appendices A and B guidance on quality assurance (QA) is not power dependent.
EPU has no impact on these QA activities.

Emergency Diesel Generator Reliability Program - RG 1.155, Section 1.2

The emergency diesel generator reliability program is not power dependent. EPU has no
impact on the emergency diesel generator reliability program.

Reference

1. NUMARC 87-00, Revision 1, Guidelines and Technical Bases for NUMARC Initiatives
Addressing Station Blackout at Light Water Reactors, dated August 1991.
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(Non-proprietary version)



NEDO-33860 Revision 0
Non-Proprietary Information — Class I (Public)

2.3 Electrical Engineering
2.3.1 Environmental Qualification of Electrical Equipment

Regulatory Evaluation

Environmental qualification (EQ) of electrical equipment involves demonstrating that the
equipment is capable of performing its safety function under significant environmental stresses
that could result from DBAs.

The NRC’s acceptance criteria for EQ of electrical equipment are based on 10 CFR 50.49, which
sets forth requirements for the qualification of electrical equipment important to safety that is

located in a harsh environment. 7.1.6. "Environmental

Specific NRC review criteria are contained in SRP Section 3.11. __|Qualification of Electrical
Equipment.”

Browns Ferry Current Licensing Basis

The Browns Ferry program for environme
in Browns Ferry UFSAR Section

qualification of electrical equipment is described

In addition to the evaluations described in the Browns Ferry UFSAR, Browns Ferry’s
environmental qualification of electrical equipment was evaluated for license renewal. Systems
and system component materials of construction, operating history, and programs used to
manage aging effects were evaluated for plant license renewal and documented in the Browns
Ferry License Renewal Safety Evaluation Report (SER), NUREG-1843, dated April 2006
(Reference 11). The environmental qualification of electrical equipment for license renewal is
discussed in NUREG-1843, Sections 2.6.1.4 and 4.4.

Technical Evaluation

NEDC-33004P-A, Revision 4, “Constant Pressure Power Uprate,” Class III, July 2003 (also
referred to as CLTR) was approved by the NRC as an acceptable method for evaluating the
effects of EPUs. Section 10.3.1 of the CLTR addresses the effect of EPU on the Environmental
Qualification of Electrical Equipment. The results of this evaluation are described below.

Browns Ferry meets all CLTR dispositions. The topics addressed in this evaluation are:

. . . Browns Ferry
Topic CLTR Disposition Result
. . . Meets CLTR
Electrical Equipment Plant Specific cets C .
Disposition
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GE-Hitachi Nuclear Energy Americas LLC
AFFIDAVIT

I, James F. Harrison, state as follows:

(1) T am Vice President, Fuel Licensing, Regulatory Affairs, GE-Hitachi Nuclear Energy
Americas LLC (“GEH”), and have been delegated the function of reviewing the information
described in paragraph (2) which is sought to be withheld, and have been authorized to
apply for its withholding.

(2) The information sought to be withheld is contained in GEH proprietary report, NEDC-
33860P, Safety Analysis Report for Browns Ferry Nuclear Plant Units 1, 2, and 3 Extended
Power Uprate, Revision 0, dated September 2015. GEH proprietary information within text
is identified by a dotted underline within double square brackets. [[This_sentence is_an

_e;}g_a_mpl_e_._?_}_]] Figures and large objects containing GEH proprietary information are
identified with double square brackets before and after the object. In all cases, the
superscript notation B refers to Paragraph (3) of this affidavit, which provides the basis for

the proprietary determination.

(3) In making this application for withholding of proprietary information of which it is the
owner or licensee, GEH relies upon the exemption from disclosure set forth in the Freedom
of Information Act (“FOIA”), 5 USC Sec. 552(b)(4), and the Trade Secrets Act, 18 USC
Sec. 1905, and NRC regulations 10 CFR 9.17(a)(4), and 2.390(a)(4) for “trade secrets”
(Exemption 4). The material for which exemption from disclosure is here sought also
qualify under the narrower definition of “trade secret”, within the meanings assigned to
those terms for purposes of FOIA Exemption 4 in, respectively, Critical Mass Energy
Project v. Nuclear Regulatory Commission, 975 F2.d 871 (DC Cir. 1992), and Public
Citizen Health Research Group v. FDA, 704 F2.d 1280 (DC Cir. 1983).

(4) Some examples of categories of information which fit into the definition of proprietary
information are:

a. Information that discloses a process, method, or apparatus, including supporting data
and analyses, where prevention of its use by GEH's competitors without license from
GEH constitutes a competitive economic advantage over other companies;

b. Information which, if used by a competitor, would reduce his expenditure of resources
or improve his competitive position in the design, manufacture, shipment, installation,
assurance of quality, or licensing of a similar product;

c.  Information which reveals aspects of past, present, or future GEH customer-funded
development plans and programs, resulting in potential products to GEH;

d.  Information which discloses patentable subject matter for which it may be desirable to
obtain patent protection.
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(6)

(7

®)

©)

The information sought to be withheld is considered to be proprietary for the reasons set
forth in paragraphs (4)a. and (4)b. above.

To address 10 CFR 2.390(b)(4), the information sought to be withheld is being submitted to
NRC in confidence. The information is of a sort customarily held in confidence by GEH,
and is in fact so held. The information sought to be withheld has, to the best of my
knowledge and belief, consistently been held in confidence by GEH, no public disclosure
has been made, and it is not available in public sources. All disclosures to third parties,
including any required transmittals to NRC, have been made, or must be made, pursuant to
regulatory provisions or proprietary agreements which provide for maintenance of the
information in confidence. Its initial designation as proprietary information, and the
subsequent steps taken to prevent its unauthorized disclosure, are as set forth in paragraphs
(6) and (7) following.

Initial approval of proprietary treatment of a document is made by the manager of the
originating component, the person most likely to be acquainted with the value and
sensitivity of the information in relation to industry knowledge, or subject to the terms
under which it was licensed to GEH.

The procedure for approval of external release of such a document typically requires review
by the staff manager, project manager, principal scientist, or other equivalent authority for
technical content, competitive effect, and determination of the accuracy of the proprietary
designation. Disclosures outside GEH are limited to regulatory bodies, customers, and
potential customers, and their agents, suppliers, and licensees, and others with a legitimate
need for the information, and then only in accordance with appropriate regulatory
provisions or proprietary agreements.

The information identified in paragraph (2), above, is classified as proprietary because it
contains detailed results and conclusions regarding supporting evaluations of the safety-
significant changes necessary to demonstrate the regulatory acceptability of the analysis for
a GEH Boiling Water Reactor (BWR). The analysis utilized analytical models and
methods, including computer codes, which GEH has developed, obtained NRC approval of,
and applied to perform evaluations of Power Uprates for a GEH BWR. The development of
the evaluation process along with the interpretation and application of the analytical results
is derived from the extensive experience database that constitutes a major GEH asset.

The development of the evaluation process along with the interpretation and application of
the analytical results is derived from the extensive experience database that constitutes a
major GEH asset.

Public disclosure of the information sought to be withheld is likely to cause substantial harm
to GEH's competitive position and foreclose or reduce the availability of profit-making
opportunities. The information is part of GEH's comprehensive BWR safety and technology
base, and its commercial value extends beyond the original development cost. The value of
the technology base goes beyond the extensive physical database and analytical
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methodology and includes development of the expertise to determine and apply the
appropriate evaluation process. In addition, the technology base includes the value derived
from providing analyses done with NRC-approved methods.

The research, development, engineering, analytical and NRC review costs comprise a
substantial investment of time and money by GEH.

The precise value of the expertise to devise an evaluation process and apply the correct
analytical methodology is difficult to quantify, but it clearly is substantial.

GEH's competitive advantage will be lost if its competitors are able to use the results of the
GEH experience to normalize or verify their own process or if they are able to claim an
equivalent understanding by demonstrating that they can arrive at the same or similar
conclusions.

The value of this information to GEH would be lost if the information were disclosed to the
public. Making such information available to competitors without their having been
required to undertake a similar expenditure of resources would unfairly provide competitors
with a windfall, and deprive GEH of the opportunity to exercise its competitive advantage
to seek an adequate return on its large investment in developing and obtaining these very
valuable analytical tools.

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

Executed on this 17" day of September 2015.

James F. Harrison

Vice President, Fuel Licensing

Regulatory Affairs

GE-Hitachi Nuclear Energy Americas LLC
3901 Castle Hayne Road

Wilmington, NC 28401
James.Harrison@ge.com
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Single Line Diagrams Requested by EEEB-RAI 18

4kV SHUTDOWN BD A
4kV SHUTDOWN BD B
4kV SHUTDOWN BD C
4kV SHUTDOWN BD D
4kV SHUTDOWN BD 3EA
4kV SHUTDOWN BD 3EB
4kV SHUTDOWN BD 3EC
4kV SHUTDOWN BD 3ED
4kV UNIT BD 1A

4kV UNIT BD 1B

4kV UNIT BD 1C

4kV UNIT BD 2A

4kV UNIT BD 2B

4kV UNIT BD 2C

4kV UNIT BD 3A

4kV UNIT BD 3B

4kV UNIT BD 3C

4kV COMMON BD A

4kvV COMMON BD B

Key Diagram of Standby Auxiliary Power System

(0-45E724-1)
(0-45E724-2)
(0-45E724-3)
(0-45E724-4)
(3-45E724-6)
(3-45E724-7)
(3-45E724-8)
(3-45E724-9)
(1-45E721)
(1-45E721)
(1-45E721)
(2-45E721)
(2-45E721)
(2-45E721)
(3-45E721)
(3-45E721)
(3-45E721)
(0-15E500-2)
(0-15E500-2)
(0-15E500-1)

Key Diagram of Normal & Standby Auxiliary Power System(3-15E500-3)













































