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1.0
1.1

1.2

SUMMARY
Incore Instrumentation System

The Incore Instrumentation System (lIS) consists of instrumentation which is provided to
monitor neutron flux distribution and fuel assembly coolant outlet temperatures at selected
locations within the reactor core. This information is obtained to confirm reactor core design
parameters. When the system is used in conjunction with previously determined analytical
information, fission power distribution at any time during core life can be ascertained. This is
of interest because the combination of fission power distribution and the thermal and
hydraulic limitations determines the maximum core capacity. The IIS provides information
which can be used to calculate the enthalpy distribution (Reference 7.1.1). The lIS is
composed of two subsystems; the Incore Thermocouple Subsystem (ITS) and the Incore
Flux Mapping Subsystem (IFMS).

Incore Instrumentations System (lIS) is being upgraded by Westinghouse to support the
Watts Bar Unit 2 Construction Completion (WB2CCP) Project. Supporting vender and
engineering analyses shall be completed and incorporated into this System (IIS) being
declared operational [PL-08-1148].

Incore Thermocouple Subsystem

The Incore Thermocouple Subsystem consists of sixty-five (65) thermocouples which are
provided and positioned to measure fuel assembly coolant outlet temperature. (See Figure
8.1 for thermocouple locations within the reactor core). Thirty-three (33) of the
thermocouples are grouped and wired under Train A and thirty-two (32) under Train B.
Three (3) resistance temperature detectors (RTDs), per train, are also provided to monitor
the temperature of a cold reference at the integral reference junctions which are part of the
containment cable assemblies, one (1) RTD per cable assembly. A total of five (5) RTDs
per train are available, three (3) are connected and two (2) are spares. (See Figure 8.5 for
arrangement of incore thermocouple cables inside containment.) The RTD signals along
with their associated incore thermocouple signals are inputted into a microprocessor unit
[one (1) per train] located in the Inadequate Core Cooling Monitoring (ICCM)

cabinet which provides separate inputs to a Westinghouse Plasma Display, two 3-pen
recorders and plant computer for incore thermocouple system temperature readout at the
MCR. Incore thermocouple temperature readout is provided by the plant computer.

The ICCM is part of the Reactor Coolant System. Refer to N3-68-4001 (Reference 7.2.23)
for detailed description.
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1.3 Incore Flux Mapping Subsystem

R(P'qcc

with

Change #]

2.0 DESIGN CRITERIA
2.1 Function
211 Safety Function

The Incore Thermocouple Subsystem (ITS) performs a (primary) safety function during
normal and post-accident operating modes by providing fuel assembly coolant temperature
signals to the Inadequate Core Cooling Monitor (ICCM). This includes the thermocouples,
integral reference junction RTDs and all associated cabling and connectors. The Incore
Thermocouple recorders located on the MCR boards M-4 and M-6 and associated cabling
from the ICCM also performs a (primary) safety-related function. (The ICCM cabinets and
Plasma Display are considered a portion of the Reactor Coolant System.) The Incore
Thermocouple temperature signals sent to the Plant Computer from the ICCM perform a
quality related function (secondary safety function).

ok vnser _‘;";0" The Bottom Mount Instrumentation’Thimble Guide Tubing performs a (primary) safety |
fo¢ +he FTTAs function. This tubing is an extension of the RCS pressure boundary and is used to provide a
path . This tubing extends from the Reactor Pressure Vessel to

the seal table.
L_ Add c‘\ange #3
21.2 Normal Operating Function

The Incore Instrumentation System shall be designed to allow correlating of meveable-
neutron detector information with fixed thermocouple information to provide radial, axial, and
azimuthal core characteristics. Thermocouples shall provide a backup to the flux monitoring
instrumentation for monitoring power distribution. Thermocouple readings shall be used by
the operator to detect reduced Reactor Coolant System flow. The ITS may be used to verify
a dropped rod, rod out of alignment and flux tilts.

POms
The mevable-incere-netitren-detectors shall be used for more detailed mapping if the ITS
indicates an abnormality. The Incore Instrumentation System shall be designed to detect
misloaded fuel after initial fuel load and each subsequent fuel load before operating at ,ful/ |
power.
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System Description Changes to WBN2-94-4003
Incore Flux Mapping Subsystem (IFMS) [Reference 7.1.11]}

The Incore Flux Mapping Subsystem is composed of the Westinghouse IN-Core Instrumentation
Surveillance and Engineering (WINCISE) system and the BEACON-TSM Power Distribution Monitoring
System. The WINCISE system uses OPARSSEL™ Incore Instrument Thimble Assemblies (IITA), containing
five Vanadium self-powered neutron detectors (SPD), to continuously measure the three-dimensional (3-
D) core power distribution. The SPDs are distributed both axially and radially within the reactor core to
provide continuous measurements of signals directly proportional to the neutron flux present around
each SPD element. The measured SPD signals are processed to be suitable for use by the BEACON-TSM™
Power Distribution Monitoring System (PDMS) to generate continuous 3-D measurements of the reactor
core power distribution.

The Incore Flux Mapping Subsystem performs a quality related function except for the RCS pressure
retaining portion and CET signal portions identified below. The quality related portion includes the non-
CET segments of M! Cable, Signal Processing System (SPS) cabinets, Application Servers, Domain Servers,
BEACON servers, and associated peripherals. (See Figure 3)

The IITA and associated Swageloc fitting are also part of the RCS pressure boundary

Additionally, the HTA, IITA connector and Ml cables containing CET signals serve a (primary) safety
function by providing CET information to Common Q (PAMS).The IiTA and 1-to-2 transition cable is shared
between the ITS and IFMS.
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2.2

2.21

2.2.2

223

224

Design Requirements

The Incore Instrumentation System shall be designed to operate for 40 years design plant
life with normal maintenance. The Incore Thermocouple Subsystem shall be designed to
Class IE requirements and conform to the guidelines of NUREG 0737 (Reference 7.3.6) and
Reg. Guide 1.97 (Reference 7.3.5) as stated in WB-DC-30-7 (Reference 7.2.6). The Incore
Flux Mapping Subsystem thimble guide tubes and thimbtes-up-to-the mechanical seals at
the seal table shall be designed to the requirements for TVA Class A. The non-pressure
retaining portions of the Incore Flux Mapping Subsystem perform a secondary safety
function.

Seismic Requirements

The portions of the Incore Thermocouple Subsystem which perform a (primary) safety
function shall be designed to Seismic Category | requirements in accordance with
WB-DC-40-31.2 (Reference 7.2.11)

The portion of both the Incore Thermocouple Subsystem and the Incore Flux Mapping
Subsystem that perform a quality-related function shall be designed to Seismic Category I(L)
requirements in accordance with WB-DC-40-31.13 (Reference 7.2.13).

The portion of the Incore Flux Mapping Subsystem which performs a primary safety function

shall be designed to Seismic Category | requirements in accordance with the following
criteria, as q,a,oh‘cq ble .

1) WB-DC-40-31.7 (Reference 7.2.14)
2) WB-DC-40-31.9 (Reference 7.2.15)

3) WB-DC-40-31.12 (Reference 7.2.12)

'-l> wB-De- "'0'3"1(Zc§ermce, 7..'2\)1)
Natural Phenomena Protection

The Incore Instrumentation System shall be located in Seismic Category | structures which
provide protection from the effects of tornadoes, tornado missiles, and external floods.

Pipe Rupture and Internally Generated Missile Protection
Requirements

The Incore Instrumentation System shall be evaluated for the effects of high/moderate
energy line breaks in accordance with WB-DC-40-31.50 (Reference 7.2.16).

The Incore Instrumentation System shall be evaluated for the effects of internally generated
missiles in accordance with WB-DC-40-65 (Reference 7.2.22).

Single Failure Requirements
The portion of the Incore Thermocouple Subsystem which performs a safety function shall

be designed to meet single failure requirements as defined in WB-DC-40-64 (Reference
7.2.21).
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2.2.5 Environmental Qualifications

2.2.6

The Incore Instrumentation System shall be designed to withstand the environmental effects
associated with normal operations, maintenance and testing as defined in WB-DC-40-42,
(Reference 7.2.18). The portions of the Incore Thermocouple Subsystem which perform a
safety related function shall be designed to meet environmental qualiﬂca’uosn requirements )
as defined in WB-DC-40-54 (Reference 7.2.19). ard Tocore Flun

Separation, Fire Protection, and Intrazonal Protection Requirements ~ "'“¢/*"§ S-bsystem
The safety-related portion of the Incore Thermocouple Subsystem (see Section 2.1.1) shall

be designed using two independent electrical channels and maintain separation in
accordance with WB-DC-30-4 (Reference 7.2.5).

The Incore Instrumentation System does not require a separation evaluation from the effects
of a plant fire as defined in 10CFR50 Appendix R.

2.2.7 Electrical Power Requirements

Electrical power supplied to the IS shall be in accordance with WB-DC-30-27 (Reference
7.2.9) and WB-DC-30-28 (Reference 7.2.10).

A. Incore Thermocouple Temperature Recorders

The recorders shall be supplied 120 V AC, 60 Hz, from the Vital Instrument Supply
Power.

B. Incore Flux Mapping - Brive-Unit-Meters wznessE /Poms  compuler cabinet
—Eaeh—dnfﬁnem-shan—be-suppled%-PhasHGG—v—G%i—peweﬁ )
The cabined 5‘1.'*" be Supp‘h‘ez( with 122V a¢ | 6o Hz powel SUFP y
C. Incore Flux Mappmg-eeﬂ%rel-babmets-sfjm Proccsif'j Systean (sP3) Cabinets

The 5PS _ _ nftom @ IE Board
Fhe-eentrel cabinets shall be supplied with 120 V AC, 60 Hz power supply. Th_ese

—cabinets-supphr

2.2.8 Instrumentation and Control Requirements

Control panels shall be designed in accordance with WB-DC-30-20 (Reference 7.2.7).
Controls and instrumentation shall be designed to human factor principles specified in
WB-DC-30-23 (Reference 7.2.8).

A. Incore Thermocouple Subsystem
1. Sixty-five (65) thermocouples [Chromel/Alumel] shall be located within the reactor
core to monitor fuel assembly coolant temperature. The minimum range of the
thermocouples shall be 100°F to 2300°F (Reference 7.1.3)

2. Three RTDs [platinum] per each train shall provide reference junction
temperature. The minimum range shall be 50°F to 450°F (Reference 7.1.3).
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2.2.8 Instrumentation and Control Requirements (continued)

3. Two 3-pen strip chart recorder (1 train A, 1 train B) shall record each of the
following parameters; 1) High Quadrant Average Temperature, 2) Hottest
Thermocouple, and 3) Selectable (Thermocouple Temperature, Saturation
Margin, RVLIS, or Hot Leg Temperature).

ubsvystam
OOy

1. Functional Control Requirements

a. Interlocks shall be provided to prevent the simultaneous insertion of two
detectors into the same path during automatic (multiple Drive unit) opeg4tion.

b.\ Interlocks shall be provided to prevent operation of the rotary transfér
evices unless the associated detector is in the withdrawn positi

c. InteNocks shall be provided to stop automatic withdrawal prigf to the detector
reaching the drive wheel.

d. Manual pdsition switches shall be furnished to provide/& stop signal to the
Drive Unit al\a preset distance from the top of the cofe and from the bottom
of the core forgach selected path.

e. A pressure switchshall be provided to monitgr'the 10-path rotary transfer
drainage header and\jnitiate automatic draiprage.

2. Main Control Room Controls

The following controls shall be projded for each of the six Drive Units:

- Six-position selector switchAvith\status lights to control the 5-path rotary
transfer device. The fivemodes ofoperation shall include OFF, NORMAL,
CALIBRATE, EMERGENCY, COMMON GROUP, and STORAGE.

- Ten-position selectér switch with status hghts to control the 10-path rotary
transfer device. £ach switch positions corkesponds to each one of the ten
paths.

- Two sets gf ten patchboard-type matrix selector Syitches to provide a
preset "#6p of core" and "bottom of core" stop signalg during NORMAL
opergtional mode.

- Fgur sets of thumbwheel switches shall be supplied to prayide stop
ignals from the following operational modes: COMMON GROUP,
EMERGENCY, STORAGE, and CALIBRATE.

- Rotary knob shall be supplied to provide continuous adjustment okthe
detector voltage.

The following controls shall be provided for the Drive units. These controls are
common to all Drive Units.
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228 Instrumentation and Control Requirements (continued)

C. Main Control Room Meters, Indicgtors, and Recgrders

The following components shall be providedfor each of the six Drive units.

Two position selector switch to provide either "Automatic” or "Manual”
control.

Seven position selector switch with status lights to allow individual
operation of each of the six Drive units or a switch position for operation of
all Drive units.

Three position selector switch to control Drive motor direction/ The three
positions shall be "Insert", "Withdraw", and "Off".

o position selector switch to provide Drive motor spegd signal. The two
posjtions shall be "Low" and "High".

Pushbytton switches to control the selected Drivefotor for each of the
followindfive functions: "Stop", "Insert", "Scan"/Record", and
"WithdrawX,

Pushbutton sWjtch to allow reset of the drafn header "drainage" actuation
signal.

5-digit, numeric display to indi flux detector position.

Status light to indicate "Insgfted" detactor cable position and status light to
indicate "withdrawn" detedtor cable position.

Meter to indicate deteCtor current value.

Meter to indicate ddjustable detector (supply) Ypltage. Range shall be
0-300 V.

Three 2-pep strip chart recorders to record detectorgurrent values.
Each recpfder shall start upon actuation of the "Scan™or "Record" switches.

omponents shall be provided common to all Drive uRjts.

ath Display Panel shall indicate that the detector has reached\the selected
path. Status lights (58) shall be used and positioned to represenkthe location
of the thimbles in the core matrix.

Meter to indicate low current level measurements when used with the Special
90 V battery. Range shall be 0-50 microamperes.

Meter to indicate voltage of the special 90 V battery. Range shall be 0-100
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2.2.8 Instrumentation and Control Requirements (continued)
Picoammeter to indicate low current level measurements. Ra all be 0-5
HAT
D. Local Mounted Controls
A portable co it shall be supplied to allow local-m eration of the Drive
units—¥tis control unit provides "Low" and "High" Drive speed sign d
"Insert/Withdraw" direction signals.

2.29 Interface Requirements

The Incore Instrumentation System shall interface with the following plant systems.

A. Reactor Coolant System

m at
The dgteg'tef guide tubing connects to the reactor pressure vessel fiux-thimbles-ieeated-
-om the bottom of the vessel. The TITA; which house core exit thermocouples (CEE)
and  Vanodium Seif Powered Dedecdors (spo) are  installed within the fuel agembljeg
The Incore Thermocouples provide an input signal to the Inadequate Core Cooling | wsia
Monitor (ICCM). The Incore Thermocouple temperature recorders receive input
signals from the ICCM.

3 wide +kb¢_s

The Westinghouse Plasma Display in the MCR provides the means to monitor the
output of each of the sixty-five Incore Thermocouples in order to analyze the reactor
core performance and help determine hot channel factors backed by Plant Computer
printout.

B. Electric Power Systems

Electric power shall be supplied to the following equipment:
- -Brive-UnitMetors WIMC.ISE/PDIWS computer Cebined
- —ineore-FimcMapping-Subsystem-Cabinets WInCISE  SP5 Ca bmets

- Incore Thermocouple Temperature Recorders

C. Plant Computer Systems A provicdes plant Adata +o +he
m0n|+°r5 an P
The Plant Computermenﬂer Incore Instrumentation System process-sigrais—
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2.210 Quality Assurance Requirements

2.2.11

The Incore Instrumentation System shall comply with the quality assurance specified in TVA
Nuclear Quality Assurance Plan (NQAP) (Reference 7.2.1). Portions of the IIS

which perform a (primary) safety function (see Section 2.1.1) shall meet the quality
assurance requirements specified in TVA Nuclear Power Standard, STD-3.1 (Reference
7.2.2). Additionally, reactor coolant pressure boundary retaining components shall meet the
requirements specified in TVA ASME Il Quality Assurance Manual (ASME |il QAM)
(Reference 7.2.4). The remaining portions of the IS perform a quality related function
(seismic category I(L)) and shall conform to the augmented quality assurance requirements
specified in TVA Nuclear Power Standard, STD-3.2 (Reference 7.2.3).

Process and Operational Requirements

A. Operational Requirements

AVD B/Ll 3. The accuracy of the Incore Thermocouples and Integral Reference Junction

2.212

RTD's and response times are based on ICCM operational requirements.
(References 7.1.3, 7.1.4 and 7.2.23)

B. Process Requirements
ITITA and BmT

The detectorthimble guide tubing shall meet reactor coolant process conditions. The
design conditions are 650°F and 2485 psig. The guide tubing are an extension of the
reactor pressure vessel. This tubing is designated as Class | components designed to
meet the requirements of Section Il of the ASME Boiler and Pressure Vessel Code.
(References 7.1.5 and 7.2.17).

Codes, Standards, and Regulatory Requirements

The referenced standards shall be applicable to the Incore Instrumentation System (IIS). In
addition, the portions of the 1IS that are used to mitigate Design Basis Events (DBEs) shall
be designed in accordance with the design classification as defined in WB-DC-40-64
(Reference 7.2.21)
A. NRC Regulatory Guides

1. Reg. Guide 1.97 Rev. 2 (Reference 7.3.5)

2. NUREG 0737, ltem II.F.2 (Reference 7.3.6)
B. Code of Federal Regulations

1. 10 CFR 50 Appendix A (Reference 7.3.3)

2. 10 CFR 50 Appendix B (Reference 7.3.7)
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4.  WINCISE Requirements [Ref. 7.1.11]

1. The WINCISE System shall not require input from more than 75% of the instrumented
locations, with at least five operable SPD associated with the top half of the active core
and at least five operable SPD associated with the bottom half of the active core per
core quadrant, for the initial WINCISE core power distribution measurement in each
operating cycle.

2. The WINCISE System shail not require input from more than 50% of the instrumented
locations, with at least five operable SPD associated with the top half of the active core
and at least five operable SPD associated with the bottom half of the active core per
core quadrant, at all points in core life after the initial WINCISE power distribution
measurement in each operating cycle.

3. The WINCISE System will be capable of performing its required core monitoring
functions at or above 20% RTP.

‘ 4. The hardware used by the WINCISE System to support the PDMS plant inputs and
} calculation software platform will be configured such that a failure of any one
component of the hardware will not automatically cause the PDMS to become
inoperable.

5. WINCISE shall support two divisions of lITAs with a minimum of three IITA located in
each core quadrant. The radial location of each IITA in each division will be configured
to allow each division to monitor approximately equivalent radial Fuel Assembly power
distributions.

6. The radial distribution of HTA provided with the WINCISE System shall support two
divisions of CET with a minimum of three thermocouples provided in each core
quadrant for each division. The radial location of each CET in each division will be
configured to allow each division of PAMS to monitor approximately equivalent radial
core exit temperature distributions.

5. lITARequirements [Ref.7.1.11}
| 1. The IITA electrical connector shall satisfy the post-accident qualification requirements
: associated with the use of the Type-K CET by the PAMS for at least twenty years of ITA
operating lifetime
6. SPD Requirements [Ref. 7.1.11]
1. The SPDs must be operable at reactor temperatures corresponding to the maximum
credible operating power under normal operating conditions in the reactor.
2. The SPDs shall not require periodic recalibrations against alternate measurements of
neutron flux at the SPD location which are not integral to the lITA.

3. The thermal neutron sensitivity of a fresh primarily neutron sensitive SPD shall be
-20 2

greater than 1.5 x10 Amperes/neutron/cm /second/m

7. CET Requirements [Ref. 7.1.11]
1. The CET must be operable before, during, and after a design basis accident without loss
of safety function, and for the time required to perform the safety function.

8. SPS cabinet Requirements [Ref. 7.1.11]
1. The signals determined from each SPD in every lITA shall be input to a system capable
of converting the signals from the SPDs to digitized currents and transferring the digitized
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currents to a multiplexing system for transmission to the device(s) that prepares the
requisite input to the BEACON-TSM System.
2. At nominal temperature conditions, 77°F or 25°C, the overall uncertainty in the
generated digitized currents must not exceed + 0.00125 microamperes
3. The SPS System shall be configured such that the failure of any single SPS component
does not cause more than a 50% reduction in the maximum possible number of operable
SPDs
4. The SPS will perform validation of the currents relative to high and low limit values. The
high and low current limits are 4.75 microamperes and -0.01 microamperes, respectively
5. The SPS will assign a data quality value which notifies the power distribution
calculation software to disregard data from the affected SPD(s). The data quality flag will
automatically reset when the signal(s) are within established limits
6. The SPS will evaluate the SPD signals relative to a maximum rate of change criteria
between any two consecutive points. The rate of change criteria will be a user-adjustable
input value.
7. Theinternal ambient air temperature of the SPS equipment cabinets must be
maintained between 68 °F to 95 °F (20 °C to 35°C) during normal operation. Analytic
temperature drift correction may be used to correct the SPD current drift caused by
temperatures outside of the nominal range. If analytic correction of the indication
changes caused by the temperature drift is not feasible, then temperature control shall be
maintained by means of a cooling system when necessary. The maximum change in SPD
signal indication due to temperature changes inside the SPS enclosure(s) that can occur
before corrective measures are taken is + 0.0025 microamperes.
8. Upon reaching an internal temperature of 130°F £10°F (54°C £6°C), the SPS cabinet
internal equipment shall shut down to prevent equipment damage.
9. The maximum allowable relative humidity range inside the SPS equipment cabinets
shall be 10% to 95% relative humidity, non-condensing.
10.The SPS equipment enclosures shall maintain their function in a location where the
maximum integrated dose is less than 1000 Rads per twenty year span
11.The SPS cabinet external and internal power supplies shall be configured to prevent a
single over-voltage or surge event from causing loss of more than 50% of the CET used by
the PAMS, and shall comply with the requirements contained in |EEE 384-1981

9. WINCISE Cable Requirements
1. The CET cable system shall be classified as a safety related Class 1E system and must
support the environmental conditions that would exist before, during, and following a
design basis accident without loss of safety function, for the time required to perform the
safety function.

10. PDMS Requirements
1. The software used with the Core Power Distribution Monitoring System shall be a
version of BEACON-TSM licensed for use with Vanadium SPD and configured to process
signals from the OPARSSEL IITA design.
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3. 10 CFR 20 (Reference 7.3.2)
4. 10 CFR 100 (Reference 7.3.4)
C. Industry Codes
1. ASME Section Il Boiler and Pressure Vessel Code (Reference 7.3.1)

2. |EEE 323-1974 (Reference 7.3.8)

3. TFe€C 34 - (99 (Referemce 1.3.9) !

2.213 Other Requirements
A. Cable Routing to-ReaeterHead— fronm 5£ac Table

—thereactor-headremeval-process: TLe MJ cqbles shall be rowted do
allow (0( TITTA cettection Aw(u\j re v\é'ln outa }as
B. Thimble Design Requirements for the Incore Flux Mapping Subsystem

The thimbles shall be distributed nearly uniformly over the core with approximately the
same number of thimbles in each quadrant. The number and location of these
thimbles shall be chosen to permit measurement of local to average peakmg factors te-

aa—aeeuFaey—ef—-hS—/«»—(-Qé—k—eenﬁdenee)»
. If measured power peaking is larger than

acceptable, reduced power capability will be indicated.

o 0sed

- _‘Fhe_meva,b* a ala 2. O B
1’( ho—" ‘nefma#y-dpy—msﬁé Tmmbiee shaII serve as the pressure barner between the
5 reactor water pressure and the atmosphere. Mechanical seals between the retraetable- = 74
thimbtes and the thimble guide tubes shall be provided at the seal table. The thimble
guide tubes are essentially extensions of the reactor vessel Aitirtire-thimabtes allowing
the insertion of the ireoreiNSITUMENtatiormovablte-miniatire-detectors: FITAs.
During normal operation, the Fefré\gtg};le-thmbles shall be stationary and shall only be
retracted under depressurized condltlons durmg refuehng or for mamtenance to avoid
mterference within the core. A y-© 3 g

C. Storage Requirements

Upon use, the IFMS R e 3 } v i
whieh-afe-d-ﬂven-mo-t-he-reeetewessel w1l| become |rrad|ated Prowsmns shall be
made to provnde adequate sto;age-fae%ee-fo:—ﬂaeﬂfradﬁtedmmmnrrdetectof&and

Svwpports for

re Guc{\»j outages,
3.0 DESIGN DESCRIPTION - FOR INFORMATION ONLY

ziffoo'\'lol\ 0'€ J$T45 A\.I\

The following describes engineering bases for functional requirements of the Incore
Instrumentation System.

|
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31 System Description and Performance Characteristics
3141 Incore Thermocouple Subsystem

The 65 Chromel-Alumel thermocouples are threaded into guide tubes that penetrate the
reactor vessel head through seal assemblies, and terminate at the exit flow end of the fuel
assemblies. The thermocouples are provided with two primary seals, a Core Exit
Thermocouple Nozzle Assembly (CETNA), see Reference 7.1.8, and swage type seal from
conduit to head. The thermocouples are supported in guide tubes in the upper core support
assembly.

Thermocouple extension wires (Chromel/Alumel) are terminated at the integral reference
junctions contained on each of ten (10) containment cable assemblies, five (5) per train, and
located in junction boxes in the Incore Instrument Room. Each integral reference junction
provides a platinum resistance temperature detector (RTD). Only three (3) RTDs per train
are connected; the other two (2) are installed spares. These detectors, along with their
associated incore thermocouple signals are input to the Inadequate Core Cooling Monitor
(ICCM) system. A microprocessor in the ICCM cabinet processes the input information and
provides for a Plasma Display incore thermocouple temperature readout at the MCR.
Information is available on the multipage screen of the Plasma Display using key switches.
Thermocouple readings are also monitored by two (2) 3-pen recorders (one for each train)
and backed by plant computer printout, input for which is provided from the ICCM system.

3.1.2 Incore Flux Mapping Subsystem

The control and readout system provides means for inserting the miniature neutron
detectors into the reactor core and withdrawing the detectors while plotting neutron fl
versus detector position. The thimbles are distributed nearly uniformly over the cefe with
abou same number of thimbles in each quadrant. The control system sists of two
sections, physically mounted with the drive units, and the other contefined in the control
room. Limit switches in each transfer device provide feedback of selection operation.
Each gear box drives.an encoder for position feedback. One 5-fath operation selector is
provided for each drive it to insert the detector in one gffive functional modes of
operation. A 10-path rotarytransfer assembly is a trapsfer device that is used to route a
detector into any one of up to teirsglectable paths” A common path is provided to permit
cross calibration of the detectors.

The control room contains the necesSary equipgent for control, position indication, and flux
recording for each detector. itional panels aréypgovided for such features as drive motor
controls, core path seleciorswitches, plotting, and gain~controls.

A "flux-mapping_€bnsists, briefly, of selecting (by panel switches) flux thimbles in given fuel
assemblies at'various core quadrant locations. The detectors are driven to the top of the
core apdStopped automatically. An x-y plot (position versus flux level) iNgitiated with the
slow'withdrawal of the detectors through the core from top to a point below the pottom. In a

imilar manner other core locations are selected and plotted. Each detector provides axial
flux distribution data along the center of a fuel assembly.

C’ R@'o{«ce y\/l"}’l\ CJ\QA;,( ,'d;{
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3.1.2 Incore Flux Mapping Subsystem (continued)
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he detectors are designated A, B, C, D, E, and F. Each detector will normally be used to
mesgure the flux in thimbles connected to the correspondingly lettered 10 path rotary
transteg device (normal mode). However, by means of the operation selector controls;
each detector can also be routed through several other paths (see Figure 8.4 for dtagram of
detector paths). Each detector can thus be sent into each path of the next segdentially
lettered 10-path™ttansfer device (emergency mode) to serve as an operatioral spare
detector for that deVigce. For calibration purposes, each detector can begfouted separately
into a common calibration path (calibrate mode), thus providing corgefation of the six
detectors. Each detectorsan also be sent into any path of the 10“path transfer (common
group mode) or to a shielded qrea for storage (storage mode),” Various radial positions of
detectors are then compared to dhtain a flux map for a regfon of the core.

The thimbles are inserted into the reacter through timble guide tubes extending from the
bottom of the reactor vessel through the cdqcreteé shield area and then up to a thimble seal
table. Because the movable detector thim re closed at the leading (reactor ends, they
will normally be dry inside. They will thug“serve ag_ the pressure barrier between the reactor
water pressure (2485 Ib/in’g design)end the atmospkere. High pressure mechanical seals
between the retractable thimbles @nhd the thimble guidetybes are provided at the seal table.

The thimbles are distributed nearly uniformly over the core withhapproximately the same
number of thimbles in gdch quadrant. The number and location Ofthese thimbles have
been chosen to pegniit measurement of local to average peaking factes to an accuracy of
+5% (95% confidence). Measured nuclear peaking factors will be increasgd by 5% to allow
for this accyrdcy. If the measured power peaking is larger than acceptablexgduced power
capabilitywill be indicated.

Opérating plant experience has demonstrated the adequacy of the Incore Instrumenta{ion
ystem in meeting the design bases stated.

3.2
3.21

Equipment Description
Incore Thermocouple Subsystem
A. Incore Thermocouples

Sixty-five chromel-alumel Incore Thermocouples are provided. Each thermocouple is
1/8" (nominal) diameter, stainless steel sheathed, aluminum oxide insulated, with the
trailing end terminated in a male thermocouple connector. The thermoelectric
characteristics conform to the K calibration curve.

Each thermocouple is supplied to the specific length required for its assigned location.
They are located at the core exit for each quadrant and provide indication of radial
distribution of the coolant enthalpy rise across representative sections of the core.
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5) Incore Flux Mapping Subsystem [Ref. 7.1.11]
™ :
The WINCISE System uses OPARSSEL Incore Instrument Thimble Assemblies (liTA), containing five Vanadium
self-powered neutron detectors (SPD), to continuously measure the three-dimensional (3-D) core power

distribution. The SPDs are distributed both axially and radially within the reactor core to provide continuous
measurements of signals directly proportional to the neutron flux present around each SPD element. The
™

measured SPD signals are processed to be suitable for use by the BEACON-TSM  Power Distribution Monitoring
System (PDMS) to generate continuous 3-D measurements of the reactor core power distribution.

Each OPARSSEL IITA also houses a Core Exit Thermocouple (CET). The CET contained in each IITA is positioned to
provide a measurement of the reactor coolant temperature at the top of the active fuel of the host fuel assembly
thus providing a component measure of the core exit temperature. The CET measurements are for use by the Post
Accident Monitoring System (PAMS), and are not used by the WINCISE System to measure the core power
distribution.

The SPD and CET signal wires from each IITA are terminated in an electrical connector located at the end of the
IITA outside of the Reactor Coolant System (RCS) pressure boundary. The SPD signals are routed from the electrical
connectors to the Signal Processing System (SPS) cabinets for analog-to digital conversion. The digitized SPD signals
are then routed through fiber optic cables to the BEACON-TSM PDMS calculation software. The CET signals are
routed directly through containment penetrations for input to the PAMS.

The neutron flux data provided by each SPD is processed by the PDMS. The PDMS software resides on a
computational workstation and uses the SPD signals in conjunction with analytically-derived constants and other
plant sensor signals to continuously generate full 3-D indications of nuclear power distribution in the reactor core.
The PDMS allows the SPD signals to be used, in conjunction with other reactor condition data, to determine if the
reactor power distribution is currently within the operating limits defined in the Technical Specifications (TS) when
the reactor is operating above 20% of Rated Thermal Power (RTP). Additionally, the 3-D core power distribution
determined by PMDS is used to develop the core power distribution information required for calibrating the
excore Nuclear Instrumentation (NI) input to the Over-Temperature Delta-T (OTAT) Reactor Trip Setpoint,
monitoring the Quadrant Power Tilt Ratio, or verifying position of a rod with inoperable position indicators.

When the reactor is operating above 20% RTP, the PDMS is capable of calculating actual core peaking factors
within an operationally defined uncertainty. Margin to these limits is available for display on a continuous basis to
permit reactor operators to assess actual core conditions and alert operators of low margin and operating limit
violations. The PDMS also provides predictive capabilities which allow operators to evaluate, in advance,
consequences of power changes, coastdown operations and load follow maneuvers, permitting examination of
alternatives and affording increased operator understanding of the expected core response.
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3.21 Incore Thermocouple Subsystem (continued)
B. Integral Reference Junction RTDs

There are five (5) Integral Reference Junction RTDs per train, ten (10) total, and each
utilizes an integral reference junction platinum RTD. The reference RTDs are provided
to permit transition from chromel-alumel thermocouple extension wiring to copper field
wiring. Six (6), three (3) per channel, of the RTDs are connected directly to Inadequate
Core Cooling Monitoring (ICCM) cabinets for cold reference junction temperature
compensation. The remaining four (4) RTDs, two (2) per channel, are not connected
but are retained as spares for connection should one of the connected RTDs fail.

Means are provided by cross checking between channels to verify the operational
availability of each of the RTD monitoring channels during reactor operation.

Incore Thermocouple Recorders

Two 3-pen strip chart recorders are supplied to record Incore Thermocouple
temperature data. The ICCM supplies each recorder with an input signal for each of
the following parameters: 1) High Quadrant Average Temperature, 2) Hottest
Thermocouple Temperature, and 3) Selectable (Thermocouple Temperature,
Saturation Margin, RVLIS, or Hot Leg Temperature).

The recorders are designated as PAM 1 and PAM 2 and are located on MCR Boards
M-4 and M-6, respectively.

Incore Thermocouple (ICTC) Plasma Display

The ICTC temperature indication is provided through a Plasma Display screen (one for
each train) at the MCR. Input for the Display unit is provided from a microprocessor in
the ICCM cabinet (one for each train). The Plasma Display consists of graphic and
alphanumeric display on a screen in various pages accessible to the operator through
four pushbuttons located on a keyboard near the screen. Under normal plant condition
information on reactor vessel level, incore thermocouples and subcool parameters and
pump status are displayed on the screen termed the first page. In the event that
conditions deviate from normal, the operator can use the four pushbuttons to bring up
data on sensor status, trending or individual sensor readouts on reactor vessel level,
incore thermocouples and subcooling margin. Pushing the relevant pushbutton for
incore thermocouples displays the following pages of information;

1. The first page on the screen will display a spatially oriented core map giving
temperature values at each thermocouple coordinate.

2. The second page on the screen will display maximum, average, and minimum
temperature for each quadrant of the core, the high auctioneered average
temperature appearing toward the center in that quadrant.

3. Page three on the screen will display tabulated values of thermocouples
temperature by quadrants.

4. Thermocouple average and auctioneered high temperature trend over a
30 minute range will be displayed on pages 4 and 5 respectively.
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3.21 Incore Thermocouple Subsystem (continued)

The above Plasma Display information is backed by readout from two (2) 3-pen
recorders (one for each train) at MCR and also by computer printout from Plant
Computer System. ICTC temperature high alarm is also annunciated at MCR. The
range of the display will be 200°F to 2300°F. This ICTC Display will constitute
compliance to TVA's NUREG 0737, Item I1.F.2 commitment.

Refer to N3-68-4001 (Reference 7.2.23) for detailed description of the Plasma Display.

Incore Flux Mapping Subsystem

3.2.2
\°°a/ | A
e |
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Movable Miniature Neutron Flux Detector

Six fission chamber detectors (employing U305 enriched to more than 90% in U-236)
are provided to be remotely positioned in the retractable guide thimbles. Approxmate
chamber dimensions are 0.188" in diameter and 2.1" in length. The stainless/ASteel

etector shell is welded to the leading end of the 0.188" diameter, helical wrap drive
cakle and to the stainless steel or Inconel-sheathed coaxial cable. Eaclh@etector is
desidned to have a minimum thermal neutron sensitivity of 1.0 x 10™ dmp/nv and a
maximxn gamma sensitivity of 3 x 10™* amp/R/hr. (Reference 7.11)

Drive Unit Assemblies

The six drive unitg are mounted permanently on a platform approximately 11' from the
seal table. The drive units will push hollow helical-wrgp’drive cables into the core with
the miniature detectors attached to the leading ends/0f the cables with small-diameter
sheathed coaxial cables\threaded through the hollbw centers back to the trailing ends
of the drive cables.

Six drive unit assemblies are siyplied as described in the following subsections. (see
Reference 7.1.1) Refer to Figure 8.4 forthe diagrammatic representation of the Drive
System.

1. Gearmotor and Slip Clutc

One 2-speed, 2-windirfg, reversible, condtant torque drive motor (Reuland model
A103-F-3) is provigéd. The drive motor is 3\ph, 460 V, 60 Hz, 3600/600 r/min,
with a 60:1 geagAfeducer. It incorporates an adjustable type magnetic brake. Two
lever arms at the top of the motor housing permtmanual release of the motor
brake. Thig’'motor provides sufficient power to pusk a drive cable and detector
through any path. Low speed for the drive cable is T ft/min and the high speed is
72 ft/prin. The slip clutch is the ball detent type with a mgximum torque rating of
17 g'ft-Ib.

NOTE: Once the slip clutch setting has been exceeded aNging operation
and the clutch has slipped, it is necessary to slightly\yithdraw the
cable to reset the clutch. Insertion may then be attempied.

2. Drive Box
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3.2.2 Incore Flux Mapping Subsystem (continued)

C. | Transfer Device Assemblies

Six 5-path rotary transfer devices (one per drive unit) and limit switch assembljes will

be pérmanently mounted between the drive units and the seal table. The remaiping

coyhponents are mounted above the seal table on a movable frame assembly which
n be moved aside at times of refueling (Reference 7.1.1).

The drive box is of the straight-through type, designed to operate with
helical-wrap drive cable. The hobbed drive-wheel is approximately 5" in diamete
and is driven by the gearmotor through the slip clutch. The backup pulley whe:
assembly can be removed for insertion of the drive cable.

Sigrage Reel

The storage equipment consists of a spring-loaded takeup reel with intggral
locking\device. The reel has sufficient takeup torque to prevent the gfive unit from
overrunnipg the reel at maximum speed during a change from low $6 high speed,
or during bxaking. The 24" diameter storage reel accommodates drive cable 175’
in length. Slp-ring assemblies permit readout of electrical signals while the reel is
rotating. Sprihg loading is preset during installation of a deteglor at which time the
trailing end of the detector coaxial cable is fastened to the odter face of the
storage reel flangg. Electrical connection to the slip-ring gésembly is via the
Subminax connectdy (Airflyte Electronic model CAY-348y.

Position Transmitter

A position encoder providas readout in the MCR gf the detector position. The
encoder is driven at a speed proportional to the/drive cable speed by means of a
gear train from the drive whee| shaft.

Signals from the Airflyte encodenare in aryabsolute, parallel, nonambiguous
8-4-2-1 binary-coded-decimal (BCR) forph for position readout and control through
the control console. The output logis |gvel for a binary’1" is +3.5-V dc minimum
and +0.5-V dc maximum for a binary/0\ A +5-V dc power supply, PS2, (Power
Tech model 2C5-6) is located withif the\control console to provide power to the
position-encoder.

Dehumidifier

One dehumidifier unit is lg€ated within each drive unit enclosure. It is
recommended that the géhumidifiers be continuougly energized to minimize
corrosion of the drive gables. The dehumidifiers aré\on a separate electrical
circuit; thus they may’be left energized when the systgm is not in use.

Drive Motor Discgnnect Switch

A manual mog6r control (Westinghouse model A100XOC) is'grovided for

each drive phit. These units are separately mounted near the\drive unit
assemblieé and provide a means to locally disconnect the supply power to any
Drive unit without affecting the other Drives.
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3.2.2 Incore Flux Mapping Subsystem (continued)

5-Path Rotary Transfer Devices and Withdraw Limit Switches

One 5-path rotary transfer device is provided with each drive unit for routing the

tector into the "NORMAL", "CALIBRATE", "EMERGENCY", "COMMON
GRQUP" or "STORAGE" paths. The 5-path transfer consists of an S-shaped tube
mounted in a rotating assembly. This assembly is bearing-mounted at egch end
and cal be positioned at any one of the five outlets. A motor-driven ingéx
mechanid provides accurate positioning. When an electrical signal i§ applied to
change position, the motor starts and drives the position and locking cam through
a slip coupling, The cam activates the plate by contacting the cagr follower,
indexing the plale to the next position, then locking the mechanism. When the
selected path is rsached, the motor deenergizes. The indexplate is held in a
positive fixed positidq by the locking portion of the cam.

Wye Units

Wye unit assemblies are mbunted as required in the interconnecting tubing
between the 5-path transfers and the seal table /Each wye unit has two inlets and
one outlet and is used to converge two paths jito a single path.

10-Path Rotary Transfer Devices

One 10-path rotary transfer device is proyvided with each drive unit. The 10-path
rotary transfer devices are mounted/6n th& movable frame assembly.

Each transfer device can be motor-driven at sich speed that the time to

switch from any one path to grly other path does\not exceed 15 seconds.

A series of cam-actuated myjiCroswitches sends sigrals to the control console for
position feedback of path/4election.

Detector-actuated path indicator switches near the outlets send contact-closure
signals to the path display panel in the control console. Dagsign and operation of
the 10-path rotary transfer is similar to that of the 5-path rotaxy transfer described
in subSection 32.2C.1 except that 10 output paths are available. Unused outlets
are plugged,

|solationXalve Assemblies

Fifty€ight manually operated stainless-steel isolation valves are provided for
cloging the thimble runs after removal of the detector and drive cable. Wh

osed, the valves prevent steam leakage from the core if a thimble ruptures\ The
incore thimble could be capped, in lieu of closing the manual isolation valve, to
prevent steam leakage from the core if a thimble ruptures.
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3.2.2 Incore Flux Mapping Subsystem (continued)

5. Limit Switch Assemblies

A withdraw limit switch, actuated by the detector, is provided near the inlet of
each 5-path transfer. This switch prevents operation of the rotary transfer dexice

nless the detector is in the withdrawn position. The switch also stops autgmatic
withdrawal when the detector reaches the withdrawn position. A safety Jifnit
switsh, actuated by the detector, is provided near the outlet of each dyive unit.
This sWjtch prevents any attempts to withdraw the detector back oyer the drive
wheel.

A calibrate path limit switch, actuated by the detector, is provided in the calibration
path between the 5-path transfers and the seal table. Thjg switch actuates the
proper light on tha path display panel when any detector'is inserted into the
calibrate path.

Thimble and Thimble Guide Nybing

The thimble and thimble guide tubipg consists 0§68 assemblies used to interface with
the reactor pressure vessel (RPV) ard allow thé detectors to be inserted into the
reactor core. The thimble guide tubintaconsists of individual heavy-walled tubes that
extends from the seal table to the sockebyeld connectors at the RPV bottom head
penetrations. Each tube is comprised gf a‘series of three shorter sections joined with
socket weld couplings at two places,” The thixible is inserted within the thimble guide
tubing and is used to isolate the reactor coolantpressure from the detectors. The
reactor coolant pressure boundary between the inger tubing (thimble) and outer tubing
thimble guide tubing) is maintdined at the seal table\yy a high pressure
compression-type fitting (4., Swagelok). (Reference\{.1.6)

The thimble guide tubjrg is designated as ASME Section W Class |. The code of
record is 1971 Editigh through Summer 1973 Addenda (Unit\) and 1974 Edition
through Summer 1974 Addenda (Unit 2). (Reference 7.1.5)

Drive Cable Assemblies

The carbon-steel drive cables are hollow-core helical wrap cables whichymesh with the

drive stheel. The 0.040"-diameter coaxial cable is threaded back throughthe 0.065" ID

of jHe drive cable and terminates at the trailing end with several feet of slack\and 12" of
G-174/U cable ending in a Subminax plug. The drive cables (when new) ar

approximately 175' long. This allows at least two subsequent cuts of 12' to 14'

each before the cable becomes too short for use. Thus, it may be possible to salvage

the drive cable for detector replacement. (References 7.1.1 and 7.1.7)
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3.2.2 Incore Flux Mapping Subsystem (continued)

Instrumentation and Controls

Instrumentation and control equipment is mounted on four rack-frames (i.e., control
onsole) located in the MCR. The Incore Flux Mapping Subsystem which provide
indication and control to make flux maps of the reactor core either by semiautompatic
cohtrol or by manual controls. Equipment used to accomplish these functions cludes
posiNon decoders, displays, logic circuitry, relays, and selector switches. Thg control
console contains separate controls, digital position display, and power suppfy for
each Drive unit. Common equipment, including one path display panel, gfie common
control pasgl, special low level readout, and three 2-pen recorders are Also included in
the console gssembly.

The instrumentation and control equipment is provided as describéd in the following
subsections.

1. Path Selection

A 6-position Operatio\Selector Switch is provided for each detector drive, with an
indicator light adjacent tdxgach switch position. Ahe Operation Selector

Switch does not disconneckthe position indication display. Common or individual
control of the detectors duriny insertion and/lotting is possible. The operation
circuits are electrically interlocRed to prevgnt attempted simultaneous insertion of
two detectors into the same path\ynder Automatic-multiple operation. The
withdraw limit switch is interlocked Wi the 5-path and 10-path rotary transfer
devices to prevent their operation s the associated detector is in its
withdrawn position. Contact-closudre sigRals from each Operation Selector

Switch are supplied to the plany/computer

A 10-position individual PatHf Selector Switch is provided for each group with an
indicator light adjacent to£ach position. The lighis are energized by feedback
from switches on the ag§ociated 10-path rotary tragsfer device which close when
the device has reachgd the selected position.

Path selection is Zlways achieved on the Path Selector Switch associated with the
10-path transfer'device through which the detector must pass. For example, if
the A detectgr'is to be operated in the EMERGENCY mode \path selection is
made on the B path selector switch and, if the detector is to bg operated in the
COMMOM GROUP mode, path selection is made on the C pathselector switch.
In the GALIBRATE mode, path selection is unnecessary since tha,calibrate path
is copimon to all drives and bypasses the 10-path transfers. Contagt-closure
sigpals from the individual path selector switches are supplied to the plant
cgmputer.

All of the lights are of the press-to-test type.
Detector-actuated microswitches located at the outlet of each 10-path transfe

device energize path-display lights on the Path Display Panel (Section 3.2.2F. 1)
to indicate that the detector has actually reached the position in the selected pat

The above description is typical of each drive train. \
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3.2.2 Incore Flux Mapping Subsystem (continued)
2. Position Control

The position readout signals are used in the control system to-provide-a stop
signal at a preset distance from the bottom of the core and at the top of the core
for each selected path during insertion. The position control devices also furnis

1 additional stop signal at the preset distance from the bottom after plotting.
A’set of 10 patchboard type matrix selector switches (Verselectors) with fivi
"toprof-core” and five "bottom-of-core” pin positions for each path is provided to
preselthe bottom and top stop signals for normal operation. The positighs are
selectetkby means of pins of the correct lengths to make contacts as sfequired.
Thumbwheel switches are provided to preset the stop signals for ofHer modes of
operation. Rosition settings for NORMAL operation are set on thg’ patchboards
(Verselectors); settings for COMMON GROUP, EMERGENCY /and STORAGE
operations are set on the COMMON GROUP/EMERGENCY/STORAGE
thumbwheel switshes; and settings for the CALIBRATE opgfation are set on the
CALIBRATE thumbwheel switches. Top-of-core and botém-of-core position
settings are always performed on the Position Control Panel of the detector being
run.

Drive Motor Control

When any Operation Selector'Qwitch is in a p@sition other than OFF and
automatic-manual switch A4S10\js in the OMATIC position, pushbuttons
A48S2 through A4S5 will control the drivefriotor(s). Thus, A4S2 is used for
INSERT, A4S3 for SCAN, A4S54 for ORD, and A4S5 for WITHDRAW in
automatic operation. (Reference 7.1/

The drive selector (single/multiplg) switchNA4S9, on the common control panel,
selects either all drives or any gingle drive. \Note that, when operating under
automatic control in the ALL position of the diive selector switch, a multiple
operation shutoff logic circdit prevents simultangous insertion of two detectors into
the same path. This inteflock is not active in the gther positions of the drive
selector switch or duripg MANUAL operation.)

When AUTO/MANAwitch A4S10 is in its MANUAL position, the pushbuttons are
disabled, and switches A4S7 (SPEED) and A4S6 (INSERT-WITHDRAW) are
engaged in thg/control circuit for manual operation.  The oWy limitation on
detector moyement in this mode is the final safety limit signalto prevent
withdrawgVof the detector backover the drive wheel.

Local gontrol of speed and direction is provided at the drive unit bk a portable
conirol unit for local-manual operation of the Drive units.

istribution Panel

This panel contains the main circuit breaker for console power and fuses f
individual console loads. Separate circuit breakers are provided on the pane\ for
the drive unit dehumidifiers. Also located on this panel are the leak detection
alarm and its associated reset pushbutton.
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3.2.2 Incore Flux Mapping Subsystem (continued)

5.

Detector Position Display

A 5-digit, numeric display is furnished for each Drive unit. The display indicate
the position of the associated detector. The digital input signal is supplied fr
he Position Transmitter (Section 3.2.2B.4).

The\detector position reference point (i.e., 0000.0), is set at the withdray limit
switcR location. Therefore, the detector positions on the inserted side/of the
referense point will be displayed as numbers counting upward from £000.0 while
detector positions on the withdrawal side of the reference point will be displayed
as numbers, counting downward from 9999.9.

Detector Powex Supplies

One power supplyNs mounted on each detector readout panel. These supplies
are alternating current voltage rectifiers continuously vdriable to 300 V. Each
consists of a voltage a¥juster, a shielded step-up trarisformer, a bridge rectifier,
L-C filter, voltmeter and bleeder resistor. The portjon beyond the supply
transformers is well insulated from ground to pro¥ide a "floating" power supply.
This is necessary because egch miniature detgCtor has only one center conductor
which serves as both the powe supply lead 2nd the current lead. For the current
readout equipment to operate near ground/fotential, the current return paths to
the power supplies are routed throygh the current readout circuits.

Detector Current Meters

A current readout meter having g/fange ofzero to 50 pA is provided in the return
circuit to the power supply. A switch is provided to shunt the meter so that full
scale can also correspond eiffier to 150 or 50 ;orto 1.5 or 5 mA.

A 1000-ohm multiturn pot?zéometer and precisidp shunts in series with the meter
provide outputs to the recérder and plant compute

These are also shuntgd by the same range switch to give 50-mV and 1.0-V
full-scale signals to the recorder and plant computer, respectively. The full current
output can also bg supplied temporarily to an external picoammeter for special
low current megsurements.

miniatdre components. Relative detector life (burnup) may further incxgase this
difference. The potentiometers provide a means for selecting the least'sensitive
of the detectors, using it as a standard, and then intentionally reducing th output
the other detectors to the same level.

Contact-closure signals from the range switch are supplied to the plant comput
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3.22 Incore Flux Mapping Subsystem (continued)

8.

10.

1.

Detector Current Recorder

Three 2-pen, strip-chart recorders with full-scale deflection corresponding to
10 mV are provided. The chart speed is synchronized with the low speed of t
drive motors so that 1" of chart movement corresponds to 10" movements f
etectors. The first recorder monitors the signals from detectors A and B,
second recorder monitors the signals from detectors C and D, and the third
recorder monitors the signal from detectors E and F. Each recorder ig/started
automatically by the associated SCAN or RECORD pushbuttons, or€an be
started at any other time by using the integral manual start switch

the

Power Supplies

Three power supplies are mounted in the rear of the compion control rack as
follows:

Power Supply \ Type / Voltage Output

PS1 (Logic) essen-Barnes, 5}/58 +5Vdc

PS2 (Encoder) Pov>e<ec, 205/6/ +5Vdc

T1 (Lights & Relays) Thordarsgp/ Transformer 24V ac

Path Display Panel

to indicate detector position.. This
display consists of 58 statu$ lights arranged in'q grid to represent the relative
location of each thiméb/lz/'ﬂ the reactor core. Statys information is provided by
energizing the status light(s) to indicate the detectog has reached the selected
thimble (microswitchés are positioned at the outlet of\the 10-path rotary devices).

Leak Detection 3ystem

The leak detéction system consists of a drain header connecting the 10-path
transfers, 4 Mercoid model AP-7021-153 pressure switch and dgainage solenoid
valve ingfalled in the drain header, and an alarm and reset pushbytton mounted

trangfer due to a leak will cause the water level to rise in the drain hesder, thus
agfuating the pressure switch. A contact from the pressure switch will 8pergize

alarm may be acknowledged by pressing the lighted reset pushbutton whic
silences the audible alarm and seals in the alarm light. When the water level\

. the drain header decreases below the pressure switch trip-point the alarm light

will go out and the leak detection system will return to its normal condition.

3.3 System Interfaces

The following system interfaces are provided for the Incore Instrumentation System:
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6) A.Incore Instrument Thimble Assembly (IITA) [Ref. 7.1.12]

The Incore Instrument Thimble Assembly (IITA) consists of five vanadium emitter detectors and
one Type K thermocouple encased by an outer sheath tube. The outer sheath tube protects the
detectors and thermocouple from contacting the reactor coolant.

The outer sheath tube is connected to the header/seal plug through an adaptor which provides
the sealing surface to the reactor core. The detectors and thermocouple are routed to their
respective termination points through the header.

Exiting the seal plug, the thermocouple and detectors are enclosed in a flexible metal hose and
are terminated inside the backshell (at the receptacle).

a. Vanadium Self-Powered Neutron Detector (SPND) Assembly
The SPND is a mineral insulated (M!) cable made up of three sections: the signal lead, emitter
section, and extension member. The signal lead is an Alloy 600 signal wire insulated by moisture
free aluminum oxide (AI203) within a stainless steel outer sheath. One end of the signal wire is
attached to the emitter. The other end is attached to the receptacle connector. The vanadium
emitter has a nominal diameter of 0.039”, and is insulated by moisture free AI203 within a
stainless steel outer sheath. The extension member is a stainless steel wire attached to the end
of the MI cable. The extension members are connected to a tail anchor, which aid the installation
process and provide a means to locate the thermocouple in proximity to the outer sheath.

b. Thermocouple Assembly

The Type K grounded junction thermocouple used in the assembly is a mineral insulated cable
with a 0.062” nominal diameter containing a Chromel and Alumel thermoelements. The cable is
insulated with moisture free Al203 in an Alloy 600 outer sheath. The lead ends of the cables are
sealed with epoxy.

c. Outer Sheath Tube and Adaptor Assembly

A 316L stainless steel outer sheath tube is used to protect the detectors and

thermocouple from contact with the reactor coolant. It also enables the lITA to withstand the
axial forces during incore installation and removal. The outer sheath adaptor transfers the forces
between the outer sheath and the header. The adaptor is brazed to the outer sheath at the
sub-assembly stage. This joint receives visual and helium leak inspections. During main assembly,
the adaptor is welded to the header. This weld receives visual, helium leak, liquid penetrant, and
radiographic inspections.

7) B. CET and Neutron Flux Signal Cables

a. 1-to-2 Transition Cable
The 1-to-2 transition cable or “Y” cable allows the separation of the safety-related CET signals
and the non-safety related neutron flux signals.

The 1-to-2 transition cable mates with the lITA connector at the seal table. After the two way
split, the safety-related CET signals connector mates with the 6-to-1 transition cable and the
neutron flux signal connector mates with the SPS Cabinets.
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Although the entire 1-to-2 cable is EQ qualified for the harsh environment, only the sections
containing CET signals will be considered safety-related class 1E. The section with only neutron
flux signals will be considered non safety-related.

b. 6-to-1 Transition Cable
The 6-to-1 transition cable combines six pairs of CET signals in order to minimize the number of
penetrations needed. The 6-to-1 transition cables is a safety related EQ cable which connects to
the CET Containment Cable Assembly. The CET containment cable assemblies permit the removal
of the reference junction boxes inside containment and place them outside containment in the
Common Q (PAMS) cabinet.

¢. CET Containment Cable Assembly

Each CET containment cable assembly consists of a CET containment cable welded to a
feedthrough module. The connector not welded inside connector shall be installed above the
containment spray flood level of 717.3 ft. [Ref. 7.2.24 Note 5].

The CET containment cable assembly is a safety related EQ cable
C. Signal Processing System (SPS) Cabinets [Ref. 7.1.13]

Each free standing cabinet located in the Instrument or Seal Table Room inside containment receives
input signals through bulk head connectors at the top of the cabinet. These field signals terminate on the
backplane cards. The analog input currents pass into the amplifier cards through the backplane cards, and
the digital output signals pass into the datalink interface cards through the backplane cards as well. The
processed data is transmitted outside of the cabinet by fiber optic Ethernet to the application servers

Since the lITAs are grouped into PAM 1 or PAM 2, all neutron flux signals from PAM 1 and PAM 2 lITAs are
routed to 2-L-201 and 2-L-202, respectively. Power to 2-L-201 and 2-L-202 shall be isolated from a Train A
and Train B 1E source, respectively, to provide a non safety related power feed.

a. Incore Instrumentation System (1IS) Signal Processing Equipment (SPE) Chassis

The primary function of the 11S SPE chassis is to convert SPD input analog currents to digital
values and transmit the values via Modbus remote terminal unit (RTU) protocol over Full Duplex
RS-422. The secondary function of the IIS SPE chassis is to provide cabinet status information
over the same Modbus RTU Full Duplex RS-422. All communication in the WINCISE SPS is full
duplex. There are four chassis per WINCISE SPS cabinet. The topmost chassis (11S01) is the master
chassis.

b. 1IS SPS Backplane Card
The functions of the 11S backplane card are to provide communication paths between the
datalink modules and the amplifier modules, and to provide termination points for cabinet wiring
to the 1S SPE chassis. Analog current inputs are inserted through D type coaxial connectors, 11
through J8, and the backplane connects these inputs to the individual amplifier modules. Each
coaxial connector carries signals from one IITA. Each D type connector can accept up to eight
input pairs and all input signals on a single connector go to the same amplifier module.
Redundant 24V power sources can be connected to the backplane through ST2. The two power
feeds are connected separately to each amplifier and datalink module connector on the
backplane. See Figure 3.2.2.8.b

c. IS SPS Amplifier Module Assembly
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The function of the 1IS SPS amplifier module is to amplify and digitize low-level analog currents,
and communcate the digital current values via Modbus RTU over RS-422. Each amplifier card
receives analog currents from only one IITA. Although the amplifier card has 8 channels, only five
channels are used since each IiTA only has five SPDs.

During normal operation, the current inputs are converted to voltages through a low-pass,
inverting current-to-voltage amplifier circuit. The voltages are input to an analog to digital (A/D)
converter, which is regularly polled by a microcontroller on the amplifier module to provide a
digital value which is proportional to the input current. Digital isolators are used to transmit
serial control and data signals from the A/D converters to the microcontroller. The use of
isolation ensures that the inputs are electrically isolated from system ground.

One other mode of operation is available on the amplifier module is the leakage test mode.
When the request is initiated via a datapoint in the Integrated Computer System (ICS), a
requested by the datalink module over the RS-422 serial link on the backplane card, the amplifier
module will enter leakage test mode. In leakage test mode, an additional 1.00 megohm (MQ) of
resistance is added to the current input path. The introduction of this resistance resultsin a
change in the measured current due to the leakage of current in the cabling between the
detector and the amplifier module. The change in measured current is used by the application
servers to determine the current leakage and adjust the measured current to account for the
leakage component.

Each amplifier module can have its calibration verified at the cabinet through known test signals
that can be switched in through the front panel. When test signals are switched into the circuit,
the detector currents are shunted to ground. A 25 pin connector (TJ-1) located on the front of
the amplifier card allows for an external test box to control the switching in of these signals. The
test signals are switched in using a set of eight double pole double throw, hermetically sealed
relays; one per channel.

I1S SPS Datalink Interface Module Assembly

The primary and secondary functions of the datalink interface module are to collect digital data
from the amplifier modules as well as cabinet status information and transmit them via Modbus
to an external server.

Each SPE Chassis contains two datalink modules with each located on the left and right ends of
the chassis. By default, the left topmost datalink is the master datalink that transmits the
digitized field inputs and cabinet status information to the Application Servers. Failure of the left
topmost datalink module results in automatic switchover to the right topmost datalink being the
master datalink. All datalinks below the master and backup master datalink are slave datalinks.
The left slave datalinks communicate only with the left master datalink and all amplifier cards
within their respective chassis. All right slave datalinks communicate only with the left master
datalink and all amplifier cards within their respective chassis. See Figure 3.3.2.C.b, IIS SPE
Communication Paths

Power Supply Panel Assembly

The function of the power supply panel assembly is to convert AC power from the cabinet input
to 24 VDC power. Figure 2.2-10, Figure 2.2-11, and Figure 2.2-12 show front, rear, and side views
of the power supply panel assembly. The power supply panel assembly is designed to take as
input one single phase AC power feed of 120 VAC at 60 Hz. Two pairs of power supplies provide
redundant, auctioneered power output such that if one power supply fails, the second supply will
be able to support the full power load of that pair. One pair of power supplies is rated to supply
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up to 10A, and the other is rated to supply up to 20A. In the cabinet design, the 20A power
supplies provide power to the SPE chassis, and the 10A power supplies provide power to the
supportive electronics in the cabinet.

f.  Media Converter Assembly

The function of the media converter assembly is to convert the serial RS-422 outputs of the
master datalink cards to (copper) Ethernet and communicate with the Application Servers over
duplex single mode fiber optic Ethernet. The active components on the media converter
assembly are two serial device servers, which convert the serial input to Ethernet, and two media
converters, which convert Ethernet on copper to Ethernet over fiber optics. The master datalink
utilizes one serial device server/media converter pair and the redundant master datalink utilizes
the other serial device server/media converter pair to communicate with the Application Servers

g. Cabinet Status Interface

The cabinet status interface assembly has two functions: provide a single termination location for
cabinet status wiring and monitor temperature through use of an analog temperature sensor,
which outputs a voltage proportional to the air temperature within the cabinet when supplied
with power. All status signals input to the cabinet status interface and the temperature sensor
output are sent to the datalink modules on the SPE chassis, where all analog signals are
converted to digital values, and all status information is communicated to the external server

h. High Temperature Cutout Assembly

The function of the high temperature cutout is to shut off power to cabinet components when
the temperature rises above 130°F (54°C). The purpose of shutting off the power is to protect
the cabinet electronics which are not rated above 140°F. In the case of a high temperature, the
temperature switch on the high temperature cutout closes, energizing the relay and opening the
connection between the AC line filter panel and the power supply panel. Once the temperature
has dropped sufficiently (nominally below 110°F (43°C)), the high temperature cutout can only be
reset by cycling cabinet power.

i.  Power Input Line Filter Assembly

The function of the line filter assembly is to protect the cabinet from faults on the power line,
and to protect the power line from faults within the cabinet. Figure 2.2-19 shows the front view
of the power input line filter assembly. The power first is connected through a circuit breaker to
protect against overcurrent, then through a surge suppressor to protect against short duration
overvoltage. The final component in the line filter assembly is a line filter, which is designed to
limit the harmonics on the power line caused by the cabinet power supplies.

j-  DCDistribution Assembly
The functions of the DC distribution assembly are to distribute DC power between the various
electrical components within the cabinet, to provide an easy method to control the power to
individual components or groups of components, and to provide overcurrent protection on those
same components and groups of components.

9) D. WINCISE and PDMS Computer Cabinet (see Figure XXXX)

Cabinet status information and digitized neutron flux signals sent from the media converter assembly in
each SPS cabinet is received by the Application Servers. The network of switches, media converters, and
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servers in the WINCISE/PDMS Computer Cabinet is configured such that a loss or failure of any one
component does not result in loss of information from the SPS cabinets. See Figure XXX through XXX for
network configurations upon loss/failure of certain components.

To address cyber security, only the Application servers can communicate with ICS via a firewall. BEACON
and SPS cabinet information (see Table XXXX) is provided to the Application servers before the Application
Servers can provide/receive updated information to/from ICS.

a. Media Converter
Each Media converter converts a full set of incore flux signals {(one pair of single mode fibers
from 2-1-201 and 1 pair of single mode fibers from 2-L-202) from fiber optic Ethernet to copper
Ethernet.

Since each media converter does convertion of a full set of incore flux data, loss of a media
converter does not result in loss of data.

b.  WINCISE IP Switch
The WINCISE IP Switches provide the main hub for traffic flow from the SPS cabinets, BEACON
servers, Application Servers, and ICS.

c. Application Server
The Application Server’s main function is to collect and distribute information from
BEACON/PDMS, SPS cabinets, and ICS.

Since there are two Application Servers, 2-CPU-094-APPSVR/A [W:Drop 144} is by default the
main server with 2-CPU-094-APPSVR/B [W: Drop 148] is on hot standby. The application server
has the ability to control which side of the SPS cabinet it receives data from and can place the
SPS cabinets in the “cable leakage test” mode upon receiving request from ICS.

d. Domain Server
The domain server and both Application Servers have a separate network from the WINCISE
traffic. The Domain server provides a supportive function and is not required for the PDMS to
receive needed information from the Application Server.

The Domain server has a database, engineering, and domain function.

It uses the Ovation Database to combine data located on the Application Servers into one logical
database. This allows the capability to integrate and organize massive amounts of raw data
without adding resource loads onto the Application Servers.

As an engineering role, the domain server provides an environment for the development and
maintenance of application and system software. Programs, data, and configuration files can be
retrieved from the Application Servers for the purpose of creating and maintaining the system
configuration. As a result, the Domain Server can be used as the main gateway for users to
monitor and control alarm conditions, enter point information, and create trends.

It serves a domain role by providing and handling security for the Ovation network created
between the Application Servers and the Domain Server. The Ovation Security Manager allows
for the domain server to prevent unauthorized use and unauthorized actions plus the assignment
of security roles for users and computers in that domain.

e. BEACON/PDMS Servers
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The BEACON servers are the Power Distribution Monitoring System and allow the plant to
accurately analyze core operating conditions and perform core behavior predictive calculation.
The BEACON servers are not configured to be redundant (i.e. Failure of primary BEACON server
does not result in backup assuming the primary role). User intervention is required to switch the
backup BEACON server from its Predictive Mode to Primary.

BEACON-TSM is designed to be integrated into plant Technical Specifications (TS) such that all
normal and core power surveillance requirements can be replaced by the BEACON core
monitoring of core power limits. Additionally, the PDMS can be used for calibration of the excore
flux detectors, monitoring the Quadrant Power Tilt Ratio, or verifying the position of a rod with
inoperable position indicators
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3.31 Reactor Coolant System
JITA 8
The thimble and t-ht'r?rﬁe-guide tubing connect to the reactor pressure vessel and extend the [

pressure boundary to the seal table.

The guide-tubes-are-an-integratpartof thereactor vesset:
monitored by the Inadequate Core Cooling Monitor (ICCM) which is part of the Reactor

Coolant System. Also, the ICCM supplies thermocouple temperature information to the
Incore Thermocouple Temperature Recorders and to the Plant Computer System.

The thermocouple srgnals are ,

3.3.2 Electric Power Systems
The SPS Cabinets ace swpplied 120 vAC
Fhe-Drive-Unit-Metors-are-supptied-3-

ph4660MV-A€, 60 Hz power from the 486-Reactor
YentBoards. 120 v Vital Beardg

wfw—xsé /PDMS compwrer cc.sme-r 'S

The kg

. . e-supplied 120V AC, 60 Hz |
power from the MCR (M-7) 120 V AC Instrument Control Power

The Incore Thermocouple Temperature Recorders are supplied power from the 120V AC
Vital Instrument Supply. :

3.33 Equipment and Floor Drainage System .
T"‘b"‘ ] v(°'~‘ *LQ Se«/ Table alfows 0{"","‘“12'

.gurde_tuhr.n.g to the plant Equrpment and F|oor Drarnage System (Reference 7 2.20).

4.0 SPECIAL OPERATIONS - FOR INFORMATION ONLY

41 Procedures at Refueling

the—drwe—eables erI be ata hrgh radratron level at thrs

. Proceed as

;ec,linj eads of TITA
A. %emecﬁhﬁubrw%e%aﬂheé—path%&path%nefemnd%mevﬁhem

~reﬂas:tatlatrem.r)- Ensure (ET5 amo(/o( 5PD are no /on;u /‘wa:w/( (re. ﬂfIJloo,O
Of-equ/o,\])

B. Disconnect

Romecteors foc XITTAs at Seal +able

~the rarts—tethesterage—areﬁe—prewde—spaeeﬁtkmrblyetraem
Secde FETAS Ho modihed moveable $rane queM{,/),
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4.1 Procedures at Refueling (continued)
- I les—TF

—prevent-damage;,-care-shotid-be-taken-tochee
~———the seal table unions before-permittingdateral movement-

F. After refueling is completed, reinstall the mevable-assembly-and-recenneet-the-tubing-
runs-it-accordance-with-the-identification-numbers. x 7 1-;15 end  connect m
Cebles 42 match  etchinag on  conntetor$
Advantage should be taken at refueling downtimes to perform any required maintenance on
—thedriveunitsdrive-cabltes—ortransferdeviees: rhe SPS Cabraci s

There are no manual actions which have been credited for any accident scenario; nor, are
there any administrative controls or system operational constraints or limitations for
which design credit has been taken with respect to the Incore Instrumentation System.

5.0 CASUALTY EVENTS AND RECOVERY PROCEDURES - FOR
INFORMATION ONLY

5.1 System Leakage

If a reactor coolant leak should develop in any of the incore thimbles, it may be detected ¥y
mﬁaémmystenrveferﬁﬁeeheﬁs-z%ﬁﬁ’)&by |nd|cated abnormal radlatron

levels within the plant containment. -

thimbte. If such a leak has been detected, and if it is large, it should be possible to readily
determine which thimble is faulty by visual observation,at-the-path-indicatorswitchos{(after
+emeval-of-the-cevers). If only a small leak exists, it may be possible to determine which

thimble is affected by lightly touching the tubes-between-the-seattable-and-iselationvalves IZTA

coanector tofind one having a higher temperature than the others.

Jmmbieeeum-beeappedﬂﬁ—im-of-uelﬁg%he maﬁual-lselatmn—valve '

ne detector or drive unit fails to operate properly, but the drive cable is not stuck i
rotary transfer device, a full core map can be made by using another det ~Proceed as
normal for the“M}ihwmi by the good detectors. Then utili detector whose
EMERGENCY path is ro to the 10-path transfer inoperative drive to complete the
core map. The EMERGENCY thum hee gs must be dialed-in prior to each insertion

Alternatively, complete W ay be.used.
driven into a 10-path

OperatioWGENCY mode requires that a detecio
/trlv?/nster» ormally used by another detector. Caution should be taken oid insertion of
o detectors into the same path.

-
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53 Operation Witheut Positiontndieati

se caution in this abnormal mode of operation as there is danger that the detectors may b
driven against the ends of the thimble runs, where dependence would be on the slip
clutches to prevent damage. The possibility of causing damage to the detectors m
weighed inst the need for using this method.

Even if thereis ¢ lete loss of position indication (and consequently |

position control at bottqm and top-of-core), it may still be possible t
manual manipulation of csqtrols. Following the same steps usee’in a normal flux-mapping

procedure (see Reference 7°\1), proceed to the point whepethe detectors are approaching
the bottom-of-core position. Thidcan be ascertained by-Gbserving increasing signals from

the detector. At this point, proceed

A.  Turn the MODE switch to MAN.

the recorder chart.

B. Turn the SPEED switch to LQ.ahd manually s

C. Use the INSERT WITHDRAW toggle switch to run the
the normal scan record operations. Top-of-core stoppt
estimated by observations of drop-off of the signals to the val

top.

position can be
expected near the

T completing the scan and record operations, return MODE switch to
withdraw the detectors.

MAINTENANCE AND TESTING COMMITMENTS - FOR INFORMATION

ONLY

WBN in response to IE Bulletin 88-09 committed to eddy current testing for thimble wear

during refueling outages. .
ra (o rmation

6.0

For Uit 2, there eyist ehe“jk
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71 Westinghouse Documents cusient Ju/v"j hhd,;\) outa se5 wil be
fli’ u,’r!o’.

7.1.1 Technical Manual for t=-Geretnstrumentatiom="voturmes -and2 _ )

wessing house TNC oo FTaformatroa, Serevelllanee q/\‘k e"jlnee(m
7.1.2 Drawing 27641-Series (12 sheets), Teleflex Incorporated, latest revision ¢WI;'¢;SE )

) fe m
71.3 WAT/WBT 300/21 - "Functional Requirements - Reactor Vessel Level
Instrumentation System,” Revision 4

714 Westinghouse Technical Description - "Inadequate Core Cooling Monitoring

System - 86 in Response to the TVA Functional Requirements Document
Dated 12-1-87," dated June 1988

715 Westinghouse Equipment Specification 953302, Revision 2, dated 6-20-78

1004 L EH2 -
Drawing $096EQ1-Series (4 sheets), "WAT-WBTinstrumentation-Bottom
Mounted:" latest revision

"WBT (WATTS BAR UNET 2) FNSTRUMENTATION Be7rom Moun 7ep"

716
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71 Westinghouse Documents (continued)
.\ 717 Westinghouse Equipment Specification 953262, Revision 0, dated 8-19-76
ST
et L
¢ 20, a» \ 7.1.8 Westinghouse drawing 10002E84, Flanged CETNA Assembly and Details.
¢ .el;\?
P (cfa“' 40 A
7.2 3 TVA Documents
7.2.1 Nuclear Quality Assurance Plan TVA-NQA-PLN89A
722 Nuclear Power Standard - Quality Assurance Program STD 3.1
7.2.3 Nuclear Power Standard - Augmented QA Program STD 3.2
7.24 ASME Il Quality Assurance Manual (ASME |l QAM)
7.25 WB-DC-30-4, "Separation/Isolation”
7.2.6 WB-DC-30-7, "Post Accident Monitoring. Instrumentation”
7.2.7 WB-DC-30-20, "Control Panels"
7.2.8 WB-DC-30-23, "Human Factors"
7.2.9 WB-DC-30-27, "AC and DC Control Power System"
7.2.10 WB-DC-30-28, "Low and Medium Voltage Power Systems"
7.2.11 WB-DC-40-31.2, "Seismic Qualification of Category | Fluid System
Components and Electrical or Mechanical Equipment”
7.2.12 WB-DC-40-31.12, "Seismic Qualification of Category | and I(L) Valves and
Other Inline Fluid System Components"
7.2.13 WB-DC-40-31.13, "Seismic Qualification of Category I(L) Fluid System
Components and Electrical or Mechanical Equipment”
7.2.14 WB-DC-40-31.7, "Analysis of Category | and I(L) Piping Systems"
7.2.15 WB-DC-40-31.9, "Criteria for Design of Piping Supports and Supplemental
Steel in Category | Structures”
7.2.16 WB-DC-40-31.50, "Evaluating the Effects of a Pipe Rupture Inside and Outside
Containment"
7.217 WB-DC-40-36, "Classification of Piping, Pumps, Valves and Vessels"
7.2.18 WB-DC-40-42, "Environmental Design"
7.2.19 WB-DC-40-54, "Environmental Qualification to 10CFR50.49"
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7.2 TVA Documents (continued)

7.2.20
7.2.21
7.2.22

7.2.23

WB-DC-40-61, "Equipment and Floor Drainage System"
WB-DC-40-64, "Design Basis Events Design Criteria”
WB-DC-40-65, "Missiles"

N3-68-4001, "Reactor Coolant System"

7.3 Codes, Standards, and Regulatory Guides

7.3.1 ASME Boiler and Pressure Vessel Code, Section |li

7.3.2 10CFR20, "Standards for Protection Against Radiation"

7.3.3 10CFR50, Appendix A, "General Design Criteria for Nuclear Power Plants”

734 10CFR100, "Reactor Site Criteria"

7.35 Regulatory Guide 1.97, Revision 2, "Instrumentation for Light-Water-Cooled
Nuclear Power Plants to Assess Plant and Environs Conditions During and
Following an Accident"

7.36 NUREG 0737, "Clarification of TMI Action Plan Requirements"

737 10CFR50 Appendix B - "Quality Assurance Criteria for Nuclear Power Plants
and Fuel Reprocessing Plants”

7.3.8 IEEE 323-1974 - "IEEE Standard for Qualifying Class 1E Equipment for
Nuclear Power Generating Stations”

7.4 Calculations

7.4.1 FSAR TMI (NUREG-0737) Instrumentation Device
Identification - WBPEVAR8603010, Rev. 2 (RIMS No. B18 910604 259)

7.4.2 ICCM Incore Thermocouple System Uncertainty Report - ICCM URI, Rev. 4

7.4.3 Incore Temperature Monitoring System (94) NUREG 0588 Category and
Operating Times - WBN-OSG4-028, Rev. 6

74.4 Environmental Qualification for NUREG-0737 - WBN-OSG4-069, Rev. 3
(RIMS No. B18 930208 253)

7.5 Other
7.5.1 Letter from J. A. Domer to Ms. E. Adensam, dated September 19, 1985

(RIMS No. L44 850919806)
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8.0 FIGURES - FOR INFORMATION ONLY

8.1 Distribution of FiweFhimbles-and Thermocouptes I TA s

Distribution of Flux

Figure 8.1
Thimbles and Thermocouples

M L K J H G F E D ¢ B A
| c B l
i T T T
A F
T T 1 T
5 c 0 F
T T T T
£
T T T
A 0 c c
T T T
8 A A
T T T T
€ b 5 €
T T T
c : € FlE]o
T 1 T T
c A F
T T T
A e 5
T T T
b c 8 8
T 1 T T
€ ¥ s
T T T
2} B C
T T T T
3 3 )
T 7 T T
F A
T T T
A - FLUX THIMBLE. DETECTOR A
B - FLUX THIMBLE. DETECTOR B
C - FLUX THIMBLE. DETECTOR ¢
D - FLUX THIMBLE. DETECTOR D
E - FLUX THIMBLE, DETECTOR E
F - FLUX THIMBLE. DETECTOR F

CP ~ CALIBRATION FLUX THIMBLE {COMMON PATH)
T - THERMOCOUPLE

R@gﬁl@ce with 1(7“/\( from @//owf'j FQ;,(,




£vcl. s2z2FA

Fojﬁ 157

REACTOR BUILDING 180 AZ.I| REACTOR VESSEL O AZ.

Al Bl CI|ID|E|F|G|[H|JIKIL|M|N]PI|R
15 58 29 15
14 57 28 56 55 14
13 27 26 54 25 13
12 53 52 24 12
11| 51 23 22 50 21 | 11
10 49 48 20 10
9 |19 18 47 46 9
270 AZ.
8 45 1 17 | 44 43 16 42 15 14| 8
7 41 13 40 39 7
6 12 11 10 9 38|l 6
5 8 37 7 6 5
- 36 35| 5 4
3 34 - 33 3 3
2 32 31 2 2
1 30 1 1
Al B|CI|DJ]E|F|G|H|J|KIL|M|N|PI|R
REACTOR BUILDING O AZ. | REACTOR VESSEL 180 AZ.

Figwe 8. |

Disteibation  ©f  rrTAg

90 AZ.




EDC’R $2321-A

oaaq}/ 159

NPG System INCORE INSTRUMENTATION SYSTEM WBN2-94-4003 '
Description A Rev. 0000
Document ®hn Page 36 of 41
‘ Clg W . . ] oL » IIT-A je'VC(n / H//c,, men
8.2 eactorfe el-Cross=Seetiom Showina{ncore-instrum |!'|||n’ “'

Delector
Dnve Units

Safety Limit Switch

Condult ta Vessel Seal

%hermosouple to Conduit .Seal
and Disconnect Plug

Detector
Drive WUnits

Withdraw Limit Switeh

po——rmme———= & Path Rotary
Transier Device

Wya Devica

| 410 Path Rotary Transfer Devicr
{Typical)

jo—— 10 Path Indicator Switches

lsolation Valves
emrccmme—Thimble High Pressure Seals

Thiroble Seal Table

oor

Thermocouple
RCCA Ports Stielded
Siorage
Lozaucn
X g
Instrament I Port Columa
Port !
Thermaocouple
Covduil
|
'P'! Standof(s
Ui
Vesuscl Sea]l Line—— = T
Support Coluran
ajln
"‘I "{
4 54 q -,
Top of Active Fuel h ?‘ 3 l :]1
N
i 1
\
LTI
: I
Fuel Assembly i lk”
‘ | N
1 N
FLAREREANILER
b 1t
k N
LI
i [ e Rt wti i

Instrument Thimble Guide

Vesrel Peneteation Tube |

Thirmble Conduit to /

Vessel Penziration Tube
Weld Jolat

)

Figure B.2
Reactor Vessel CIDSH SecTiom

Al

Rephec arth Fijere s

<

Incore Instrumentation Svstem

hawing

(o//uw(‘j /67,@




8.2 lITA General Arrangement

1)
2)
3)
4)
5)
6)
7)
8)
9)

QYR

i

{ i

evcr $2321-A
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Connector Receptacle Assembly
Backshell Assembly

Extension Tube

Flexible Hermetic Hose Assembly
Header

Outer Sheath Tube Assembly
Vanadium Detector 5

Vanadium Detector 4

Vanadium Detector 3

10) Vanadium Detector 2
11) Vanadium Detector 1
12) Thermocouple Assembly
13) Extension Members

14) Bullet Nose

15) Compression Fitting Nut

Figure 8.2 |ITA General Arrangement
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ABBREVIATIONS AND ACRONYMS
ASME American Society of Mechanical Engineers
dc Direct Current
ERFDS Emergency Response Facility Data System
°F Degrees Fahrenheit
ft-Ib Foot-pounds (Torque)
ft/min Feet Per Minute (Speed)
Hz Hertz
ICCM Inadequate Core Cooling Monitor
ICTC Incore Thermocouple
IFMS Incore Flux Mapping Subsystem
s Incore Instrumentation System
ITS Incore Thermocouple Subsystem
Ib/in%g Pounds Per Square Inch-Gage
MCR Main Control Room
mA Milli-Ampere (10%)
pA Micro-Ampere (10°)
PAM Post Accident Monitoring
ph Phase
r/min Revolutions Per Minute
RPV Reactor Pressure Vessel
RTDs Resistance Temperature Detectors
RVLIS Reactor Vessel Level Instrumentation System
\% Voltage

6 MT -~ Roro~r Mounjed Tastrumen Fadion
IXITA = Tncore FTastremeat Thimble Assem b ()z
?DMS - (Power Ditr -’Lw}q\of\_ /Mom-‘bn'\/j 5/5‘)"&/»\

SPs - 5"7"“" r"’%ss»:j 575}611/\




TITLE WB-DC-40-64
m DESIGN BASIS EVENTS DESIGN Rev. 12
CRITERIA Page i of 732
Quality Related M Yes O No
NPG Design EDXC R SR3a)
Criteria Document a
Page _iz0
Effective Date 08-17-2009
Prepared by: J. V. Ware, Jr.
Reviewed by: J. F. Lund 08-13-2009
Date
Concurred by: J.F. Lund 08-13-2009
Date
Approved by: D. M. Viscusie 08-13-2009

Civil/Mechanical Design Engineering Manager Date




TVA

Title:

REVISION LOG
DESIGN BASIS EVENTS DESIGN CRITERIA WB-DC-40-64

REVISION
NO.

DATE
DESCRIPTION OF REVISION APPROVED

EDcSRIBR)

12

PAss 111
Incorporates EDC 53651 as follows:
These changes are made to Section 4.41 to clarify that a 08-17-2009
Station Blackout (SBO) event is not a design basis event and
has not been categorized for any event frequency by ANSI
Standard N18.2-1973. Consequently, a Station Blackout
should not be considered a Condition III event. The event
description, duration, and mitigation of the non-design
basis event are clarified to be consistent with the
requirements of 10 CFR 50.63, RG 1.155 and the NRC approved
WBN Station Blackout licensing submittal. ‘

Total Pages: 732 (includes pages i-xi and 1-721)

13

Incorporate EDCR 52321 as follows:

These changes are made to Section 4.37 to clarify:

1) that Unit 2 will be able to detect improperly loaded fuel using the Power Distribution
Monitoring System (PDMS) instead of the Moveable Incore Detection System

2) that the moveable incore detectors and PDMS are used in Mode 1 not Mode 2.
Consequently, an improperly loaded fuel will be detected in Mode 1 not Mode 2.

After review of Watts Bar Nuclear Plant "Safety Evaluation Report”, Section 15.2.4.5, the
statement “as part of required startup testing, the incore detector system is used to detect
misloaded fuel before operating at power" was misinterpreted. The statement in SER is
understood to mean "as part of required startup testing, the incore detector system [Incore
Instrumentation System] is used to detect misloaded fuel before operating at [full] power."

vii




TVA

Title: DESIGN BASIS EVENTS DESIGN CRITERIA WB-DC-40-64
EDCR 5230
NYMS
ABBREVIATIONS AND ACRO PAGE ’70/1

AC Alternating Current

ADMSS Accidental Depressurization of Main Steam System
AIF Atomic Industrial Forum

ANS American Nuclear Society

ANST American National Standards Institute

AOI Abnormal Operating Instruction

ASME American Society of Mechanical Engineers

ccp Centrifugal Charging Pump

CCs Component Cooling System

CCW Condenser Circulating Water

CFR Code of Federal Regulations

CRDM Control Rod Drive Mechanism

CRDS Control Rod Drive System

CVCs Chemical and Volume Control System

DBE Design Basis Event

DBF Design Basis Flood

DC Direct Current

DNB Departure from Nucleate Boiling

DNBR Departure from Nucleate Boiling Ratio

ECCS Emergency Core Cooling System

EOI Emergency Operating Instruction

EPRI Electric Power Research Institute

EQ Environmental Qualification

ERCW Emergency Raw Cooling Water

ERG Emergency Response Guidelines

ESFA Engineered Safety Features Actuation System

FLB Feedwater Line Break

FSAR Final Safety Analysis Report

GDC General Design Criteria (10CFR50 Appendix A)
HELB High Energy Line Break

HMS Hydrogen Mitigation System

HRCS Hydrogen Recombiner System

IEEE Institute of Electrical and Electronics Engineers
LOCA Loss of Coolant Accident

LOOP Loss of Offsite Power

MELB Moderate Energy Line Break

MFLB Main Feedwater Line Break

MSL Main Steam Line

MSLR Main Steam Line Rupture

NPSH Net Positive Suction Head

NRC Nuclear Regulatory Commission

NSSS Nuclear Steam Supply System

OBE Operating Basis Earthquake

PMF Probable Maximum Flood

PMP Probable Maximum Precipitation

PORV Power Operated Relief Valve

PTS Pressurized Thermal Shock

PRMS POWER DISTRIBurrON MONITORING SYSTEM

viii
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ABBREVIATIONS AND ACRONYMS
175

PR&E V13

AC - Alternating Current
ADMSS Accidental Depressurization of Main Steam System

AIF - Atomic Industrial Forum

ANS - American Nuclear Society

ANSI - American National Standards Institute
AOI - Abnormal Operating Instruction

ASME - American Society of Mechanical Engineers
CCP - Centrifugal Charging Pump

CCs - Component Cooling System

CCW - Condenser Circulating Water

CFR - Code of Federal Regulations

CRDM - Control Rod Drive Mechanism

CRDS - Control Rod Drive System

CvCs - Chemical and Volume Control System
DBE - Design Basis Event

DBF - Design Basis Flood

e - Direct Current

DNB - Departure from Nucleate Boiling

DNBR - Departure from Nucleate Boiling Ratio
ECCS - Emergency Core Cooling System

EOI - Emergency Operating Instruction

EPRI - Electric Power Research Institute

EQ - Environmental Qualification

ERCW - Emergency Raw Cooling Water

ERG - Emergency Response Guidelines

ESFA - Engineered Safety Features Actuation System
FLB - Feedwater Line Break

FSAR - Final Safety Analysis Report

GDC - General Design Criteria (10CFR50 Appendix A)
HELB - High Energy Line Break

HMS - Hydrogen Mitigation System

HRCS - Hydrogen Recombiner System

IEEE - Institute of Electrical and Electronics Engineers
LOCA - Loss of Coolant Accident

LOOP - Loss of Offsite Power

MELB - Moderate Energy Line Break

MFLB - Main Feedwater Line Break

MSL - Main Steam Line

MSLR - Main Steam Line Rupture

NPSH - Net Positive Suction Head

NRC - Nuclear Regulatory Commission

NSSS - Nuclear Steam Supply System

OBE - Operating Basis Earthquake

PMF - Probable Maximum Flood

PMP - Probable Maximum Precipitation

PORV - Power Operated Relief Valve

PTS - Pressurized Thermal Shock

POMs — PowgR DiSTRTLBUTION SYSTEM
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An improperly positioned fuel assembly will generate
a neutron flux and coolant temperature rise that will
be inconsistent with that generated from a properly
loaded fuel assemblz.‘4mUvabie—f&ﬁx—meﬁéeers—aﬁe
available to detect such improperly loaded
assemblies. As a back-up,-te—the—fluwe—meniteores
thermocouples are located at the outlet of about one
third of the fuel assemblies in the core.

4.37.1.3 Summary

The improper fuel assembly loading event is defined
as the inadvertent loading of one or more fuel
assemblies into improper positions, loading a fuel
rod during manufacture with one or more pellets of
the wrong enrichment, or loading of a full fuel
assembly during manufacture with pellets of the wrong
enrichment.

The major hazards/challenges posed by the improper
fuel assembly loading event are damage to either the
fuel or fuel cladding. The current analysis of the
event shows that the safety limits for these
hazards/challenges are met (see Sections 4.37.6 and
4.37.7).

4.37.2 EVENT CATEGORY

The improper fuel assembly loading event is classified as an
ANS Standard N18.2-1973 Condition III event, or infrequent
incident (Reference 4.37.9.5). Condition III occurrences
include incidents, any one of which may occur during the
lifetime of a particular plant. Design requirements for
Condition III events are:

o

Condition III incidents shall not cause more than a small
fraction of the fuel elements in the reactor to be damaged,
although sufficient fuel damage might occur to preclude
resumption of operation for a considerable outage time.

The release of radioactive material due to Condition III
incidents may exceed guidelines of 10 CFR part 20, "
Standards for Protection Against Radiation," but shall not
be sufficient to interrupt or restrict public use of those
areas beyond the exclusion radius.

A Condition III incident shall not, by itself, generate a
Condition IV fault or result in a consequential loss of
function of the reactor coolant system or reactor
containment barriers.
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4.37.3 INITIATING EVENT ASSUMPTIONS

4.37.3.1 Modes of Operation

4.37.3.2

4.37.3.3

,I;tcor(. {lux M“f’/o""\? ot
poms
_

As part of the required startup testing {Mode—2), &he
incoxe—detector—syetem is_ used to detect misloaded
fuel before operation atﬂggber Mod=—1r (Reference
4.37.9.6). Therefore, Mode Z'is the mode in which
the event is postulated to occur.

Plant Operating Conditions

The following plant operating conditions are
assumed for the event:

]
° The plant shall be operating in Mode Z when .
t f incore £lwx MQfP"‘ﬁ
or pomsg (s Used.
° All other plant systems shall be assumed to be
within the limits defined by the Unit Technical
Specification.

Refer to Section 3.3.2 for a further explanation of
plant operating conditions criteria listed above.

Mechanisms of Event Initiation

Although errors in either the manufacturing of fuel
rods and/or fuel assemblies or in the positioning of
a fuel assembly within the core are the initiating
event, the origin of the IFAL shall not be explicitly
defined (i.e., it occurs deterministically). No
actual or potential failure mechanism is assumed to
occur.

4.37.4 CONCURRENT EVENTS OR CONDITIONS

The event shall be evaluated for onsite electric power

system operation (assuming offsite power is not available)
and for offsite electric power system operation (assuming
onsite power is not available).

Another DBE shall not be postulated to occur simultaneously

with the event.

° A seismic event shall not be postulated in addition to the
improper fuel assembly loading incident. However, for
application of Seismic Category I criteria to equipment see
Section 4.37.5.5.
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Departure from nucleate boiling will not occur on the
limiting fuel rod during normal operation and
operational transients and any transient conditions
arising from faults of moderate frequency (Condition
I and II events) with a 95 percent probability at a
95 percent confidence level. Historically this has
been conservatively met by limiting the minimum
departure from nucleate boiling ratio (DNBR) to 1.30.
For this event for WBN a minimum DNBR of 1.30 shall
be used. For an ANS Condition III event such as the
improperly loaded fuel, damage to a small fraction of
fuel elements is permitted.

The current conservative analysis shows that all but
one of the analyzed misloading events would be
detected by the results of flux mapping in mode 2
prior to ascension to power in mode 1. The excepted
case is an interchange of region 1 and 2 assemblies
near the center of the core. This misloading event
does not result in unacceptable consequences
(Reference 4.37.9.8).

4.37.8 SAFETY FUNCTION/MITIGATION SCHEME

Systemn

Attached is a tabulation of safety functions versus mitigation
system list providing an evaluation of the means by which

safety-related
loading event.

systems mitigate an improper fuel assembly
The standard set and subset of safety functions

utilized in this and all design basis events are included in

the tabulation

regardless of whether that particular safety

function is directly challenged by the event. The Emergency
Operation Instructions should be reviewed to determine the

exact steps in
purpose of the
identify which
mitigation and

As part of the

systew is used
power. The NRC

implementing the mitigation scheme whereas the
tabulation and following summary are to simply
and how the safety systems accomplish the
attainment/maintenance of a safe shutdown.

Tncore Tastin meadedion
required startup testing, the 4
to detect misloaded fuel before operating at .ful]
has concluded that an improperly loaded fuel

assembly that could cause a significant safety problem would

be detected by

the operator with the instrumentation provided

(Reference 4.37.9.6).
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TABLE C

REG GUIDE 1.97 R2 DEVIATION AND
JUSTIFICATION FOR DEVIATIONS

DEVIATION 29
VARIABLE 97a
Reactor Coolant Chloride Concentration

DEVIATION FROM RG 1.397 GUIDANCE

RG 1.97, Revision 2, recommends a range of 0 to 20 ppm for reactor coolant chloride
concentration. WBN recommends a range of 1 to 20 ppm.

JUSTIFICATION

The WBN recommended range of 1 to 20 ppm accurately represents TVA's commitment to
the NRC.

DEVIATION 30 (UNTT [ owkY) ,
VARIABLE 6

DEVIATION FROM RG 1.97 GUIDANCE

The two channels/trains of the core thermocouple system at the bundling at the common
reactor vessel refueling cavity wall penetration do not meet the separation
requirement of RG 1.97.

JUSTIFICATION

The design and the installation of the mineral insulated cables used for the core
thermocouples within the reactor cavity was completed prior to upgrading the system
to satisfy RG 1.97 requirements. The design within the refueling cavity is
acceptable because:

1. Only a small self-generated signal exists in the cabling from the thermocouples
to the Incore Instrument Room and, therefore, no chance exists for a postulated
propagating fault.

2. Due to the interference provided by the rod control mechanisms and rod position
indicator stack, no likelihood exists for rendering all thermocouples
inoperable.

C-15
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TABLE C

REG GUIDE 1.97 R2 DEVIATION AND
JUSTIFICATION FOR DEVIATIONS

DEVIATION 37
VARIABLE 6
Core Exit Temperature

DEVIATION FROM RG 1.97 R2 GUIDANCE

This Type A, Category 1 variable has been provided with a minimum of two independent
channels (PAM 1 and PAM 2) for monitoring core exit temperature. Where failure of a
channel would present ambiguous or confusing information to the operator, preventing
the operator from taking action or misleading the operator, RG 1.97 recommends that
an additional redundant (PAM 3) channel be provided. One channel of the WBN core
exit temperature indication is subject to direct failure as a result of a specific
pipe break jet impingement and/or pipe whip impact on the cable/conduit routed near
the safety injection (SI) accumulator cold leg injection line in Loop 1. The WBN
design does not include a third redundant channel for this variable.

JUSTIFICATION

The core exit thermocouples were added to the plant design to provide direct
indication of degrading core cooling conditions following transient events similar to
that experienced at Three Mile Island (TMI). These events typically develop
gradually over time and involve a great deal of operator action and control. The
core exit temperature indication was intended to prevent erroneous operator
termination of emergency core cooling system (ECCS) flow to the reactor coolant
system (RCS) after small breaks or transients that do not rapidly depressurize the
RCS.

The challenge to the channel redundancy in this case is due to a specific primary
loop pipe break at the cold leg injection check valve. The injection line is 10-
inches diameter, schedule 140 pipe and the postulated break is a full guillotine
rupture which results in a blowdown flow area from the primary loop side of the break
of 60 in® or 0.4176 ft%?. This break is included in the loss-of-coolant-accident
(LOCA) break size spectrum and is considered an intermediate size break. FSAR
Chapter 15 analyses show that breaks in this range rapidly depressurize the primary
system, causing automatic ECCS response which refloods the core and terminates the
core heatup transient. However, should such a break occur, the affected channel is
expected to fail open and not give erroneous indication that could confuse the
operators.

It is the WBN position that the RG 1.97 R2 indication provided by reactor vessel
level, RCS pressure, RCS temperatures Tp,. and T..14, and containment pressure and
temperature will enable the operators to compensate for a loss of one channel of CET
due to this specific pipe break plus a single failure of the redundant channel. The
operators will be able to correctly assess the accident scenario and determine the
effectiveness of postaccident core cooling system response during performance of the
Emergency Operating Procedures.

Cc-20

67



