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Gentlemen:

Joseph M. Farley Nuclear Plant - Units 1 and 2

Inadequate Core Cooling Instrumentation System

Generic Letter B82-28 and NUREG-0737, Item II.F.,2
TAC Nos., 45132 and 45133

By letter dated December 10, 1982 the NRC issued Generic Letter 82-28,
"Inadequate Core Cooling Instrumentation System™. In this letter the NRC
requested that Alabama Pover Company take the necessary actions to complete
the installation of an Inadequate Core Cooling (ICC) instrumentation system
in accordance with Item II.F.2 of NUREG-0737. Alabama Pover Company has
submitted several responses to NUREG-0737 and Regulatory Guide 1.97 in the
past that addre~s core-exit temperature, subcooling margin, and reactor
vessel vater level. In letter dated April 2, 1984 the NRC Staff stated that
the core-exit temperature system vas evaluated and accepted based on the
licensee’'s commitment to upgrade to meet environmental qualification
requirements. The subcooling margin monitor design vas approved in
Supplement 5 of the Farley Safety Evaluation Report. This letter provides a
description of the latest modifications to the ICC instrumentation and
supersedes previous submittals to the NRC related to system description.
Alabama Pover Company hereby requests plant-specific approval of the reactor
coolant inventory tracking system (RCITS) installed at Farley Nuclear Plant.

The ICC instrumentation supplied by Combustion Engineering includes a RCITS,
a subcooling margin monitor, and core-exit temperature monitors. Alabama
Pover Company completed the installation, functional testing, and
calibration of the RCITS during the Unit ) seventh and Unit 2 fourth
refueling outages. Final installation of the upgraded subcooling margin
monitor and core-exit temperature monitor vas completed during the Unit 2
fifth and Unit 1 eighth refueling outages, The subcooling monitur
modification vas not required as a result of the R.G, 1.97 reviev; hovever,
this function is being included in the ICC cabinet for convenience.
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Alabama Pover Company has completed all of the equipment upgrades needed
to satisfy the requirements of Generic Letter 82-28 and <0737 Item
II.F.2. Both the Units 1 and 2 RCITS are in use and available to the
operators for familiarization and operator training; hovever, the RCITS
vill not be declared operable until plant-specific approval is obtained
from the NRC. Revisions to the plant emergency operating procedures to
incorporate the RCITS instrusentation vill be prepared, and a task
analysis vill be performed using the plant simulator to validate these
procedures. These revised procedures vill be implemented upon receipt
of plant-specific design and installation approval from the NRC.
Existing plant emergency operating procedures include the use of
core-exit temperature and the subcooling margin monitor. This sequence
of imolementation is consistent vith the milestones stated in NRC letter
dated April 2, 1984,

The technical guidelines for tucorporut;:: the RCITS into the plant-specific
emergency operating procedures is provi by the Vestinghouse Owvner's
Group {cnorlc emergency operating guidelines as modified by Vestinghouse

to reflect the Combustion ineering heated junction thermocouple

system. These technical guidelines are provided as Enclosure 2 of this
letter., Alabama Pover Company requests NRC approval of these guidelines

for developing plant-specific emergency operating procedures.

A request for a change to the technical specification to incorporate the
RCITS will be made by & separate letter in accordance vith a schedule
agreed to by the NRC pro{cct manager. Alabama Fo.er Com vill
request in *his submittal that implementation of the technical
specification be deferred until: 1) resolution of a varvanty claim vith
Combustion Engineering regarding three installed probes that have
inoperable sensors is completed (currently scheduled for the Unit 1 9th
and Unit 2 6th refueling outages); 2) procedure guidance provided as
Enclosure 2 to this letter is approved by the NRC; 3) plant-specific

oval of the RCITS is received from the NRC, Alabama Pover Company
vill use the RCITS vith prudence in relation to operator action until
plant -specific approval has been obtained from the NRC. The three
installed probes vith inoperable sensors are the only knovn deviations
from design expectations. The information provided herein is based on
the current design; hovever, the ICC instrumentation may be modified in
the future,

Provided as Attachment 1 to this letter is Alabama Pover Company's response
to the Appendix to Generic Letter 82.28, Attachment ? responds to Enclosure
2 of the NRC letter dated April 2, 1984 vhich outlines the ailestones

for implementation of the RCITS,
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I1f there are any questions, please advise.

VGH,111/BHV:dst-TS?
Attachments

ce: Mr. L. B, Long
Dr. J. N. Grace
Mr. E. A. Reeves
Mr. G. F. Maxvell

;%g:fqbcr 20, 1988

Respectfully submitted,
ALABAMA POVER COMPANY

WA ol

V. G. Hairston, III



ATTACHMENT 1

Checkliisnt
for Rlast Specific Reviev of
Taadequate Core Cooling (1CC) Iastrmastattien Systez

50-348
Por L M. Farley Nuclear Plant - Units 1 82  Decket o, __50-364
Operated byt _ Alabama Power Company

The follovisg ftems for veviev are taken from WUNEG07)7, pp 11.7.2-

3, and &, Responses should be made to full n’ut-nu is NUREG-0737,
pot abdbrevisted forzs belov, plicasts should provide refarence to
efther the applfcant’s subdnittal or the geserdic description wdar the
eolumm ladled “Refaresce.™ These ftess ave vequired to be revieved e o
plast specific Basia by NURES-07IT for all plasts, Differasces fres the

eserdie descriptions provided by Vestiaghouse, the Festisgbouse Ovnas's

roup, Cozbustion Esglseerisg, or Cozbustiion Exgilneering Ovuar's Crow
wust Be Ladicated By "yar or no" L5 the colu=n ladled deviations and
wust Mg Justified. Usnder the Columm labeled schedule, edther fndicate
that your docectation of the fte= 4» cosplete or provide a proposed
scdedule for your submiztal, '

- Referesce  Devistfess _ Scheduls
1. Description of the propesed fisal
systes dscluding!
a. 8 fizal dunign dencription of
sdditfonal fostnuzentation and & &
displayng fnclosyre Complete
%, detatled devcription of existing
fastrumentation syrtens. Enclosure 1 NO Complgte
€. description of completad ot
plazsed modifications. hOolosure l Mo ComRlets .

2. A desipge sanlyels mad evaluation of CEN-185,
" favestory tresd fsstrumentaticn, and

]

test :ou to suppert desipe a ?“p; ":::‘;‘ o

ftem ' & Comolets
3. Nnrt;un of tests plazaed md

gserults of tests cowpletad for czu-}as.

evaloation, qualification, md Supp ements.

ealidration of adiitivsal fastre- 1, 2, and 3 No Complete

sentation.

*CEN-185 with Supplements 1, 2, and 3 were transmitted to the NRC by
Combustion Engineering owner's group letters dated September 15, 19815
November 25, 1981; and September 30, 1982,



4, Trovide a tadle or description
coverisg theavaluntion of cvne
forzance wvith FUiI-C72N: ﬂ.'.l.
Attachzest 1, aad 45pendix 3 (to e
be Tevieved on & plazt specdite whiteawe
basla)e gctior

3. Dascride eowputer, softvare =4
diaplay fusctions asnociated vith
1CC moniteriag L2 the plast. Enclosyr

6., Provide a projoned scdeldle for
faetallatfcon, testlng a=d call- Cafety Parameter ge Alabar
bratios =i tzplemeatantion of my Display Systen Company lett
prepesed pev fostrmestation o 1SPDS ' N NRC @
feforzation dlaplaye.

7e Pescride potdelines for wae of ,
Tesctor eoolast favestery trackdag (oo lciure O
systen, asd azalyees wee! to devalep 1ot N S
procedures. [tem ¢ v it e

0. Cperator fostructions 42 ezergeacy
eperating procedures for 300 and
bow these procedures will Mo
modified vhez fisal mositerisg
syste=s £ f=;lemeated,

9. Proevide o sztedule for adiicional
subnittals reguiredee Tachrical Specificatior

IT.7.2 Attacdment 1 (for Cora Brxit Thersocouples)

e response to fte= 4 L2 the alove eteckifot, the folloviag saterials
ahould be facluded to alov that the prejesed eyites meets the desipe axd
Qualiflcation eriteria for the cove exit thersszouple systes,

1. Provide dlagraz of cove exit thermoconple locatfons or referasce the
geoeriy description Lf appropriate, ¢ Enclosure 3

2. Provide a description of the prisary eperater €loplaye facludiag:

8. Adlagme= of the dloplay pazel layout for the core =47 and descripe
ties of Bov £t 0 L=ple=ented, @.g., ardvare or &7 display,

B, Provide the vazge of the vendouts,

€. Descride the alarz eyetexn,

€. Descride bov the I0C Lastrmestatfon reafouts are arrazged vith
Tespect to each etlar.

3. Descride the fxplesestation of the backup dfoplayle) (Laeludizg the
Oubeselisg margis monlitors), Bov the thersscouplesr are selezted, bow
they are cheched for eperadilivy, and the rasge of the dfaplay, ° U

4. Descride the wore of the prizary asd Vackyyp laplays, Wiat tratalsg
’ Vil the eperateors have L3 walng the eore exis thermosouple Laetrue
mestationl Eow wvill the eperator bmow vhes to wee the core extt
therzscovples el viem 820 €0 wae thea?! Raferesse appropriate
exergessy operating puldellzes vhere applifcadle, see Enclosure

R A




5. Confirs completion of eontrol room Gentgn task analysts applicadle to
ICC fastnmentation., Confirn that the core exit tharsscouples mest the
erfteria of FURIG-07)7, Attachment 1 aad Appeadix 3, of Adestily asd

A Power (ompan

! vy letter to NPC dated

Juotdly doviatsions. (5ee Enclogyres 3, 4, 5 and Alabama

imber 29, 1986, -
§. Dascride Vhat parts Of“lt yste=s ars povarad from the 1T pover sources
woed, and hov feolation from nen-ll ogugnn s provided, Descride the
pover supply for tha erq dinplay. early delfaeate 42 tvo categories
wvhich Bardvare £o facluded wp to the faclattfon device and which fa mat, ¢ ("0 oiures ©

7. Confirm the eavireoumestal zouuuttn of the core axit thermocouple and
fastrmentation wp to the Lsolatfon devica. (See [nclosure 3)

Appendiz 3 (of Y25-0737, 11.7.2)
Confirs explicitly the confornance to the Appendix B ftess 1fsted Yalev for

the I1CC fastrumentation, f.¢., the 2, the resctor goolast favastery
trackisg system, the core exit thersocouples and the dlsplay systans,

Reference Deviasteons
1. ZTavireusestal quelification See Enclosyre § None
2. Sisgle falluce asalveis See Enclosure 5 None
3. Class 1 povar secures Sge fnc None
A, Avalladilicvy prior te s accidest Sge Fnclosyure 8 Nong
5. Quality Assuraacs fn e s _None
6. Costisuous fodications See Enclosure 5 None
7. Racordiag of fastrument sutputs See Enclosure 5 None
8. ldeatificaticn of Lfastrumants See Enclosyre $ None

. Tsclatien $ge Enclosure § None




-l

®efor the users of efther Coudustion Eaglneering deated Junction Thervocouple
(BJIL) Syste= op Vescinghouwse Differential Pressure (¢p) eystes o detatled
response to tha plaat specific ftezs stated belov nou!l ba provided,

Reference Deviatfons
A. Vestiaghouss dp System
1. Dascride the affect of fastrumant
uncertainties on the mearursnest
of level. N/A

2. Are the differentfal pressure
tracsducers located outside o ad
contalzmant? e ot

3. Are hydraulie foclators and X
sezscors fncluded L2 the Lapulse
PEETTY

B. € LIC Syeten

1. Discuss the spaciag of the
sexsors from the core align~
mest plate to the top of the
reacter vessel bead, Hov would
the decrease i resvlution due
to the loss of a sisgle senser
affect toe abilicy of the syiten ‘
to detect as approach te I1CL? see Lt jure ¢ NON ¢




ATTACHMENT 2

Provided belov are Alabama Pover Company’'s responses to the milestones for
implementation of ICC instrumentation as outlined in Enclosure 2 of NRC letter
dated April 2, 1984:

Ttem 1

Submit final design description (by licensee) (complete the documentation
requirements of NUREG-0737, Item II.F.2, including all plant-specific
information items identified in applicable NRC evaluation reports for
generic approved systems).

Response

A complete description of the final design of the ICC instrumentation
system, along vith the complete documentation of NUREG-0737, Item II.F.2, is
being provided in Enclosure 1 of this letter,

—

tem 2

::provnl of emergency operating procedure (EOP) technical guidelines (by
C).

Response

The Farley-specific emergency operating procedures for the RCITS vill be
based upon the generic emergency operating guidelines that vere submitted to
the NRC by the Vestinghouse Owner’'s Group (WOG) and subsequently approved
for implementation. Hovever, the VOG generic guidelines reflect the
Vestinghouse differential pressure level indication system, Alabama Pover
Company requested Vestinghouse to prepare emergency operating proceduvre
guidelines for the Combustion Engineering heated junction thermocouple
system that is installed at Farley. These technical guidelines vere
prepared and revieved by the same persons vithin Vestinghouse that
participated in the preparation of the Vestinghouse Ovner's Group generic
guidelines. Alabama Pover Company requests approval from the NRC to use the
technical guidelines included as Enclosure 2 for developing plant-specific
emergency operating procedures that reflect the heated junction thermocouple
syste-.  Farley-specific emergency operating procedures for the RCITS will
be propwred, validated on the plant simulator, and implemented upon receipt
of plont-specific design and installation approval from the NIC.

—

tem 3

—

Inventory Tracking Systems (ITS) installation complete (by licensee).

Response

The RCITS vas installed in Farley Unit 1 during the seventh refueling outage
and in Unit 2 during the fourth refueling outage.




ITS functional testing and calibratien complete (by licensee).

Response

The RCITS vas functioni’ly tested and calibra’ . at the factory before
shipsnt to the site anJ again after installar i for both units,

Item 5

Prepare revisions to plant operating grocoeurca and emergency procedures
based on approved EOP guidelines (by licensee).

Response

The plant emerger 'y operating procedures vill be revised to incorporate the
RCITS based upon the Vestinghouse technical guidelines (Enclosure 2), if
approved by the Nh., (fee response to item 2,)

o

Iten

Implementation letter report *o NRC (by licensee).

Response

The cover letter addresses the issues specified in the NRC April 2, 17.4
letter for Implementation Letter Report Content. (See Item 2 above for EOP
technical guidelines.) Test *esults are available on site for NRC reviev.

—
-~

.

Perform procedure valk-through to complete task analysis portion of ICC
system design (by licensee).

Response

A task analysis vill be performed on the RCITS utilizing the revised
emergency operating procedures. These procedures vill be validated on the
plant simulator vhich reflects the plant control room configuration,
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Page 3

Ttem 8

Tvrn on system for operator traiaing and familiarization.

Rerponse

The RCITS has been installed in the control room for the past cycle for both
units. The system will be used with prudence bv the operators until
plant-specific design and installation approval is obtained from the NRC.

Item 9
Approval of plant-specific installation (by NRC).

Response

Alabama Pover Company requests plant-specific approval of the RCITS
installed at Farley Nuclear Plant.

Iten 10

Implement modified operating procedures and emergency procedures (by
licensee).

Response

The revised plant-specific emergency operating procedures will be
imnlemented upon receipt of plant-specific design and instal.ation approval
fiom the NRC. Alabama Pover Company requests approval of the Vestinrghouse
technical guidelines for developing emergency operating procedures that
reflect the heated junction thermocouple system (Enclosure 2).




I.

ENCLOSURE 1
Inadequate Core Cooling System Description

Introduction

The Inadequate Core Cooling (ICC) Monitoring System is a safety grade
processing and display system which meets the NRC requirements to provide
the capability to monitor the approach to, existence of, and recovery from
potential reactor core inadequate cooling situations. The requirements
addressed by the ICC Monitoring System are defined in Paragraph II.F.2 of
NUREG 0737 “Clarification of TMI Action Plan" and Generic Letter 82-28.
Inadequate core cooling monitoring requirements are met by measuring and
displaying margin to saturation, reactor vessel vater level above the core,
and core exit temperatures.

The objectives of the ICC Monitoring System include:

Inadequate reactor core cooling instrumentation signal processing and

isplav.

Class 1E control room display of inadequate reactor core cooling
instrument signals.

Isolation and data linking of 1E signals to the Safety Parameter Display
System,

Upgrading the existing core exit thermocouple system to meet Class 1E

requirements.

Instrumentation tn provide the capability for direct monitoring of the

reactor coolant inventory inside the reactor vessel,
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II.

Description of RCITS

A. Design Features of RCITS

The Heated Junction Thermocouple System (HJTCS) is designed as a simple,
reliable, accident monitoring instrumentation system with the intent of
providing information to the plant operator concerning reactor coolant
inventory in the reactor vessel. Major design features are as follows:

Designed to Safety Grade Class lE requirements,

Installed in the reactor vessel to provide the capability of measuring
coolant inventory in the reactor vessel.

Designed to minimize handling during refueling operations.
Designed with no moving parts.
Designed with no in-containient electronic components.

Designed to allov testing of system availability during plant operation.
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B. System Configuration

The overall system functional configuration is shown in Figure 1. As
indicated in the figire, the system consists of twvo (2) independent
safety channels. Each channel consists of one probe assembly, cabling,
signal processing equipment, and an operator interface (display). Probe
assemblies are located in the upper guide structure of the reactor
vessel. Signal processing equipment and operator interfaces are located
outside of containment. The cabling connects the HJTC probes to the
signal processing equipment,

a. Probe Assemblies

The HJTCS measures reactor coolant liquid inventory with discrete HJTC
sensors located at different leveis within a separator tube runnirg
from the top of the core to the reactor vessel head. The basic
principle of system operation is the detection of a temperature
difference between adjacent heated and unheated thermocouples.

As pictured in Figures 2 and 3, the HJTC sensor consists of a
Chromel-Alumel thermocouple near a heater (or heated junction) and
another Chromel-Alumel thermocouple positioned avay from the heater
(or unheated junction). In a fluid with relatively good heat transfer
properties, the temperature difference betveen the thermocouple is

large.
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Core Cooling System Description

Two design features are provided to improve operation of the HJTC
System., Firs%, each HJTC is shielded to avoid overcooling due to
direct vater contact during tvo phase fluid conditions. The HJTC wvith
the splash shield is referred to as the HITC sensor (see Figure 3).
Second, a string of HJTC sensors is enclosed in a tube that separates
the liquid and gas phases that surround it.

The separator tube creates a collapsed liquid leve. rhat the HJTC
sensors measure. The collapsed liquid level can be related to the
average liquid fraction of the fluid in the reactor head volume above
the upper fuel alignment plate. This mode of direct in-vessel sensing
reduces spurious effects due to pressure, fluid properties, and
non-homogeneities of the fluid medium. The string of HJTC sensors and
the separator tube are referred to as the HJTC probe assembly.

. Signal Processing

The heated and unheated thermocouples in the HJTC are connected in
such a vay that absolute and differential temperature signals are
available. This is shown in Figure 4. When wvater surrounds the
heated and unheated thermocouples, their temperature and voltage
outputs are approximately equal. V , . on Figure 4 is, therefore,

approximately zero. In the absence of liquid, the heated and unheated
thermocouple temperatures and output voltages become unequal, causing

Vioa.e, to rise.
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The voltage output for each HIJTC is processed by a microprocessor
basea s, stem performing the following signal processing, surveillance,
and heater pover coitrol functions:

Provides indication of the collapsed liquid level above the core
alignment plate.

Provides a level output signal for trend recording to the operator
via the SPDS (or pen recorder if desired).

Provides temperature indications of coolant in the upper plenum.

Provides test features for performing HJTCS operability and
diagnostics.

Provides on-line surveillance of HJTCS to access operability.

Provides control of heater voltage to minimize HJTC internal
heating after uncovery.

Operator Interface

The HJTCS operator interface consists of an output indicator mounted
on the cabinet, one 2 channel MCB vessel mimic, an output to a trend
recorder, and an alarm output to the plant annunciator system. The
level indication consists of a panel insert for a digital panel meter
and an LED mimic that is capable of displaying the percent level of
the steam-vater interface above the upper core alignment plate as
indicated by the HJTC Probe assembly. The plant annunciator system
alerts the operator that an ICC instrumentation channel has failed.
Fiber-optic data links are also provided for transmission of HJTCS
data to the SPDS.
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C. RCITS Hardvare Description

A diagram showing the HJTCS hardvare configuration for two chaanels is
provided in Figure 1. Additionally, a functional block diagram for the
HJTCS is shown in Figure 5. The hardvare consists of the foilowing major

components: (1) sensing equipment, (2) signal processing equipment, (3)
heater pover controllers, (4) indicators and controllers, (5) serial
fiber-optic data links, and (6) in-containment cable.

10

Sensing Equipment

The HJTCS is composed of two channels of HJTC instruments. Each HJTC
instrument channel is manufactured into a probe assembly consisting of
eight (8) HJTC sensors, a seal plug, and elecfrical connectors (Figure
6). The eight (8) HJTC sensors are physically independent. They are
located at eight levels extending from the reactor vessel head to the
upper core alignment plate. The probe pressure retaining parts are
designed using ASME Boiler and Pressure Vessel Code (BPVC) techniques.
Hovever, the probe is not a Code stamped item since the code excludes
instruments and small diameter fittings f-om the rules of the Code.

The probe assembly is lioused in a stainless steel probe holder support
tube that protects the sensors from flov loads and serves as the guide
path for the sensors.

. Signal Processing Equipment

Signal processing is performed by a microprocessor system. The system
also controls heater pover and performs on-line surveillance to
determine open thermocouples and heater operability. The gignal
processor receives millivolt inputs from each of the eight (8) HJTC
sensors. The device then processes these inputs and
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3.

provides the following outputs: (a) level and temperature signals to
the panel insert (display), (b) a level signal output for trend
recording via the SPDS, (c) a signal tc the plant annunciator system,
(d) a signal to the heater controllers to modulate heater voltage
after uncovery, and (e) output signals to APCo’s SPDS via fiber-optic
data linls (Described in Paragraph 5 below).

The signal processing equipment is qualified to mild environment
conditions and is installed in the control room.

Heaier Pover Control
In each channel, two heater controllers supply pover to the HJTC

heaters. Each heater controller serves a series group of four
heaters.

, Indicators and Recorders

The output of the signal processor is sent to a Class 1E seismically
qualified panel mounted insert and MCB mimic. A signal processor
output is provided for trend recording via the SPDS. The panel
mounted insert (Figure 7) will display percent level (above the core),
provide for a'arm indication, and, upon operator request, can display
the temperatures of each individual thermocouple. The digital display
will be mounted on the microprocessor cabinet. A mimic display (LED
lights) is provided on the control board that indicates the sta‘*us of
each of the eight HJTC sensors in each channel (i.e., covered with
liquid or uncovered). Figure 8 provides a schematic of the mimic
display. The mimic display dimensions are 7 1/2% x 10",
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Core Cooling System Description

Serial Data Link to the SPDS Computer System

The HJTC includes a serial, asynchronous data link to the SPDS
computer. The transmission between the HJTC and the receiving
computer will be via fiber-optic cable vhich provides qualified Class
1E isolation. Interface between the data link and the receiving
computer will be via a standard R5-232 modem.

The HJTC softwvare can transmit the following data: heated, unheated,
and differential temperatures; reactor vessel levels; representative
upper head temperatures; heater control signals; and the status of the
reactor vessel level at each level.

. ICC Monitoring System Cabinet Assembly

Two (2) pre-vired, single bay cabinets (one for each channel) are
provided for the ICC Monitoring system to house the signal processing
equipment, heuter pover controllers, and serial data links. Fach
cabinet is 30" wide by 36" deep by 90" hig... The cabinets are
designed for both top (removable top coverplates) and bottom cable
entry. The cabinet front doors permit vieving of the cabinet mounted
HITC display module when closed. Figure 9 shovs the ICC cabinet
configuration. The cabinets contain the processing hardvare and
signal terminations for SMM and CET functions. The ICCMS pover
requirements are 115 VAC + 10X, 60 Hz + 10%, 12 amps maximum, and 6
amps nominal. The ICCS heat load is 7,000 BTU/HR.

. HJTC Probe Holder Support Tube

The probe holder support tubes provide the guidance and support for
the HJTC probe assemblies. They are located in two (2) guide path
shrouds. The location of the guide path shroud is in a spare Rod
cluster control guide tube position. The probe holder support tubes
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The Farley Units 1 and 2 HJIC nozzles are located near the periphery
of the array of head nozzles and are therefore accessible at a low
elevation. A capped latch housing extension, that mates to the
reactor head nozzle in the same fashion as the existing closure and
that extends upvard, vas velded to the quick disconnect Grayloc
closure assembly. The quick disconnect Grayloc closure vas velded to
the capped latch housing extension to form the HJTC pressure boundary
assembly. The blind hub of the flange set is configured to accept the
HJTC probe seal plug and packing rings. It also contains a vent plug
to ensure proper venting of the nozzle. The thermal sleeve extends
downvard into the head area and overlaps the upper section of the
probe holder, thereby shadoving the probe from direct cross flow.

The design of the Grayloc flange is such that the HJTC probe
assemblies can be removed or installed through the penetration vithout
removing the reactor vessel head.

9. RJTC Handling Hardvare

The length of the HJTC probes is approximately tventy-five feet. As a
result, outages in which the reactor vessel head is removed vill
require that the probe be separated from the head. This is
accomplished by separating the Grayloc flange and by disconnecting the
probe from the Grayloc blind hub. The probe electrical connectors are
then covered vith a leaktight bullet nose and the probes are left in
the upper internals package during outages. Special handling
equipment, other than the vatertight bullet noses, is not required for
the Farley Units because the probe assemblies are short enough to be

left in the upper internals package.
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D.

10. Accuracy

The accuracy of the indicated temperature for the HJTCS is + 7.6 F
(RSS method) from 70°F to 530°F and + 15°F at 1800°F. The accuracy
betveen 530°F and 1800 F is a linear ramp betveen the accuracies
defined above for these tvo temperatures. During and after design
basis event conditions, the temperature indication accuracy is «+ 23°F
from 70°F to 530°F and « 26.3°F at 1800°F.

The measurement accuracy described above accounts for all
unce:tainties vithin the instrument loop (i.e., the thermocouple and

its accuracy, HJTCS cabling, signal processing, and display
uncertainties).

RCITS In-Containment MI Cable Description

The cable provided vas designed to meet the criteria specified and tests
imposed by IEEE Standards 323-1974, 383-1974, and 344-1975 and
10CFR50.49.

Mineral Insulated Cable (MI Cable) is a 1/4 inch, stainless steel
sheathed multi-conductor cable that is fully qualified to the
post-accident environment at Farley Nuclear Plant. Copper vire is 18
gauge and Chromel-Alumel wvire is 28 gauge. It is hermetically sealed
through an all-velded construction technique and this, together vith the
inorganic materials used, provides a very high tolerance for abnormal
temperatures and pressures and has minimal susceptibility to radiation
damage. The cable has an inner copper liner used to reduce
electromagnetic interference and is factory terminated vith qualified,
quick-disconnect type multipin connectors. The outer jacket consists of
fully annealed stainless steel that may be formed into bends as

tight as a 2" bend radius to facilitate installation. Mounting of the
cable utilizes means identical to those used in instrument sensing
lines.
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1.

Core Cooling System Description

Reactor Cavity Cable

Each HJTC cable set is compriced of one cable section from the HJTC
probe to the poolside disconnect panel. This set consists of sixteen
(16) cables, one for each sensor in two (2) HJTC probes (See cable 1
of Figure 12). The cable is required to be supported every five (5)
feet except at the connectors vhere a support vithin three (3) feet
is required. For ease in routing the cable, all eight (8) cables of
one train can be bundled together and routea as one group.

., Containment Cable

Each cable is comprised of one section from the poolside disconnect
panel to the containment penetration (refer to cable 2 of Figure 12).
Routing and handling is the same as the reactor cavity cable
described above. Mating half conneztors that can be installed in
penetration assemblies for containment penetrations are also
included.

E. RCITS Softvare Description

The
and
of
is
wvil

level logic is performed on each of the sensor reference junction
differential temperature signals in the channel. Vhen the magnitude
both the sensor’s differential output and reference junction output
less than their respective setpoints, the output from the level logic
1 indicate the presence of liquid at the respective sensor. If the

mugnitude of a sensor’s differential output or reference junction output

reaches or exceeds a high preset value, then the output signal from the

level logic will indicate that the liquid level has dropped to a level

lover than the respective sensor,
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c.

CET Hardvare Description

The existing connectors of the individual thermocouples will be
replaced vith qualified hermetic connectors for mating with the
mineral insulated cable connectors. This CET connector upgrade
consists of removing the existing thermo-electric connectors and
installing C-E's qualified tvin pin connector. MI cable is used
to carry the T/C signals from the reactor vessel head to the
cont ‘nment penetration.

Each LET cable set is comprised of 3 cable sections. The first cable
section consists of a short transition cable vhich provides connectors
for mating vith the individual thermocouples. The leads from these
conncctors are combined into a single multi-connector cable, terminated
at the top in a multipin connector (refer to cable 1 Figure 13). This
cable section is designed to fit under the refueling bullet noses for
the CET’s so that during refueling operations only the multipin
connector is disassembled leaving the twin pin CET connectors untouched.
This results in reduced refueling time and man-rem exposure since only
the multipin connectors need be disconnected instead of each CET twin
pin connector. It also further reduces the potential of damage to the
individual CET connectors. The second cable section is routed within
the head area cable support structure and interfaces vith the
transmission cable and containment cable (refer to cable 2, Figure 13)
This section is disconnected at both ends and removed from the head area
cable support structure during refueling. A third, permanently
installed, cable section will be provided to run from the poolside
disconnect to the containment penetration. (Refer to cable 3, Figure
13).
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The CET Processor is comprised of tvo independent and redundant
channels (A and B) vhich meet the isolation and qualification
standard for a Class 1E system. Each channel contains microcomputer-
based electronics to process and display CET temperatures. The CET
processor mewts the seismic and environmental qualification criteria
set forth in IEEE Standard 323-1974, IEEE Standard 344-1975, and
10CFR50.49, The system employs both a continuous, on-line
diagnostic routine and nn-demand ca.ibration logic to ensure
softvare reliability and hardvarc mai itainability. The data link
shall provide the SPDS with all CET values in a timeframe compatible
wvith SPDS operation. The folloving describes the major
instrumentation comprising the CET Processor.

Microprocessor chassis for processing all the Inputs/Outputs of the CET
System, along vith thermocouple reference junction temperatures for
thermocouple compensation.

., Fiber-optic RS232C data links (vith fiber optic modems) for

communications betveen the CET Processor and the SPDS. These data links
meet the isolation requirements of IEEE-279.

., Individual, dedicated digital panel meters, located on the main control

board, are used for displaying CET parameters conveniently to the

operator.

, Class 1E contact a)arm outputs and Class 1E analog trend recorder

outputs for alarming and recording the highest valid CET temperature.
(Analog outputs ave not utilized since trending and alarms are indicated
on the SPDS display.)
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D. CET In-Containment MI Cable Description

1. Reactor Cavity Cable

Mineral Insulated (MI) Cable for the CET signals vhich is similar in
construction to MI cable for the RCITS vill be utilized.

Each CET catle set will carry signals from the thermocouples in
sufficient quantity to monitor the number of core exit thermocouples
as indicated lelov:

M .. Inatrument Ports o

No. of Thermocouples Per Port 12 & 13
Total No. of Thermocouples 51

Type of Cables 8 & 10 vire

Each reac*or cavity CET cable et is comprised of 2 cable sections,
Copper vire is 1R gauge and Chromel-Alumel vire is 2¢ gauge. The

| first cable section consists of a short section vhich provides
connectors for mating with the individual thermocouple connectors.
The leads f:om these ccnnectors are combined into a single
multi-ccnnector cable, terminated at the top in a multipin connector
(refer to cable 1 Figure 13). This cable section is designed to fit
under the refueling CET bullet noses so that during refueling

| operations only the multipin connector is disassembled leaving the

| tvin-pin CET connectors untouche.. Bullet nose assemblies used to

| protect th~ ~*T ¢ _nnectors during refueling will be lengthened to

| accommodate ‘.e short first MI cable section. The second cable

! section provides the transition from the refueling bullet nose

disconnect along the reactor cavity to the poolside disconnect (refer
to cable 2 Figure 13). This section is disconnected at both ends

I
during refueling and remains with the cable support structure.
|
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Core Cooling System Description

Since the cable is semi-rigid, no external cable support structure is
required for the short segment of this cable section wvhich traverses
the cefueling cavity. A third section (beyend the reactor cavity)
runs from the poolside disconnect to the containment penetration.

The existing connectors of the individual thermocouples will be
replaced vith qualified hermetic connectors for mating vith the
mineral insulated cable connectors. This CET connector upgrade
consists of removing the existing Thermo-Electric type connectors and
installing C-E's qualified tvin-pin connectors that have been tested
to meet the applicab) ' post-accident containment environments.

. Containment Cable

Each Mineral Insulated cable is comprised of one section from the
poolside disconnect panel to the containment penetrations (refer to
cable 3 of Figure 13). Routing and mounting is the same as for the
HJTC containment cables.

E. CET Softvare Description

The CET softvare consists of calculating the highest and next highest
CET temperatures per quadrant and the highest CET temperature overall.

IV. Descri

ption of SMM

A. Design Features of SMM

The “ubcooled Margin Monitor (SMM) is an on-line microcomputer based

system vhich uses reactor coolant process signals to provide a

continuous indication of the margin from saturation condit.ons. The
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Core Cooling System Description

SMM provides information for the operator to determine the loss of
subcooled margin vhich is the first phase of an Inadequate Core
Cooling scenario. In addition, active fuel uncovery is confirmed by
the indication of superheated steam temperatures. The operator is
provided continuous irdication of either the pressure or temperature
margin from saturation. The data-link vill transfer all RCS
pressures used in the algorithm to the SPDS.

Functional Description of SMM

The saturation temperature margin is the difference betveen the
measured temperature of the reactor coolant and the si .ration
temperature. The saturg: ' > tegperature is calculated from the
minimum primary system pressure input. A maximum or representative
temperature input ie used for the measured value.

Temperature saturation margin calculations are performed for twvo
major locations: 1) the highest primary loop RTD temperature and 2)

a core exit temperature,

The operator can select (via a pushbutiton) either RTD or CET
saturation temperature margins for display at the operators display
panel. All input temperatures and pressures vill be available on

operator command.




Enclosure 1
Inadequate
Page 19

C.

Core Cooling System Description

SMM Hardvare Description

The Subcooled Margin Monitor consists of a digital display module, a
microprocessor, plus the interconnecting cabling betveen the digital
display and microprocessor. The panel display module face measures
five inches vide by four and one quarter inches high. The
microprocesior function is integrated into the IC”™MS microprocessor.

The SMM provides outputs to alarms and trend recorders as vell as
data links to the SPDS. (Analog outputs are not utilized since
trending and alarms are indicated on the SPDS display.)

V. Integration of RCITS, CET and SMM into a Total ICCM System

A.

Introduction

inadequate Core Cooling (ICC) Monitoring System is a safety grade
processing and display system vhich is qualified to Class 1E
standards. The ICC Monitoring System addresses the NUREG-0737 ICC
instrumentation processing and display requirements. The ICC
Monitoring System design has been verified and tested to Class 1E
criteria to ensure that the required standards of hardvare and
softvare reliability are achieved.

The main objectives of the ICC Monitoring System include:

Class 1E inadequate reactor core cooling instrumentation signal
processing

Class 1E display of inadequate reactor core cooling instrument
signals

Isolation and data liaking of Class 1E signals to Alabama Pove:

Company's SPDS computers
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Core Cooling System Description

The ICC Monitoring System processes Class 1E signals including those
from: the SMM, the HJTCS, and CET's. The ICC Monitoring System will
accommodate the t:'pes of thermocouple and RTD instrumentation used at
Farley Nuclear Plant for ICC monitoring.

The ICC Monitaring System integrates the subcooled/superheat margin,
reactor coolant inventory, and core exit temperature processing and
display into one system, Figure 14 depicts the locations of the ICC
sensor locations. Additionally, Table 1 provides the function,
range, number of channels, and outputs far each ICC sensor.
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FUNCTION

Max imum HITC
Temperature

Max mum
s Temperature

Feactor Yessel
Ligquid Level (Top
of core to top of
head)

Core Exit
Temperatures

Saturation Margin

INADEQUATE CORE COOL ING MONITORING SYSTEM PROCESSING AND DISPLAY

SENSORS

HJITC Unheated Junction
Temperature

Individual
CET Temperatures

HJTC Probe Incivding:
Heated Junction T/C Temp.,
Unheated Junction 7/C
Temperature;
Ditferential Temp. {level)

Core Exit Thermocouples
(CETC) Temperatures

Hot Leg RTD Temp.
Cold Leg RTD Temp.
Max HJITC Unheated

Junct. Temp.
Maximum CET Temp.
Pressurizer Pressure
RLS Pressure

TABLE 1|

ouTPUTS

PROCESSING
RANGE # /CHANNE L
CRJ*-2300°F 1
CRI*-2300°F 1
CRJ*-2300°F 16
CRJ*-2300°F 32 [maximum)
0-750 °F 3
0-750 °F 3
CRJ*-2300°F 1
CRJ*-2300°F 1
1700-2500 psig 1
0-3000 psig 2

(R - Cold Reference Junction Thermocouple (Ambient Room Temperature of the Cabinet)

1) Maximum Temper-
ature.

1) Maximum
Temperature

1) Liguid level (Top
of core to top of
head)

2) WITC Sensor
Temperature

3) Maximum HJTC
unheated junction
temperature.

1) Individual CETIC
Temperatures

Z) Maximum
CETC Temperature

1) RCS Loop Temperature
margin (subcooled
to superheat)

Z) Core Exit Tempera-
ture Marqgin

3) BCS Pressures (data
link only)



ENCLOSURE 2

Emergency Response Guidelines and Procedure Setpoints
for the Heated Junction Thermocouple System
at Farley Nuclear Plant



1. Try to Restart an RCP

t. Check BOTH of the following
HITCS indications:

1. Upper Head - (8)%

2. Upper Plenum - (9)%

5. Check HITCS Upper Plenum
Indication - GREATER THAN (5)%

11, Continue Cooldown of Inactive
Portion of RCS

¢c. BOTH of the following HJTCS
indications:

1. Upper Head - (B)%

2. Upper Plenum - (9)%

0273y 1D /0226088

6. Perform the following:

1. Increase PRZR leve) %2 (1)%
using charging and letdown

2. Establish subcooling greater
than (2)°F using stesm dump

Repressurize RCS to maintain MITCS
upper plenum indication greater than
(S)%. Return to Step 3.



Grideline E-3

35, Check RCP Status:
a. RCPs - AT LEAST ONE RUNNING a. Try to start one RCP:

1. IF _ANY one of the following
KJITCS indications is observed:

© Upper Head - LESS THAN (26)%

© Upper Plenum - LESS THAN
(32)%

THEN perform the following:

027)v 1D/02260¢




13, Verify Adeguate S! Flow:

a. HITCS upper plenum
indication = GREATER
THAN (10)%

18. Depressurize all Intact SGs to
Inject Accumulators as Necessary:

8. Dump steam to condenser as
necessary to maintain KJTCS
vpper plenum indication at
(10)%

0273y 1D /02288¢

A-1.

Incresse S! flow to maintain
HJTCS upper plenum indication
greater than (10)%

Manually or locally dump steam from
intact SG(s) as necessary to
maintain HJTCS upper plenum
indication at (10)%:

© Use PORY

.oro

o [Enter plant specific means)
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16. Control Charging Flow to
Maintain Reactor Coolant
Inventory by Maintaining HJTCS
Upper Plenum Indication:

- © One RCP running = GREATER THAN (32)%
© No RCPs running = GREATER THAN (33)%

20, Verify SI Flow Not Required

b. Check KJTCS upper plenur b.
indication:

One RCP running - GREATER THAN (32)%
No RCPs running - GREATER THAN (33)%

0273y 107022608




Fo! for Guidelin A-3,

1. S1 REINITIATION CRITERIA

Manually operate SI pumps as necessary {f EITHER condition 1isted below
occurs:

© Core exit TCs - INCREASING
o KJTCS upper plenum indication:

© One RCP running = GREATER THAN (32)%
© No RCPs running = GREATER THAN (33)%

0273 1D /022608
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7. Check 11 SI Can Be Termin ‘ag

e ..

b. b

¢. HITCS upper plenum B
indication = GREATER THAN
(12)%

d. d.

11. Verify SI Flow Not Reguires

¢ MKITCS upper plenum
indication - GREATER THAN
(12)%

0273 1D/C22008




| F ide)in A-3,
1., SI REINITIATION CRITERIA

Manually operate S! pumps as necessary if EITHER condition 1isted below
oceurs:

o RCS subcos)ing based on core exit TCs = LESS THAN (10)°F [(11)°F FOR
ADVERSE CONTAINMENT)

o HJICS upper plenum indication - LESS THAN (12)%

0273, 107022008




F-0.2 CORE COOLING STATUS TREE

0 Yo FRp-C

FIFTH
NOTTEST NO
—————{ (ORE EXiT
. TC LESS 1ES i
THAN L200°F ’ -
|
Fii Y "
WOTTEST NO
CORE EXIT
TC LESS
THAN TOOF YES
L
S
o
L J
LR T AR L R TN
RCS
suscooune | NO o 10 PPl
—r W = San gt
G T YES banniiayg tabls
xxx

F-0.2 CORE COOLING

C&F SATosD



Path ry for E- . . A~
"0 A' Lal A’.F‘ $

Under part b, CORE COOLING of Section 2, RED PATH SUMMARY for all guidelines
above, delete reference to RVLIS/HITCS.

0273 107022608



F-0.6 INVENTORY STATUS TREE

F-0.6 INVENTORY

PRIR LVL
GRTR THAN
5%

AND UPFPER
PLINUM LALS

LQUAL WO%
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6. Check KITCS Upper Plenum
Indication

a. Indication - GREATER THAN ..
(3)%

b.

16. Check Core Cocling

b. b.

e, KTCS upper plernum
indication = GREATER THAN
(8)%

23, Check Core Cooling

e MJTCS upper plenum
indication ~ GREATER THAN
(9)%

18/520608

.



5. This step should be deleted.
7.  Check Core Cooling
6. HWITCS upper head
indication = GREATER THAN
(9)%
b.
¢
16. Check Core Cocling
© HMJTCS upper head

indication = GREATER THAN
(15)%

0273 1D/C2200¢

{

14

8.

FR-
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5, Check 1f SI Can Be Terminated

o HITCS upper plenum
indication = GREATER THAN
(8)%

12, Verify SI Flow Not Required:

e HIICS upper plenum
inzicatior = GREATER THAN
(8)%

0273y 1D 022808

14

FR-P
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8. Check RVLIS Upper Range Indication
a. Indication:
0 Upper Head - (6)%
o Upper plenum = (17)%
©. Turn off PRIR heaters as
necessary to stabilize RCS

pressure

¢. Reti"n to guideline and
step in effect.

10. Check HJTCS:
¢ Upper head - (6)%

¢ Upper plenum = (17)%

0273 1D 022604

L

FR-

Return to Step 6




18. Review Reactor Vessel Venting
Termination Criteria

°
.‘r.
©
-‘r.
° e ——————————
.- or "
° e —————
.or

e HJTCS - INDICATES

¢ Upper head = (6)%

o Upper plenum = (17)%

20. Check MJTCS:

o Upper head - (6)%

o Upper plenue = (17)%

0273 1D 0280¢



1.

HJTCS LEVEL VA, "

HJTCS Upper Mead Values ‘

Valve indicating upper head region full: 100%; cerresponds to RVLIS
Upper Range Value for indicating upper head full,

HITCS Upper Plenum Values

Value indicating upper plenum region full: 100%; corresponds to RVLIS
Upper Range Value for indicating upper head full.

Voalue which ensures that RIS void fraction is less than 25% with 1 RCP
running: 12%; corresponds to RVLIS Dynamic Range Value for indicating
leve) of top of hot legs with RCP(s) running.

Value which is top of hot legs, plus uncertiinties: 444, corresponds to
RVLIS Ful) Range Value for indicating top of hot legs during natura)
circulation,

Value which is top of core, plus wncertainties: 0% corresponss to RVLIS
Full Range Value for ingicating tep of core.

Value which corresponds to 3.5 feet above bottor of active fue) in core
with 2e7c veid fraction plus uncertainties: 0N corresponds te RVLIS
Full Range Value for leve) 3.5 feet above active fuel region (for use in
FR-C.1 and FR-C.2 only).

Velue which 13 above the top of active fuel in core with 2ero void
fraction plus wncertainties: 0%, corresponds to RVLIS Ful)l Range Value
for top of active fue) on core with 2erc void fraction plus uncertainties.

0273 10090304 Rev. §
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5.

APCo Response

The displays for core-exit temperature are used to verify the highest
core-exit therzocouple value ist a) vithin a specified r v b)
above or belov a specified value, or ¢) trending in a corto!u
direction, Operations personnel are insciucted on the use of tne
upgraded core-exit temperature monitoring instrumentation during
operator requalification training. The plant simulator has been
modified to reflect the nev system as vell. The plant emergency
operating procedure specifies to the operator vhen to monitoer
core-exit temperature.

NRC Request

Confirm completion of contrel room design task analysis applicable to
ICC instrumentation., Confirm that the core-exit thermocouples meet
the criteria of NUREG-0737, Attachment 1 and Appendix B, or identify
and justify deviations.

APCo Response

Alabama Pover Company vill complete the control room design reviev
task analysis for the RCIT) prior to implementing revised emergency
operating procedures, vhich vill be upen receipt of plan!-lpocf:?c
approval from the NRC, The procedures and equipment vill be validated
using the plant simulator. The criteria of NUREG-0737, Attachment 1
and Appendix B, are satirfied. The specific responses to NUREG-0737,
Attachment 1 and Appendix B, are included in Enclosures & and 5 of
this letter, respectively,

NRC Request

Describe vhat parts of the system are povered from 1E pover sources,
ard hov isolation from non-1E equipment is p.ovided, Describe the
pover supply for the primary display. Cieatly delineste into tvo
categories vhich hardvare is included up to the isolation device and
vhich is not,

APCo Response

The core-exit temperature instrumentation is povered by cl. .. 1E pover
sources. The cabling, processor, and backup displays are all class
1E. The primary display is not povered by a class 1E source. The
isolation betveen the class 1E und non-class 1E supplied equipment is
performed by a fiber-optic data link S~tveen the 1CC instrusentation
processor and the Safety Parameter D.splay System processor vhich
generates the primary display. A description of the requirements met
for isolation and class 1E pover sources is provided in Enclosure 5.
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NRC Request

Confirm the environmental qualification of the core-exit thermocouple
instrumentation up to the isclation device.

APCo Response
The upgragea rore-e.it temperature instrumentatiun is environmentally

qualified from the “runsition cables that connect to the therm~ ouple leads
at the reactor vessel instrument ports to the processor cabinet in the main
control roow. This system includes the cabling inside containment, the
electrical penetrations, and the cabling from the electrical penetrations to
the processor cabinet. A description of the environmental qualification
requirements that vere met is provided in Enclosure 5.



Figure |

Al

K AEXX ¥

e KRxx T

- XXX nxxx L2 -

-~ XXXX XXX -
3 MUXX XXX XXX XXX 3
" KXXK Al
r XXX MXMXX XKxx r
| XXX XXX XXX REXX XXXX uXx L1 -
9| Xxxx KxXK XRXX  J
4 XXX XXX HMxx xxxx 4
3 XMKN 009 KX 3

e REXX L3¢ 1 4

9 KXXX oKL d

1 KEXX XXX T

. Xexx ”

11 1
HiE0ON
(4] ot - €% E 4% ‘B2 & e P ? B ’ 4 4 !
OB 10BR YY) 41w } 41NN muu_ d¥K ub b_uu M0 uu»N

6o o w8 9V 27



ENCLOSURE 4

The riteria of NURI , Attachment 11 € atisfied for the upgraded
ore-¢ it temperature instrume ratinot The P i f1 i te of NUREG 7’37,
\ttachment |, are addressed below
ltem 1
hermoc ;l‘ ! 1ted at the re exit for eact re qu
niunction wvit! Ore nlet temperature data, hal hé
to provide indication of radial distribution of the )0
(temperature) rise aci representative regions of the
{istribution symmetry should be considered wvhen determining the specifi«
nber and location of thermocouple to be provided for diagnosis of local
0Ore ;y ) { ¢
Kesponse
thorougl! {¢ ript ' f rthe O - ¢ t the ‘ ) Pl ided by
labama Povel pany 11 ettel iated . 1980. h¢ ‘BP'~"I' to the
* 1é f ! T nerat 1 ¢ 11 1 ¢ ta ! AV € 1 et te [ 1 the | 3 t f . thi
I "¢ Dl T the ¢ i [ ! NI E.‘ ! N ! 1 I ‘ L¢
[tem 2
£ { £ ! t | [ i A g the
. '
\DA
i { £ \ | A g {
|
! o0 f
L | ' !
$ !
.




Enclosure 4
Page 2

Response

See the response to NRC Request No. 2, 3, 4, and 5 of Enclosure 3 for a
description of the primary operator display. See response to Item 4 below
for description of human-factor design considerations.

—_—
w

tem

A backup display (or displays) should be provided with the capability for
selective reading of a minimum of 16 operable thermocouples, 4 f.om each
core quadrant, all within a time interval no greater than 6 minutes. The
range should extend from 200 F (cr less) to 2300 F (or more).

Response

See the response to NRC request No. 3 of Enclosure 3 for a description of
the backup displays.

&

Item

The types and locations of displays and alarms should be determined by
performing a human-factors analysis taking into consideration:

(a) the use of this information by an operator during both nermal and
abnormal plant conditions.

(b) integration into emergency procedures,
(c) integration into operator training, and

(d) other alarms during emergency and need for prioritization of alarms.

Response

The displays vere designed with human-factors engineering practices applied.
The NUTAC document for Control Room Design Review provided guidance for
these practices. The design of the displays and alarms, as vell as the
physical arrangement on the main control bcard, vas revieved by Alabama
Power Company’s human-factors engineering consultant. The integration of
the system into the emergency procedures vill be validated by a task
analysis of the system. Operator instruction will incorporate the nev ICC
instrumentation into requalification training for licensed reactor
operators.
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w

tem

The instrumentation must be evaluated for conformance to Appendix B, "Design
and Qualification Criteria for Accident Monitoring Instrumentation", as
modified by the provisions of items 6 though 9 which follow.

Response

The specific criteria of Appendix B to NUREG-0737, II.F.2, is addressed in
Enclosure 5 to this letter.

Item

The primary and backup display channels should be electrically independent,
energized from independent station class 1E powver sources, and physically
separated in accordance with Regulatory Guide 1.75 up to and including any
isolation device. The primary display and associated hardvare beyond the
isoiation device need not he class 1E, but should be energized from a
high-reliability power source, battery-backed, vhere momentary inteiruption
is not tolerable. The backup display and associated hardvare should be
class 1E.

Response

The tvo backup displays are electrically independent and physically
separated from each other in accordance with Regulatory Guide 1.75. They
are energized from class 1E pover sources. The primary display is supplied
by a highly reliable, battery-backed pover supply and is completely
independent from the backup displays.

Item 7

The instrumentation should be environmentally qualified as described in
Appendix B, item 1, except that seismic qualification is net required for
the primary display and associated hardvare beyond the isolator/input buffer
at a location accesesible for maintenance folloving an accident.

Response

The 1CC instrumentation is environmentally qualified as stated in response
to NRC Request No. 7 of Enclosure 3. Further reference to environmental
qualification wvill be made in Enclosure 5 (response to NUREG-0737, Appendix
B). The ICC instrumentation system is seismically qualified except for the
primary display and associated hardvare beyond the isolator.



Enclosure 4
Page 4

Item 8

The primary and backup display channels should be designed to provide 99X
availability for each channel with respect to functional capability to
display a minimum of four thermocouples per core quadrant. The availability
shall be addressed in technical specifications.

Response

The ICC instrumentation primary and backup displays wvere designed for an
availability factor of at least 99 percent.

Item 9

The quality assurance provisions cited in Appendix B, item 5, should be
applied except for ihe primary display and associated hardvare beyond the
isolation device.

Response

The ICC instrumentation system vas designed and fabricated under an approved
quality assurance program. The specific reference wvill be provided in
Enclosure 5.




ENCLOSURE 5

Listed belov are the specific responses to NUREG-0737, II.F.2, Appendix B:

1.

Environmental Qualification

The ICC instrumentation system is environmentally qualified per the
design requirements of R.G. 1.97 Category 1, IEEE-322-1974, R.G. 1.89,
and 10CFR50.49. All equipment located inside containment or in areas of
recirculated fluids is environmentally qualified for both normal and
design basis accident conditions. There are no deviations from these
requirements.

. Sirgle Failure Analysis

Each of the two channels of the ICC instrumentation system constitutes a
redundant division of this safety related system. Electiical
{ndependence of the tvo redundant divisions is achieved through several
weans: a) independent processor cabinets, b) independent power supplie:,
¢) independent sensors and displays, and d) independent interconnectirg
cables, c¢_Yle trays, and penetrations.

The two channels are physically separated in accordance with the
requirements of R.G. 1.75. Tvo separate routes vhich are protected from
high energy line breaks are used from reactor to the processor cabinets.
In addition, the ICC instrumentation system satisfies criteria set forth
in NUREG-0696 regarding uninterrupted performance during and subsequent
to events expected to occur during the life of the plant including
eart!.*1akes,

Given the features of the design described above, it can be concluded
that a single failure of any component (sensor, cable, penetration,
cabinet, display) in one redundant channel will not prevent the other
redundant channel from properly performing its intended function.
Similarly, failure of the pover supply associated vith one redundant
channel will not adversely impact the other channel.

Each of the redundant ICC instiumentation system processnrs has a
continuous on-line diagnostic routine that checks both hardvare and
softvare. The diagnostic system provides error and failure messages to
the operators in the main control room. For example, a processor failure
is annunciated by the plant annunciator. The on-line Jiagnostic allovs
the operator to deduce the actual plant conditions should a failure occur
in one channel.

Reactor coolant system pressure and temperature inputs to the subcooling
margin monitor portion of the ICC instrumentation system originate in the
existing .e''ndant ciass 1E process instrumentation cabinets (train A and
B). Ir order .. bave the subcooling margin monitor of each train read
the sime, analog temperature and pressure data from both trains are

provi led as inp.ts to each train of the ICC instrumentation system.
Oppos.te train inputs are isolated as described in item 9, such that a
single failure vill not prevent the ICC instrumentation system from
performing its intended function.
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3.

-

Class 1E Pover Source

The ICC instrumentation system is a class 1E processing and display
system, designed to provide two independent and redundant channels (A and
B) of safety grade display instrumentation.

A single bay cabinet is provided for each channel vhich houses the signal
and pover terminations for the processing equipment and heater
controllers for the HJTC. The processing equipment provides pover to the
digital displays and the heater controllers. The heaters use the same
pover source as the processing equipment.

The main pover supply to each of the tvo channelized ICC instrumentation
system cabinets is provided from separae class 1E train oriented 120 VAC
distribution panels (see Figures 2 and 3 attached). Each distribution
panel is supplied pover from a separate train oriented class lE inverter.
During normal operation the inverter pover is derived from a class 1E AC
source (600V class 1E MCC backed-up by a class 1E diesel generator). In
the event of the source failing, a class 1E DC source (proviced by a
class 1E emergency battery) instantly feeds pover to the inverter unt.l
the AC source returns, and as such, the inverter constitutes an
unintertuptable source of AC pover.

It should be noted that the inputs to the subcooling margin monitor are
generated in the class 1E process control cabinets. Pover supplies to
these cabinets are provided by the channelized 120V class 1E vital AC
distribution panels, vhich have class IE battery and diesel back-up.

. Availability Prior To An Accident

The ICC instrumentation system vas designed to have a 99 percent
availability tactor. The system can be easily checked at powver without
affecting plant operation.

. Quality Assurance

The Combustion Engineering quality assurance program incorpcrates the
guidarce endorsed by Regulatory Guide 1.97, Rev. 3.

+ Continuous Indications

The ICC instrumentation system includes two independent class 1E backup
displays and one non-class 1E primary display. The processor
continuously updates the information and generates a new display every
three seconds.
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7. Recording of Instrument Outputs

The primary display has the capability to maintain a historical log of
values, and display them to the operator either on the CRT screen or a
printed copy. The ICC system processor also has the capability to output
to a trend recorder if needed.

Identification of Instruments

The ICC instrumentation system displays will be located on the reactor
panel of the main control boards. Each display is clearly labeled by
function.

. Isolation

Signals that are transmitted from the ICC instrumentation system to
non-class 1E equipment are isolated as follows!

B Safety Parameter Display System (SPDS) Computer

Isolation between the ICC instrumentation system and the SPDS
computer is accomplished via a fiber-optic data cable.

- The Plant Annunciator

Isoiation between the ICC .instrumentation system and the plant
annun~iator is accomplishked by a class 1E relay (coil to contact
isolation). The class .® relay is located in the ICC
instrumen:ation system cabinet.

In addition to the isolators dir-ussed above, class 1E analog isolators
are provided for the opposite train analog inputs provided to each train
of the ICC instrumentation system. This isolation is accomplished as
follows:

As indicated in response to item 2 above, reactor coolant system
pressure and temperature data from both trains of process
instrumentation are provided as inputs to each train of the ICC
instrumentation system. The opposite train inputs are isolated by
class 1B transformer modulation type isolators that are located in
the process control carinets. This isolation ensures that a fault in
the process control cab'nets cannot affect both trains of the ICC
instrumentation system.
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ENCLOSURE 6

NRC Request

Discuss the spacing of the sensors from the core alignment plate to
the top of the reactor vessel head. How would the decrease in
resolution due to the loss of a single sensor affect the ability of
the system to detect an approach to ICC?

APCo Response

The locations of the he 2:d junction thermocouple sensors vere chosen
to provide level indicat.on at important physical structures vithin
the reactor vessel. The first sensor vas located as close to the top
of the vessel as possible in order to detect possible void formation
in the head. The next tvo sensors vere placed just above and just
below the upper support plate in order to detect differences in
draining rates betveen the upper head and upper plenum regions. The
next sensor vas placed midvay betveen the upper support plate and the
top of the hot leg. The next three sensors vere located at the top,
midplane, and bottom of the hot leg in order to detect possible void
formation at the hot leg. The bottom sensor was placed as close as
possible to the core. The loss of any one of these sensors would not
diminish the operators ability to detect or trend vater level since
there are tvo independent channels of reactor vessel level available.
See Figure 4 for a depicticn of t“e sensor locations as displayed by
the reactor vessel level mimic display.




