"\ e ——

|
UL 7T L —
I
0GR B S i
ey ||| -
. .“: - '3 ".

< —— o et s bt o ettt
———" 4+ w4 — .
Sn—

OMAHA PUBLIC POWER DISTRICT

FORT CALHOUN STATION
UNIT 1

NRC Form 474 Submittal
for
CERTIFICATION

SIMULATO




SIMULATION FACILITY CERTIFICATION




Test Number 14.5.4.11, "Loss of Load Test" (included in Appendix 3.A,
Transient Tests): An exception for this test 1s due to Fort Ca‘houn
Station Unit 1 plant configuration and operations. Additional details are
provided 1n the test sum:ary,
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Section 1

STIAULATOR INFORMATION

1.1 GENERAL

(1) Owner: Omaha Public Power District
Operator: QOmaha Public Power District
Manufacturer: Mestinghouse Electric Corporation

(2) Reference P'ant*: ' 1houn ion, Uni
Type: NSSS  Combustion Engineering PWR
Turbine Generator: General Electric
Rating: 1500 MWwt, 502 MWe

(3) Date Available for Training: ne 16, 1

(4) Type of Report: Initial
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Mod ¢

FC81-051

FC85-128

FC88-017

FC85-13b

FC75A-061

FC88-011

FC88-110

FC89-025

Mod Title

Control Roem Ventilation
System Modification

Meter Scale Modifications

Addition of a Third Aux
Feedwater Pump

SGLS Block Permissive
Setpoints

Component Cooling Valves
Control Circuits

Instrument Air Containment
Isolation Valve
Replacement

S1-3A/38/3C Start Signal
Logic Change

RCS Narrow Range Level
Instrument

Mod Description

Addition of 2 totally new panels;
generatior of 1/0 and software for
new panels; HVA chan?es to
accommodate new panels.

Conversion of Sq. root processes
to linear processes; replacement
of Sq. root flow meters;
replacement of Foxboro meters with
Dixson meters; replacement of
Sigma start-up meters; adding
units to meter facefronts and
changing meter scale of FIA-236.

Pump, piping, and valve additions;
control board switch, indicator,
and annunciator additions;
addition of accumilators for AFW
valves and main FW valves;
modification of main FW isolation
valve circuits,

Replacement of S/G pressure
meters; chan?e of SGLS logic to
t~ue 2-out-of-4 logic.

Replacement of CCW switches with
spring return to center switches;
valve handier logic changes.

Addition of new valve on
instrument air to containment;
valve logic changes; addition of
new pressure switch loop; addition
of control switch and lights, and
1i?hts only on AI-43A; addition of
valve position to ERF/QSPDS.

ESF logic changes for sequencers;
sequencer times need to be
changed; addition of new test
switches; ERF timing program
modification,

Addition of 2 new indicators on
control panel; RCS model changes;
addition of WR and NR level
calculations.



Mod ¢

FC83-004B

FCB1-064

FC83-074

FC85-151

FC87-037

FCB4-075

FC87-048

Mod Title

Remaining VA-66 Flow
Problems

RCS Hot Leg Level
Indication
DC Sequencer Relay

Replacement

Replace Oddly Shaped
Switch Handles

Diesel Generator
Electrical Modifications

Redundant Power Sup?ly for
RW-CCW Interface Valves

Diverse Scram System (DSS)
Testing

Mod Description

Addition of control/interlock
logic for new fan VA-121; addition
of switches and lights for
dampers; addition of pressure and
temperature interlocks; addition
of new flow controller (FIC-766).

Addition of alarm bistable to
LI~197 loop; addition of ERF
point,

Removal and plugging of auto-start
key switches; removal and plugging
of "spare" DC timers; removal and
plugging of “"spare" AC timers;
replacement of remaining AC timers
with new ones.

Replacement of switch handles on
Al-179 and AI-185; modification
and replacement of some meter
scales; reversal of new Dixson
indicators for S/G level and
pressure,

Replacement of diesel tachometers;
swapping of startin? air pressure
sensors to correct lines; removal
of ERF points.

Replacement of AC/RW interface
valve switches; addition of an
alarm window; removal of lights
and switches on AI-45; addition of
new switch on CB-1,2,3; Software
changes.

Addition of alarm windows to
indicate DSS relay status; logic
changes on operation of control
switches.



Mod #

FC85-132

FC88-067

FC86-033

FC87-055

™
o
oo
on
1
.
o

FC86-046

FC87-016

FC82-150¢

on
oo

FC86-096

FC85-022

oS

RCS Loop RTD Indicator
Replacement

P~dicated N2 Supply for
Isclation Valves

Evaluate Replacement of
Proc/Area Radiation
Monitors

ERF Computer Terminal
Upgrade

Increased minimum flow for

Pumps FW-4A/B/C

Qualification of PZR Level

Control Instrumentation

Containment Sump
Temperature Indication

vac Dearator Pumps
(DOW-46A/B) Replacement

RPS Power Supplies

Control Room Annunciation

for Limitorque Operators

Metrascope Changeout

Mod Description

Replacement of RCS temperature
meters with Dixsons.

Addition of N2 backup to
instrument air for certain vaives:
modification of CAS model: removal
of existing accumulators.

Replacement of radiation monitor
recorders; movement of area
monitors.,

Upgrade of control room consoles;
addition of fourth terminal in
control room; lazy susans for
existing consoles.

Tuning of CFW model to provide
new minimum flow conditions.

Replacement of Pressurizer level
recorders (101 loop recorders).

Addition of ERF point; addition of
instrument loop for containment
sump temperature to software.

DW-46A/B pump capacities and
operational aspects will need to
be changed; CCW heat load to be
added,

Replacement of RPS power supply
face fronts.

Addition of alarm window to
indicate loss of power and/or
thermal overload,

Addition of logic for rod drop

timing; addition of 1/0 from Al-3,




Mod ¢

FC86-049

FC87-038

FC85-005

FC87-054

FC87-063

FC88-009

FC85-126

FC83-174

FC87-032

FC88-022

FC88-074

FC85-138

Mod Title

Redistribu'e Loads/DC
Buses and Inverters

Diesel Aenerator
Mechanical Modifications

deater Drain Pump Suction
Relief Valves

Fire Protection Systems
I!parade

Diesel Generator Radiator
Exhaust Damper Valves

Control Room lodine
Monitor (RM-065)
Modification

Condensate/Feedwater
Switch (43/FW) Alarm

Reactor Reg/Steam Qump &
Bypass Alarm

Air Compressors for Fire
Protection Deluge System

CRDR Labeling/Demarcation/
Mimic/Etc.

DCRDR Meter Banding
Project

Guard Rail on Edge of
Contrcl Boards

Mod Description

Reallocation of electrical loads.

Tuning of DSG AUX model.

Addition of valves to FWH model.

FPS model flow path changes.

Isolation of damper control
circuit on operation of 183/MES
switch,

Addition of alarm window on Al-
33C; new VIAS logic may need to
be added.

Addition of new alarm window and
logic for 43/FW switch,

Addition of new alarm windows;
addition of logic to RRS model.

Addition of alarm window.

Replacement of some of the
control room labeling.

Addition of colored tape to some
meter faces; replacement of other
meter faces.

Addition of chrome plated steel
guard rail around control boards.



Mod ¢

FC85-142

FC84-176

FC87-014

FC85-148

FC83-133

FC88-036

FC85-137

FC83-166

FC84-0928

FC85-130

FC85-150

FC88-049

Mod Title

Replacement of Sigma Meter
Scales

Letdown Level and
Backpressure Control

Replacement of HCV-249 and
HCV-2988

CIAS Emer?ency Operate
Button Relocation

Control Rooin
Indication-Diesel Gen
Malfunction

Aux Controller for
Feedwater Reg System

Reactor Trip Push-button
Guard

Containment Sump Pump
Level Indication and
Contro!

Steam Generator Nozzle Dam
Control Console

Keylock Switch Chenges

Plastic Switch Guards

Instailation of Instrument
Air Dryer

Mod Description

Removal and disassembly of some
meters to replace scales.

Tuning to improve response time
of PT-210.

Valve stroke timing could be
affected.

Removal and relocation of CIAS
emergency operate button.

Removal of ERF points; Removal
of pressure switch contact; DSG
AUX model changes.

Power supply transfer switch iogic
changes; addition of new alarm
window.

Addition of reactor trip
push-button guard.

Logic changes to WD-3A/B pump
handler; could involve recorder
hardware changes.

Addition of new alarm window.

Some keys placed in key locker;
other key lock switch actuators
replaced by "normal" actuators.

Installation and modification of
plexiglass switch guards.

Addition of new alarm window.
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may need

valve imit switch/valve position
|

I1ght changes; annun

cirator window
changes; bypass switch |

changes; replacement of H(C-308

sSwitch.

setpoiInys.

Changes in PS! |1 cause changes
in GEN excitation; tuning of GEN
model may be reeded.

Addition of new label on VLPMS
panel; noew picture of control
switch.
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®  Reboot

®  Startup

*  Initializatior

®  Snapshot Control

“  Backtrack

®  Replay

¢ Annunciator acknowlege, reset and
sllence

®  Run/fFreeze Control

¢ Expert Mode

®  Malfunctions

®  Local Cperator Ac*ion

®  Plant Parameters

® Global Component Failure

* Overrides

¢ Instructor action status displays

°  Plant dia rams

*  Computer alarms and messages

° Artificial noise generator

®  Instrument noise

®  Remote control unit

®  Drill library

¢ Time scaling

*  Diagnostics

*  Help

°  DP Monitor printer control

® Printer control

°  Trending

? Plant status displays

¢ Datapoo! monitor

® Paramater databook

¢ Itrip chart recorder

¢ Trainee performance review

¢ Student record program

®  Shutdown

*( = Control CRT/Display
M « Monitor CRT/Display

TABLE A1.3(1)
Instructor System Features
CRI Screens*

N/A

N/A

€M O O D

C
c(cm)
c(cm)
c(c/™)
c(c/m)

€

€

M

€ 3 Y M O M

C(M)
C(W)

™y B X X =2 B W =

L]
N/A

N/A
Control
Control
Contro|
Contro!
Control
Control
Control
Control
Action (Plant Diagrams)
Action (Plant Diagrams)
Actien (Plant Diagrams)
Action (Plant Diagrams)
Action
Actfon
Action
Action
Action/p.2
Action/p.2
Action/p.2
Action/p.2
Action/p.2
Action/p.2
Action/p.2(Act fon)
Action/p.2(Action)
Action/p.2
Action
Action
Action
Action
Action
Action
Act fon
Action/p.2



fields on the plant diagrams will be through the mouse. In this
manner, the high resolution color graphics can be used to the
instructor's advantage.

dditional Equi

Additional hardware is present in the instructor's booth for the
following functions:

1. Recorder Power On/0ff -- Controls power to control room
recorders.

Emergency Stop -- Cuts pcwer to simulator.

3. Annunciator Horns On/0ff -- Disables control room horns, in
case of a computer failure with any horn sounding. When the
horns are enabled again by this switch, they resume being
silent or sounding as if they had never been disabled.

4. Communications devices, phones and plant paging system, to
simulate communications from outside the contrel room.

5. Audio and video monitoring and recording equipment.

-He | r

Two wireless remote control units are provided which allow limited
control of the simulator. The remote functions can be activated up
to 100 feet from the center of the control panels, thus providing
the instructor with the ability to control the simulator from any
point in the simulator area.

The wireless transmitter has an internal antenna and is small enough
to fit into a shirt pocket. It has 16 "click-type" buttons which
cause 16 discrete signals to be transmitted to the receiver.




Four push-buttons on the unit are dedicated to freeze/run, switch
check override, master annunciator acknowledge, and master
annunciator reset, The remaining push-buttons are programmable from
the instructor control console. The instructor is to review and
assign functions for each of the programmable keys on the remote
contro! unit. These functions include:

" Activation of Instructor Actions (preassigned)

al Snapshot

" Activation of Backtrack with Forward/Reverse Stepping

o Ac*ivation of Replay

N Initialization Reset

i Activation of Control Panel {ardware Diagnostic Testing
N Control of Time Scaling

. Activation of Malfunctions (preassigned)

. Termination of Malfunctions (preassigned)

econdary Contr ]

The secondary control rconsole is a movable unit consisting of one
CRT with touchscreens, a roller ball and a keyboard. The operation
of the secondary control conscle is identical to the monitor and
control CRTs of the primary control console,

When the secondary control console is operating, control of the
simulation from the primary control console is relinquished; the
console "in-command" at a given time has the unique prerogative of
retaining or relinquishing control to the other. Control of the
simulation is exchanged between the primary and secondary console by
depressing the right mouse button while the cursor is on the window
frame and then selecting the "give console" or "take console"
option. The remote control unit interfaces with whichever console
is in command.



1.3(1)

Initial Conditi

The Fort Calhoun simulator has the capacity for 54 Initial
Conditions (IC) to be stored. The first 24 IC's have been assigned
as permanent training IC's. Tho.: 24 IC's include various modes of
operation various power levels, various times in core life and
several different fission product poison concentrations., These 24
IC's are shown in Table Al.3(2).

IC's 25«54 are being used for temporary IC's. The temporary IC's
are used for training and for troubleshooting simulator software
problems.

IC lecations 55-59 are used as a rotating snapshot buffer. IC
location 60 is a default IC. IC locations 61-300 are used for the
backtrack and replay option.



TABLE A1.3(2)

1d Shutdown - RCS drained

Shutdowr PZR Bubble

Ready to >ync Generea
xenon creasing following startup
Power raised from 30%
Equilibrium Xenon
Aenon

Xxenon

ecreasing

Power Decreasing 05% Xenon

\’.l\l“ ‘ "K“Y“‘\.;V\ xenon

5t

X _»._{ﬁ"'\u;u Xenon Free




1.3(2)

Malfunction

The Fort Calhoun simulator has over 500 specific malfunctions which
can be initiated by the simulator instructor. These malfunctions
are listed in Table Al.3(3).

Instructors are able to compose maifunctions at the primary or
secondary console. Malfunctions appearing on plant diagrams can be
selected for control via the mouse and, with limited accuracy, the
touchscreen, Alternatively, after selecting MALF on the control
CRT, the master index of plant systems will be displayed on the CRT,
The instructor can select a particular system from the display so
that a listing menu containing all the malfunctions for that
particular system will be displayed. Next, the instructor can
select the particular malfunction. If the exact malfunctions name
is known initially, after selecting MALF, the instructor can type
the specific malfunction mnemonic directly without reviewing any
index in order to select it. A particular malfunction can also be
selected directly from the malfunction status page if it appears
there.

Through the malfunction option menu, the instructor can enter the
foilawing information:

L4 Selection of components or discrete option to be affected (such
as RC-38)

. Severity of malfunction if applicable; adjustable using numeric
key entry or a sliding bar chart suitable for touchscreen or
mouse adjustment

4 Delay time to malfunction activation in relative simulator time

N Delay time until an active malfunction is cleared in relative
simulator time for all recoverable malfunctions; this time is
set at a default value of 8 hours for recoverable malfunctions

# Ramping time if applicable

" Type of trigger, either direct, remote, or Boolean
(conditional) expression, if applicable



In addition, many more malfunctions can be initiated as Globa!
Failures,

The Fort Calhoun simulator design uses a number of commcn handlers
which simulate the common components in the plant. These common
handlers include the following:

i3 Pump Handler for motor operated pumps and fans operated from
the control room

1 Controller Handler for controllers

o Control Vaive Handlers for control valves which are modulated
either by a controlier or a modulating signal

» Valve Handier for nonmodulated valves operated from the control
room

N Transmitter Handler for transmitter characteristics

b4 Bistable Handler for bistables

i Heat Exchanger Handler for heat exchanger

Each handler includes the simulation of common mode failures. Since
each handler is used to process common components in the simulator,
it is possible to malfunction any pump, controller, valve,
transmitter, or bistable within the capabilities of each handler.
This instructor system feature is referred to as global component
failures.

The implementation of the global component failures is detailed
below.

. Pumps
- Trip d' e to overcurrent with or without remote reset
requirement for restart
. Valves
B Fail as is
- Fail to specified position (MOVs and AQOVs)



? Controllers
- Fail to a selected position or us is
- Oscillate at selected amplitude
R Transmitters
- Fail to a selected vaiue
- Fail as is
r Bistables
- Actuated
- Inhibited
- Fail as is
v Heat Exchangers
- Degrade heat transfer coefficient (fouling)

ir imulator Maifuncti

Loss of Coolant

The Fort Calhoun simuiator can model a Steam Generator Tube Rupture
in either or both of the Steam Generators using malfunction SGN1.
The leak size can be varied from 0 to 10 full tubes in each Steam
Generator.

Malfunction RCS1 can model a primary Loss of Coolant Accident in any
not or cold leg of the RCS. The break size can be varied from 0 to
full pipe rupture. Saturation conditions in the RCS will result if
the break size is large enough.

Malfunctiens CVC1, CVC2, (VC9 and CVCI0 mode! charging and letdown
line break ', inside ard outside of containmert, The break sizes can
be varied frwm 0 to a ful)l rupture of a charging or letdown line.

Malfunctions PRS5 and PRS6 sim-late the failure of ressurizer
relief and safet: valves. Global Failures can also be used to fail
the Pressurizer relicf, safety and block valves to any position.



Loss of Instrument Air

Ma1function CAS3 can be used to simulate the rupture of an
Instrument Air header in the Auxiliary Building, the Turbine
Building and in Containment. These failures can be initiated
individually or in combination. Malfunction CAS4 models a leak in
individual Instrument Air Risers,

The Air Compressors can be failed using Global Failures.

Loss or Degraded Elsctrical Power to the Station

A Loss of Offsite Power to the Fort Calhoun Station can be simulated
using Malfunction EOS11. A loss of power to the individual
electrical busses, including the Emergency pusses, can be simulated
using Malfunctions EDS1 and EDS2.

A loss of the Emergency Generators can be simulated using
Malfunctions DSG3, DSG4, DSG5, DSG6, DSGB, DSG10 and DSG12.

A Toss of power to the AC Instrument busses can be performed using
Malfunction EDS4 and a iois of power to the DC busses can be
performcd using Malfunction EDS3.

5% F ] ]

Malfunctions RCP6 and RCP7 can he used to simulate the seizure or
the shear of the shaft on any or all reactor coolant pumps. The
reactor coolant pumps can also be tripped using Global Failures,

Loss o' Condenser Vacuum Including Loss of Condenser Level Control

Malfuncticn CND1 will simulate a loss of condenser vacuum by air
inleakage. The leak size can be varied from 0 to the equivalent of
having the vacuum breaker open,
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Malfunctions CCW1-CCW9 can be used to simulate a loss of CCW or
degraded CCW performance. Global failures can be used to trip the
Component Cooling Water Pumps, close valves to some individual
components and cause fouling of some heai eachangers,

Loss of Norma) Feedwater

Malfunctions FW1-FWE can be used to simulate foedwater line breaks
at various locations both inside and outside of containment. The
leak size can be varied from 0 to 100% of the pipe size at the
simulated break location,

Global Failures can be used to trig the feedwater pumps our fail the
valves used to control feedwater flow.

Malfunction ESF6 can be used to cause a Steam Generator Isolation
Signal Actuation which will result in & loss of normal feedw:ter.

Loss of all feedwater

A loss of all feedwater can be simulated by combining one of the
loss of normal feedwater events listed above with Malfunction AFW-]
(Turbine Driven AFW Pump Fails) and the Global Failure of Fw-6, the
motor driven AFW pump.

Loss of Protective System Channel

Malfunctior EDS8, with Instrument Bus A, B, C, or D chosen, will
cause all protective bistables in the selected protective system
channel to fail in the t yped condition,

Malfunction RPS1 can be used to fail an interposing relay in either
the energized or de-energized position.




Loss of Protective System Channel (continued)

Global Failures can be used to fail any individual protective system
bistable in either position.

Lontrol Rod Failures

Malfunction CRD5 can be used to simulate stuck control rods.
Malfunction CRD6 can be used to cause selected control rods to drop
into the core. Malfunctions CRD2«CRD5 can be used to simulate
misaligned rods when combined with the students manually maving the
rods.

Driftirg rods are not simulated since all automatic control features
have been removed from the Fort Calhoun Control Rod Drive System.
However, uncontrolled rod motion can be simulated by using
overrides. Uncoupled rods are not modeled in the Fort Calhoun
Simulator,

The inability to drive control rods can be simulated by overriding
the IN-HOLD-OUT switch on CB-4 to the HOLD position.

Fuel Cladding Failure Kesultin _in High Activity in Reactor Coolant

Maifunction RCS3 can be used to simulate a cladding failure vhich
results in high RCS activity.

Iurbine Trip

Malfunctions TUR1, TUR2, TURS and EHC1 will produce a turbine trip
at their higher severity levels.




Turbine Trip (continued)

A turbine trip can aiso be produced by overriding the turbine trip
switch on the control board or by simulating a "~cal turbine trip
using a local operator action (LOA EHC1).

Generator Trip

k Generator trip can be produced using malfunction TGA4, A
Generator trip can also be produced by overriding the generator
breaker control switches or by using a global failure to actuate the
86 relay ci the grnerator.

Failure in Automatic “ontrol Systems that Affect Reactivity and Core
Heat Removal

A

Global failures can be used to simulate the failure of any autimaiic
control system due to either instrument or controller failures.

Failure of Reactor (oolant Pressure and Volume Control System

Global failures can be used to simulate the failure of any automatic
control system duc to either instrument or controller failures.

This includes pressurizer pressure and level control systems,
Malfunction PRSY will simulate a variable size leak on a pressurizer
instiument tap.

Reactor Trip

A simulated Reactor Trip can be initiated using the appropriate
options of Malfunctions RPS1, RPS2, or CRD7. A Reactor Trip can
also be initiated by overriding one of the manual reactor trip
switches.










MALFUNCTIONS
TABLE A1.3(3)

Sys. Number  Description

AFW
AFW
ArW
AFW
AFW

CAS
CAS
CAS
CAS
CAS
CAS
CAS
CAS
CAS
CAS
CAS
CAS
CAS
CAS
CAS
CAS
CAS
CAS
CAS

CCW
CCW
CCW
CCW
CCW
CCW
CCW
CCW
CCW
CCW
CCW
CCW
CCw
CCw
. CCW
CCW
CCW
CCW
CCW
CCW

RRS -2
AFW-1
AFW-2
AFW-3A
AFW-38
AFW-4

CAS-1A
CAS-1B
CAS-1C
CAS-2A
CAS-28B
CAS-2C
CAS~3A
CAS-38
CAS~3C
CAS-4A
CAS-4B
CAS-4C
CA5-4D
CAS-4E
CAS-4F
CAS-46
CAS-4H
CAS-4]
CAS-4J

CCW-1A
CCwW-1B
CCW-2A
CCW-28
CCw-2C
CCW=3A
CCw-3B
CCW-3C
CCW-4

CCW=5A
CCw-58
CCW-5C
CCW-5D
CCw=6A
CCw-6B
CCwW-7

CCw-8A
CCw-88
CCW-2A
CCw-98

“ee DELETED ®© e

Turbine Driven AFW Pump Failure

Aux Feedwater Main Spply Line Lk
AFW Line A Lk Inside Cont (Isol

"*W Line B Lk Inside Cont (lsol

Aux Feedwater Storage Tank Leak

Compr CA-1A Discharge Line Leak
Compr CA-1B Discharge Line Leak
Compr CA-1C Discharge Line Leak
Serv Air Line Leak In Aux Bldg
Serv Air Line Leak In Contmnt
Serv Air Line Leak In Turb Bldg
Instr Air Loop Leak In Aux Bldg
Inst= Air Loop Leak In Contmnt
Instr Air Loop Leak In Turb Bldg
Instrument Air Riser (AF) Leak
Instrument Air Riser (AG) Leak
Instrument Air Riser (AH) Leak
Instrument Air Riser (AR) Leak
Instrument Air Riser (AS) Leak
Instrument Air Riser (AX) Leak
Instrument Air Riser (AZ) Leak
Instrument Air Riser (BB) Leak
Instrument Air Riser (BF) Lcak
Instrument Air Riser (BL) Leak

CCW Surge Tank Gas Space Leak
CCW Surge Tank Liquid Space Leak
Air Binding Of CCW Pump AC-3A
Air Binding Of CCW Pump AC-3B
Air Binding Of CCW Pump AC-3C
CCW Pump AC-3A Disch Line Leak
CCW Pump AC-3B Disch Line Leak
CCW Pump AC-3C Disch Line Leak
CCW Pump Discharge Header Leak
CCW Hx AC-1A Tube Leak

CCW Hx AC-1B Tube Leak

CCW Hx AC-1C rubec Leak

CCW Hx AC-1D Tube Leak

CCW Line To SDC Hx AC-4A Leak
CCW Line To SDC Hx AC-4B Leak
Failure Of Relief Valve AC-258
Detctr Well Cing Coil VA-14A Lk
Detctr Well Clng Coil VA-14B Lk
Containment Cooler VA-1A Leak
Containment Cooler VA-1B Leak
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CND-1
CND-2
CND=-3A
CND-3B
CND-3(
CND-4A
CND-4B
CND-4C
CND-5
CND-6A
CND-6B
CND-7
CND-8
CND-9

FDW-1A
FOW-1B
FOW-1(
FDW-2
FDW-3A
FDW-3B
FDW-4A
FDW-4B
FDW-5A
FDW-5B
DW-HA
FOW-68
FDW-6C
FOW=-6D
CRD-5H
CRD-6

CRD-B
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Condenser Vacuum
Suct Cpling Collaps
'p FW-2B Suct Cping Collaps
Cnd Pp FW-2C Suct Cpling Collaps
Cond Pump FW-2A Bearing Failure
Cond Pump FW-2B Bearing Failure
Cond Pump FW-2C Bearing Failure
Condensate Clr FW-3 Tube Leak
Stator Cooler ST-25A Tube Leak
Stator Cooler ST-25B Tube Leak
Condensate Header Break
Hotwell Level Control Failure
Cond Storage Tank DW-48 Leak

Main FW Pump FW-4A Disch Line Lk
Main FW Pump FW-4B Disch Line Lk
Main FW Pump FW-4C Disch Line Lk
Main Feedwater Header Leak

Fdin A Leak Upstream Of The FCV

Fdin B Leak Upstream Of The FCV

Fdln Leak Downstrm Of The FCV

Fdin Leak Downstrm Of The FCV

Fdin A Leak Inside Cnmt (non-iso
Fdin B Leak Inside Cnmt (non-iso
Main Feed Isol Viv MOV-1103 Fail
Main Feed Isol Viv MOV-1104 Fail
Main Feed Isol Viy MOV-~1385 Fail
Main Feed Isol Viv MOV-1386 Fail

Stuck Rod
EOM Clutch Failure

{
Rod Ejection

Letdown Line Leak Inside Cnmt
Letdown Line Leak Qutside Cnmt
Letdown Heat E£xchanger Tube Leak
Letdown Hx CH-7 Tube Leak

Ltdn Purif System Iniet Line Lk
Letdown Purif Filter Blockage
Ltdn Purif Fltr CH-17B Blockage
Ltdn Purif System Outiet Line Lk
VCT Leak - Gas Space

VCT Liquid Space Leak

VCT Discharge Line Leak

Charging Line Leak Outside Cnmt
Charging Line Leak Inside Cnmt

;*(’;,‘{"‘af"";ﬁ“."v'(_' Heat E":-"‘ TUI"(' Leak

Regenerative Hx CH-6 Tube Leak
8A Storage Tank CH-11A Leak
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. Sys. Number  Description

ESF  ESF-5B PPLS Logic Matrix Failure Trn B
ESF  ESF-6A SGIS Actuation Failure Trn A
ESF  ESF-6B SGIS Actuation Failure Trn B
ESF  ESF-7A CSAS Actuation Failure Trn A
ESF  ESF-7B CSAS Actuation Failure Trn B
ESF  ESF-8A RAS Actuation Failure Trn A

ESF  ESF-8B RAS Actuation Failure Trn B

ESF  ESF-9A CIAS Actuation Failure Tr A

ESF  ESF-9B CIAS Actuation Failure Tr B

ESF  ESF-10A  SIAS Actuation Failure Trn A
ESF  "SF-10B SIAS Actuation Failure Trn B
ESF  £SF-11A  VIAS Actuation Failure Tr A

ESF  ESF-11B  VIAS Actuaticn Failure Tr B

ESF  ESF-12A OPLS Logic Matrix Failure Trn A
ESF  ESF-128 OPLS Logic Matrix Failure Trn B
ESF  ESF-13A D/G Sequencer S2-1 Failure

ESF  ESF-13B D/G Sequencer $2-2 Failure

FPS  FPS-1 Fire Protection System Leak

FPS  FP5-2A Xmfr T-1 De1uqe System Actuation

FPS  FPS-2B Xmfr T1A-1 Deluge System Actuation

FPS  FPS-2C Xmfr T1A-2 Deluge System Actuation

FPS  FPS-2D Xmfr T1A-3 Deluge System Actuation
. FPS  FPS-2E Xmfr T1A-4 Deluge System Actuation

FPS  FPS-2F D/G Rooms Deluge System Actuatioon

FPy  FPS-2G TSC Delug: System Actuation

FPS  FPS-2H A/B Hatchway Deluge System Actuation

FPS  FPS-2I A/B Stairway Deluge System Actuation

FPS  FPS-2J Rocin 19 Deluge System Actuation

FPS  FPS-3A Tur Bldg Sprink’ier Sys Actuation

FPS  FPS-3B AFW Pump Room Sprinkler Sys Actuation

FPS  FPS-3C T.B. Office Sprinkler Sys Actuation

FHH  FWH-1A LP Feedwater Htr FW-11A Tube Lk
FWH FWH-1B LP Feedwater Htr FW-11B Tube Lk
FWH  FWH-1C LP Feedwater Htr FW-12A Tube Lk
FWH  FWH-1D LP Feedwater Htr FW-12B Tube Lk
FWH  FWH-1E LP Feedwater Htr FW-13A Tube Lk
FWH  FWH-1F LP Feedwater Htr FW-13B Tube Lk
FWH  FWH-1G LP Feedwater Htr FW-14A Tube Lk
FWH  FWH-1H LP Feedwater Htr FW-14B Tube Lk
FWH  FWH-11 LP Feedwater Htr FW-15A Tube Lk
FWH  FWH-1J LP Feedwater Htr FW-158 Tube Lk
FWH  FWH-1K HP Feedwater Htr FW-16A Tube Lk
FWH  FWH-1L HP Feedwater Hir FW-168 Tube Lk
FWH  FWH-2A Lp Heater FW-13A Shell Leak

FWH  FWH-2B Lp Heater FW-13B Shell Leak

FWH  FWH-3 Heater Drain Pump Disch Hdr Lk

. FWH  FWH-4 Heater Drain Tank Leak

6
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Number

\I‘h"‘ vays C \ C \ . i\
GEN-1B 4 afe Ke( re¢ ure - Mani
GEN-Z lain Generator Otpt Brkr Fail
GEN-3 ain Keneratc Exciter Failure

r

1d Brkr Fai

Chan A Wide Range Detector Failure
Chan A Ext Range Detector Failure
Chan B Wide Range Detector Failure
Chan B Ext Range Detector Failure
Chan C Wide Range Petector Failure
Chan C Ext Range Detector Failure
Chan D Wide Range Detector Failure
Chan D Ext Range Detector Failure
Wide Range Pwy .:\UM\"\,' A Fails Lo
Wide Range Pwr Supply A Fails Hi
Wide Range Pwr Supply B Fails Lo
Wide Range Pwr Supply B Fails Hi
WNide Range Pwr Supply C Fails Lo
¥ide Range Pwr Supply C Fails Hi
NIS-2f Wide Range Pwr Supply D Fails Lo
NIS-2 Wide Range Pwr Suppiy D Fails Hi
NIS-3A Extended Range B/S A Fails Energ
NIS-3B Extended Rng 8/S A Fails Dennerq
NIS-3C Extended Range B/S B Fails Energ
NIS-3D Extended Rng B/S B Fails Ueenerq
NIS-3E Extended Range B/S C Fails Energ
NIS-3F Extended Rng B/S C Fails Deenerg
NIS-36 Extended Range B/S D Fails Energ
NIS-3H Extended Rng B/5 D Fails Deenerg
NIS-44 Chan A W/R Discrimination Fail

[5-48 Chan A Ext Rng Discr Failure
N;S-&t Chan B W/R Discrimination Fai
NIS-4D Chan B Ext Rng Discr Failure
NIS-4E Chan C W/R Discriminetion Fai
i1S-4Ff Chan C Ext Rng Discr Failure
NiS-4G Chan D W/R Discrimination Fa
NIS-4H Chan D Ext Rng Discr Failure
NIS-5A W/R Summing Amplifier A Failure
NIS-58B W/R Summing Amplifier B Failure
NIS-5C W/R Summing Amplifier C Failure
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NIS-50 W/R Summing Amp?1fwe D Failure
NIS-BA Pwr Rng {t Chan A Upper '

15-68 Pwr Qﬂg Dt Chan A Lower
NIS=-6C Pwr Rng Dtctr Chan B Upper
NIS-6D Pwr Rng Dtctr Chan B Lower
NIS-6F Pwr Rna D
NIS- Pwr Rng D
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M
ctr Chan C Lower
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(
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tctr Chan C Upper
1
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tr LChan U Upper

Lower
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NIS
NIS
NIS
NIS
NIS
NIS
NIS
NIS
NIS
NIS
NIS
NIS
NIS
NIS
N1S
NIS

RCP
RCP
RCP
RCP
RCP
RCP
RCP
RCP
RCP
RCP
RCP
RCP
RCP
RCP
RCP
RCP
RCP
RCP
RCP
RCP
RCP
RCP
RCP
RCP
RCP
RCP
RCP
RCP
RCP
RCP
RCP
RCP
RCP

Number

NIS-61
NIS-6J
NIS-6K
NIS-6L
NIS-7A
NIS-78
NIS-7C
NIS-7D
NIS-7E
NIS-7F
NIS-8A
N1S-8B
NIS-8C
NiS-8D
NIS-8E
NIS-8F

TUR-6

RCP-1A
RCP-18
RCP-1C
RCP-1D
RCP~3A
RCP-3B
RCP-3C
RCP-3D
RCP-3E
RCP-3F
RCP-3G
RCP=-3H
RCP-4A
RCP-4B
RCP-4C
RCP-4D
RCP-5A
RCP-58
RCP-5C
RCP-5D
RCP-5E
RCP-5F
RCP-5G
RCP-5H
RCP-6A
RCP-6B
RCP~6C
RCP-6D
RCP=7A
RCP-7B
RCP-7C
RCP-7D
RCP-9A

Description

Pwr
Pwr
Pwr
Pwr
Pwr
Pwr
Pwr
Pwr
Pwr
Pwr
Pwr
Pwr
Pwr
Pwr
Pwr
Pwr

Rng Dtctr Chan 9 Upper Fail
Rng Dtctr Chan 9 Lower Fail
Rng Dtctr Chan 10 Upper Fail
Rng Dtctr Chan 10 Lower Fail
Rng Pwr Supply Chan A Fail
Rng Pwr Supply Chan B Fai)
Rng Pwr Supply Chan C Fai)
Rng Pwr Supply Chan D Fail
Rng Pwr Supply Chon 9 Fail
Rng Pwr Supply Che 10 Fail
Rng Summing Amp Chan A Fail
Rng Summing Amp Chan B Fail
Rng Summing Amp Chan C Fail
Rng Summing Amp Chan D Fail
Rng Summing Amp Chan 9 Fail
Rng Summing Amp Chan 10 fail

Turriing Gear Failure

RC~3A Lube 011 Cooler Leak
RC-38B Lube 0i1 Cooler Leak
RC-~3C Lube 0i) Cooler Leak
RC-3D0 Lube 01) Cooler Leak

RCP
RCP
RCP
RCP
RCP
RCP
RCP
RCP
RCP
RCP
RCP
RCP
RCP
RCP
RCP
RCP
RCP
RCP
RCP
RCP
RCP
RCP
RCP
RCP
RCP
RCP
RCP
RCP
RCP

RC-3A Upper Guide Brg Failure
RC-~3A Lower Guide Brg Failure
RC-~3B Upper Guide Brg Failure
RC-3B Lower Guiue Brg Failure
RC-3C Upper Guide Brg Failure
RC-3C Lower Guide Brg Failure
RC-3D Upper Guide Brg Failure
RC-3D Lower Guide Brg Failure
RC-3A Thrust Bearing Failure
RC-3B Thrust Bearing Failure
RC-3C Thrust Bearing Failure
RC~3D Thrust Bearing Failure
RC-3A Upr Lubc 011 Reser Lk
RC-3A Lwr Lube 011 Reser Lk
RC-3B Upr Lube 011 Reser Lk
RC-3B Lwr Lube 0i1 Reser Lk
RC-3C Upr Lube 011 Reser Lk
RC«3C Lwr Lube 011 Reser Lk
RC~3D Upr Lube 011 Reser Lk
RC~3D Lwr Lube 011 Reser Lk
RC-3A Shaft Seizure

RC-3B Shaft Seizure

RC-3C Shaft Seizure

RC-3D Shaft Seizure

RC-3A Shaft Shear

RC-3B Shaft Shear

RC-3C Shaft Shear

RC-3D Shaft Shear

RC-3A Lower Seal Failure

8



LeaKage
Leakage

Leakage
Leakage
LEaK age

| Leakage

| Leakage
Leakage
Leakage

| Leak n':l“

surge : Ak
From Loop 2A Leal
From Loop 2B Leal
St Line Leal
yteam Space Leak
02«1 Failure
2 Failure
RC-14]1 Failure
R Failure
Leak
Leak

-y

LEAak
Leak
LEakK







Number

R ;.s S-8A
RRS-88
RRS-8C
RRS~8D

‘lw\‘»l[\
RWS-1B
RWS~1C
RWS - ] D
RWS-2A
RWS-28
RWS«3A
RWS - 38

RWS

l\’ ;’.-lfn
SFP-1B
SFP-2
SFP.3

M\\-JB
MSS-4A

$S.4R
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Stm Dump

eg va
va |

3

FW 1S5S0

-’ (Irv'

Turb 1

Stm Omp Quick 0

TCV-809-1
TCY-909-2
TCV-909-3
TCV-809-4

RW
RW Pump A
RW Pump A
RW Pump A
RWS Strai
RWS
Raw

Raw

Stra
water
water

SFF
SFP Fi
Spent

1te

Spent Fuel

Steam ben
Steam Gen

ain Stm
AN Stm
Stm
Stm
Stm
Stm
S’m
Stm
Stm
Stm
Stm
Stm
n A

vr‘
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r

t
n A
t

HCV -

ML V=

Pump A(
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Valve
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C-10C
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Demineraliz
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RC-2A

Line A
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Safety
Safety
Safety
Safety
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Safety
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Discharge |
Discharge |
Discharge L1
Discharge |
Plugged

Plugged
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Plugged
Cling
Hx AC-8

Blowdown |
B lowdown |
Leak
Leak
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MS-280
MS-281

lv M5-282

] MS-zgx

v MS-292
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Fail
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Fail
Fail
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Sys. Number  Description

SGN
SGN
SGN
SGN

SGN
SGN
SGN
SGN
SGN
SGN

SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS

SWD
SWD
SWD
SWD
SWD
SWD
SWO
SWD
SWD
SWD
SWD

TGA
TGA
TGA
TGA
TGA
TGA

MSS-6B
MSS-7

MSS-9A
MSS-98

SGN-1A
SGN-1B
SGN-2A
SGN-2B
SGN-2C
SGN-20

SDC-1A
SDC-1B
SDC-2

SIS-1

SIS-2A
SI1S-28
$18-3

S15-4A
S15-48
SIS-5A
S15-58
SI15-5C
SI15-5D
S15-6A
SI1S-68
S15-6C
SI1S-6D
SIS§-7

EDS-5A
EDS-5B
EDS-5C
EDS-5D
EDS-5E
EDS-11A
EDS-118
EDS-11C
EDS-12A
EDS-128
EDS-12C

GEN-5
GEN-6A
GEN-6B
GEN-7
GEN-8
TUR-7

Steam Line B To TDAFW Pump Leak
Main Steam Header Leak

Stm To FW-10 Leak Upstrm 1045
Stm To FW-10 Leak Dwnstrm 1045

Steam Gen RC-2A Tube Rupture
Steam Gen RC-2B Tube Rupture
LT-903X Reference Leg Leak
LT-903Y Reference Leg Leak
LT-906X Reference Leg leak
LT-906Y Reference Leg Leak

SDC Heat Exchanger AC-4A Tube Lk
SOC Heat Exchanger AC-4B Tube Lk
SDC Heat Exchanger Inlet Hdr Lk
SIRWT Leak

Safety Injection Supply Hdr A Lk
Safety Injection Supply Hdr B Lk
LPSI Line Leak

HPSI Line Leak Dnstrm HCV-306
HPSI Line Leak Dnstrm HCV-307

S1 Tank SI1-6A Gas Space Leak

SI Tank S1-6B Gas Space Leak

SI Tank S1-6C Gas Space Leak

SI Tank SI-6D Gas Space Leak

SI Tank SI-6A Liquid Space Leak
SI Tank SI-68 Liquid Space Leak
SI Tank SI-6C Liquid Space Leak
SI Tank SI-6D Liquid Space Leak
Containment Spray Line Leak

Supply Transformer T1 Fault
Supply Transformer T1A-1 Fault
Supply Transformer T1A-2 Fault
Supply Transformer T1A-3 Fault
Supply Transformer T1A-4 Fault
Switc%yard 3451 Fault
Switchyard 161 Fault
Switrhyard 111 Fault

yreaker 3451-4 Fault

Breaker 3451-5 Fault

Breaker 111 Fault

Main Generator Cooling Gas Leak
Stator Cing Wtr Pp ST-6B Suct Lk
Stator Cln? Wtr Pp ST-6B Suct Lk
Stator Cooling System Leak

Rectifier Excitation Clng Sys Lk
Gland Seal Steam Supply Hdr Leak



Sys. MNumber  Description

TLO
TLO
TLO

151
81
181
151
181
181
181
181
TS1
TS1
181

TUR
TUR
TUR
TUR

WDS
WDS

TUR-1
TUR-2
TUR-3

TUR-4

TUR-5A
TUR-58
TUR-5C
TUR-50
TUR-5E
TUR~SF
TUR-5G
TUR-5H
TUR-51
TUR-5J

MSS-10A
MSS-108
MSS-10C
MSS-100

WDS-1
WDS-2

Main Turb Lube 011 Reservoir Lk
Shaft-driven LO Pp Suct Line Lk
Lube 011 Cooler Supply Line Lk

Main Turbine High Eccentricity
Main Turb Brg 1 High Vibration
Main Turb Brg 2 High Vibration
Main Turb Brg 3 High Vibration
Main Turb Brg 4 High Vibration
Main Turb Brg 5§ High Vibration
Main Turb Brg 6 Migh Vibration
Main Turb Brg 7 High Vibration
Main Turb Brg 8 High Vibration
Main Turb Brg 9 Hi? Vibration
Main Turb Brg 10 High Vibration

Moisture Separator ST-3A Leak
Moisture Separater ST-38 Leak
Moisture Separator ST-3C Leak
Moisture Separator S$7-3D [eak

Reactor Coolant Drain Tank Leak
Gas Decay Tank Leak
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1.3(3)

Local Operator Action Control

Local Operator Actions (LOA<) include such auxiliary functions as
valve manipulation, remote electrical ooeration, and other normal
operation of equipment accomplished outside the contro) room. These
LOAs will be included for two purposes: to allow the operator to
follow plant operating procedures which have visible effects in the
control room; and to permit the operator to recover from
malfunctions,

A 1ist of LOAs available to the simulator instructor is shown in
TABLE 1A.3(4)







Sys. Number

CAS
CAS
CAS
CAS
CAS
CAS
CAS
CAS
CAS
CAS
CAS
CAS
CAS
CAS
CAS

CCw
CCwW
CCw
CCW
CCW
CCw
CCw
CCW
CCw
CCw

CFW
CFW
CFw
CFW
CFW
CFW
CFW
CFW
CHW

W
CFHW
CFW
CFwW
CFw
CFW
CFW
CFW
CFW
CFw
CFW
CFW
CFW
CFw
CFW

CAS-1€
CAS-17
CAS-18
CAS-19
CAS-20
CAS-21
CAS-¢2
CAS-23
CAS-24
CAS-25
CAS-26
CAS-27
FOW-§

FOW-10
FOW=11

CCw-1
CCwW-2
CCW-3
CCwW-4
CCW-5
CCW-6
CCw-7
CCw-8
CCwW-9
CCW=10

CND-1
CND-2
CND-3
CND-4
CND-5
CND-b
CND-7
CND-8
CND-9
CND-10
CND-11
CND-12
CND-13
CND-14
CND-15
CND-16
CND-17
CND-18
CND-19
CND-21
CND-22
CND-23
CND-24
CND-25

Rescription

1A-203 « Tur Bld 1A Lp Segr Vlv
1A-204 - Tur Bld 1A Lp Segr Vlv
1A<532 « Riser 'AF' lsolation VI
1A-534 - Riser 'AG' Isolation V!
IA-535 - Riser 'AN' Isolation VI
1A-542 - Riser 'AR' Isolation VI
1A-543 - Riser 'AS' Isolation VI
1A-527 « Riser 'AX' lsolation VI
1A-524 - Riser 'AZ' lsolation V)
[A-5644 - Riser 'BB' Isolation VI

1A-549 - Riser 'BF' Isolation VI
1A-550 - Riser 'BL' Isolation VI
IV-1151A « 1A to FW Pp A Recrc V
IV-11518 « IA to FW Pp B Recrc V
IV-1151C ~ 1A to FW Pp C Recrc V

AC-100 « CCW Pp 3A Suction Vlv
AC-102 « CCW Pp 3A Disch Viv
AC-103 - CCW Pp 3B Suction Vlv
AC-105 - CCW Pp 3B Disch Vlv
AC-106 - CCW Pp 3C Suction Vv
AC-108 -« CCW Pp 3C Disch Viv
AC~116 - CCW to Ltdn Hx Inlet VI
AC-117 - CCW to SFP Hx Inlet Viv
HCV-2895B - CCW to Waste Evap Pk
PCV-2610 « N2 Reg to CCW Srg Tk

VD-201 - Cndnsr A to Vac Pp Isol

VD-202 - Cndnsr A to Vac Pp Isol
VD-203 « Cndnsr B to Vac Pp Isol
VD-204 - Cndnsr B to Vac Pp Isol
VD-200 - Cndnsr Vacuum Brkr

VA-293 - Cndnsr vVac Pmp to Stack

VD-423 ~ Cndnsr Vac Pmp to Atmos
FW-1050 - Cond to Blowdown Hx
FW-241/243 - Cond Cooler In/Out
FW-242 - Condensate Cooler Byp
Fw-249/256 - Stator Clr A In/Out
Fw-248/255 - Stator Clr B In/Out
FWw-1051 - Cond from Blowdown Hx
Fw-285/300 - Htrs 1A-3A Cond Iso
FW-284/299 - Htrs 1B-3B Cond Iso
FW-303/315 - Htrs 4A-5A Cond Iso
Fw-302/314 - Htrs 4B-5B Cond Iso
FW=309 = Htr Drn Pmps to 5A Htr
FW=308 - Htr Drn Pmps to 5B Htr
FW-878 « Cond Pp FW-1A Disch Vlv
FW-879 « Cond Pp FW-1B Disch Vlv
FW-880 - Cond Pp FW-1C Disch Vlv
HCV-1100 - Cond to Blwdn Hx
FW-616 - Cond M/U to Statr Cling



Sys. MNumber  Description

CFW
CFW
CFw
CFW
CFW
CFW
CFw
CFW
CFwW
CFW
CFW

CFwW

CNM
CNM
CNM
CNM
CNM
CNM
CNM
CNM

cvC
CvC
cve
cve
CvC
CvC
cve
cvC
cvC
Cve
CvC
CvC
cvC
CvC
cvC
CvC
cvC
cvC
CvC
CvC
CvC
CvC
CvC
CvC
CvC
cvC

FOW-1
FOW-2
FOW-3
FOW-4
FDW-5
FOW-6
FOW-7
FDOW-8
FOW-12
FOW-13
FDOW-14

MIS-8

CNM-1
CNM-2
CNM-3
CNM-4
CNM-5
CNM-6
CNM-7
CNM-8

CVC-1
CVC-2
CVC-3
CVC-4
CVC-5
CVC-6
CVC-7
CVC-8
CVC-9
CVC-10
CVC-11
CVC-12
CVC-13
cve-14
CVC-15
CVC-16
CVC-17
CVC- 18
CVC-19
CVC-20
CVC-21
CVC-22
CvC-23
CVC-24
CVC-25
CVC-26

FW-319 « Fdwtr Pmp FW-4A Suction
FW-112 - Fdwtr Pmp FW-4A Bypass
FW-318 « Fdwtr Pmp FW-4B Suction
FW~113 - Fdwtr Pmp FW-4B Bypass

FW=317 = Fdwtr Pmp FW-4C Suction
FW-114 - Fdwtr Pmp FW-4C Bypass
FW-119/137 « Htr 6A Cond In/Out
FW-120/138 - Htr 6B Cond In/Out
B6/FW-4A TRIP SIGNAL

86/FW-48 TRIP SIGNAI

86/FW-4C TRIP SIGNAL

AC~590 - Cond to BCW Head Tk

Fan VA-3A Blade Pitch

Fan VA-3B Blade Pitch

Open YCV-747 - Byp VA-32A Start
Open YCV-748 - Byp VA-32B Start
H2 Purge Compr VA-B0A Local Cntl
H2 Purge Compr VA-80B Local Cntl
Hydrogen Recombiner Local Cntrl
Open HCV-6602 « Byp VA-77 Start

CH~345 - Charging to Lp 1A
CH-275 « Seal Bleedoff to VCT
CH=191 - CH-1A/1B to HPSI
CH=190 « CH-1C Disch Isolation
CH=192 « CH-1B Disch Isolation
CH-=193 ~ CH-1A Disch Isolation
CH-238 - Letdown to lon Exch
CH=295 « Ltdn to Debor lon Exch
CH=-236 - Purif lon Exch Inlet
CH=300 - Cation lon Exch Inlet
CH-306 - Debor lon Exch Inlet

CH-=10 - Cation lon Exch Status
CH-98 - Debor lon Exch Status
PCV-2611 -~ N2 to VCT Reg Stpt
PCV-2612 - H2 to VCT Reg Stpt
WD-104 - VCT Vent to Waste Gas

CH-11A - BAT A Batch Add

CH-11B - BAT B Batch Add

CH=115 ~ BAT A Outlet Valve
CH=114 - BAT B Qutlet Valve
CH=116 - BAT Disch Lines X-conn
CH-145 - BA Hdr Recirc to BAT A
CH-144 - BA Hdr Recirc to BAT B
CH-=152 - Makeup Wtr to Chrg Pps
S1-157 = SIRWT to Chrg Pps
AR-213 - Ltdn Boron Conc Range



Sys. MNumber

CWS
CWS
CWS
CWS
CWS
Cws
CWS
CWS
CWS
CWS
CWS
CWS
CwWS
CwWS
WS
CWS
CWS
CWS
Cws
CWS
CWS
CWS
CWS
CW5
CWS
CWS
CWS

DSG
0SG
0SG
056
0S6
D56
DSG
DSG
DSG
DSG
DSG
DSG
DSG
DSG
DSG
DSG
DSG
DSG
DSG
DSG

CWS-1
CWS-2
CWS-3
CWS-4
CWS=5
(WS-
CWS-7
CWs-8
CWS-9
CWS-10
CWS-11
CWS-12
CWS-13
CwWS-14
CWs-15
CW5-16
CWS-17
CWs-18
CWS-19
CW5-20
CWS-21
CWs-22
CWS-23
CWS-24
CWS-25
CWS-26
CWS-27

DSG-1
08G-2
DSG-3
DSG-4
D5G-5
DSG-6
0SG-7
DSG-8
0S6-9
DSG-10
DSG-11
0SG-12
0SG-13
DSG-14
DSG-15
(SG-16
05G-17
DSG-18
05G-19
DSG-20

Description

CW=155/158 -« CWS to Cond Cooler
CW=156/157 - CWS to BCW Cooler A
CW=174/175 - CWS to BCW Cooier B
CW=169 ~ Cond A Circ Wtr Qutlet
CW=170 - Cond B Circ Wtr Qutlet
CW=17 ~ Disch Tunne!l Sluice Gate
Backwash Cond FW-1A South Side
Backwash Cond FW«1A North Side
Backwash Cond FW-1B South Side
Backwash Cond FW-1P North Side

CW-A<Al - Cond A S.
CW=A-B2 - Cond A S.
CW-A-C3 - Cond A S.
CW-A«D4 « Cond A S.
CW-A<AS5 « Cond A N,
CW-A<B6 ~ Cond A N,
CW«A<C7 - Cond A N.
CW«A-DB « Cond A N,
CwW-B-Al - Conu 8 S,
Cw-B-B2 - Cond B S.
CW-B~(C3 « Cond B .
CW-B-D4 « Cond B S.
CW-B~A5 « Cond B N.
Cw-B-B6 - Cond B N,
CW-B-~C7 = Cond B N.
Cw-B-08 - Cond B N.

mmmw.amwwwmwwmmmm

. Nrml Inlt
. Alt Qutlt
. Alt Inlt

. Nrmil Outlt

. Neml Inlt

Alt Qutlt
Alt Inlt

Nrml Qutlt
Nrml Inlt
Alt Qutit
. Alt Init

. Nrm] Outlt
Nrm] Inlt
. Alt Outit
. At Inlt

Nrm] OQut 1t

HC-1900/1901 Screen Lvl Byp

FO-4A«1 FUEL PUMP SWITCH
FO-4B-1 FUEL PUMP SWITCH
SA«1«1 COMPRESSOR SWITCH

SA-103
SA-113
SA-114
SA-147
SA-148
SA-2-1
SA-153
SA-163
SA-164
SA-197
SA-198

DI AIR RVR C.C.
D1 SEC AIR IS0L
D1 PRI AIR 1SOL
D1 Cranking Air
D1 Cranking Air

VLV
VLV
VLV
Valve
valve

COMPRESSOR SWITCH

D2 AIR RVR C.C.
D2 SEC AIR ISOL
D2 PRI AIR 1SOL
D2 Cranking Air
D2 Cranking Air

VLV
VLV
VLV
Valve
Va .ve

SM/SS - D1 AIR REC'VR SELECT
D1-BLOCK START ON RPS TRIP
02-BLOCK START ON RPS TRIP
D/G 1 Local Pn] Alrm Ack
86A/D1 TRIP SIGNAL
86A/02 TRIP SIGNAL



Sys. Number
DSG  DSG-£i
DSG  DSG-22
DSE  DSG-23
DSG DSG-24
DSG  DSG-25
DSG  DSG-26
DSG  DSG-27
DSG  DSG-28
DSG  DSG-29
DSG  DSG-30
DSG  DSG-31
DSG  DSG-32
DSG  DSG-33
DSG  DSG-34
DSG  DSG-35
DSQ ESF-61
DSQ ESF-62
DSQ ESF-63
DSQ ESF-64
DSQ  ESF-65
DSQ ESF-66
D5Q ESF-67
DSQ ESI-68
Dws  CND-20
DWS  DWS-3

OWS  DWS-6

DWS  DWS-7

DWS  DWS-8

DWS  DWS-9

DWS  DWS-10
DWS  DWS-11
DWS  DWS-12
DWS  DWS-13
EDS  EDS-1

EDS  EDS-2

EDS EDS-3

EDS EDS-4

EDS  EDS-5

EDS EDS-6

EDS  EDS-7

EDS EDS-8

EDS  EDS-9

EDS EDS-10
EDS  rDS-11
EDS EDS-12
EDS  EDS-13
EDS EDS-14
EDS  EDS-15

Description

86A-0R/1AD1 TRIP SIGNAL
86A-0R/1AD2 1RIP SIGNAL

86B/D1 TRIP SIGNAL

86B/D2 TRIP SIGNAL

86B-0R/1AD1 TRIP SIGNAL
868-0R/1ADZ TRIP SIGNAL

86/D1 TRIP SIGNAL

86/D2 TRIP SIGNAL

SA-1-<1 - Drive Belt Select
SA-1-1 - Diese! Engine Control
SA-1-2 - Drive Belt Select
SA«1-2 « Diesel Engine Control
D/G 1 Output Breaker

0/G 2 Output Breaker

143/SS - D/G 1 Maint Test Switch

86-1/51-1 TRIP SIGNAL
86-1/52-1 TRIP SIGNAL
86-1/51-2 TRIP SIGNAL
86-1/52-2 TRIP SIGNAL
86-2/S1-1 TRIP SIGNAL
86-2/52-1 TRIP SIGNAL
86-2/51«2 TRIP SIGNAL
86-2/52-2 TRIP SIGNAL

HCV-=1195 « Demin Water to CST

Demin Water Hose to CCW

DW-164 - Deaerator Recirc

DW-147 - Demin Wtr to BA Batch
DWS Makeup from R¥ Supply Pump
AC-666 -« Demin Wtr to BCW Hd Tnk
PCV-1651 - CA to PW-1 Reg Stpt
PW-1 Vent

Al-104 Lc] Ann Ack P/B

Al-104 Lc1 Ann Reset P/B

T1C-3A Feeder Bkr
TIC~4A Feeder Bkr
Lightin Transfer Switch
T1B-3D Feeder Bkr
MCC 3Al1 Feeder Bkr
MCC 3A2 Feeder Bkr
MCC 3A3 Feeder Bkr
MCC 3A4 Feeder Bkr
MCC 4A] Feeder Bkr
MCC 4A2 Feeder Bkr
MCC 3B] Feeder Bkr
MCC 382 Feeder Bkr
MCC 3B3 Feeder Bkr
MCC 4B1 Feeder Bkr
MCC 4BZ Feeder Bkr



S¥s. MNumber  Description

EDS EDS 16 MCC 4B3 Feeder Bkr

EDS  EDS-17 MCC 3C1 Feeder Bkr

EDS  EDS-18 MCC 3C2 Feeder Bkr

EDS  EDS-19 Transformer T1C-3C-1

EDS  EDS-20 MCC 4C1 Feeder Bkr

EDS  EDS-21 MCC 4C2 Feeder Bkr

EDS EDS-22 MCC 4C3 Feeder Bkr

EDS  EDS-23 MCC 4C4 Feeder Bkr

EDS EDS-24 MCC 3CAC-] Feeder Bkr

EDS  EDS-25 MCC 3C4C-2 Feeder Bkr

EDS EDS-26 Al-41A MTS Norm Sup Feeder Bkr
EDS EDS-27 Al-418 MTS Morm Sup Feeder Bkr
EDS EDS-28 Inverter A ¥eeder Bkr

EDS  EDS-29 Inverter B feeder Bkr

EDS EDS-30 Inverter C Feeder Bkr

EDS  EDS-31 Inverter D Feetier Bkr

EDS EDS-32 Inverter 1 Feeder Bkr

EDS EDS-33 Inverter 2 Feeder Bkr

EDS EDS-34 Inverter A Static Switch

EDS EDS-35 Inverter B Static Switch

EDS EDS-36 Inverter C Static Switch

EDS  EDS-37 Inverter D Static Switch

EDS  EDS-39 DELETED

EDS EDS-40 DELETED

EDS  EDS-41 DELETED

EDS EDS-42 DELETED

EDS  EDS-43 DELETED

EDS  EDS-44 Inverter 1 Static Switch

EDS  EDS-45 Inverter 2 Static Switch

EDS  EDS-46 DELETED
EDS  EDS-47 DELETED
EDS  EDS-48 Inverter
EDS EDS-49 Inverter
EDS  EDS-50 Inverter
EDS  EDS-51 Inverter D 480VAC feeder Bkr
EDS EDS-52 Inverter 1 480VAC Feeder Bkr
EDS EDS-53 Inverter 2 480VAC Feeder 8kr
EDS  EDS-54 T1B-3A Feeder Bkr

EDS EDS-55 T1B-3B Feeder Bkr

EDS  EDS-56 T1B-3C Feeder Bkr

EDS  EDS-57 T1B-4C Feeder Bkr

tDS EDS-58 T1B-4B Feeder Bkr

EDS EDS-59 T1B-4A Feeder Bkr

EDS EDS-60 FP-1A Breaker

EDS  EDS-61 FW-5A Breaker

EDS  EDS-62 FW-4A Breaker

ERS  EDS-63 FW-2A Breaker

EDS EDS-64 CwW-1A Breaker

EDS  EDS-65 RC-3A Breaker

EDS  EDS-66 RC~38 Breaker

CSOT>N -

—

480VAC Feeder Bkr
4BOVAC [ eeder Bkr
480VAC Feeder Bkr

OO



Sys. MNumber  Description

(] EDS  €DS-67 K 1D Breaker
E0S  EDS-68 FW-28 Breaker
EUS  EDS-69 FW-48 Breaker
FOS  EDS-70 FW-5K Breaker
EDS  EDS-71 RC-3C Brezker
EDS  EDS-72 SY-14 Breaker
€D EDS-73 AC-10A Breaker
£0S  €EDS-74 AC-10C Breaker
EDS  EDS-75 *W-6 Breaker
EDS  EDS-76 CwW-1C Breaker
EDS  EDS-77 FW-5C Breaker
€DS  EDS-78 FW-4C Breaker
EDS EDS-79 FW-2C Breaker
EDS EDS-80 AC-108 Breaker
EDS EDY-81 AC-10D Breaker
EDS EDS-82 SI~18 Breaker
EDS  EDS-83 RC-3D Breaker
EDS EULS-84 SI-2A Breaker
EfS  EDS-85 CH=1A Breaker
ED5  EDS-86 VA-3A Breaker
Eus  EPS-87 CA-1C Breaker
EDS EDS-E8 SI1-2C Ureaker
EDS  EDS-8Y AC-3A Breaker
£0S  EDS-90 FW-8C Breaker
EDNS  EDS-91 SI1-3C Breaker

. EDS  EDS-92 VA-'D Breaker
EDS  EDS-93 CH-1C Breaker
EDS  EDS-B4 SI1-3A Breaker
EDS  EDS-95 CA-1A Brealker
EDS EDS-96 FH-BA Breaker
EDS  EDS-97 VA-7C Breaker
EDS  EDS-98 AC-3C Breaker
EDS  EDS-99 AC-3R Breaker
EDS  EDS-100 FN-8B8 Breakar
E0S  EDS-101  S7-3B Breaker
EDS EDS-102 Ci-1B Breaker
EDS EDS-103 (H-1B Breaker
EDS EP5-104 S1-2B Breaker
EDS EDS-105 VA-3B Breaker
EDS  EDS-106  HCV-1103 Breaker
EDS EDS-107  HCV-1385 Breaker
EDS EDS-108 HTR B1-Gl Breaker
EDS EDS-109 HTR B1-G2 Breaker
EDS EDS-110 HTR B1-G3 Breaker
EDS £DS-111 RC-3C-]1 Breaker
EDS  EDS-112  HCV-2954 Breaker
EDS EDS-113  HCV~314 Breaker
EDS EDS-114  HCV-317 Breaker
EDS  EDS-115 HCV-331 Br. iker
EDS  EDS-116 LCV-218-2 Breaker
EDS  EDS-117 LNV-218-2 Breaker
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2¥s. Number Description

EDS [S-168 LO-14C Breaker

EDS DS-169 LD=3 Breaker

EDS 0S-170 LO-8 Breaker
DS DS<171  MOV-B Broaker
D DS-172 MOV-CV Breaker ;
DS 5«173 MOV-CVZ Breaker

—
— '— —
\,
a

PR TRV RV RV R Vg

et

MOV-CV4 Breaker
75 MOV-S1 Breaker
76 MOV-SV]1 Breaker
7 MOV-S2 Breaker

N
1 '
Pl
~

MIrTIMmTTIMmMMmMmmm
e |

L)

Y YV PTY PTY PTY PYY SV T ITY T
- I I I

-

>

S 1
)S ENS«178 MOV-SV3 Breaker
S EDS-17G  MOV-SVS5 Breaker o
DS EDS-180 MOV-SV7 Breaker
EDS EDS-18 D1-EMERG Breaker
EDS EDY-182 DZ2-NORM Breaker
EDS EDS-183  BATT CHG 2 Breaker

EDS EDS-184  HCV-1041C Breaker

EDS  EDS-18C {CV-151 Breaker

EDS EDS<186 HTR P2-G7 Breaker ‘
EDS  EDS«187 RC-3B-1 Breaker L
EDS EDS-188  HCV-2934 Breaker

EDS EDS-189  HCV-315 Breaker

EDS  EDS-190 HCV-318 Breaker

EDS EDS-191 HCV-329 Breaker

EDS EDS-192 VA-12B Breaker

EDS EDS-183 VA-2B Breaker

EDS ciS-194 VA-45B Breaker

EDS ED3-105 VA-46B Breaker

EDS ENS-146 CH-4B Breaker

EDS £E0S-197 HCV-258 Breaker

EDS

4

S ENS-108 DW-418B Breaker
EDS EDS-199 MPP-6 Breaker

EDS FW-34B Breaker
EDS RM-060 Breaker
EDS VA-24B Breaker
EDS VA-32B Breaker
EDS VA-35B Breaker
EDS VA-40B Breaker
EDS VA-01B Breaker
EDS HTR B3-G8 Breaker
EDS HTR B3-GS Breaker
EDS PCV-102-2 Breaker
EDS AC-9B Breaker

EDS 2 FW-30B Breaker
EDS . HCV-1150B Breaker
EDS NS~2¢ RM-057 Breaker
EDS EDS-~214 HCYV-1104 Breaker
El £0S-215 HCY-1384 Breaker
El ED5-21¢ HCV-1386 Breaker
El EDS-21 HCV-1042C Breaker




Sys. Mhumber  Description

EDS
EDS
EDS
EDS
EDS
EDS
EDS
EDS
EDS
EDS
EDS
EDS
EDS
£os
EDS
EDS
EDS
EDS
EDS
EDS
EDS
EDS
EDS
EDS
EDS
EDS
EDS
EDS
EDS
FDS
EDS
EDS
EDS
EDS
EDS
EDS
EDS
EDS
EDS
EDS
EDS
EDS
EDS
EDS
EDS
EDS
EDS
EDS
EDS
EDS

EDS-218
EDS-219
EDS-220
EDS-221
EDS-222
EDS-223
EDS-224
EDS-225
EDS-226
EDS-227
eDS-22%
EDS-229
EDS-230
£DS-231
EDS-232
EDS-233
EDS-234
EDS-235
EDS-236
EDS-237
EDS-238
DS-239
EDS-240
EDS-241
EDS-242
EDS-243
EDS-244
EDS-245
EDS-246
£05-247
EDS-248
EDS-249
EDS-250
EDS-251
EDS-263
EDS-255
EDS-257
EDS-259
EDS-261
EDS-263
EDS-265
EDS-267
EDS-269
£Ds-271
EDS-272
EDS-273
EDS-274
EDS-275
ELS-276
EDS-277

HTR B4-Gl0 Breaker

HTR B4-Gl1 Breaker

HTR B4-G12 Breaker

RC-3D-1 Breaker

HCV=2974 Breaker

HCV-31Z Breaker

HCV-321 Breaker

Huv =333 Breaker

DW-43B Breaker

DW-46B-1 Breaker

* % % DELETED #* = *
RM-061/062 Breaker

CV-347 Breaker

HCv~383-4 Breaker

FW-30C Oreaker

HCV-1150C Breaker

LO-13B Breaker

EE-2G~1B Breaker

ST-14 Breaker

ST-6B Breaker

HCV-19058 Breaker

HCV-1905C Breaker

Rod Drive Control Cabinet Bkr
Al-179 Breaker

Al-179/185 Breaker

L0-4 Breaker

400 Hz Cab Breaker

Generator Field Breaker

L0-12B Breaker

Al-41B MTS Emerg Sup Feeder Bkr
Al-41A MTS Emerg Sup Feeder Bkr
Rod Drive Control Cabinet Bkr

¢ ® % DELETED * v ¢

Bkr 1A11 EDS EDS-252 Bkr 1A13
Bkr 1A22 EDS EDS-254 Bkr 1A24
Bkr 1A31 EDS EDS-256 Bkr 1A33
Bkr 1A42 EDS EDS-258 Bkr 1A44
Bkr 1B3A EDS tDS-260 Bkr 1B3B
Bkr 1B3C EDS EDS-262 Bkr 1B4A
Bkr 1B4B EDS EDS-264 Bkr 1B4AC
Bkr BT-1B3A EDS EDS-266 Bkr BT-1B3B
Bkr BT-1B3C EDS EDS-268 Bkr B1-1B4A
Bkr BT-1B4B EDS EDS-270 Bkr BT-1BAC
1A1/1A3 5Swgr Control Power MTS
1A2/1A4 Swor Control Power MTS
1B3A/3A-4A/3B Ctrl Pwr MTS
183B-4B/4A/4B/4C Ctrl Pwr MIS
1B3C/3C-4C Ctrl Pwr MTS
A1-133A/D1 Ctr] Pwr MTS
AI-1338/D2 Ctrl Pwr MTS

10



Sys. Number  Description

. ECS EDS-278 D1 Aux MTS
EDS  EDS-279 D2 Aux MTS
EDS EDS-280 RoA Drive Cabinet Transfer Sw
EDS EDS-281 Battery 1 Output Breaker
EDS EDS-282 Battery 2 Output Breaker
EDS EDS-283 Batt Charger 1 Output to Bus 1
EDS EDS-284 Batt Charger 3 Output to Bus 1
EDS EDS-285 Batt Charger 3 Output to Bus 2
EDS EDS-286 Batt Charger 2 Output tu Bus 2
ECS  EDS-304  86/1A11 TRIP SIGNAL
EDS  EDS-30%  86/1A31 TRIP SIGNAL
EDS  EDS-306 86/1A22 TRIP SIGNAL
EDS  EDS-307 B6/1A42 TRIP SIGNAL
EDS EDS-308 86/1A13 YRIP SIGNAL
EDS  EDS-309 86/1A33 TRIP SIGNAL
EDS EDS-310 86/1A24
EDS  EDS-311 86/1A44 TRIP SIGNAL
EDS  EDS-312 86/1A3-TFB TRIP SIGNAL
EDS  EDS-313 86/1A4-TFB TRIP SIGNAL

EHC  EHC-1 Manua! Mechanical Trip Lever
EHC  EHC-2 Thrust Bearing Wear Test Switch
EHC  EHC-3 Power Load Unbalance Setpoint
EHC  EHC-4 FV-EHC-1 « EHC Fluid Bypass
EHC  EHC-5 Turbine Hi Vibr Trip Bypass
. ESF  ESF-1 A/RC-2A AFAS Bypass Switch
ESF  ESF-2 B/RC-2A AFAS Bypass Switch
ESF  ESF-3 C/RC~2A AFAS Bypass Switch
ESF  ESF-4 D/RC-2A AFAS Bypass Switch
ESF  ESF-5 A/RC-2B AFAS Bypass Switch
ESF  ESF-6 B/RC-2B AFAS Bypass Switch
ESF  ESF-7 C/RC-2B AFAS Bypass Switch
ESF ESF-8 D/RC-2B AFAS Bypass Switch
ESF  ESF-9 86/A1-43B TRIP SIGNAL
ESF  ESF-10 86/A1-43A TRIP SIGNAL
ESF  ESF-11 86B/CRHS TRIP SIGNAL
ESF  ESF-12 86B/STLS TRIP SIGNAL
ESF  ESF-13 868/CFHS TRIP SIGNAL
ESF  ESF-14 B6B/PPLS TRIP SIGNAL
ESF  ESF-15 86B/VIAS TRIP SIGNAL
ESF ESF-16 86B/RAS TRIP SIGNAL
ESF  ESF-17 86B/SIAS TRIP SIGNAL
ESF  [SF-18 86B/CSAS TRIP SIGNAL
ESF  ESF-19 86B/0PLS TRIP SIGNAL
ESF  ESF-20 86X/RAS TRIP SIGNAL
ESF | ESFegl 86BX/SIAS TRIP SIGNAL
ESF  ESF-22 86E/CIAS TRIP SIGNAL
ESF  ESF-23 86A1/CRHS TRIP SIGNAL
ESF  ESF-24 86A1/STLS
ESF  ESF-25 86A1/CPHS TRIP SIGNAL
‘ ESF  ESF-26 86A1/PPLS TRIP SIGNAL

11



Sys. Number
ESF ESF-27
ESF  ESF-28
ESF  ESF-29
ESF ESF-30
ESF  ESF-31
ESF  ESF-32
ESF [SF-33
ESF  ESF-34
ESF ESF-35
ESF  ESF-36
ESF  ESF-37
ESF ESF-38
ESF  ESF-39
ESF  ESF-40
ESF ESF-7"
ESF  ESF-42
ESF  ESF-43
ESF  ESF-44
ESF  ESF-45
ESF  ESF-46
ESF  ESF-47
ESF  E>r-48
ESF  ESF-49
ESF  ESF-50
ESF  ESF-51
ESF  ESF-52
ESF  ESF-53
ESF  ESF-54
ESF  ESF-55
ESF  ESF-56
ESF  ESF-57
ESF  ESF-58
ESF  ESF-59
ESF  ESF-60
FPS  FPS-3

FWH  FWH-1

FWH  FWH-2

FWH  FWH=3

FWH  FWH-4

FWH  FWH-5

FWH  FWH-6

FWH  FWH-7

FiH FWH-&

FWH FWH-G

FWH  FWH-10

Description

86A1/VIAS TRIP SIGNAL
86,1/RAS TRIP SIGNAL
86A1/SIAS TRIP SIGNAL
86A1/CSAS TRIP SIGNAL
86A1X/RAS TRIP SIGNAL
86A1X/SIAS TRIP SIGNAL
86A1/CIAS TRIP SIGNAL
86A/PPLS TRIP SIGNAL
86A/CPHS TRIP SIGNAL
86A/STLS TRIP SIGNAL
86A/CRHS TRIP SIGNAL
86A/CSAS TRIP SIGNAL
86A/SIAS TRIP SIGNAL
86A/RAS TRIP SIGNAL
86A/VIAS TRIP SIGNAL
86A/CIAS TRIP SIGNAL
86AX/SIAS TRIP SIGNAL
86AX/RAS TRIP SIGNAL
86A/0PLS TRIP SIGNAL
86B1/PPLS TRIP SIGNAL
8681/CPHS TRIP SIGNAL
8681 /STLS TRIP SIGNAL
8681 /CRHS TRIP SIGNAL
86B1/CSAS TRIP SIGNAL
8681/SIAS TRIP SIGNAL
86B1/RAS TRIP SIGNAL
8681/VIAS TRIP SIGNAL
8681/C1AS TRIP SIGNAL
86B1X/SIAS TRIP SIGNAL
86B1X/RAS TRIP SIGNAL
B6A/SGLS TRIP SIGNAL
86B/SGLS TRIF SIGNAL
86B1/SPARE TRiP SIGNAL
86A1/SPARE TRIP SIGNAL

FP-186 - Fire Main to AFW Tank
FW-992 - LCV-1199 Bypass Valve

FW-481 - LCV-1199 Isolation Vlv
FCV-960 - 2nd Stage Extr Byp Vlv
FCV-964 - 4th Stage Extr Byp Vlv

FW«723 = MS Drn Tk ST-3.A Dry

FW-725 = MS Drn Tk ST-31B Drn
FW-727 = MS Drn Tk ST-31C Drn
FW-729 - MS Drn Tk ST-310 Drn
FWw-447 - HP Htr 4A Drain [sol Vv
FW-448 - HP Htr 4A Drain Isol Vv

12
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Sys. Mumber  Description

AC-5A -~ SFP Circulating Pump A
AC-58 - SFP Circulating Pump B
AC-8 - SFP Hx Isolation Va ves
AC-217 - SFP to SIRWT via WS

SFp
SFP
SFP
S p
568
SGB
568
SGB
SGB
SGB
568
SGB
SGB
SGR
SGB
SGB
SGB
SGB
SGB

SGN
SGN
SGN
SGN
SGN
SGN

SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
31
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS
SIS

SkEP-4
SFP-5
SFP-6
SFP-7
MI1S-6
SGB-1
SGB-2
SGB-3
SGB-4
SGB-5
SGB-6
SGB-7
SGB-8
SGB-9
SGB~10
SGB-11
SGB-12
SGB-13
SGB-14

M§S-1
MSS-2
MSS-3
MSS-4
MSS-5
MSS-6

§15-1
S15-2
S1§-3
SI1S-4
S15-5
S15-6
S15-7
515-8
S15-9
SI15-10
515-11
S15-12
SIS-13
SIS-14
SIS-15
SIS-16
S1S-17
S15-18
SI15-19
S15-20
SI1S-21
S15-22
$15-23

LA

NELETED & X %

Fw-182 - S/G B teo Blowdowi Tank
rW-183 - S/G A to Blowdown Tank
FW-1052 - 5/G B to Blowdown Hx
FW=1053 - S/G A to Blowdown Hx
FW-1054 -~ Blwdwn Hx tc Blwdwn Tk
FW-1055 - Blwdwn Hx to Blwdwn Tk
FW-215 - Blowdown Pumps to RWS
WD-890 - Blowdown Pumps to WDS
Al-107 A42 Acknowledge P/B
Al-107 A42 Reset P/B

HCV-2508 - Blwdn Smpl to RWS
HCV-2509 - Blwdn Smpl to WDS

Lcl Ann Ack P/B

Lel Ann Reset P/B

Al-186
Al-186

MS-336
MS-337
MS-338
MS-339
MS-341
MS-342

S1-185
S1-183
S1-126
S1-125
S1-152
SI-146
S1-138
S1-132
S1-124
S1-118
SI-111
S1-105
S1-342
SI-171
S1-172
S1-167
SI-168
SI-170
SI-169
SI-174
$1-173
S1-178
S1-177

$ &, &y 2

YCV-1045A Byp/Warmup
YCV-1045B Bypass/Warmup
HCV-1041A Dwnstrm Drain
HCV-1041A Upstrm Drain
HCV-1042A Dwnstrm Drain
HCV-1042A Upstrm Drain

Lkg Clr Hdr To SIRWT

Lkg Clr Hdr To SIRWT

SI-1A Suct Viv Frm SOC
SI=1B Suct Viv Frm SDC
S$1-3C SIRWT Recrc Isol
SI-3B SIRWT Recrc Isol
SI-3A SIRWT Recrc Isol

« SI~1A SIRWT Recrc Isol

SI-1B SIRWT Recrc Isol
SI-2A SIRWT Recrc Isol
S$1-2C SIRWT Recrc Isol
S1-2B SIRWT Recrc Isol
Lkg Clr Hdr To HPSI
AC-4A Inlet Isol Valve
AC-4A Outlet Isol Viv
AC-4B Inlet Isol Valve
AC-4B OQutlet Isol Vly
AC-4A/4B Inlt X~Tie Is
AC-4A/4B Inlt X-Tie Is
AC-4A/4B Ot1t X-Tie Is
AC-4A/4B Ot1t X-~Tie [s
Cntmt Spray Isol valve
Cntmt Spray Isol Valve

15



Description

S1-186 SDC Warmup val
NG-173 d OC Vent
' 7 vent
ver

aint

:
C1(
' STGNAL

CIPNA
AVl

| GNAL

Transfer Block
Transfer Block

Supply Manifold Pressure

Supply Manifold Pressure
2 « Gen HZ2 Fill/Vent Va'lve
' Gen CO2 Fil1/Vent Vv
Inlet to Pump ST-6A
Inlet to Pump ST-68

Ing Fan Motor Sel

Gen HZ Analyzer

Reserve

Main Steam to

GInd S1 Stm Reg
Gear Jog Pushbu
1045 - Auto/Manual Seilect

1045 « Mn Stm to FW-10
] ELECT
|

384 - LOCAL/REMOTE S

384 AFW to Mai {

078 - Autc/Manual
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Auto/Manud

'
A
1
A




Number




(Run) the
strumentation from
e accoms

eeze mode, the

simulator from some t

Backtrack alization is i ormal initialization. The

simulator automatic "ecor its ¢ tion during the training

tervals. Disk
A circular buffer

on be represented

ne circuilar

overrides, and

information




T nt Y F<Ys
r v tating | tfor cinag !
C \ y Ju ¢ u 4
+ + o 5 R 3 g
move ". ““"t‘ ( one ‘o f'
1 A Y g
14 £ d
{ 414 4 | g ). Fa SWOY
1
ME
Ne ¢ 3 teat ré ¥ s b
4 y § .
frepze t he¢ n . ' ' P
1m 14 ¥ t Y r
. id pera \
\ tan Lale n by ad 4
Y . M £ i b
£iir " ’
o |
1 1 + . § "
W t § LY m erat
Y A Ct ne

n Y
t¢ and sty ETITTE <
{ ¢ nt uts.
+ { } +th ¢ v +
C ) \ Y ¥
e 1ected Dy tne truct Ut
4 re \ 3 AMml = nan
; y . I d
] 1e ! r ) 4 r ™ \ ¥
0d \ YRR
tea t e r nty .
i { y ]
U 1 1 TASK Trecs f r ¢
' B $and iy
) u
t Ne¢ t by ur + }
{ h 5 ¢ 1 T ¢ Yok «
K [ v :
i1 t ¢ neg { ’ b b
i ' T ¢ t & ha t he
nt r *N¢ y + r $
b Lt
{ ¢ ¢ r "R E A ; o
i i W
nel b b " s

s

vt 9
ST
t o

b

£
n:°
N¢
neg
¢
ne¢
y
f

E.EQ
+
Y
W
em w
3 +
ay \

rea
nt
tr
}

£ +

1 ne

y tr

‘
ble to
v other
tartad
olecied
i t
y
4
mputer
nla
er y
1 T AT
respon
\\' AN
t oy
¢
the
{ arat
Ol {
2 [ r r¢
iP5 >
v that
y |
ek | '
g init
' 7




Replay (continued)

instant of the recent history of the simulator operation exactly,
taking into consideration all control board and instructor inputs.
The snapshot feature is active during the replay operation, as will
many of the monitoring displays.

During the replay function, the instructor can send a history of
operator and instructor actions to a printer, or monitor them in the
activity window on the control CRT. The information contained in
this history includes the time of each specific action, the
associated plant tag number or instructor system reference, a
description of the affected component, and the status change.

Qverride Control

A nurmber of override features are pro,‘ded to simulate simple
failures of control room equipment. These overrides include the
following generic types:

by Digital output override to simulate:

- Freezing any digital input in its current status

- Permanent .ilure of switches to a selectable position

- Permanent failure of push-buttons in the open or closed
contact state

N Analog input override to simulate permanent failure of any
analog input, freezing of the input in its current value, or
drifting to a specified value with a specified ramp time.

2 Annunciator override to simulate failure of any hardwired
control board annunciator freezing in its current status, or
causing the annunciator to be permanently on or off.

- Digital output override to simulate failure of any on/off light
in its current status or to cause the light to be permanently
on or off.
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line Scaling (continued)

The instructor can select any one or any combination of these
dynamics for fast time mode of operation; he can select any integral
factor between 1 and 10 times real-time for each item individually.
The dynamics of the selected items speed up while other plant
dynamics remain in real time. The control panel input/output system
operates at the same frequency as real time. Those plant parameters
affected by the fast time dynamics indicate the effects on the
control panels and on instructor's console monitoring d’.plays.

A slow time mode of operation is provided to allow the instructor to
slow down all plant dynamics from 10% to 100% of real time in 10%
steps. All plant simulation calculations are executed at a
correspendingly slower frequency. However, the control panel
input/output system operates in the same frequency as in real time
to provide realism. All control panel indicators work properly
during slow t e operation. Indicators show corresponding slower
changes in analog values. Alarm flashing occurs at its normal
frequency. An analog smoothing feature may be started to smooth
analog outputs to the control board during slow time operation.

Drill Library

The instructor may select exercises from a library of preprogrammed
lesson drills u» exercises which will automaticaily step the
simulator through a set of predefined operations and controls. The
library can contai'. up t- 00 drills with up to 25 actions in each.
Titles and comments can be included in drill files. This computer-
assisted exercise feature minimizes simulator setup and
manipulations by the instructcr, and provides standard, repeatable,
and preplanned exercises for training.
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OMAHA PUBLIC POWER DISTRICT

FORT CALHOUN STATION

Simulator Certification Submittal

Section 2



2.1

2.2

INTRODUCTION

The purpose of this Section . to describe the process and documentation
used for design scope and modelling of the Fort Calhoun Station (FCS)
Full Scope Simulator. The design process is described in Section 2.2.
Section 2.3 (and appendices) details the design documents.

DESIGN PROCESS

A multi-disciplineu core group of personnel established a simulator
design team, .ith the mission of defining the desired final product. The
core membership of this team included specialists in Plant Operations,
Engineering, and Nuclear Plant Simulation Modelling. (For the specific
core design tcam member qualifications, see Appendix 2.A). The steps
used in the aforementioned definition included the following major steps,
detailed below:

Determination of Simulator Scope

Development of a Simulator Design Specification

Data Collection and Review

Vendor/Customer Simulator Scope Meetings

Simulator Design Reviews

Development and Implementation of Simulator Configuration
Management Program

The first part of this step consisted of bounding the scope of simulation
based on FCS Operator Training needs. Identification and subsequent
definition of operator training needs was in progress pursuant to Job and
Task Analysis (JTA) for accreditation of the OPPD Operator Training
Program by the Institute of Nuclear Power Operations. The JTA was made
simulator-specific by discussions of procedure-based tasks held between



B bid Determination of Simulator Scope (rontinued)

members of the simulator design team and FCS plant operators. The
suits collated from the simulator-specific JTA provided the basis for
marking up FCS Piping and Instrumentation Diagrams (P&ID's) to reflect

the operator-based preliminary scope of simulation,

Subsequent portions of Simulator Scope Determination consisted of
refining the preliminary scope. This refinement included the development
< §

of modelling assumptions and simplifications, as well as preparation of

the following lists:

Malfunctions

Local Operator Actions (LNA's)
- Plant Performance Parameters
External Parameters
Critical and Monitored Parameters

Initial Conditions

o Simulator Data Collection

With the scope of simulation defincd as described above, data collecticn

for use in the sinuiator mode! could

ceed. The first step in the data
colle~tion effort was that of identifying and evaluating data to
facilitate the writing of an accurate simulator specification to out

, the

Updated Safety Analysis Report (USAR), and evaluated pending plant design

put

«

for bid

d. The simuiator design team reviewed FCS System Descriptions

d
changes to establish system design bases and system characteristics, The
Control Room Inventory portion of the Integrated Control Room Design
Review Report was used to provide data on Zontrol board legend plates
instrument characteristics (i.e., types, ranges, scales), system mimi

and panel demarcations and color padding.




Simulator Data Collection (continued)

Following the award of the simulator contract to Westinghouse Electric
Corporation, and at the behest of Westinghouse, the simulator design team
collected operational plant data. This data collection effort consisted
of three phases. Reference plant data was collected during actual plant
maneuvers, such as plant startup, shutdown, and to the extent actual
plant data was available, during plant transients. The data included, in
addition to selected plant parameter printo is, strip charts, and log
readings, video taping and still photographs of all simulated controi
panel instrumentation at various power levels. The video tapes and
photographs were for Westinghouse use for panel fabrication,
determination of 1/0 devices, and as reference power level instrument
readings.

~

2.2.3 Simulator Desigr Reviews

The initial step in this phase of the design effort consisted of
simulator scope review meetings between the OPPD Simulator Design Team
ang Westinghouse personnel. The purpose of these meetings was to further
hone the scope definition. The meetings consisted of reviews of the
submitied scope P&ID's (discussed above) and additional PAID annotation
to correlate the locations of listed Malfunctions, LOA's, and Plant

Performance Parameters,

Perindic design reviews were conducted by the design team during
simulator construction to ensure complete, correct implementation of the
simulator specification. Among these were comprehensive reviews of the
Preliminary, and later the Interim Design Basis Documentation packages

prepared by Westinghouse. The need for additional documentation, assumed

or surrogate plant data identified during the design process was tracked

by generation of Data

Void Requests, i1ssued by Westinghouse. Data Yoids

remained open unti! the requested data was pro




2.3

2.2.4 i r if iqur

A Configuration Management System (CMS) was established to maintain
control of design data for all systems and components in the simulator,
The CMS consists of databases of references for all source documents
provided to Westinghouse by OPPD, and the uses of those documents by
simulated systems and components. This CMS is maintained current with
as-~built plant conditions and plant design changes by frequent review and
updates.

SIMULATOR DESTGN DOCUMENTATION

The simulator Design Basis Documents (DBD's) are presented in Apnendix
2.B. The DBD's describe the simulation of each modeiled system,
including the followina information:

System Purpose(s) and Description
System Design Bases
Discussion of S'stem Simulation

A summary of the design data documents used in development of the
simulator models, grouped by system or component handler (i.e., pump,
valve) is presented in Appendix 2.C. This summary contains, as
available, the following information for source documents:

Alphanumeric Identifier
Title

Issuing Agency

OPPD Aperture Card Number

Appendix 2.C is not intended to be an all-inclusive reference list.
Document sheet numbers and revision/change numbers used specifically for
simulation development have been intentionally omitted from this summary



OR DESIGN DOCUMENTATION (continued)

T

of brevity., The CMS databases, however, contain all

pertinent document identification information. Additional documentation

data from the CMS databases are available upon request.




APPENDIX 2.A

SIMULATOR DESIGN TEAM CORE MEMBER QUALIFICATIONS
The following personne] formed the core of the simulator design team:

Richard P. Clemens, P.E., B.S. Electrical, Supervisor -
0PPD Simulator Services

Mark Gutierrez, B.S. EET, Former FCS Shift Technical
Advisor, OPPD

J. B. Michael, Former FCS Operations Shift Supervisor
(Senior Reactor Operator), OPPD

Skip Searfoss, Senior Consultant, Interfacts, Inc.



APPENDIX 2.8

SIMULATOR DESIGN BASIS DOCUMENTATION




Description of Simulated System

The purpose of the reactor core is to generate heat to be used in
the formation of steam in the steam generalors. The core is the
primary heat source in the Nuclear Steam Supply Syscem (NSSS). Heat
generated as a result of fission i3 transferred from the Yuel rods
to the Reactor Coolant System. This heat is then used tc heat water
in the steam generators to form steam.

The core consists of 133 fuel assemblies. The fuel assembiies are
approximately 8 inches square, with the active fuel region being
approximately 10 feet long. Each fuel assembly consists of a 14 x
14 matrix of fuel pins with five 4-pin groups of pins missing where
the control element assembly (CEA) guide cubes are placed. This
leaves 176 fuel pins in each assembly. ¥laced in certain of the CEA
guide tubes are either CEAs (49), flow plugs (4), neutron sources
(2), or incore detectors (28). Approximately one-third of the fuel
in the core is removed and replaced with new fuel on an 18
month-based cycle.

There are 49 CEAs, moved by 37 Cantro! tlement Drive Mechanisms
(CEDMs). These are grouped intc taree general categeries (shutdown,
regulating, and non-trippable CEAs), subdivided into 2 total of
seven groups; shutdown groups A and B, regulating groups 1 through
4, and non-trippable group N. The 24 shuttuown group CEAs ure moved
by 12 CEDMs. The CEDMs for the shutdown and veguiating CEAs are
identical. The remaining CEAs have non-trippable CEDMs.

Each CEA is comprised of five fingers which are one inch in diameter
and 153 inches long and tied together at the top with a "spidar”.
The CEA is joined to the extension shaft of the CEDM with an
internal expandable collet. Each finger nf tne CEA is filled with
120 inches of boron carbide pellets, with 8 inches of Ag-In-~Cd at
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display functions; the Reactor Regulating System mode] also selects
from these signals to drive the synchro indicatcrs,

The limit switches are modeled in the Reactor Regulating System
model. The status of the CEDM drive motor power supply is determined
in the Inplant Electrical Distribution System mode!.

Components and Furnctions Not Simulated

Coupling or uncoupling of the CEAs from the CEDMs is not simulated.

The manual lock function of the CEDM drive package is not simulated.




Reactor Coolant System Functional Description

Description of Simulated System

The major componentsy of the Reactor Coolant System (RCS) are the
reactor vessel, two parallel heat transfer loops, each containing
one steam generator and two reactor coolant pumps, and a pressurizer
connected to one of the reactor vessel outlet (hot ieg) pipes. All
components are jocated inside the containment building.

During normal operation, reactor coolant is circulated through the
reactor vessel and steam generators by the reactor coolant pumps.
The coolant is heated as it passes through the active region of the
core and transfers that heat to the secondary system in the steam
generators. The coolant also serves as a neutron moderator in the
core and centains a soluble neutron absorber (uoric acid) for
reactivity control.

The system also includes the reactor coolant gas vent system which
provides paths for venting the reactor vessel head and the
pressurizer to the Pressurizer Quench Tank (PQT) or the containment
atmosphere,

A boron concentration model is also included as part of the RCS
mode 1.

Components and Functions Simulated Elsewhere

Control logic for the components which are operable from the control
boards is implemented in various handlers.

Signals representing process information transmitted via instrument
loops are generated by the Instrument Channel Handler, based on data
received from this model.



The pressurizer quench tank and associated piping are simulated in
the Pressurizer Quench Tank (PQT) model.

The reactor coolant pumps are simulated in the Reactor Coolant Pump
(RCP) model.

Heat generation/transfer from the core is computed in the Reactor
Core (RXC) model.

Activity inventory and transport are modeled in the Radiation
Monitoring System (RMS) model.

The Reactor Vesse) Level Indication System (RVLIS) is a part of the
Qualified Safety Parameter Display System (QSPDS).

Incore nuclear instrumentation is simulated in the Incore Nuclear
Instrumenta’.ion (ICI) model.

The Heated Junction hermocouples (HJTCs) are simulated in the ICI
mode 1.

The control signals for pressurizer level control are computed in
the Reactor Regulating System (RRS) model.

The control signals for pressurizer pressure control and pressurizer
heater heat flux are computed in the RRS model.

Components and Functions Not Simulated

A1l major components and functions are simulated. Only one loop
drain is simulated.

Removal of the reactor head for refueling is not simuiated.
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Description of Simuiated System

The Reactor Coolant Pumps (RCPs) (two per steam generator) previde
the motive force to move tne reactor coolant water through the
Reactor Coolant System (RCS). They also provide the driving head
for the pressurizer spray (from loops 1B ard 2A) during normal
operation. The water transports heat from the reactor core to the
steam generator tubes.

During plant startup, the reactor coolant pumps supply thermal
energy to heat up che Reactor Coclant System. During plant
shutdowr/ cooldown, .he reactor coolant pumps provide flow to
maintain a uniform temperature distribution throughout the Reactor
Coolant System. (Pressurizer spray is provided by the charging
pumps via aux spray when the reactor coolant pumps are unavailable.)

The reactor coolant pumps are vertical shaft, single suction, single
stage centrifugal pumps, driven by 4160 volt electric motors with
flywheels. Each pump is equipped with multistage mechanical face
seals and a single self-aligning, water lubricated bearing mounted
above the pump impeller. The pump has three impellers.

The main impeller provides coolant flow. The auxiliary impeller,
cast as part of the main impeller, maintains a low pressure on the
inside of the hydrostatic bearing; this has the same effect as
supplying a pressurized fluid to the journal f-ze. The hydrostatic
bearing is thereby lubricated, and able to keep the shaft from
wobbling. Additional shaft support is provided by the driver motor
bearings. The third impeller is an acme thread attached to the
shaft,



The screw action of the thread recirculates 40 gpm of reactor
coolant through the seal heat exchanger and around the seal
cartridge. One gpm of this recirculating water is continually
leaking up through the seals and is replenished by one gom leaking
up between the shaft and the thermal barrier.

The shaft seal system is compnsed of four mechanical seals that are
lubricated and cooled by the controlled reactor coolant leakoff.
The first three seals are tandem-mounted, and are designed to
withstand full RCS pressure, while allowing a controlled leakage of
coolant (approximately one gpm) into the seal assembly. The fourth

seal, also capable of withstanding full RCS pressure, is designed to

be a vapor seal.

Reactor coolant flows up the shaft, past the thermal barrier, and
through a heat exchanger to be cooled before it enters the area of
the first stage seal.

The heat exchanger maintains approximately 130° F at the seal inlet
with the design seal leakage flow of between .75 and 1.25 gpm when
the pressure breakdown seals are functioning properly. Flow is
controlled by labyrinth flow restrictors designed to divide the
total pressure drop across three high pressure seals. By dividing
the pressure drop, each seal normally sees only 700 psid, thereby
extending the seal's operating lifetime. The fourth seal virtually
eliminates any leakage *~ the containment atmosphere, and typically
is less than 0.3 gph.

Controlled bleedoff past the third seal is ducted by a header to the
volume control tank. Controlled bleedoff past the fourth seal is
directed to the reactor coolant drain tank (RCOT). During periods
of containment isolation, the controlled bleedoff flow is also
directed to the RCDT.










p | 0 h Tank Svstem Functional 0 ™
Description of Simulated System

The Pressurizer Quench Tank (PQT) is a horizontal right circular
cylindrical vessel located wichin the containment structure. Its
primary purpose is to prevent the escape o potentially radicactive
steam released from th~ pressurizer via its PORVs or safeties from
entering the containment atmosphere. This function is achieved by
maintaining the tank approximately two-thirds full of water, and
terminating the tail pipe from the reliefs and safeties inside the
tank below the water level,

The tank also receives discharges from several other reliefs/
safeties throughout the primary plant. Also, an interconnection to
the RCDT allows draining of the tank, while a connection to the
Demineralized Water System permits cool makeup water to be sprayed
into the gas space of the tank to reduce pressure in the tank. A
connection to the bottled gas systum allows a nitrogen blanket to be
applied to the gas s *ce of the tank. The gas space can also be
vented, either to th. waste gas compressors via HCV-155 (and
HCV-507A and 5078), or through the gas analyzer flow path (HCV-509A
and HCV-5098).

The tank is protected against catastrophic failure resuiting from
overpressurization by a relief valve (RC-125) which relieves to the
containment floor, and by a rupture disk which vents the tank's gas
space to containment atmosphere,

vomponents and Functions Simulate. Elsewhere

Control logic for the components which are operable from the control
boards is implemented in the various handlers,






Description of Simulated System

The steam generators serve as the heat sink for the primary system.
Under normal operating conditions, the steam generators supply steam
for use in the main turbine generator.

In other modes of operation, steam flow can be directed to the main
condensers (steam dump or turbine bypass) or directly to the
atmosphere. Each steam generator is 2lso capable of supplying steam
to the turbine-driven auxiliary feed pump and to the turbine 7 (and
sealing system,

The system consists of two vertically mounted U-tube steam
generators; for each steam generator, a steam line containing
safety, relief, stop, and drain valves, traps, and the
instrumentation necessary to carry out the functions described
above; and a common steam header.

Components and Functions Simulated Elsewhere

Control logic for the components which are operable from the control
boards is implemented in the various handlers.

Signals representing process information transmitted via instrument
loops are generated by the Instrument Channel Handler based on data
received from this model.

The supply of water for the steam generators comes from the
Condensate and Feedwater (CFW) mode) or the Auxiliary Feedwater
(AFW) model.

Heat and fluid transport on the primary side of the U-tubes are
computed by the Reactor Coolant System (RCS) model.



Steam generator blowdown processes are modeled in the Steam
Generator Blowdown (SGB) model.

Control signals for the steam dump and turbine bypass valves modeled
herein are generated in the Reactor Regula*ing System (RRS) model.

The turbine stop and governor valves are rodeled in the Main Turbine
(TUR) model.

The AFW turbine governor valve is modeled in the Auxiliary Feedwater
(AFW) model.

Radiation monitoring and activity transport are performed by the
Radiation Monitoring System (RMS) model.

Components and Functions Not Simulated

All major system components, flowpaths, and functions are modeled,
either within SGN or as described above.



Stean G bax Riaudann ottan Funceianat Basarios

Description of Simulated System

The Steam Generator Blowdown System (SGB) consists of two separate
blowdown lines, each connected to its respective steam generator,
Each line, having valves and instrumentation, leads to a common heat
exchanger which cools the effluent before it flows to the blowdown
tank. The common heat exchanger is modeled, but is not utilized.
Flow from blowdown flows directly to the blowdown tank. The tank is
pumped via either steam generator blowdown pump to the Waste
Disposal System (WDS) for processing or to the Raw Water System
(RWS) for discharge to the river,

The Steam Generator Blowdown System provides a means of controlling
steam generator chemistry, draining the steam generators for dry
layup conditions, and removing radioactive contaminants from the
steam generators in the event of a primary to secondary leak.

A portion of the blowdown flow is continuously routed to the
sampling area for sampling and monitoring. Only the flow and
radiation monitoring instrumentation are simulated.

Components and Functions Simulated El1sewhere

Control logic for the components which are operable from the control
boards is implemented in the various handlers.

Signals representing process information transmitted via instrument
loops are generated by the Instrument Channel Handler based on data
received from this model.



Components and Functions Not Simulated

The SGBPS, consisting of the blowdown demineralizers and the spent
resin holding tanks together with their associated piping, pumps,
and instrumentation, is not simulated.

The blowdown sample heat excnanger, sample headers, and chemistry
analyzers are not simulated.
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Toward the end of a core cycle, deborating ion exchangers &are also
used. In addition, ion exchangers are used to remove soluble
nuclides and insoluble particles.

Hydrogen overpressure is maintained in the VCT to control oxygen.
Excess gasses are vented to the waste gas system,

The reactor coolant pump mechanical seal controlled leakage is piped
to the VCT.

The instruments, controls, pumps, valves alarms, and other equipment
simulated are listed in tables and are depicted schematically on the
svstem diagram located in the simulator Final Design Data Base
documents.,

A1l major flow paths are modeled.

In order to allow the instructo~ to establish realistic plant
conditions, Plant Performance Parameters (PPPs) and Local Operator
Actions (LOAs) are provided. PPPs (VC-1 through CVC-3 allow the
instructor to set the boron concentration of the various ion
exchangers in the letdown system. Although the ion exchangers will
not exhaust during the course of simulation, the RCS boron
concentration malfunction will set the ion exchanger boron
concentration to the malfunction value. PPPs CVC-4 and CVC-5 allow
the instructor to set the boron concentration of the concentrated
boric acid tanks. Makeup to the BATs is accomplished via LOAs,
CVC-17 and CVC-18. Each activation of either of these LOAs will
cause an 1] percent increase in level of its corresponding BAT (as
though the contents of the batch tank were being added), at the
current specified value of boron concentration for *hat tank.
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Control reactor coolant temperature during normal startup in the
range of ambient to less than 300F,

The major components of the SIS are the safety injection and
refueling water tank (SIRWT), three high pressure safety injection
(HPSI) pumps, two low pressure safety injection (LPSI) pumps, three
containment spray pumps, two shutdown cooling heat exchangers, four
safety injection tanks, eight high pressure injection valves, four
low pressure injection valves, and a dual set of containment spray
headers and nozzles.

During normal operation, the Safety Injection System is maintained
in a standby mode with all of its components aligned for automatic
emergency operation.

Upon receiving a safety injection actuation signal (SIAS), which
actuates the diesel sequencers, all of the _afety injection and
spray pumps will start via the sequencers. The HPSI and LPSI
injection vaives will also automatically open. The containment
spray valves will not open until receipt of a containment spray
actuation signal (CSAS). During the injection mode of operation,
all of the pumps take suction from the SIRWT and inject borated
water at refueling boron concentration into the Reactor Coolant
System.

The SIRWT would continue to provide water until its level dropped
low enough to actuate the SIRWT low signal (STLS), which in turn
actuates RAS if either the pressurizer pressure low signal (PPLS) or
the containment pressure high signal (CPHS) is present. When RAS is
received, the suction of the pumps is automatically switched over to
the containment building floor, the LPS! pumps are stopped, the pump
minimum recirculation valves are shut, and full cooling flow is cut
into the shutdown cooling heat exchangers. Once initiated,
recirculation will continue until terminated or modified by operator
action.



Upon receiving a CSAS, the containment spray header valves would
open, and bring the containment spray system to full operation.
During the recirculation mode, the containment spray water is cooled
by the shutdown cooling heat exchangers prior to discharge back into
the containment atmosphere. The Containment Spray System is
redundant to the containment a'r recirculation, cooling, and iodine
removal system (within CNM) for the containment cooling function.

When the reactor coolant system pressure drops below approximately
250 psig, the four safety injection tanks will tischarge their
contents into the primary coolant system.

The safety injection tanks are a passive injection system since no
electrical signal, operator action, or outside power source is
required for the tanks to perform their function.

Between the safety injection tanks and the reactor coolant loops are
double pipe, helical coil type heat exchangers. They are designed
to condense and cool any leakage from the safety injection check
valves, These heat exchangers work in conjunction with a pressure
control valve to accept inleakage from the Reactor Coolant System
and return i* to either the volume control tank (CVC) or the reactor
coolant dra'n tank (WDS).

After the Reactor Coolant System pressure has dropped low enough,
the Safety Injection System is aligned for shutdown cooling.
Alignment consists of blocking CSAS, isolating the safety injection
tanks, and ensuring the Safety Injection Actuation Signals are
blocked,

After the proper valve lineups are performed, a LPSI injection valve
to a loop with a running reactor coolant pump is cracked open and
the system is heated to equalization temperature with the Reactor
Coolant System. The shutdown cooling system flow, along with



component cooling water flow to the heat exchangers, is then set to
achieve the desired cooldewn rate. Ouring shutdown cooling, the
LPSI pumps take suction from the Reactor Coolant System through a
nozzle on the hot leg in loop 2. The shutdown cooling flow is
injected back into the Reactor Coclant System through the four
safety injection nozzles on the cold legs. This norzle arrangement
makes the shutdown cooling flow pass through the core in the normal
direction. The shutdown cooling capability may also be used during
the early stages of plant startup to control the reactor coolant
temperature.

Another system interfac: is a connection that is provided from the
discharge side of the charging pumps (CVC) to the rewundant HPSI
header. 1ts primary purpose is to test the operation of the four
safety 1ajection check valves at the primary loops when the Reactor
Coolant System is pressurized. The connection can also be used to
correct boron concentrations in the safety injection tanks, as well
as providing an alternate injection path for the charging pumps.

Components and Functions Simulated Elsewhere

Control logic for the components which are operable from the control
boards is implemented in the various handlers.

Signals representing proc.ss information transmitted via instrument
loops are generated by the Instrument Channel Handler based on data
received from this model.

A1l accident signal logic and actuation is modeled in the Engineered
Safeguards model (ESF).

Containment ambient conditions relating to safety injection/spray
are modeled in the Containment model (CNM).



Safety injection pump bearing coolers are modeled in the Component
Cooling Water model (CCW).

Chemical and Volune Control system functions relating to the Safety
Injection System are modeled in the Chemical and Voiume Control
model {Cv().
Components and Functions Not Simulated
Refueling cavity filling/draining is not modeled.
Shutdown cooling purification is not modeled.
Alternate spent fuel pool cooling is not modeled.
Safety injection system sampling is not modeied.
Safety injection pump discharge drains to WDS are not modeled.

Safety injection pump ¢lushing is not modeled.

Trisodium phosphate dodecahydrate maintained in the containment sump
for pH control is not simulated.



. Component Cooling Water System functional Description
Description of Simulated System

The Component Cooling Water System (CCW), is a closed-loop cooling
system consisting of three pumps, four heat exchangers, a surge
tank, and the valves and instrumentation which may be operated and
monitored from the simulated control room.

It provides cooling to the following components/heat loads:

Letdown non-regenerati.e heat exchanger
Reactor coolant pump lube oil coolers
Reactor coolant pump seal coolers
Charging pump o1l coolers
CEDM seal coolers
Waste evaporator package
. Containment air cooling and filtering unit coils
Containment air cooling units
Safety injection tank leakage coolers
Control room air conditioning units
Nuclear detector well coolers
Spent fuel pool heat exchanger
Waste gas compressor seal water heat exchangers
Shutdown cooling heat exchangers
Containment spray pump bearing coolers
Low pressure SI pump bearing coolers
High pressure SI pump bearing coolers

Interconnections with the Raw Water System provide a backup cooling
supply to the following components:

Containment spray pump bearing coolers
Low pressure SI pump bearing coolers
. High pressure SI pump bearing coolers
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System as an alternate cooling supply to the air compressors.
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makeup sysiein, the CCw surge tank, and the pressurizer quench tank.
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The Waste Neutralization Tank (and associated piping) is not
simulated,

The Fuel Transfer Canal is not simulated.

Hotel wastes are not simulated. Waste processing equipment is not
simulated; it is assumed to work perfectly when required, with the
only observable result “eing a reduction in stored waste inventory.

In most cases, only one of a group of redundant components is
simulated. The remainder are either not simulated, {eg. redundant
sump pumps), or an IDA is provided to allow the instructor to
establish the appearance of the existence of the non-simulated
components (such as the gas decay tanks and waste hold-up tanks).



F uncti ription
Description of Simulated System

The Spent Fuel Pool System basically has two purposes. The first
and most important purpose is to remove decay heat from spent fuel
assemblies stored in the storage pool and to transfer the heat to
the Comporent Cooling Water System, thus keeping the spent fuel
pool's temperature below Technical Specification limits. The second
purpose is te control and maintain the chemistry and clarity of the
storage pool water,

The system consists of two transfer canal drain pumps that can be
used to make up to the storage pool, the storage pool itself, two
storage pool circulation pumps, a heat exchanger, a demineralizar,
and a filter. The associated valves and piping to connect the
components together are also included. The system is manually
operated, and has no pneumatic or electrically actuated valves.

The heat exchanger (AC-8), is cooled by component cooling water, and
is used to keep the storage pool below Technical Specification
temperature limits. Cooling is controlled by manually throttling
component cooling water to the heat exchanger. The heat exchanger
is in parallel with the demineralizer (AC-7), and the filter

(AC-6). 1In this way, some of the pool recirculation flow cen be
diverted through the demineralizer/filter to keep the water clarity
and purity within specification.

Components and Functions Simulated Elsewhere
Signals representing process information transmitted via instrument

loops are generated by the Instrument Channel Handler based on data
received from this model.




The supply of water for the spent fuel pool make-up is taken from
the Safety Injection Refueling Water Tank (SIRWT)., This tank is
modeled in the SIS system.

Cooling water for the spent fuel pool heat exchanger is supplied by
the CCW system. Temperature control of the SFP heat exchanger is
performed by using an LOA to throttie CCW flow.

The radiological implications of lowering pool level {increased area
radiation), and overflowing the pool or leakage due to malfunction
SFP-2 (increased airborne activity in the auxiliary building), are
accomplished in the RMS model based on inputs from this model.

Components and Functions Not Simulated

The multiple suction paths from either the surface of the pool
through a strainer or from the middle of the pool are not modeled;
only the path from the middle of the pool is modeled. The strainer
is not modeled.

The back-up cooling path using a cross connection to the Shutdown
Cooling System and flexible spool pieces is not modeled. This is
because this path depends upon altering the state of certain locked
safety related valves in the shutdown cooling and safety injection
systems. Therefore, this path cannot be used during normal
operatiuns or when there is fuel in the reactor vessel. These
conditions exceed the extent of simulation.

Flow paths to the waste “isposal system are not modeled. The flow
path from the Reactor Coolant Drain Tank pumps that is used to
clarify the refueling cavity is also not modeled.

The number and power history of fuel elements stored in the fuel
pool are not simulated, however, the heat load in the pool is an
instructor-selectable Plant Performance Parameter,
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Main Turbi m F ional ripti

Description of Simulated System

The system consists of the main turbine and the associated piping
from the main steam header to the main condenser. The main flow
path is from the main steam header through the turbine stop and
control valves into the high pressure turbine. From the high
pressure turbine, the flow splits and enters four paraliel moisture
separators, then passes through the combined intermediate (i.e.,
intermediate stop and intercept) vaives before entering the two
double-fiow parallel low pressure turbines,

The exhaust frum the low pressure turbines exits directly into the
main condenser. Secondary flow paths include the extraction
steamlines from various stages of the turbine, the turbine inlet
valves and piping drain lines, the turbine crossover relief lines,
and the turbine gland seal steam piping.

The turbine is a thirteen-stage, tandem compounded non-reheat unit.
At rated operation, it runs at 1800 rpm with a guaranieed rating of
481,477 kW and a maximum design rating of 501,143 kW at 1500 Mwt.
For warming the turbine during startup, a poppet valve is providea
internal to stop valve 2.

The four moisture separators are of the vane-type, single pass
design. Each separator has its own drain collecting tank which in
turn drains to the heater drain tank or dumps directly to the main
condenser,

The steam spuce of each turbine section is sealed from the outside
atmosphere where the shaft penetrates the shell by a low pressure
gland seal steam system, which prevents steam leakage out of the
high pressure turbine, and air leakage into the low pressure
turbine. During startup, shutdown, and low load operation, sealing
steam is supplied directly from the main steamlines upstream of the
main turbine stop valves.
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Turbine Electrohydraulic Control .ystem Functional Description

Description of Simulated System

The Electrohydraulic Control System (EHC) controls the amount of
electrical load carried by the main turbine generator. It also
governs the speed, acceleration, and lecading rate of the main
turbine generator. The system is composed of speed, load, and valve
position control units.

The speed control unit compares actual turbine speed with a
reference speed signal. The output of the speed control unit is a
speed error signal that is input to the load control unit.

The acceleration control unit compares actual turbine acceleration
with a reference acceleration rate signal. The output of ‘he
acceleration control unit is an acceleration error signal that is
input to the load control unit,

The Tload control unit combines the speed error signal with the load
set signal, plus various limit signals and biases, to produce the
load reference signal,

The load reference signal is applied to the valve positioning units
which develop it into individual positioning signals for their
respective turbine steam flow control valves.

The system operates th: four turbine control valves, turbine stop
valves, and combined stop/intercept valves.

The system also provides for valve testing at power,

Each control valve and its associated stop valve are tested
together, and both normal and fast acting devices are tested. Each
intercept valve and its associated intermediate stop valve are
tested the sare as the above control valve.






The chest/shell warming logic allows for gradual warming of the
valve chest and high pressure shell by admitting steam through a
small pilot valve built into the disk of stop valve #2. This
minimizes the differential temperature of the metal and steam,
thereby minimizing thermal stresses.

Components and Functions Simulated Flsewhere

Control logic for the components which are operable from the control
boards is implemented in the various handiers, with the exception of
the turbine stop valves, control valves, and combined intermediate
stop/intercept valves.

Signals representing process information transmitted via instrument
loops are generated by the Instrument Channel Handler based on data
received from this model.

Components and Functions Not Simulated

Only those portions of the turbine control system necessary to
simulation operation are modeled.



Description of Simulated System

The Turbine Supervisory Instrumentation System (7SI1), as defined for
the Fort Calhoun simulator, models the turbine-related
instrumentation that is not inciuded in the Main Turbine (TUR) or
Turbine Electrohydraulic Control (EHC) systems.

The instrumented parameters computed by this mocel include
individual bearing metal temperatures, individual bearing
lubricating oil exit temperatures, individual journal bearing
vibration levels, a synthesized bearing vibration phase angle,
rotor, shell and differential expansicn values, eccentricity,
control valve bowl temperatures, and turbine shell casing
temperatures. These parameters are then passed to other routines
for display, control, and alarms.

Components and Functions Simulated Elsewhere

Control logic for the components which are operable from the control
boards is implemented in the various handlers.

Signals representing process information transmitted via instrument
loops are generated by the Instrument Channel Hanl'er based on data
received from this model.

The exhaust hood temperatures are computed in the Condensate and
Feedwater model (CFW).

Bearing lubricating oil flows and inlet temperatures are computed in
the Turbine Lubricating 0il model (TLO). Turbine shaft speed,
generator output power, and turbine steam properties are computed in
the Main Turbine model (TUR).



Supply steam properties are computed in the Steam Generator model
(SGN).

Components and Functions Not Simulated
The shaft phase angle, and consequently the bearing vibration phase

angle, are not explicitly computed. A vibration phase angle signal
is synthesized for display purposes only.



ondensate and Feedwater System Functional Description

Description of Simulated System

The Condensate and Feedwater System (CFW), returns the condensed,
\ |

preheated steam cycle condensate to the Steam Generators.

Steam exhausted from each low pressure turbine is condensed in its
respective condenser, The condensate thus produced drains to a
hotwell located at the bottom of each condenser. The condensate is
then supplied to the suction of three condensate pumps having

minimum flow requirements.

The condensate passes through the condensate cooler and then through
stator and hydrogen coolers. Flow is controlled through these
coolers by a bypass flow via TCV-1180 and HCV-1160. The condensate

is then directed to the steam packing exhauster and is supplied to

the tube side of the drain coolers. The flow then passes through

two paralle!l heater trains, each containing five low pressure

heaters, and is then delivered to the steam generator feed pumps'

. \d

Connections upstream of the fifth heater in each train are provided

to receive the discharge from the heater drain tank pumps.

The three steam generator feed pumps operate to increase the
pressure of the and supply it to the steam generators,
Connected to the discharge of each feed pump is a minimum

1

control valve that can direct flow to the

insure minimum flow requirements for each pump.

each pump connects to a common header which supplies
pressure heaters. The flow passes through flow

rol valves which are controlled by the




. three-element feedwater regulating system during normal operat.on.
The system functions to maintain the mass flow rate into the steam
generator equal to the mass flow rate out of the steam generator
while keeping the steam generator level at a programmed level. The
feedwater then flows thrcigh motor-operated stop valves and into the
steam generators.

The main vacuum pumps have two modes of operation, hogging and
holding. The proper mode is determined by condenser pressure. The
performance of the vacuum pumps is dependent on bearing cooling
water temperature,

Components and Functions Simulated Elsewhere

Control logic for the components which are operable from the control
boards is implemented in the various handlers.

‘ Signals representing process information transmitted via instrument
loops are generated hy the Instrument Channel Handler based on data
received from this model.

A1l thermal effects of the feedwater heaters on the condensate are
calculated in the Feedwe“er Heaters model (FWH).

The radiological effects in the condensate and feedwater system,
including the detection by RM-057, will be modeled in the Radiation
Monitoring System (RMS).

Components and Functions Not Simulated

Secondary side water chemistry is not modeled, except for
conductivity.

Tre main feedwater pump lube 0il systems are not dynamically

. simulated,
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Auxiliary Feedwater System Functional Description

Description of Simulated System

The Auxiliary Feedwater (AFW) system is used for three functions:

To provide an alternate supply of feedwater to the steam generators
in the event of low steam generator water level,

To provide a source of feedwater during system heatup and cooldown
operations.

To provide a source of feedwater during hot standby operation.

The system is designed to add feedwater to either steam generator
under any condition, including the loss of all electrical power
along with the loss of the main feedwater system and the loss of the
main steam piping downstream of the main steam isolation valves.

The auxiliary feedwater system is considered to be that equipment
required to store, pump and deliver makeup water to the steam
generators to remove decay heat in the event the normal equipment is
not available. The system consists of one emergency feedwater
storage tank (FW-19), one motor-driven (FW-6) and one turbine-driven
(FW-10) auxiliary feedwater pump, remotely operated flow control
valves, interconnecting piping to the main feedwater system and
piping to the auxiliary feed nozzles in the steam generators.

FW-6 is operated during reactor and .team plant heatup, and during
reactor startup until the reactor reaches the point of adding heat.
When reactor power is between zero and five percent of full power a
main feedwater pump is started, and FW-6 is shutdown and placed n a
standby condition. The turbine-driven auxiliary feedwater pump
(FW-10) is not normally used during plant heatup due to the fact
that its use of steam as a driver represents a heat loss and slows
the plant heatup rate.



During plant shutdown, the main feedwater pumps are used to feed the
steam generators until the plant heat loads and decay heat load are
within the capacity of FW-6. When plant heat loads permit, FW-6 is
started and the main feed pumps are stopped. FW-10 is not normaliy
used during plant shutdowns. It is only used occasionally to
demonstrate operability.

In the event of an auto initiation of auxiliary feedwater, the
auxiliary feedwater system is designed to automatically start both
auxiliary feedwater pumps. Actual flow to the steam generators wili
be directed tc the intact steam generator(s).

when both auxiliary feedwater pumps are operating, the mode of
control is such that FW-10 will not be discharging water to the
steam generators unless FW-6 is pumping at its maximum output. The
reason is that the speed of FW-10 is regulated to keep its discharge
pressure approximately 40 psi greater than steam header pressure.

FW-6 is a constant speed pump and its d‘scharge pressure is
controlleu by the feedwater header restrictions so that, as flow is
throttled down, the dis ' “rge pressure increases to an ultimate
shutoff head of about 1200 psi. The steam header pressure is
maintained automatically by the steam dump and turbine bypass system
at about 900 psi. Therefore, FW-10, which senses auxiliary
feedwater header and steam 1‘ne pressures, will be idling and not
pumping into the auxiliary feedwater header until the auxiliary
feedwater heider pressure is within 40 psi of the steam header
pressure

Due to the above described control dissimilarity, FW-10 is usually
stopped and placed in standby after the transient stabilizes and
FwW-6 i1s used to meintain the steam generator water level.
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Raw MWater System Functional Descripiicn

Description of Simulated System

The Raw Water System (RWS), is a two loop, once through zirculating
water system consisting of four pumps, four heat exchangers, valves,
piping, and instrumentation which may be remotely cperated and
monitored from the control room. The system is manifolded ant
valved to allow interconnection of the loops during all modes of
operation.

The raw water system provides screened and strained river water to
the component cooling water heat exchangers for cooling (CCW) and to
the demineralized water system for makeup (DWS), during normal
operation.

It also provides wa‘er for direct cooling of varicus engineered
safeguards components in the unlikely event that all component
cooling water pumps and heat exchangers are unavailable to fulfil]
their design functions. The engineered safeguards components
include the shutdown cooling heat exchangers, control room ¢ir
conditioning heat exchangers, containment air cooling and filtering
units, high pressure safety injection pump lube 01l coolers, Tow
pressure safety injection pump lube 01! coolers, and the contaiament
spray pump lube 0il coolers.

In addition, drainage and discharge to the raw water system is
simulated from overflow and drainage of the emergency feedwater
storage tank, discharge from the blowdown tank transfer pumps, and
discharge fro. the steam generator portion of the sampling system,

Components and Functions Simulated Elsewhere

Control logic for the components which are operable from the control
boards is implemented in the various nandlers.
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Description of imulated System

The Compressed Air System (CAS) provides filtered and dried
rompressed air to the instrument air header for pneumatic controls
and the actuation of valves, dampers, and similar devices. It also
supplies air to the service air header for maintenance tools and

large valves.

Air is supplied by three identical two-stage compressors that
operate automatically to maintain air pressure. The compressors are
cennected to a discharge manifold that feeds the instrument and
service air systems. Since most of the loads on the system are of
an occasional nature, the system normally operates at a very low
load factor. To prevent unnecessary wear on the compressors while
stil]l maintaining the ability to meet peak demands, iocal control
switches are provided (accessible to the instructor via LOAs).

Under normal conditions, one compressor will be in continuous run
mode 1ts output will vary stepwise between 0 percent, 50 percent,
and . .. percent of capacity, based on the positions of its two
loading valves, which open and close in response to receiver
pressure.

A second compressor will be in standby mode, available to
automatically starc if the running compressor cannot xeep up with
demand.

The compressed air flows first to two air receivers, one associated
with the instrument air header, the other with the service air
header, If pressure in the instrument air header reaches a low
setpoint, an isolation valve in the service air line will close,
shutting off air to the service air system. The third compressor is
an offline spare.



Downstream of the instrument air receiver is an air drier. In the
event that the drier becomes plugged, a bypass valve will open on a
high differential pressure signal.

The air is then distributed through a network of loops, manifolds,
and risers to the individual components. Many of the safety-related
components F . their own accumulator, isolable from their
respective riser by a check valve. This allows some operation of the
valve following a loss of air to the riser.

Components and Functions Simulated Elsewhere

Control logic for the components that are operable from the control
boards is implemented in the various handlers.

Signals representing process information transmitted via instrument
loops are generated by the Instrument Channel Handlar based on data
received from this model.

Usage of air by individual valves is simulated in the valve
Handler. Each time a valve is stroked, the handler decrements the
pressure of the assigned supply by a specified amount. The supply
pressure is then replenished by this model during its next
iteration,

Components ard Functions Not Simulzited

The air drier, CA-4, is not dynamically simulated,
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Description of Simulated System

The Turbine Lube 011 System (TLO) provides a clean oil supply at
suitabie temperatures and pressures to the turbine generator unit
bearings for both lubrication and cooling, to the high pressure
bearing 1ift system, and to the wet pocket area of the front
standard for the low speed timing cylinders. It also provides a
makeup supply to the shaft seal oil system,

The simulated system includes; the reservoir (LO-1), the motor
suction pump (LO-8) for startup, the shaft oil pump (LO-15), the
oil-turbine-driven suction booster pump (LO-16), the turning gear
oil pump (LO-3), the emergency bearing pump (LO-4), one lube ofl
cooler (LO-17), three high-pressure 1ift pumps (LO-14A, -14B, and
-14C, representing the six actual pumps driven by three motors), and
an o1l supply line from an infinite supply.

Note: since all of the piping being simulated is double-walled
piping, any leakage resulting from pipe break malfunctions is
returned to the reservoir; the only loss of inventory results from
leaks from the reservoir itself,

Components and Functions Simulated Elsewhere

Control logic for the components which are operable from the control
boards is implemented in the various handlers.

Signals representing process information transmitted via instrument
loops are generated by the Instrument Channel Handler based on data
received from this model.

The turbine hydraulic control oil system s simulated in the Turbine
Electrohydraulic Control model (EHC).



Turbine bearing instrumentation is modeled in the Turbine
Supervisory Instrumentation model (TSI).

The generator shaft seal oil system is modeled in the Turbine
Generator Auxiliarivs model (TGA).

Components and Functions Not Simulated

The 011 conditioning unit is not simulated, and only one of the
redundant lubc o1l coolers is simulated.

The vapor extractor is simulated only to the degree that the
associated 1ights on the control board will respond to manipulation

of the control switch.



Description of Simulated System

The Heating, Ventilaticn, and Air Conditioning System (HVA), as
defined for the Fort Calhoun simulator, consists of the Auxiliary
Building controlled and uncontrolled areas ventilation, control room
ventilation, and diesel room ventilation.

The system performs the foilowing functions:

Maintains the Auxiliary building at a comfortable temperature and
provides adequate air changes for personnel comfort.

Provides control of radioactivity by ventilating areas where
radiation may be released in accordance with the fullowing
guidelines:

Ensures that air flow inside the building is from areas of
lower activity to areas of higher activity, thus avoiding the
spread of activity.

Provides sufficient air flow to insure that legal radioactivity
Timits are met at points where ventilating air leaves the
building.

Provides charcoal filtration of effluent air from the safety
injection pump rooms, spent regenerant tank room, and spent
fuel area to entrep iodine.

Provides for remote isolation of rooms where larger releases of
radioactivity may occur.

Removes heat from various rooms to keep electrical equipment at
acceptable temperat. ;.
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' Components and Functions Not Simulated
Service buiiding ventilation is not modeled.
Office building ventilation is not modeled.
Intake structure ventilation is not modeled.
The Technical Support Center ventilation system is not modeled.

The HEPA and charcoal filters and the A/C units in the control room
ventilation system are not modeled.

The fresh air inlet fan (VA-63) is not modeled.
The toilet exhaust fan (VA-49) is not modeled.

‘ Fresh air dampers PCV-860A and PCV-"60B are not modeied.










Description of Simulated System

There are two emergency diesel engine driven generators of identical
design and characteristics. Each unit is complete with all
auxiliaries necessary for operation and for ensuring quick starts.
No auxiliaries are shared and no energy source external to the
units, other than DC control power, is required for starting or
subsequent operation.

The emergency diesel - = - ~ are designed to furnish reliable
inplant AC p