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VERMONT YANKEE SIMULATOR CERTIFICATION
DEGREE OF PANEL SIMULATION

This vertical back panel, AREA AND PROCESS MONITORING,
is complete in 1ts physical and functional aspects and
is completely supported by the simulation software,
hardware and the problem control module (PCM).

The right wing portion of the main bench board, REACTOR

AND CONTAINMENT COOLING & ISOLATION, is complete in its

ghysical and funciional aspects and completely supported
y the simulator software, hardware and PCM.

Right center portion >f :he main bench board, REACTOR
WATER CLEAN-UP AND REALT & RECIRCULATION, is complete in
its physical and functional aspects and completely
supported by the simulator software, hardware and PCM.

Center portion of the main bench boards, REACTOR CONTROL,
is complete in its physical and functional aspects and
is supported by the simulation software, hardware and
PCM.

Left center portion of the main bench board, CIRCULATING
COOLING WATER, AND FEEDWATER, is complete in its thsxcal
and functional aspects and supported by the simulation
scftware, hardware and PCM.

Left portion of the Main Bench Board, TURBINE GENERATOR,
is complete in its physical and functional aspects and
is supported by the simulation scoftware, hardware and
PCM.

Extreme left portion of the main bench boards, ELECTRICAL
AND DIESEL GENERATOR CONTROL, is complete in its thslcal
and functional aspects and is supported by the simulation
software, hardware and PCM.

This vertical back panel, PROCESS RADIATION MONITOR, 1is
complete in its physical and functional aspects and 1is
supported by the simulation software, hardware and PCM.

This vertical back panel, AREA RADIATION MONITOR, 1s
complete in its physical and functional aspects ana 1s
supported by the simulation software, hardware and PCM,

This vertical back panel, NUCLEAR INSTRUMENTATION 1s
complete in its physical and functional aspects and
supported by the simulation software, hardware and PCM.
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This vertical back panel, TRAVERSING IN-CORE PROBE (T1P),
has only one TIP Channel Drawer that is functional. The
original TIP Drive Control Monitor (112C3152) functions
as per the specification., Pictures of the other two new
drive control channels (945E258) are displayed in the
proper locations of the drawers. The remainder of the
panel is complete in its physical and functional aspects
;33 supported by the simulator software, hardware and

The external hardware of the POWER RANGE NEUTRON
MONITORING panel 1s complete in 1ts physical and
functional aspects and is supported by the simulation
software, hardware and PCM. In addicion, the APRM
Chanrels B & E thumb wheel switches (20) internal to the
panel along with the RBM cabinet FLOW CONVERTER UNITS
are functional and supported by the simulator software,
hardwz:e and PCM.

The switches and lights on the vertical back panel, RPS
'A', are complete in their physical and functional
aspects and supported by the simulation sottware,
hardware and PCM. The rola{f are mock-ups with a
ghcto raph behind each relay bezel and they are not
unctional.

The individr .. ROD SCRAM SWITCHES on the vertical back
panel are .omplete in their physical and functional
aspects and are supported by the simulator software,
hardware and PCM. All other hardware is a mock-up and
is not functional.

The switches and lights on the vertical back ganel, RPS
‘B', are complete in their physical and functional
aspects and supported by the simulator software, hardware
and PCM. The relays are mock-ups with a Yhotograph
behind the relay bezel, and are not functional.

The front portion of this vertical back panel, FEEDWATER
& RECIRCULATION, is a mock-up with the exception of the
11 adjustable controllers and one timer which are
complete in their physical and functional aspects. They
are supported by the simulation software, hardware and
PCM.

The front portion of this vertical back panel, PROCESS
INSTRUMENT, is a mock-up with the exception of the five
controllers and four timers which are complete in their
physical and functional aspects. They are supported by
the simulation software, hardware and PCM.

The front portion of this vertical back panel,
INSTRUMENTATION, is a complete mock-up. There 1is no
functional application for this panel.
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VERMONT YANKEE SIMULATOR CERTIFICATION
CONTROL ROOM ENVIRONMENT

ARRANGEMENT:

The simulator and the control room are approximately the same
size, 3600 sq. ft., but are proportioned differently. The
control room has several side rooms to the left as you enter the
main access duor: A kitchen, toilet, operations offices (2) and
a security office. With this area included, the control room is
approximately 4150 sqg. ft.

The dimensions of all the panels in the control room and the
simulator are the same.

The CAD panel (the simulator only has a panel A) is located in
the center rear of the simulator. The CAD panel in the control
room is to the right rear of the room near the access doors. The
H,/0, Monitoring panel is attached to the CAD panel in the
control room. The H,/0, Monitoring panel is next to the CAD
panel in the simulator.

The Fire panel 1s to the left rear of the simulator near CRP 9-
42%‘ The Fire panel in the control room is in the security
office.

The area in the simulator between the right rear back panels and
the rear wall is 4'5". This area in the control room is 10',
which is the location of the Project Save Computer, PCIS
Temperature Switch Test Parel, Security Computer, Seismic Monitor
Workstation, CAD panels, and Used Strip Charts. The area to the
left rear in the simulator i1s 7'2" from rear panel to wall. The
same area in the control room is 4°'.

The distances between the riows of panels are the same in both the
control room and the simulator. The distance between the second
and third row is 5', and petween the third and forth row is 3'3",
The distances between the front horseshoe and the second row,
both left and right of the horseshr 2 is the same distance in both
the control room and the simulator.

The distance from CRP 9-8 to the wall is 6’8" in the simulator
and only 34" in the control room. The distance from CRP 9-3 and
the wall is 6’2" in the simulator and only 46" in the control
room.

LIGHTING AND CEILING:

The simulator has recessed fluorescent lighting arranged in metal
acoustical ceiling tile squares. The Control Room has two sets
of lighting: Half 1s a suspended ceiling with the fluorescent
lighting distributed above the silver squared suspended celling
tiles, the other half is a recessed fluorescent light in the

8



normal acoustical rectangular tiles. The simulator has three
emergency incandescent rectangular lights near the front panel
horseshoe for Loss of Power scenario; the front fluorescent
lights go out while the rear fluorescent lights for the back
panel remain on. The control room has eight incandescent

emer enc¥'lxghts for the front panels. Several back panels have
similar lighting. The floor-to-ceiling height in the Simulator
ig 9'8" while the floor-to-ceiling height in the Control Room 1is
10",

FLOORING:

The simulator is "~mpletely carpeted on a raised 2' x 2' computer
floor. The color of the carpet is tan with the exception of
apgroximately 4’6" area near the front panel, CRP 9-3 through CRP
9-8 which is a brown carpet. The Control Room is cumpletely
carpeted light grey between the front access doors and the desks.
There is a multi-color grey carpet in the area from the front o.
the desks to the front panels and beyond in the walkways around
CRP 9-3 and 9-8. The back panel area is completely carpeted in
%Tn. The Control Room carpet is placed on a solid concrete
oor.

ACCESS:

Normal access to the simulator is through the wooden door side
entrance next to the CRP 9-8 (Unit #6) and the PCM. A second
entrance is a glass door from the computer room to the simulator
and is near CRP 9-3 (Unit #l). There 1s an entrance to the
Training Center Electrical Room on the right rear side of the
simulator.

Normal access to the control room is through the card-keyed
double metal doors, directly behind the S$hift Supervisor’'s desk.
The other access door, also a card-keyed double metal door, is in
the rear of the control room behind the TSIP Panel.

SIDE ROQOMS:

There are three side rooms at the back of the simulatcr: two lor
the Alternate Shutdown panels, RCIC and RHR, and one tor the two
Diesel panels.

These rooms are not in the control room because the panels are
located in their respective areas in the plant. The simulator
also has a Hardware Support Area between the Alternate Shutdown
Rooms and the Diesel Room.

OTHER DIFFERENCES:

A raised Instructor Station or Protlem Control Monitor (PCM) is
located inside the simulator to the right of the normal access.

The simulator has a viewing gallery to the right of the PCM and

behind the Shift Supervisor's desk. It also has glass windows
between the simulator and the Computer Room. All the glass walls

¢



have draw curtains to limit external observations as necessary.
The control room has no glass walls or windows,

The size 0f the left operator’'s desk is smaller in the simulator
tgan in the control room; this allows access between the desk and
the PCM.

The communication systems, Gai-tronics and Emergency telephones
are the same in both the simulator and the control room.

The simulator has a central vacuuming sxstem with outlet in the
floor in several locations throughout the simulator.

The chairs are different in the simulator than in the control
room.,

The HVAC Unit in the simulator i1s located behind CRP 9-5, Air
vents are located in the floor in non-normal access areas. The
exhaust is located in the ceiling. SAC-1 is the HVAC unit in the
control room with the intake and exhaust located in the ceiling.

The simulator has a halon system that discharges from the
ceiling. Smoke detectors are located in the ceiling, and below
the flooring. Each control room panel has its own smoke
detectnr. Some of the larger panels have several detectors.

The control room has an Emergency Breathing Air System, the
simulator does not.

The location of the control room plant cdrawings and the simulator
plant drawings are in different locations. Both are located near
the Shift Supervisor’'s desk. The simulator has several cabinets
near CkP 9-8 and 9-49, these cabinets contain the original
Simulator Reference Data .ase.

The panel door fixtures are different in the simulator than those
in the control room.

The simulator has two cameras mounted in the ceiling and several
ceilxn? mounted microphones that are used for recording. The
control room does not have this feature.

The simulator has a digital clock used for ERFIS to show the
differences in real and simulator run time. The control room
does not have this digital clock on top of CRP 9-5 panel.

The simulator has a set of double doors in the left rear portion

of the room for access to and from the warehouse area. These
doors do not exist in the control room.

PERFORMED BY: ALLEN THOMAS
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VERMONT YANKEE SIMULATOR CERTIFICATION
INITIAL CONDITION IDENTIFICATION

Note that these are the most recent ICs, and the initial
conditions cited in the Transient test abstracts may be

slightly different.

IC
NO

RX CORE |RX
FWR |FLOW |PRESS |(
(PSIG)

TEMP

F)

XE
REACT

CORE
LIFE

REMARKS

136

BOC

9/11/30
COLD S/D COND SYS IS
DEPRESSURIZED

146

BOC

9/17/90
APPROACH TO CRITICAL
SEQ 14-Al GRP 2

295

BOC

9/17/90
HEATUP IN PROGRESS
SEQ 14-Al GRP 7

3 29 245

401

9/21/90
HEATUP IN PROGRESS
SEQ 14-Al GRP 13

4 30 887

528

BOC

9/21/90
STARTUP IN PROGRESS
SEQ 14-Al GRP 14

22 37 930

516

w2

BOC

9/21/90
1 1/2 BYP ON EPR
SEQ 14-Al GRP 139

33 | 49 938

522

BOC

9/21/90
35% PWR
SEQ 14-Al1 GRP 52

71 59 972

516

104

BOC

9/21/90
70% PWR
SEQ 14-Al1 GRP 150

100 93 1007

525

104

BOC

9/14/90
100% PWR (SUMMER)
SEQ 14-Al GRP 150

10

99 93 1007

525

104

BOC

9/21/90
100% PWR (WINTER)
SEQ 14-Al GRP 150
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VERMONT YANKEE SIMULATOR CERTIFICATION
SIMULATOR FEATURES

The simulator has several major capabilities which allow the
instructor to dynamically control the training exercise. Some of
these features are controlled through pushbutton indicators and
others through the CRT displays. The following is a basic
description uf the major features. A more detailed description
is contained in section II and III of the Instructor’'s Operations
Manual.

INITIAL CONDITION

Allows the starting of a training session from
a predetermined starting point.

FREEZE
Allows stopping and starting dynamic¢ simulatcion,
SNAPSHOT

Allows the instructor to record the present status of
the simulator for future use as an initial condition.

BACKTRACK

Allows the instructor to back up the simulation to a
previously stored plant condition.

REPLAY RECORD I1/0

The capabilit¥ to record up to two hours of
panel output for a later replay.

TIME CONTROL

Allows the simulator to run faster than or slower
than real time.

MALFUNCTIONS
Abnormal operational conditions that can be inserted
into the scenario to teach problem analysis and recovery
procedures.

BOOLEAN TRIGGER

Allows the automatic triggering of malfunctions.
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480 VAC MCCBA LNP LD SHD RLY{5LD
480 VAC MCC8B LNP LD SHD RLY(SLD
480 VAC MCCBC LNP LD SHD FLY(3LD
480 VAC MCCY9A LNP LD SHD RIY(3LD
480 VAC MCC9B LNP LD SHD RLY(6LD
480 VAC MCC9C LNP LD SHD RLY/1LD
l¢d VLC PN DC-2-AS 'A'D/G DC SPL
125VDC DC-2-AS ALT PWR 4KV BUS 4
125VDC DC-2-AS ALT PWR 4BOKV B 4
125VDC DC~-2-AS EMG DC FD MTS13-2
480V BUS 9 ALT SHUTDN X-FER SWIT
480V BUS 9 EMGCN PWR XFER SWITCH
BKR 49 ALT SHDN XFER SW 55-330
4KV BUS EMG CNTL PWR XFER SW
125VDC DC-1-AS DC FD TO CP-82-1
125VDC DC-1-AS EMG FD MTS-13-1
MTS-13-1 XFER SW EMG PWR CP-82-1
DELETED

4KV BKR 49 CROSSTIE (LOC KEYLOCK
JODG START AND TIE TO MCC 9

MAIN GEN CORE MONITOR

MAIN GENER DISCONNECT LINKS

STAT CLG PM RES PM TST 3WY VSC45
SEAS SEL-AIR/WTR DEG F

DIESEL FIRE PUMP

ELECTRIC FIRE PUMP

CST-86B SEAL WTR SPLY TO HOGG VL

CONDENSATE DEMIN A (SERVICE)
CONDENSATE DEMIN B (SERVICE)
CONDENSATE DEMIN C (SERVICE)
CONDENSATE DEMIN D (SERVICE)
CONDENSATE DEMIN E (SERVICE)
COND DEMIN SYS HI/LO BAL OVRIDE
BYPS VLV 0G-559 ARND AFTER CONDE
MAKE UP DEMIN SERVICE

CONDENSATE DEMIN ANNUNCIATOR PANEL
HPCI-25 ACB MIN FLOW VALVE
SA-82A SERV AIR SPLY TO'A’'D/G VL
A-82B SERV AIR SPLY TO'B'D/G VL
A’ AIR COMPRESSOR SWITCH

"B’ AIR COMPRESSOR SWITCH

'C* AIR COMPRESSOR SWITCH

‘D’ AIR COMPRESSOR SWITCH

CONTAINMENT AIR COMPRESSOR SW
IA-90D IA TO CONT X~CONN(SPEC FL
IA-73/73A/ SPECTACLE FLANGE

‘A’ AIR COMPRESSOR SWIT_H

‘B’ AIR COMPRESSOR SWITCH

'C* AIR COMPRESSOR SWITCH

‘D’ AIR COMPRESSOR SWITCH

A’ INSTR DRYWER ISOLATION

AIR COMPRESSORS HIGH TEMP MANU RESET

C-45A AIR EJECTOR 1ST STG DRN VL
C-45B AIR EJECTOR 1ST STG DRN VL
CND WTR BOX PRIMING FM P52-1a+lB
AS~-1 MAIN STEAM TO SJAE VLV
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NORM RESET
NORM RESET
NORM RESET
NORM RESET
NORM RESET
NORM RESET
OPEN CLOSE
OPEN CLOSE
OPEN CLOSE
OPEN CLOSE
NORM EMERG
NORM EMERG
NORM EMERG
NORM EMERG
OPEN CLOSE
OPEN CLOSE
NORM EMERG

TRIPNORMCLSE
OPEN CLOSE
IN ouT
INSTAL REMOVE
NORM TEST
A B C
HANDAUTOOFF
HANDAUTOOFF
CLOSE OPEN
IN ouT
IN ouT
IN ouT
IN ouT
IN ouT

NORM RESET
CLOSE OPEN
IN ouT
NORM RESET
OPEN CLOSE
CLOSE OPEN
CLOSE OPEN
LEADOFF LAG
LEADOFF LAG
LEADCFF LAG
LEADOFF LAG
HANDOFF AUTO
CLOSE OPEN
CLOSE OPEN
RUN EMERST
RUN EMERST
RUN EMERST
RUN EMERST
NORM ISOLAT
NORM RESET
CLOSE OPEN
CLOSE OPEN
BRASOFF ARBS
CLOSE OPEN



NMRO 1
NMRO2
NMRO3
NMRO4
NMROS
NMRO6
NMRO?
NMROB
NMRO9
NMR10
NMR11
NMR12
NMR13
NMR14
NMR15S
NMR16
NMR17
NMR18
NMR19
NMR20
NMR21
NMR22
NMR23
NMR24
NMR25
NMR26
NMR27
NMR28
NMR29
NMR30
NMR31
NMR32
NMR33
NMR34
NMR35
NMR36
NMR17
NMR38
NMR39
NMR40
NMR4 1
NMR42
NMR43
NMR44
NMR45
NMR4 6
NMR47
NMR48
NMR49
NMR50
NMR51
NMRS52
NMRS3
NMRS54
NMRS55
NMR56

>
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APRM 'F’,

INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INDPUT
INPLT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT
INPUT

2B-16-33
IB-16-25
4B-32-17
$8-32-09

6B-24-09A

1D-16-41
2D-32-33
4D-32-25
5D-16-17
6D-16-09
1A-24-41
2A-08-313
4A-08-25
SA-40-25
6A-24-17
1C~24-33
2C~-24~25
3C-08-17
4C-40-17
5C-08-09
2B-32-33
5B-16-17
2D-16-33
4D-32-17

6D-24-09C

2A-24-25
SA-08-09
1C-24-41
4C-08-25
5C~40-25
1B-24-33
2B-24-25
3B-08-17
4B~40-17
5B-08-09
1D-24-41
2D0-08-133
4D-08-25
5D-40-25
6D-24-17
2A~16-33
JA-16-25
4A-32-17
SA-32-09

6A-24-09D

1C-16-41
2C-32-33
4C~32-25
5C-16-17
6C-16-09
1B-16-41
4B-32-25
6B-16-09
3D-16-25
5D-32-09
1A-24-33
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OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
QOPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER
OPER

BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS



NMR57
NMR58
NMRS59
NMR60
NMR79
OGRO2
OGRO3
OGRO4
OGROS5
OGR09
PCRO1
PCRO3
PCRO4
PCROS
PCRO6
PCRO7
PCROSB
PCRO9
PCR10
PCR11
PCR12
PCR13
PCR14
PCR15
PCR16
PCR17
PCR18
PCR19
PCR20
PCR21
PCR22
PCR23
PCR24
PCR25
PPRO2
PPRO3
PPRO4
RCRO1
RCRO3
RCRO4
RCROS
RCRO6
RCRO?
RCROSB
RCRO9
RCR10
RDRO1
RDRO6
RDRO7
RDROB
RDRO9
RDR10
RHRO3
RHRO4
RHRO7
RHROB

APRM 'F', LPRM INPUT 3A-08-17
APRM "F', LPRM INPUT 4A-40-17
APRM 'F', LPRM INPUT 2C-08-33
APRM 'F', LPRM INPUT 6C-24-17
TIP MACHINE SELECT

AOGCCW 'A’' COOLING FAN CNTL SwW
AOGCCW 'B’ COOLING FAN CNTL SW
AOGCCW 'A’ COOLING PUMP CNTL SW
AOGCCW ‘B’ COOLING PUMP CNTL SW
AOG VACCUM DRAG VALVE 0G-833A
V-16-19-5A DRWEL/TORUS VAC BKR

LOCAL SWITCH SW-2 OUTSIDE DG ROOM TEF-2

RX BLG VENTLN SUP FAN (RSF-1A)

RX BLG VENTLN SUP FAN (RSF-1B)

RX BLG VENTLN SUP FAN SELETR SW
|X BLG VENTLN EXHST FAN (REF-1A
RX BLG VENTLN EXHST FAN (REF-1B
RX BLG VENTLN EXHST FAN SEL Swl
TURB BLG VENTLN SUP FAN (TSF-1A
TURB BLG VENTLN SUP FAN (TSF-1B
TURE BLG VENTLN SUP FAN SEL SWi
TURB BLG VENTLN SUP FAN (TSF-2A
TURB BLG VENTLN SUP FAN (TSF-2B
TURB BLG VENTLN SUP SELECTOR SW

TURB BLG VENTLN EXHST FAN (TEF1A)
TURB BLG VENTLN EXHST FAN (TEF1B)

TURB BLG VENTLN EXHST FAN SEL S
6INCH NITROGEN SPECTACLE INSTLD
HVAC ANNUNCIATOR PANEL

NITROGEN LINE (2 IN AC-29) SPEC FLNG

RRU-5 RHRSW PUMP AREA Sw-23
RRU-6 RHRSW PUMP AREA SW-24
RRU~-7 RHR & CS PUMP AREA Sw-25
RRU-8 RHR & CS PUMP AREA SW-26
PRINTER COMPUTER ROOM

PRINTERS SIMULATOR ROOM

LIMIT CYCLE OSCILLATIONS

RCIC-27 MINIMUM FLOW VLV ACB
RCIC TRIP & THROTTLE VLV
RCIC-V13~-16 STM SPLY LN ISO VL
RCIC-V13-15 STM SPLY LN ISO VL
CP-82-3 RCIC ALT SHDN XFR S-1188
CP-82-3 RCIC ALT SHDN XFR S-1189
MTS-13-2 MAN THVR EM PWR RCIC-16
RCIC V13-15 STM SPLY LN ISO VLES
RCIC V13-16 STM SPLY LN ISO VL89
CRD-94 STATION DISCH TO RX VLV
CRD DR WTR FILTR F-16-A (SERVICC
CRD DR WTR FILTR F-16-B (SERVICC
CRD FLW CNTL STATION FCV-19A(SER
CRD FLW CNTL STATION FCV-19B(SER
REFUELING INTERLOCKS (ROD BLKS)
RHR-16A 'A'LOCP MIN FLW VL ACB
RHR-16B 'B’'LOOP MIN FLW VL ACB
RHR-66 (DRN)RHR TO RADWAS VL ACB
RHR~-26A RHR CONT SPR I1ISO VL ACB

18

OPER BYPASS
OPER BYPASS
OPER BYPASS
OPER BYPASS
1 2 3

OFF AUTO
OFF AUTO
OFF ON

OFF ON
OPEN CLOSE
NORM TEST
AUTO RUN
OFF AUTOON
OFF AUTOON
ASTBOFF 3STB
OFF NORMON
OFF NORMON
ASTBOFF BSTB
OFF AUTOON
OFF AUTOON
ASTBOFF BSTB
OFF AUTOON
OFF AUTOON
ASTBOFF BSTB
OFF NORMON
OFF NORMON
ASTBOFF BSTB
NOFLOW FLOW
NORM RESET
FLOW NOFLOW
OFF AUTORUN
OFF AUTORUN
OFF AUTORUN
OFF AUTORUN

OFF ON
OFF ON
NO YES

OPEN CLOSE
NORM RESET
CLOSE OPEN

CLOSE OPEN

NORM EMERG
NORM EMERG
NORM EMERG

CLSENORMOPEN
CLSENORMOPEN
CLOSE CPEN
IN ouT
IN ouT
IN ouT
IN JUT
OFF ON

OPEN CLOSE
OPEN CLOSE
OPEN CLOSE
CPEN CLOSE



RHRO9
RHR10
RHR11
RHR12
RHR13
RHR14
RHR1S
RHR16
RHR17
RHR18
RHR19
RHR20
RHR37
RHR39
RHR40
RHR41
RPRO1
RPRO2
RPRO3
RPRO4
RPROS
RPROG6
RPRO7?
RPROB
RPRO9Y
RPR10
RPR11
RPR12
RPR13
RPR14
RPR15
RPR16
RPR17
RPR18
RPR19
RRRO1
RRRO2
RRRO3
RRRO4
RRROS
RRRO6
RRRCS
RRR10
RRR11
RRR12
RRR13
RRR14
RWRO1
SLRO1
SLRO2
SLRO3
SWRO1
SWRO2
SWRO3
SWRO4
SWROS

RHR-26B RHR CONT SPR 1S0 VL ACB
RHR-38A TORUS SPR ISO VLV ACB
RHR PUMP 'A' ACB

RHR PUMP ‘B’ ACB

RHR PUMP 'C' ACB

RHR PUMP 'D’' ACB

RHR=34A CONT SPR TST BYPS VL ACB
RHR-34B CONT SPR TST BYPS VL ACB
RHR-39A CONT SPR TST DISCH ACB
RHER-39B CONT SPR TST DISCH ACB
RHR ROOM WTR TIGHT DOOR - NE

RHR ROOM WTR TIGHT DOOR - SE
RHR-17/18 SHDW CLG SU IS0 VL LCO SW
]A RHR PM ALT SHDN XFER Sw 1031
RHR-17 ALT PWR BKR (ON BUS 9)

A RHR PUMP SWITCH(LOCAL KEYLOK)
‘A' RPS MG SET OUTPUT BKR

‘B’ RPS MG SET OUTPUT BKR

RPS ALT SPLY BKR CBl 480V MCC 8B
SRM ‘A’ SHORTING LINK

SRM ‘B’ SHORTING LINK

SRM 'C’' SHORTING LINK

SRM ‘D’ SHORTING LINK

RPS CH A3 SHORTING LINKS

RPS CH B3 SHORTING LINKS

RPS APRM BUS A RESET SWITCH

RPS APRM BUS B RESET SWITCH

MSL LO LV HI FLO NOT IN RUN BYPASS
RCU LO LVL/HI TEMP ISOL BYPASS
RCU LO LVL ISOLATION BYPASS

HPCI CST RETURN INTERLOCK BYPASS
RCIC CST RETURN INTERLOCK BYPASS
RB VENT ISOLATION BYPASS

SLC TNK LINEUP TO RX VSL

RX HI LVL RFP TRIP BYPASS

‘A’ RECIRC M.G LOCKOUT RELAY

"B’ RECIRC M.G LOCKOUT RELAY

'A* RECIRC M.G D.C LUBE OIL PMP
‘B’ RECIRC M.G D.C LUBE OIL FPMP
‘A’ RECIRC M.G SCOOP TUBE POWER
‘B’ RECIRC M.G SCOOP TUBE POWER
INSTRUMENT ROOT VALUE 14A/15A
INSTRUMENT ROOT VALUE 14B/15B
BUS B9A SPLY BKR V2-53A REC PM
BUS B9B SPLY BKR V2-53B REC PM
BUS 89A SPLY BKR V2-43A REC PM
BUS 89B SPLY BKR V2-43B REC FPM
RWM TRANSFER SELECTION
SLC-20/DW-41 SBLC TANK MAKEUP
SLC-15 MAN ISO COMB DI1S ST O DRW
SLC~12A SLC PM A MAN ISO SUC VLV
RCW-32A RBCCW CLC TO RDWS,A&C PM
RCW-24A RBCCW CLG TO CRD B&D FMP
RCW-28A RBCCW RTN RHR CRD RW HDR
$W-32B ALT CLG RDWS,A,C RHR PMPS
SW-24B ALT CLG TO CRD,B,D RHR PM
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OPEN
OPEN
OPEN
OPEN
OPEN
OPEN
OPEN
OPEN
OFEN
DPEN
OPEN
OPEN
LOCK
NORM
OPEN

CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
OPEN

EMERG
CLOSE

TRIPNORMCLSE

OPEN

OPEN

OPEN

REMOVE
REMOVE
REMOVE
REMOVE
REMOVE
REMOVE
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORMAL
NORM

NORM

CLOSE
CLOSE
CLOSE
INSTAL
INSTAL
INSTAL
INSTAL
INSTAL
INSTAL
RESET
RESET
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
BYPASS
TSTTNK
BYPASS
RESET
RESET

STOPNORMSTRT
STOPNORMSTRT

OFF
OFF
OPEN
OPEN
OPEN
OPEN
OPEN
OPEN
ERFIS
OPEN
OPEN
OPEN
OPEN
OPEN
OPEN
OPEN
OPEN



SWRO6
SWRO7
SWROS
SWR10
SWR11
SWR12
SWR17
SWR18
SWR19
SWR20
SWR21
SWR22
SWR23
SWR24
SWR25
SWR26
SWR27
SWR28
SWR29
SWR30
SWR31
SWR32
SWR33
SWR34
SWR35
SWR36
SWR37
SWR38
SWR39
SWR40
SWR4 1
SWR42
SWR4 3
SWR44
SWR4S
SWR46
SWR47
SWR4S
SWR49
SWR50
SWRS51
TCRO1
TURO1
TUROQ2
TURO3
TUROCY
TUROS
TURQ?

CDRO1
CLRO2

RCW-42A RHR SW X-TIE TO D/G
RCW-42B RHR SW X-TIE TO D/G
SW-16B ALT CLG SPLY RHR SW PMPS
SW-17/8SW-11 AH CLG RTN RH SW2 CT
SW-36A SW LOOP 'A' X~TIE ALT CLG
SW-36B SW LOOP 'B’' X-TIE ALT CLG
RCW-29A/5W-29 MAN 1SO VL RBCCW
SW-92A/101 SW IN/OUT MAN IS0 V A
SW-92B/90 SW IN/OUT MAN ISO VL B
TCW-60A/61A TBCCW HX'A’' MA 1S VL
TCW-60B/61B TBCCW HX'B’ MA IS VL
SW-62A/TCV~-3 SW TO-~FR TBCCW HX A
SW-62B/TCV-6 SW TO-FR TBCCW HX B
RCW-93A/93B RBCCW HX 'A'MA IS VL
RCW-91A/91B RBCCW HX 'B'MA IS VL

RHR-SW PUMP 'A‘ BREAKER

RHR-SW PUMP
RHR~-SW PUMP
RHR~-SW PUMP
SW PUMP 'A’
SW PUMP ‘B’

‘B’ BREAKER
‘C’ BREAKER
‘D’ BREAKER
BREAKER
BREAKER

SW PUMP ‘C’' BREAKER

SW PUMP 'D’' BREAKER

SW-6 MN TRAVEL SCREEN WASH

SW-8 SW HDR TO FIRE MN X-CONN VL
SW-13A SW SUPLY TO HDR 'A' VLV
SW-13P SW SUPLY TO HDR ’'B’ VLV
SW-18 RX BLG SW DISCH HDR VLV
RCW-100 DI(MKUP) WTR BYPS LCV-°
SW-14B SW CTRAINER BYPASS VLV
SW-14E SW STRAINER BYPASS VLV
RCW-142A AUT FILL ISO VL(RBCCW)
SEAS SEL-AIR/WTR DEG F

1C SW PM ALT SHDN XFER SW $5-427
1C RHR-SW PM ALT SHDN XFR SW1307
1A RHR-SW PM ALT SHDN XFR SW1305
1A SW PM ALT SHDN XFR SW 55-425
‘A’ RHR-SW PMP SWITCH (LOC KEYL)
'C’' RHR-SW PMP SWITCH (LOC KEYL,
‘A’ SW PUMP SWITCH (LOC KEYLOCK)
'C’ SW PUMP SWITCH (LOC KEYLOCK)
LOCAL MAIN TU MASTER TRIP UNIT
AUX OIL PMP LOCAL TEST P.B.
TURNG GEAR OIIl. PMP LOCL TEST P.B
EMERGEN OIL PMP LOCL TEST P.B.
‘A’ EPR OIL PUMP

‘B’ EPR OIL PUMP

TEMP FOR TRAINING

ANALOG IDAS

V-73-117 COND PRESS VLV
C-145A BYPAS ARND 3A HTR OUTL VL
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CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
OPEN

OPEN
OPEN
OPEN
OPEN
OPEN
CPEN
OPEN
CPEN
OPEN
OPEN
OPEN
OPEN
OPEN
OPEN
OFEN

OPEN
OPEN
OPEN
OPEN
OPEN

CL)YSE
CLUSE
CLOUSE
CLOSE
CLOSE
CLOSE

OPEN
OPEN
OFEN
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE
CLOSE OPEN
CLOSE OPEN
A B C
NORM EMERG
NORM EMERG
NORM EMERG
NORM EMERG
TRIPNORMCLSE
TRIPNORMCLSE
TRIPNORMCLSE
TRIPNORMCLSE
TRIP RESET
NORM TEST
NORM TEST
NORM TEST
OFF ON
HANDQFF AUTO
FALSE TRUE

CLOSE
CLOSE
CLOSE
OPEN
OPEN
OPEN
OPEN
OPEN
OPEN

0 100
0 100



CDRO3
CDROS
CDROG
CDRO?
CDR13
COR14
CDR15
CDR1?
CSRO)
CSRO2
CEROI
CSRO4
CURO4
-UROS
DGRO2
DGRO 3
EGRO1
EGROS
WR(1
FWRO2
FWRO3J
FWRO4
FWROS
FWRO?
FWROB
FWRO9
FWR1S
FWR16
FWR17?
FWR19
HPROZ
MCRO4
MCROS
NMR61
NMR62
NMR6 3
iIR64
NMRES
NMi66
NMR6?
NMR68
NMRES
NMR70
NMR71
NMR72
NMR73
NMR74
NMR7S
NMR76
NMR?7
NMR78
OGRO1
OGRO&
OGRO7
OGROS
¥PRO]

(=145B BYPAS ARND 3B HTR OUTL VL

FDW~6A CONDENSATE PMP DISCH VLV

FOW-6B < “NENSATE PMP DISCH VLV

FOW=6C .~ “NSATE PMP DiSCH VLV

FCV=-4 CN 2.JCIRC FLW CNTL VLV GP
FW+<30 MANU RYPAS VLV ARND FCV-4
FW~18 MKUP/KREJ MANU BYPAS VLV
AO-SB-8 COND FLTR DEMIN BIPS VLV
CS~8A 'A' C8 SUCTN FROM CST VLV
CS5-88 'B’ CS SUCTN FROM CST VLV
CS~21A 'A' CS DISCH N (FLSH)VLV
C§-21B 'B’' CS DISCH LN (FLSH)VLV
CU-FCV~16A 'A’' DEMIN FLW CNT VLV
CU-FCV-16B 'B’' DEMIN FLW CNT VLV
‘A" DIESEL GOVRNR DROOP SET

‘B’ DIESEL GOVRNR DROOP SET

MN GEN H2Z PURITY ADJUSTMENT

MN GEN H2 MAN PRESS REG ADJUST
V«73«117 COND PRESS VLV

C~145A BYPAS ARND 3A HTR OUTL VL
C~145B BYPAS ARND 3P HTR OUTL VL
FDW-37A BYI'AS ARND FDW-7A(HP HT)
FOW-37B BYPAS ARND FDW-?BéHP HT)
FOW-6A CONDENSATF PMP DISCH VLV
FDW-6B CONDEWSATE PMP DISCH VLV
FOW-6C CONDENSATE PMP DISCH VLV
FCVv-4 CN RECIRC FLW CNTL VLV
FW-30 MANU BYPAS VLV ARND F(V-4
FW-18 MKUP/REJ MANU BYPAS VLV
AO-SB-8 COND FLTR DEMIN BYPS VLV
HPCI-23-12 TU EXH MANU 1S0L VLV
AE-7 COND VAC PMP SUCT ONLY

SJAE STEAM SPLY PCV-1 STPT ADJ PS1
SRM 'A° GAIN ADJUSTMENT

SRM 'B’ GAIN ADJUSTMENT

SPM 'C’' GAIN ADTUSTMENT

SRM 'D’' GAIN ADJUSTMENT

IRM 'A" GAIN ADJUSTMENT

IRM ‘B’ GAIN ADJUSTMENT

IRM 'C' GAIN ADJUSTMENT

IRM 'D' GAIN ADJUSTMENT

IPM 'E’' GAIN ADJUSTMENT

IPM ‘F' GAIN ADJUSTMENT

APRM 'A' GAIN ADJUSTMENT

AURM ‘B’ GAIN ADJUSTMENT

APRM 'C' GAIN ADJUSTHENT

AFRM 'D' GAIN ADJUSTMENT

APRM 'E' GAIN ADJUSTMENT

APRM 'F' GAIN ADJUSTMENT

RBM ‘A’ GAIN ADJUSTMENT

RBM ‘B’ GAIN ADJUSTMENT

0G9049 0OG-100 LINE DRAIN VLV Al
0G-636 AIR PURGE SUPPLY TO 24IN DLY PIPY
OG-635A AIR PGE SPLY RECOMB TRN
OG-635A AIR PGE SPLY RECMB TRN A
INSTRUMENT NOISE ADJUST
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RCRO2
RDRO 2
RDRO 3
RDRO4
RDRO %
RDR11
RDR12
RHRO 1
RHRO 2
RHROS
RHRO6
RHRZ1
RHR22
RIRZ 3
RHR24
RHR25
RHR26
RHR27
RHR28
RHR29
OHR30
RHR S}
RHR32
RHR3J
RHR 34
RHR3S
RHR 6
RHR4 2
RRRO?
. RRROB
SWROS
SWR13
SWR14
SWR1S
SWR16
SWR52
SWRSJ
SWR54
TURO6

RCIC-88C-9 TU EXH MAN 150 VLV
CRD-56 CHRGNG WTR HDR STOP VLV
CRD-150A 'A’ CRD PMP DISCH VLV
CRD~150B "B’ CRD PMP DISCH VLV
CRD 40/40A CRD PMP TST BYPS VLV
"A'RX RECIRC CRD SEAL PRGE REG FL RT GPM
"B'RX RECIKRC CRD SEAL PRGE REG FL RT GFM
AHR~30A RHR LOOP A PRSRIING VLV
RHR-30B RHR LOOP B PRSRIZNG VLV \J
RHR=23A "A’'RHR-HX MAN INLET VLV )
RHR-23B 'B'RHR~-HX MAN INLET VLV v
RHR~28A 'A’'RHR-HX MAN OUTLT VLV \
RHR-28B 'B'RHR-HX MAN OUTLT VLV ]
RHR-2 RHR LOOP A TO B X-TIE VLV ]
RHR70A/71A CN FL VL TO A RHRLPCI !
RHR70B/71B CN FL VL TO B RHRLPCI '
RHR-45 CN FL VL TO RHR HD §P LN 5
RHR73/74 CN FL VL TO RC LPRHR SU +
RHR68 CN FL VL TO RHR5640R RHR7S )
RHR-56 CN FL VL TO 'B' KRHR LOOP !
RHR=75 CN FL VL TO ‘A" RHR LOOP \
RHRZIA/21C RHR PM ALC DISC RW VL \
RHR21B/21D RHR PM B&D DISC RW VL '
RHR22A/22C RHR PM A+C SUCT LINE :
\
]
'
F
F
)
)
)
)
A\l
\
)
)
S

- )

-

RHR22B/22D RHR PM B+D SUCT LINE

RARI1IA RZR PM AGC DR TO RADWAST

RHRI1IB RHR PM B&D DR TO RADWAST

RHR-17 SHTDN CLG SVLT 150 VLV ALT

‘A" RECIRC LOOP DISCH TEMP(ADJU) DEG
‘'B' RECIRC LOOP DISCH TEMP(ADJU) DEG
SB~1 SW DISCH TO CND DISCH BLK

SW-2h SW PMP 'A' DISCHARGE VLV

SW-2B SW PMF 'B’' DISCHARGE VLV

SW-2C SW PMP 'C' DISCHARGE VLV

SW-2D SW PMP 'D' DISCHARGE VLV

A RECIRC M-G SET L O CLR VLV,V70-22C

B RECIRC M-G SET L O CLR ViVv,Vv70-22C
RBCCW ISOLATION VALVE 70-118

MAIN TU LUBE OIL TANK LVL ADJUST GAL
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100
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540
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100
100
100
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VERMONT YANKEE SIMULATOR CERTIFICATION
OPERATING PROCEDURES

The controlled copy versions of the plant operating procedures
are utilized in the simulator. They are used by instructors in
preparing lesson plans and developing scenarios. The students are
required to use them during trairing sessions. The procedures
include normal operating, off-normal transients, and emergency plan

procedures.

The simulator procedures are controlled and updated to current
status through procedural controls similar to those of the

reference plant.
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VERMONT YANKEE SIMULATOR CERTIFICATION
SIMULATOR DESIGN DATA

RESCALIPIION

This document describes the components making uf the simulator
G

design database. It supports the ANSI A2 requiremen

for

simulator certification.

1.

The Simulator Design database is made up of the following
data bases: Simulator Construction database, Reference
Plant database, Simulator As-Built database and the
Discrepancy Report (DR) database.

The Simulator Construction database consists of the
original reference plant documents that were sent to the
Simulator manufacturer, Singer Link, for construction of
the Simulator.

2.1 Plant construction and current data aveilable as
establishad per the July 23, 1983, letter of intent
were used in both the hardware and software design of
the Simulator.

2.2 Singer Data Requests are also included in thig
database.

The Reference Plan. database consists of any Quality
Assurance (QAI records generated at the plant including
current and historical records.

3.1 Control of the reference glant records is established
by plant procedure AP 6805,

3.2 Historical records can be obtained through the FPlant
Document Control Department.

The Simulator As-Built database is the information document
provided by the Simulator manufacturer documenting the
design and construction of the Simulator. It consists of
the fol.owing:

4.1 Final Design Specifications.

4.2 Simulator drawings.

4.3 Vendor manuals.

4.4 3imulator Acceptance Test Procedure (ATP).

24



The DR database consists of the changes to the original
Simulator Construction database generated by plant
modifications or Simulator discrepancies.

5.1

5.2

The DR database identifies, tracks, resolves, and
tests differences between the Simulator and the
Reference Plant database. All DRs generated from
plant modificavions should be supported by current
reference plant data.

The DR database identifies Simulator and computer

enhancements., A DR should be written for any change
to Simulator hardware or software.
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ABSTRACTS

The simulator performance tests are broken down into several
major categories:

Computer real time test

st..d¥ state and normal operations
Survelllance tests

Transient tests

Malfunction tests

TEST OPERATORS AND DATA REVIEWERS

~.Name . = __Position —.Qualification
R. Spinney Training Manager EdD Education
Plant SRO Certified
A, Chesley Simulator Supervisor Prior SRO Licensed
Presently SRO Certified
G. LeClair Ops. Training Supv. SRO Licensed
L. Doane Asst., Operation Supv. SRO Licensed
J. Hudachek Sr. Simulator Analyst B, Mathematics
M. Krider Sim. Systems Specialist BS Computer Science
RO Licensed/SRO Certified
D. Tuttle Sim, Systems Specialist Prior SRO Licensed
Presently SRO Certified
A. Thomas Simulator Analyst BA Accounting
$. Brown Sr. Ops. Instructor SRO Certified

The base line data used in evaluating the simulatcr response is
specified in the test abstract. The data sources include the Final
Safet Annlxsiu Report (FSAR), actual plant data, License Event
Reports (LER's), and best estimate judgement. Ailo, the simulator
benchmark test comparin? the simulator response to RELAPSYA and
RETRaAN-02 was used. This test was performed independently by Yankee
Atomic Electric Company.

The malfunction test results are compared to the Malfunction
Cause and Effects Document. This document is generated from actual
lant data and is used by the instructors to develop simulator
raining scenarios.

The start-up, shutdown, and steady state test requires using the
plaat oporatin? procedures to maneuver the simulator. After the
desired power level is reached, the actual control room round sheets
ara used to compare the various parameters with the simulator.
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VERMONT YANKEE SIMULATOR CERTIFICATION
COMPUTER REAL TIME TEST ABSTRACT

TITLE: Computer Real Time Test (ANSI/ANS~1,5-1985 Section AJ.1)

PATIE _TESTED: October 12, 1990

ANLITIAL CORRITIONS:

Simulator reset to 1C-9 (BOC, 100% Rx Power, 97% Core Flow,
!qui{ibrium Xenon) with spare time test program TSPARE program
running.

ACCEPTANCE CRITERIA:

The Simulator comgutcr divides each second into twenty f{rames
and runs each real time model in one or more of these frames
each second. The Simulator computer should have at least 15%
average spare time in each frame. No slipped frames (the
computer did not have time to complete its work in that frame)
should be detected.

PROCEDURE :
Insert malfunctions RRO1A (Recirc Loog A Rupture) and ED17 (Loss
of Offsite Power) at the same time. etermine the average, as

well as the worst case, spare time in each frame for five
minutes. FPrint the results on the line printer.

RESULTS:
All acceptance criteria from above were met. No
discrepancy reports were written,

EXCEPTIONS: None

PERFORMED BY: John Hudachek

27



VERMONT YANKEE S.MULATOR CERTIFICATION
STEADY STATE & NORMAL OPERATIONS

TITLE: STEADY STATE & NORM., OPS [ANSI/ANS - 3.5 - 1985 Bl.1)
DATE TESTEDR: 12/12/90

INITIAL CONPITIONS:

1C~C]1 Reactor in cold shutdown condition

A. Reactor ltart-ue to criticalitg u:ing VYOP 0100,
Complete form VYOPF 0100.01, .02, .04.

B. Reactor and generator hoat-ue to low poer using
VYOP 0101. omplete forms VYOPF 0101.01, .02,

C. Power operations usin3 VYOP 0102, Stog at power
levels of 50%, 75%, 100% and record data lgccifsed
in the Simulator Critical Parameters Data Sheet.

Reset to I1C-9, record data specified in the Simulator
Steady State Data Sheets and complete VYAPF 0150.03.
Allow the simulator to remain at 100% for 60 minutes.
Again record the above specified data.

Using VYOP 0102 decrease reactor power to 20%,
Complete VYOPF 0102.01, .02,

D. Shutdown to low Yowor standby using VYOP 0110 and
complete VYOPF 0110,01.

E. Shutdown to cold shutdown conditions using VYOP 0111
and complete VYOFF 0111.01.

F. Reset simulator to IC-09 ani insert a manual reactor
scram. Carry out actions in OE 3100 and VYOP 0109
plant restorations,

G. Perform surveillance testing on safety-related systems
using plant specific procedures.
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ATTACHMENT # 1

1 - # "
TS T W TIVY ST IO T T T
S (
(NTECGRATED STARTVUP, SHVTDOWN AND STEADY STAIE TEST

) ] 5
3éTﬁffﬁ“E‘?stﬁ‘fﬁff‘rfSﬁflﬁff?nc PUMP POWER DOES NOT MEET PLANT

A i
DATA WITHIN 2
SIAILUS - Completed 12/11/90 - Avaiting Retest

HE R s oo
STAILS - Completed and Retested 12/19/90

90-0230 BEARING OIL PRESS
STAILS « To Resolved by the end of the first Qtr 199}

90-0232 CW PUMP A" AMPERAGE

CW PUMP "B" AMPERACE

CW PUMP "C" AMPERACE

STAIUS * To Resolved by the end of the first Qtr 1991
89-0146 CORE PRESSURE DROP

STATUS - To Resolved by the end of the first Qtr 1991
90-023« “A" RECIRC PUMP DIFF PRESSURE

“8" RECIRC PUMP DIFF PRESSURE

STAILS - To Resolved by the end ' the first Qtr 1991

* To Resolved dvy the end ‘ the first Qtr 1991

90-023? RADWASTE EFFLUENT
STAIUS - Completed and Retested (2/18/90

X BLDG DIFF PRESSURE "A"
X BLDC DIFF PRESSURE "8"
STAILS = To Resolved by the end of the first Qtr 1991

90-0235  STACK FLOW
iTAILS

90-02139



90-0245

90-0258

90-0259

90-0260

VALVE NG-12A FAILED TO
STAIUS ~ Conmpleted and

DIESEL CENERATOR A § B
SIAILS - Completed and
VALVE STROYE

N
L
| A 13a,22A

~l-|0

FOLLOWI
ALLOWAB
NG-11A.
RHR=13A
C8*7A

HPCI=-5)
SCT=1A40.
SIAIUS -~ Conpleted
SBCT FA

FACTORS U

ED.
onpleted and

AAB . JASB.<ASB
12/19/90 = Avaiting Retest

ATTACHMENT # 2

OPERATE CO lng
| /

B LY
Retested 12 90
START TIMES EXCESSIVE
Retested 12/19/90
TIMES CREATER THAN (ST

<
¢
N FLOW EXCESSIVELY HICH WHEN FLOV CORRECTION
S
‘A

Retested 12/4/90



VERMONT YANKEE SIMULATOR CERTIFICATION
TRANSTENT PERFORMANCE TEST ABSTRACT

TITLE: MANUAL SCRAM [ANSI/ANS - 3.5 « 1985 App. B1.2(1))

RATE TESTED: 05/24/90

INLITIAL CONDLITIONS:

Simulator reset to IC-9%: BOC, 100% Rx Power, 97% Core Flow,
Equilibrium Xenon

PROCEDRURE :

Initial conditions are established and the simulator placed
in run. After 1 min, & full manual scram 18 inserted
through 1/0 override. The parameters recorded are as per
Agg. Bl.2.1. The simulator is allowed to run for 5 min,
after which time it is placed in "freeze".

DATA REFERENCE:

Best estimate judgement and benchmark testing with RELAPSYA
and RETRAN-02 are used to evaluate the recorded data. The
results are subjected to an SRO level review by
representatives from the simulator staff, operator training
staff, and plant anration department staff, When
available actual plant data is utilized.

RESULTS:

The five minute run time 1s sufficient for parameters to
effectively stabilize. All acceptance criteria (ANSI
4.2.1) were met. No discrepancies found.

EXCEPTIONS: None

PERFORMED BY: Mark Krider, Dave Tuttle
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VERMONT YANKEE SIMULATOR CERTIFICATION
TRANSIENT PERFORMANCE TEST ABSTRACT

TITLE: SIMULTANEQOUS TRIP OF ALL FEEDWATER PUMPS [ANSI/ANS - 3.5 -
1985 App. B1.2(2))

DATE TESTED: 05/24/90

ANITIAL CONDITIONS:

Simulator reset to 1C~9: BOC, 100% Rx Power, 97% Core Flow,
Equilibrium Xenon

PROCEDURE:

Initial conditions are established and the simulator glaced
in run. After 1 min. malfunctions FWOBA, FWOBB, FWOBC,
;teodwatcr pumps A,B,C, trips) are simultaneous activated.
he paraveters recorded are as per App. Bl.2.1. The
simulator is allowed to run for 5 min., after which time it
is piaced in "freeze".

DATA REFERENCE:
Best estimate judgement 1s used to evaluate the recorded
data. The results are subjected to an SRO level review by
representatives from the simulater staff, operator training

staff, and plant operation department staff. Wwhen
available actual plant data is utilized.

RESULTS:
The five minute run time is sufficient for parameters to

effectively stabilize. All acceptance criteria (ANSI
4.2.1) were mat. No discrepancies found.

EXCEPTIONS: None

BERFORMED BY: Mark Krider, Dave Tuttle
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VERMONT YANKEE SIMULATOR CERTIFICATION
TRANSIENT PERFORMANCE TEST ABSTRACT

TITLE: SIMULTANEOUS CLOSURE OF ALL MAIN STEAM ISOLATION VALVES
(ANSI/ANS - 3.5 - 1985 App. B1.2(3))

DATE TESTEDR: 05/24/90

ANLTIAL CONDITIONS ¢

Simulator reset to 1C-9: BOC, 100% R» Power, 97% Core Flow,
EQquilibrium Xenon

PROCERURE :

Initial conditions are established and the simulator placed
in run. After | min malfunctions RPO3 (spurious Grour I
isolation) is activa.ed. The parameters recorded are as
per App. Bl.2.1. The simulator is allowed to run for 5
min. after which time it is placed in "freeze".

DATA _REFERENCE:

Best estimate judgement is used to evaluate the recorded
data. The results are subjected to an SRO level review by
representatives fron the simulator staff, operator training
staff, and plant operation department staff. Benchmark
testing results using RETRAN-02 and RELAPS5YA are used in
the comparison

AESULTS:

The five minute run time 1s sufficient for parameter to
effectively stabilize. All acceptance criteria (ANSI
4.2.1) were met. No discrepanc.es found.

EXCEPTIONS: None

PERFORMEDR BY: Mark Krider, Dave Tuttle
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TRANSIENT PERFORMANCE TEST ABSTRACT

VERMONT YANKEE $IMULATOR cznrxrxcurxou.—}

TITLE: SIMULTANEOUS TRIP OF ALL RECIRCULATION PUMPS [ANSI/ANS -
3.5 = 1985 App. B1.2(4)]

DATE TESTID: 05/24/90

INITIAL CONDITIONS:

Simulator reset to IC~9: BOC, 100% Rx Power, 97% Core Flow,
Equilibrium Xenon

PROCEDURE:

Initial conditions are established and the simulator placed
in run, After | min. malfunctions RROSA, RROSB (recirec

ump drive motor breaker trips) are simultaneous activated,
he parameters recorded are as per App. Bl.2.2. The
simulator is allowed to run for 5 min, after which time it
1s placed in "freeze".

DATA REFERENCE:

Best estimate judgement is used to evaluate the recorded
data. The results are subjected to an SRO level review by
representatives from the simulator staff, operator training
staff, and plant o&oration department staff. Benchmark
testing results using RELAPSYA and RETRAN-02 along with
actual plant data are used in the comparison.

RESULTS:

The five minute run tine is sufficient for parameters to
effectively stabilize. All acceptance criteria (ANSI
4.2.1) were met, No discrepancies found.

EXCEPTIONS: None

PERFORMED BY: Mark Krider, Dave Tuttle
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VERMONT YANKEE SIMULATOR CERTIFICATION
TRANSIENT PERFORMANCE TEST ABSTRACT

TIILE: MAIN TURBINE TRIP (maximum gower level not resulting in a
reactor scram) [ANSI/ANS - 3.5 « 1985 App. Bl.2(6))

DATE TESTED: 05/30/90

ANITIAL CONDITIONS:

Simulator reset to IC-7: BOC, 34% Rx Power, J8% Core Flow.
Manually reduce Rx power via recirc flow and control rod
insertion until the "Stop Valve/Control Valve Bypass' alarm
is activated. (the alarm indicates that a turbine trip will
not cause a Rx scram)

PROCEDURE :

Initial conditions are established and the simulator placed
in run., After 1 min., malfunctions TC01 (turbine tr1g) 18
activated. The parameters recorded are as gcr Apg 1idals
The simulator is allowed to run for 5 min. after which time
it is placed in "freeze".

DATA REFERENCE

Best estimate judgement is used to evaluate the recorded
data. The results are subjected to an SRO level review by
representatives from the simu.ator staff, operator training
staff, and plant operation department staff. Wwhen
available actual plant data is used.

RESULTS:

The five minute run time is sufficient for parameters to
effectively stabilize. All acceptance criteria (ANSI
4.2.]1) were met., No discrepancies found.

EXCEPTIONS: None

PERFORMED BY: Dave Tuttle, Mark Krider
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VERMONT YANKEE SIMULATOR CERTIFICATION
TRANSIENT PERFORMANCE TEST ABSTRACT

TITLE: REACTOR COOLANT SYSTEM RUPTURE (DBA LOCA) WITH LOSS OF
OFFSITE POWER [ANS1/ANS - 2.5 ~ 1985 App. B1.2(8))

DATE TESTEDR: 05/24/90

ANLITIAL CONDITIONS:

Simulator reset to IC-9: BOC, 100% Rx Power, 97% Core Flow,
Equilibrium Xenon

PROCEDURE ;

Initial conditions are established and the simulator placed
in run. After 1 min. malfunctions RROIA (recirc loop A
rupture 100% severity) and ED17 (loss of offsite power) are
simultaneous activated. The parameters recorded are as per
Agg. Bl.2.3., The simulator is allowed to run for 10 main.
after which time it is placed in "freeze".

DATA REFERENCE:

Benchmark analysis using RELAPSYA, RETRAN-02, and SIMULATE-
02 computer codes are used. The results are subjected to
an SRO level review by representatives from the simulator
staff, operator training staff, and plant operation
department staff.

RESULTS:

The ten minute run time is sufficient for parameters to
effectively stabilize. All acceptance criteria (ANSI]
4.2.1) were met. No discrepancies found.

EXCEPTIONS: None

PERFORMED BY: Dave Tuttle, Mark Krider
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VERMONT YANKEE SIMULATOR CERTIFICATION ]
TRANSIENT PERFORMANCE TEST ABSTRACT

4

TIZLE: MAXIMUM UNISOLABLE MAIN STEAM LINE RUPTURE [ANSI/ANS - 3.5
-« 1985 App. B1.2(9))

RATE TESTED: 05/24/90

ANITIAL CONDITIONS:

Simulator reset to 1C-9: BOC, 100% Rx Power, 97% Core Flow,
Equilibrium Xenon

PROCEDUREL

Initial conditions are established and the simulator placed
in run, After | min. malfunction MS06 (main steam line
rupture in drywell) is activated. The parameters recorded
are as per App. Bl.2.3, The simulator 1s allowed to run
for 10 min, atter which time it is placed in “"freeze".

RATA REFERENCE:

Best estimate judgement 1s used to evaluate the recorded
data. The results are subiocted to an SRO level review by
representatives from the simulator staff, oper "or training
staff, and plant operation department staff.

BESULTS:

The ten minute run time is sufficient for parameters to
effectively stabilize. All acceptance criteria (ANSI]
4.2.1) were met. No discrepancies found.

EXCEPTIONS: None

PERFORMED BY: Dave Tuttle, Mark Krider



VERMONT YANKEE SIMULATOR CERTIFICATION
TRANSIENT PERFORMANCE TEST ABSTRACT

TITLE: SIMULTANEOUS CLOSURE OF ALL MAIN STEAM ISOLATION VALVES
WITH STUCK OPEN SAFETY RELIEF VALVE [ANSI/ANS - 3.5 - 1985
App. B1.2(10))

RATE TESTED: 05/24/90

INITIAL CONDITIONS

Simulator reset to IC-9: BOC, 100% Rx Power, 97% Core Flow,
Equilibrium Xenon

PROCEDURE:

Initial conditions are established and the simulator placed
in run, After 1 min., malfunctions RPO3 (spurious Groug 1
xuolation{, ADO2A (relief valve "A" stuck open), and HPO2
(HPCI failure to start) are activated. The parametecrs
recorded are as per App. Bl1.2.3. The simulator is allowed
t? run for 10 min. afier which time it is placed in
"freeze".

DATA _REFERENCE:
Best estimate judgement 1s used to evaluate the recorded
data. The results are subjected to an SRO level review by

representatives from the simulator staff, operator training
staff, and plant operation department staff.

RESULTS:

The ten minute rin time is sufficient for parameters to
effectively stabilize. All acceptance criteria (ANSI1
4.2.1) were met. No discrepancies found,

EXCEPTIONS: None

PERFORMED BY: Dave Tutt'e, Mark Krider
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VERMONT YANKEE SIMULATOR CERTIFICATION
MALFUNCTION MATRIX

REF: ANSI/ANS - 3.5 - 1985
MALFUNCTION CAU'SE & EFFECTS DOCUMENT

The following table of malfunctions is designed to indicate
which malfunctions may be used to meet the requirements of section
3.1.2 of the referenced standard.

This table in conjunction with the Vermont Yankee Malfunction

Cause and Effects Document will enable the simulator operator to
develop the necessary scenarios to meet these requirements.

1. LOSS CF COOLANT
la. Required for PWRs only.
Ib. Inside and outside primary containment

ADO1 ADO4 cuo2 Cuol cuoé FW23
HPO9 MS06 MS07 MSO08B RCO9 RRO1
le. Large and small reactor coolant breaks including
demonstration of saturation condition
ADO1 ADO4 cuo2 cuo3l Cuoé FW23
HPO9 MS06 MS07 MS08 RCO9 RRO1

ld. Failure of safety and relief valves

ADO1

ADO2

ADO4

il



2. LOSS OF INSTRUMENT AIR
Loss of instrument air to the extent that the whole system
or individual headers can lose pressure and affect the plant’'s
static or dynamic performance

1A01 IAQ2 IAOQ3

3. LOSS OR DEGRADED ELECTRICAL POWER

Loss or degraded electrical power to the station, including
loss of cmorgcncl generators, loss of power to the plant's

electrical distribution buses and loss of power to the
individual instrumentation buses (AC as well as DC) that
grovido power to control room indication or plant control
unctions affecting the plant response

l DGO1 DGO3 DGO4 DGOS DGO6 EDO1
EDO2 EDOJ EDO4 EDOS EDO® EDO?
EDOSB EDO9 ED10 ED11 ED12 ED15
ED16 ED17

4. LOSS OF FORCED CORE COOLANT FLOW

Loss of forced core coolant flow due
multiple pump failure

to single or

RRO3

RROS

RRO6

RRO9

5. LOSS OF CONDENSER VACUUM

Loss of condenser vacuum including loss of condenser

level control

CD11

Cp13

MCO1

MCO3

MC04

MCO8

MC10

MC11

MC12

MC13

MC14

MC15
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11. LOSS OF PROTECTIVE SYSTEM CHANNEL

FPO2 RPO? RPOSB RPO9

12. CONTROL FAILURE

Control rod failure including stuck rods, uncoupled rods,
drifting rods, rod drops and misaligned rods

RDO2 RDO3 RDO4 RDOS RDO6 RD12

13. INABILITY TO DRIVE RODS

RDO1 RDO2 RD11 RD1S RD17 RD19

14. FUEL CLADDING FAILURE

Fuel claddini failure resulting in high activity in reactor
coolant or off gas and the associated high radiation alarms

RX01 |

15. TURBINE TRIP

TCO1 TUO3

16. GENERATOR TRIP

EGO1 EGO4

17. i "iLURE OF AUTOMATIC CONTROL SYSTEMS

Failure of automatic control system(s) that affect reactivity
and core heat removal

Fwll RR10 RR11 TCOS TCO6

18. PWRS ONLY
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19. REACTOP TRIP
ADO4 cpo1 cp13 ED16 EGO1 EGO4
FWOB 1AO1 1A02 MCO1 MCOB MC11
MC1S MS0S MS06 M50 MSOB MS11
NMO 3 NMO4 NMOS NM2 RPO2 RPO3

| RRO1 RRO9 RR15 701

20. MAIN STEAM/FEED LINE BREAK

Main steam line as well as main feed |line break (both inside
and outside containment)

Fw2l Fw2il Fw27 MS06 M507 MS08
MS11

21, NUCLEAR INSTRUMENT FAILURE(S)
NMO1 NMO2 NMO3 NMO4 NMOS NMO 6
NMOB NMO9 NM2 NM3

22, PROCESS INSTRUMENTATION FAILURE

Process instrumentation. alarms, and

control system failures

AN1

AN2

RMO1

RMO2

RMO 3
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23. PANSIVE SYSTEM MALFUNCTIONS

Malfunctions in passive systemg, such as engineered safety
features, emergency feedwater systems

ADO3 €502 cs03 DG0J DGO4 0GOS
DGO6 FW22 HPO1 HPO2 HPO4 HPOT |
HPO® MS01 MS02 RCO1 RCO2 RCO3

RDO2 RHO6 RHO? RPO1 RPO7 K208

RPO9 SLO1 SL02

24. FAILURE OF AUTOMATIC REACTOR TRIP SYSTEM

RPO1

25, REACTOR PRESSURE CONTROL FAILURE

Reactor pressure control system failure including turbine
bypass failure

RPO1 TCO02 TCO3 TCOS TCO®




ATTACHMENT # 3

MALEUNCTION TESTING

90-007°* MALFUNCTION KPO! =« SYSTEM READY LTT? PROPLENM
STAIUS - Completed and Retested © 3/3¢C

90-0079 MALFUNCTION RCO6 = NO TEMPERATURE /' /%
SLATUS - To Resolved by the end of <ue first Qtr 1991

90-0299 NO MALFUNCTION EXISTS TO FAIL THE SAFETY VALVES OPEN
STATUS - Completed 12/18/90 - Avaiting Retest



CRITICAL OPERATING LIMIT TEST ABSIRACT

. VERMONT YANKEF SIMULATOR CERTIFICATION J

TITLE: SIMULATOR OPERATING LIMITS [ANSI/ANS - 3.5 - 198" 4.13)

DATE TESTED: 9/28/90

INITIAL CONDATIONS:

Simulator reset to
Equilibrium Xencn

PROCFRURE

Initial conditions
in run. Reduce or
at a time, to just
the two "SIMULATOR

IC-9: BOC, 100% Rx Power, 97% Core Flow,

are established and the simulator placed
increase the design parameter limit, one
above the present vzlue in IC-9. Ensure
OPERATING LIMIT EXCEEDED" lights are
increase or decrease the present value

| out. Agpropriately
| . throu simulator manipulations until the "SIMULATOR

OPERATING LIMIT EXCEEDED" light comes on.

The design parameter test are:

* Reactor Vessel Internal Pressure
* Frimary Containment Internal Pressure
* Primary Containment External Pressure

!
\
| DATA REFERELCE:
\
\
\

Reference Plant design limits

RESULTS:

All acceptance criteria is satisfactory

|
|
%
i EXCEPTIONS: None
|
\

EERFORMED BY: Mark Krider,

Dave Tuttle
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VERMONT YANKEE SIMULATOR CERTIFICATION
PERFORMANCE TESTING SCHEDULE

EACH YEAR THE FOLLOWING TESTS WILL BE PERFORMED:

1. Computer Real Time Test

2. ANSI/ANS 3.5 - 3.1.1/app. A3.2 Steady State and Normal

Operation Test

3. ANSI/ANS 3.5 - A3.3 Transient Tests:

4. ANSI/ANS 3.5

a.

. ANSI

ANSI
ANSI

ANSI
ANSI
ANSI
ANSI

. ANSI

ANSI

ANSI

B1.2(1)
Bl.2(2)
Bl1.2(3)

Bl.2(4)
Bl1.2(5)
Bl1.2(6)
Bl1.2(7)
Bl1.2(8)
Bl.2(9)

B1.2(10)

Manual Scram
Simultaneous Trip Of All Feedwater Pumps

Simultaneous Closure Of All Main Steam
Isolation Valves

Simultaneous Trip Of All Recirc Pumps
Single Recirculation Pump Trip

Main Turbine Trip

Maximum Rate Power Ramp

Reactor Coolant System Rupture

Maxioum Unisolable Main Steam Line
Rupture

Simultaneous Closure Of All Main Steam
Isolation Valves with Stuck Open Safety
Relief Valve

- A3.4 Malfunction Tests

All the simulator malfunctions will be tested .in a four
year cycle.

initia

1991 will be the first year following the
certification. Attachment 3 identifies which

malfunctions are scheduled 1n a given year.
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D Starting in 1991,

L1991

ANNUNCIATORS (AN)
CORE SPRAY (CS)
TURBINE (TU)
PRIMARY CONT. (PC)
MAIN STEAM (MS)

NUCLEAR MONITGORS (NM)

CONTROL RODS (RD)
Total Malf.

19293
AUTO DEP. SYS. (AD)
DIESEL GEN. (DG)

RX PROTECTION (RF)
MAIN GENERATOR (EG)
MAIN CONCENSER (MC)
SERVICE WATER (SW)

Total Malf.

et e B >4
AN O

- -

64

-4292

SLC (SL)

RWCU (CU)

INSTRUMENT AIR (IA)

RHR (RH)

TURBINE CONTROL (TC)
ELECTRICAL DIST (ED)
REACTOR RECIRC (RR)

1994

RX MAN, CONTROL (RM)
ROD WORTH MIN. (RW)
ROD WORTH (RX)

HPCI (HP)
RCIC (RC)
OFF GAS (0G)

FEEDWATER (FW)
CONDENSATE (CD)

49
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VERMONT YANKEE SIMULATOR CERTIFICATION
SIMULATOR CONFIGURATION MANAGEMENT SYSTEM

The simulator configuration management system (SCM), in part, is
used to generate, track, and store discrepancy reports (DR's). A DR
can be generated by anyone including instructors, students, or the
simulator support greoup. The person generating the DR can do so
using a DR form or by direct entry into the computer through the SCM
system.

The urfose of DR's is to note deficiencies in physical and
functional fidelity and track them through resolution, testing, and
closeout. DR’'s are also used to track engineering design changes
(EDCR's) and plant design changes (PDCR’'s) whicua affect the
simulator. The following steps are taken for all DR’'s:

1. Oricinator generates the DR.

2. Senior Simulator Analyst (SSA) assigns a Cognizant
Engineer (CE) and a Fidelity Assessor (FA).

3. The CE decides i1f the DR is valid. 1If the DR is considered
not valid the FA must alsu agree and the SSA will close it
out.

4. The CE will perform the woik needed to resolve valid DR's,

5. The FA will perform and document an acceptance test.

6. Upon satisfactory completion of testing, the SSA will
ensure all documentation is updated and close out the DR.

The SCM is a computer-based program which, in addition to
tracking DR’'s, tracks Tlant setpoint changes and supgorts the
simulator usage schedule. The SCM program is controlled through
procedures contained in the Simulator Administration Manual.
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ABSTRACT

This report presents the results of the benchmarks performed
the Vermont Yankee Control Room Simulator in May 1987. The
benchmarks consisted of a series of operational maneuvers,
transients, and accident scenarios which were previously simulated
by use of best estimate engineering tools at the vankee Nuclear
Services Division. A comparison of the Simulator's predicted

response and the engineering codes' predicted response is provided,
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1.0 Introduction

The Vermont Yankee Nuclear Power Corporation (VYNPC) contracted
with the Link Simulation Division of the Singer Co. for the
censtruction of a full scope control room simulator for the Vermont
Yankee Nuclear Power Station (VYNPS) in 1983, The VYNPS is a 1592
MWth BWR/4 with a Mark I containment. The Simulator was delivered
to the VYNPC training center in 1986. The Simulator benchmark
effort documented in this report supplements the Acceptance Test
Program. The Simulator is required to undergo a certification
process before it can be employed in NRC administered operator
examinations. The benchmarks documented in this report are part of
the certification process.

1.1 Simulator Description

The VYNPS simulator is a complete replica of the VYNPS control
room. The Simulator provides fully operable front panel
instrumentation and controls. Additionally, the Simulator provides
at least one operable channel of all instrumentation and controls on
the back panels in the control room. The non-operable back panels,
however, retain full visual replication. The Simulator also
includes an operable replica of the remote RCIC/RHR control panel
and one of the remote diesel generator control panels. The
Simulator updates all instrumentation displays and monitors all
control switches on a basic cycle time of 0.25 seconds.

The Simulator complex alsc includes two GOULD 32,8750
mini-computers. Operation of the Simulator complex reguires one of
the 32/8750s. The remaining unit is either in standby or in use for
software development. Each mini-computer includes a CPSI 3300
vector processor. The two mini-computers share four CDC 300Mb disk
drives, two Kennedy 91 tape drives, and two Pertec 9571-2 tape
drives, as well as the Simulator's instructor conscle, a number of
interactive terminals, and line printers. The GOULD operating
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system version 3.2 is employed,

1.2 Benchmark Strategy

The Vermont Yankee Control Room Simulator Benchmark effort was
part of a larger effort to verify that the Simulator did provide the
reactor operating crew a realistic representation of the control
room during all phases of reactor operations. The benchmark effort
focused on the primary system since this is the area that the
operator is expected to be focusing on during cperator training for
response to off-normal conditions. The thermal-hydraulic benchmark
scenarios employed in the benchmark were:

1 Large Break LOCA - The design basis accident for the VY
plant.

2 Small Break LOCA - The design basis accident with HPCI
as the limiting single failure.

3 Main Steam Line Break - The break was the complete
rupture of one of the four steam lines outside of the
containment,

4 ATWS - The closure of the Main Steam Line Isclation

Valves (MSIV) was followed by failure of the control
rod drive system guch that shutdown required the
Standby Ligquid Control System (SLCS) to fun:tion.

5 RPT Trip - The transient was initiated by the
simultaneous tripping of the drive motor in both
recirculation loops.

An additicnal set of benchmark scenarios were pe-formed to
validate the core neutronics module. These benchmarks were:

1 Rod pattern exchange - The Simulator was taken through a
complete pattern exchange from an Al-2 to a Bl-l
pattern.

2 Partial SCRAM - The¢ Simulator was set to prevent the

complete insertion of the control rods such that

S



powe: was significantly reduced hut the plant was
sti1ll critical.

Several intermediate benchmark ru.is were performed as the
Simulator was being built by Singer~Link, These early efforts were
aimed at providing insight into the modeling techniques employed by
Singer~-Link,

The benchmark effort consisted of comparing the dynamic
Simulator response with precalculated responses from Yankee Nuclear
Services Division (YNSD) best estimate engineering calculations.
The YNSD calculations employed the RELAPSYA, RETRAN-02, and
SIMULATE-2 (References 1-2.1, 1-2.2, 1-2.3) computer codes.

1.3 Engineering Code Overview

The SIMULATE computer code was used to provide initial power
distributions and other regquired data to the thermal-hydraulic
systems code. SIMULATE was also used to predict the plant response
during the Partial SCRAM event.

The RELAPSYA and RETRAN-02 computer codes were the major
engineering codes empioyed in the analysis of the thermal-hydraulic
behsvior for the various transients and accidents. Both codes
divide the system being modeled into a number of user specified
volumes with esach velume having its own thermodynamic state., The
individual volumes are joined by means of junctions describing the
flow paths within the system. The user also specifies a number of
boundary conditions for systems which are not modeled. These
systems include the feedwater and turbine systems of the secondary
plant at the VYNPS.

Appendix A gives a more detailed overview of the engineering
models employed in the benchmarking.






Figure 1-4.,1

COMPUTER CODE INTERACTION

Simulator Simulator
Models Global Common

(mmmm)

RXTAPE

Transmittal Tape

//

/

SELREAD

Storage Tape

SELPLOT

\

Plots



. 2.0 Reactor Core Physics Model Benchmark

The reactor core model in the Simulator includes a neutronics
model which is basically the synthesis of a two dimensional radia)
flux calculation and a one dimensional axial flux calculation., The
two benchmarks chosen for this section were intended to challenge
the computational ability of the reactor core physics model,

"he SIMULATE-2 code, used extensively at YNSD, served as the
engineering code for use in the Partial SCRAM analysis.

2.1 Rod lattern Exchange

To rcovide 8 more uniform burnup of fuel, Vermont Yankee
nlternates between Al, Bl, A2, and B2 sequences throughout a cycle.
These seguence exchanges typically are performed every 1000 to 1200
MWD/ST of cycle exposure., The exchanges are performed at
. approximately 50% of core rated power. The exchange is performed as
follows:

1 Fower is reduced from full power to approximately 50%
of rated power by reducing recirculation flow to its
minimum, while maintaining the full power
pre-exchange control rod pattern,

2 At minimum flow, the control rods are maneuvered to the
full power post-exchange pattern, The actual
exchange at the plant follows a specific algorithm to
insure that fuel preconditioning limits are not
violated when previously controlled fuel segments are

« uncovered by rods.

3 After the ful) prwer pret-sxrhange pattern ig nhtained,

power is increased to full power by increasing
recirculation flow,

In evaluating the Simulator performance for the seguence
exchange at power, the following conditions should be answered:

n 1

Does the Simulator accurately model the core reactivity
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2.2 Partial ECRAM results

Currently the Partial SCRAM capability of the Simulator differs
from the Partial SCRAM analysis performed for benchmarking. The
analysis of the Partial SCRAM attempted to obtain a reactor power of
greater than 10 percent power for an event where the control reds in
one half cf the core insert fully and the control rods in the the
other half of the core only inserted to a predetermined maximum
lergth of travel. For example, if the maximum length of travel is
specified as 96 inches, rods withdrawn 96 inches or more would
insert 96 inches. Rods withdrawn less than 96 inches would insert
to their full in position,

The Partial SCRAM was analyzed using a half core SIMULATE model
which was modified to include a simplified decay heat model. The
decay heat model was reguired to estimate the resulting water
density following the SCRAM., Without this modification, SIMULATE
would add only fission heat to the moderator, thereby
underpredicting void fraction and overpredicting core reactivity,

The Partial SCRAM was modeled for the all-rods-out condition at
end of Cycle 9. To obtain a reactor power level of greater than 10
percent after SCRAM required the partial insertion limit to be %6.0
inches. For the all-rods-out case, this resulted in the control
rods in one half of the core inserting fully and tods in the other
half of the core inserting to position 16 (Figure 2-2.1). The
Simulator currently contains an inserticn limit of 114 inches which
results in a rod initially fully withdrawn inserting to notch
position 10. A Partial SCRAM consisting of Falf the core inserting
fully and half the core limited to a maximum insertion of 114 inches
results in the reactor becoming subcritical.

To simulate a Partial SCRAM where the reactor remains at a
power level above 10 percent, the Simulator was scrammed with an
insertici of 114 inches applied to both halves of the core. The
conditions prior to the SCRAM were the Al-2 control rod pattern at

-
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MOC condAitions used for the rantral rad fanueances ayrhanae at pawver

9.9 %

The resulting Partial SCRAM pattern is shown in Figure 2-2.2

The results of both the analyzed Partial SCRAM and the actual
Partial SCRAM modeled on the Simulatcor are shown in Table 2-2.1.
Although the actual Simulator case differs from that analyzed, it
shows similar power versus flow behavior and results in a final
power above 10 percent.



Pre-exchange
Al=2 seq.

Post-exchange
B2-2 seq.

TABLE 2-1.1

ROD PATTERN EXCHANGE RESULTS

Plant

Power Flow Rate Power
(%) (Mlbs /Hr) (%)
100.0 46 .8 100.0
§3.0 17.76 $1.2
50.8 17.78 48.9
75.0 32.0 77.0
84.5 35.0 82.5
100.0 45.12 96.0

«ile

Simulater
Flow Rate
(Mlbs Hr)

18,135

32.0
35.0
45.1



"
TABLE 2-2.1

PARTIAL SCRAM RESULTS

*nalyted case Simulator
Power Flow Rate Power Flow Rate
(8) (Mlbs/Hr) (§) (Mlbs/Hr)
6.3 §2.8 27,0 $2.5
14.8 17.8 12.0 15.9

«ile
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This can he sttributed in part tn the slightly Aamrensd rreccure
tresponse observed under Figure 3-1.2. Although this is important
from an operator awareness view, it is insignificant for the
overall transient and is considered to be acceptable. After the
initial swell, the Simulator continuously predicts a slightly
higher vessel water level; this may be due to a minor difference
in the Three-Element Level Control dynamic compensator. However,
at no time (s the level difference greater than 2 inches above the
plant data. This is considered to be in very good agreement.

Figure 3-1.4 shows Core Inlet and Bypass Flows. The
Simulator predicted core flow matches extremely well in comparison
to the plant data. The Simulator calculates the flow stabilizing
at precisely the same time at approximately 334 flow, This is
slightly higher than the plant data but is considered to be
acceptable.

Figure 3~1.5 is a plot of Main Steam Line Flow, The
Simulator is predicting a slightly slower main steam flow
decrease. Steam flow is tightly coupled to core power, and
therefore, remains high for the same reasons discussed previously.
However, at no time does the flow calculated by the Simulator vay
more than 80 lb/sec from the plant data., This is considered to be
in very good agreement.

Figure 3-1.6 displays Feedwater Temperature., The initial
feedwater temperature predicted by the Simulator i{s approximately
4 degrees Fahrenheit lower than the data. However, in most
transients this minor difference would be insignificant, The
important observation is that the Simulator calculates a
decreasing temperature to characterize less steam flow being
passed through the turbines, and less extraction steam used by the
feedwater heaters.

Figure 3-1.7 displays Reactor Recirculation Leoop M/G Set
Speed. The Simulator does not model the M/G speed coastdown

«]le



. adeguately. The predicted conetAnwn 1s tan glavw and enda tan Inw
This directly effects the recirculation flow rate and,
consequently, the core flow rate. Since the core flow rate
governs much of the void formation and thus the core power
reduction, the M/G characteristics indirectly effecis the core
power predictions.

The Simulator M/G coastdown does not correctly model the
field breaker trip that occurs approximately twenty-eight seconds
after tripping the M/C sets.



3.2 ATWE Benchmatk

This section documents the ATWS compariscon, It consists of a
benchmark between the Simulator and the VY ATWS RETRAN model,

3.2.1 ATWS RETRAN Model for VY

The best estimate VY RETRAN ATWS Model is discussed in
Appendix A.1l.

3.2.2 ATWS Event

The event analyzed is an inadvertent closure of all Main
Steam Isolation Valves (MSIVs) initiated from 100% power /flow
conditions at End Of Full Power Life (EOFPL) with a complete
failure of the automatic reactor trip function. No credit was
taken for manual contrel rod insertion., The MSIV closure with no
control rod motion constitutes the most severe ATWS event. In
addition, no credit was taken for Controel Rod Drive (CRD) or
Reactor Core Isolation Cooling (RCIC) flow. The High Pressure
Coolant Injection (HPC1l) and pressure relief valves were
maintained in automatic mode. Operator action was assumed for
disabling the Aulomatic Depressurization System (ADS) and
initiating the Standby Liquid Control System (SLCS) two minutes
after MSIV closure. A thirty second delay was assumed before the
sodium pentaborate solution reached the reactor vessel core.

3.2.3 ATWS Seguence

At approximately sixteen seconds from start of Simulator data
recording, the plant was assumed to experience a simultaneous
closure of all MSIVs. This causes the reactor vessel pressure to
rapidly increase and, consequently, creates the collapse of some

alle
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after 1300 seconds in the Simulator, and correepnndsg ta the 8108
injection capacities assumed for the two codes. The second level
swell observed in the Simulator is attributed to the second
actuation of the HPCI systenm.

Figure 3-2.4 displays Core Inlet and Bypass Flow. The
initial Simulator core inlet flow rate is slightly higher than
RETRAN., However, the difference is small and is shott-lived gince
the recirculation pumps trip soon after the MSIV closure.
Following the recirculation pump trip, the Simulator core flow
coastdown is slower and decreases more than RETRAN., This is
attributed to the differences in the initial recirculation flow
rates and coastdown characteristics modeled in the two codes (see
the discussion for Figure 3-2.6). Following full HPCI injection
(after 180 seconds), the Simulator predicts & significant increase
in core flow as compared to the dampened response calculated by
RETRAN. This is actributed to the location of the HPCI injection
modeled in the two codes. The Simulator incorrectly models the
HPCI injection at the core inlet, thus promoting a forced flow
type of response. The HPC! elevation has been correctly modeled
in RETRAN at the feedwater sparger location,

Once decay heat levels are reached, the core inlet flow rate
stebilizes, This occurs after 1050 seconds in RETRAN and after
1300 seconds in the Simulator, and corresponds to the SLCS
injection capacities assumed for the two codes. The Simulator
stabilizes at a lower flow rate for reasons discussed under Figure
3-2.6. The second flow swell observed in the Simulator is
attributed to the second major actuation of the HPCI system.

Figure 3-2.¢f displays Core Inlet Enthalpy. The initial
Simulator core inlet enthalpy is slightly higher than RETRAN;
however, the difference is negligible to the overall transient,.
Following recirculation pump trip, the core inlet flow decreases
creating degraded core cooling and, consequently, an increase in
core inlet enthalpy. The Simulator predicts an injection of the
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the gignal is cleared by o low water Jeve) signal, The initial
level swell calculated by RETRAN was large enough to cancel HPC!
due to the high drywell pressure signal; whete as the Simulator
predicted a delayed water level swell thus allowing HPCI to inject
briefly.

Both codes predict HPCI initiation on low reactor vessel
water level at about the same time, RETRAN models the twenty-five
second normal startup to reach full HPCI flow whereas the
Simulator does not, The Simulator predicted the full HPCI flow
rate as epproximately 565 lbsse.. This is significantly lower
than the 586.7 lb/sec flcw ate modeled in RETRAN. The flow rate
in RETRAN is based on 4250 gpm with an upstreanm pressure of 1200
psia and a temperature of 100 degrees Fahrenheit (this assumes
that the condensate ctorage tank is used as the water sou.ce). 1If
the Simulator is using the same volumetric flow rate and upstream
pressure, then the source water would te saturated. Therefore,
the HPCI water temperature assumed by the Simulator may be
incorrect. The second initiation of MPCI in the Simulator is
attributed to the second reactor vessel low water level signal
(see Figure 3-2.2).

Figure 3-2.8 shows Safety /Relief Valve(s) Flows. Thig is
actually th gsteam discharge to the T-quenchers in the PSP by the
four pressure relief valves, not including the steam discharge
t“rough the two safety valves. Both codes predict the initial
automatic opening of all four valves, as well as lifting of the
two ASME Code Safety valves. The response of the Simulator is in
good agreement with RETRAN., The Simulator seems to have slightly
lower relief valve closure setpoints as compared to those modeled
in RETRAN; however, the differences are small and do not
significantly affect the transient simulation,

Figure 3-2.9 depicts the Core Void Fraction predicted by
RETRAN and the Simulator, respectively. The RETRAN predictions
are more pronounced than those calculated by the Simulator. This

il




is attributed to the differences in the way the hypaes raginsn o
modeled, RETRAN models the bypass separately from the fuel region
of the core. The impact of modeling of the bypass and core as a
single entity is detailed in discussion of the results for the
previous section,

«26-



3.0 RPT and ATVS Berichmark Conclusinng .

The overall predicted responses of the Simulator for the ATWS
and RPT comparisons are generally quiie good. However, based on
the observations of the Simulator compared actual plant data (for
the RPT simulation) to RETRAN (for the ATWS simulation) and there
are five aress where the Simulator could use improvements, These
are: 1) Modeling the HPCI location at the feedwater elevation as
flow through spargers into the reactor vessel downcomer region
instead of at the core inlet; 2) Adjusting the form loss
coefficient at the jet pump suction to achieve S0V flow at 1004
flow conditions instead of the present 35\ flow; 3) Model the HPC!
subcooled ligquid at the Condensate Storage Tank temperature
instead of at 212 degrees Fahrenheit; 4) Modeling a separate

volume for the bypass region rather than combining 4* with the f
fuel region; and 5) Modeling the M/G coastdown characteristics ’
more precisely. By improving these five areas, it is believed

that the Simulators capability to predict plant response more .

accurately would increase.
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TABLE 3-2.2

VY ATWS RETRAN Trips and Operator Actions

Trips

Recirculation Pump Trip on high pressure.

Feedwater Pump Trip on high water level,

Operator Actions

Overtide the Automatic Depressurization System,

Initiate the Standby Liquid Control at twe minutes plus a
j0-second delay to sweep the injection lines.

Disable High Pressure Coolant Injection and Reactor
Core Injection Coolant suction shift from the control
storage tank to the Pressure Suppression Pool on high
Pressure Suppression Pool water level.
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4.0 LOSS OF COOLANT ACCIDENTS

Three types of locss of coolant accidents were used as benchmark
scenarios. They are a clazsic large break LOCA, a small break LOCA,
and a Main Steam Line b.eak cutside containment., The first two
involve breaks in piping that is carrying initially subcooled fluid,
while the later involves a break in a pipe with high quality steam.
The RELAPSYA code was employed as the engineering model in all of
the LOCA cases.

4.1 INITIAL CONDITIONS

The Large and Small Break LOCA cases were tun with the same
IC-9 Simulator initial conditions. Likewise, these two LOCA cases
vere run with the same RELAPSYA ini(ial conditions. The Simulator
and RELAPSYA initial conditions are compared in Table 4-2.1. The
two sets are close but not identical. Both the Simulator and
RELAPSYA used 100% power. However, the Simulator had a
Beginning-of-Cycle /ROC) axial profile while RELAPSYA used a chopped
cosine axial profile. 1Initial steam dome pressure and water levels
were nearly the same. The initial core flow was 96% of rated for
the Simulator and 100% for RELAPSYA,

The Main Steam Line Break case was run with the IC-41 Simulator
initial condition. These conditions are discussed in Section 4.4.

4.2 LARGE BREAK LOCA

The Large Break LOCA case is an instantaneous Double-Ended
Guillotine (DEG) break in the suction pipe of one recirculation
loop. The Simulator and RELAPSYA calculations were run until
adequate core cooling was re-established. During the post-test
analysis, 25 parameters were compared for this case. Primary
emphasis was to ascertain that the Simulator response showed proper
parametric trends and significant event times.
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of the sum of RELAPSYA break flows up to 11 gecnnde, From 11 ta 20
seconds, the total RELAPSYA break flow exceeds the total Z.nulator
break flow. Beyond 30 seconds, the total break flows become similar
again. The Simulator break flow calculations were sufficiently
realistic for observable parameters, such as system pressure, to be
realistic,

Figure 4-2.8 shows the recirculation pump speed histories. Two
RELAPSYA histories are shown, one for the Loop A (broken loop) pump
and one for the Loecp B (intact loop) pump. The Simulator calculates
the same speed for both pumps. The intact loop pump speed
calculated by the Simulator and RELAPSYA agree very well., However,
RELAPSYA calculates a negative overspeed for the broken loop pump
after the field breaker trip occurs at 17 seconds; this is realistic
since the break is on the suction side of the Loop A pump. In
contrast, the Simulator either did not properly model the field
breaker trip or did not properly model the broken loop recirculation
pump: therefore, the negative overspeed did not occur, Beyond 70
seconds, the pumps rotate very little in both the Simulator and
RELAPSYA calculations.

Figure 4-2.9 shows the recirculation loop flow rate histories.
Again, the Simulator shows only an intact loop behavior for both
loops. The RELAPSYA intact loop flow simply coasts down. The
RELAPSYA broken loop flow is negative after the break occurs, and
then reaches essentially zero by 60 seconds.

Fiqure 4;2.10 shows the jet pump flow rate histories. Once
again, the Simulator calculation for beth loops is consistent with
the RELAPSYA intact loop calculation. The Simulator does not
calculate the proper response for the broken loop.

The RELAPSYA downstream break flow rate in Figure 4-2.7, broken
loop recirculation flow rate in Figure 4-2.9, and broken loop jet
pump flow rate in Figure 4-2.10 all show consistent negative
(reversed) flow rates during the first 30 seconds of this accident;
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pressure buildup in the pipe cavsed by lower Auality f1uid aviting
the break and wall heat transfer. The injection rate then recovers,
and injects fluid into the broken loop after the corresponding LPC!
injection valve closes. No injection occurs in the intact loop,
since the accident assumes the LPCI-B Injection Valve failed to cpen
on demand.

Figure 4-2.14 compares the LPCS mass flow rate histories. LPCS
injection begins at nearly the same time in the Simulator and
RELAPSYA computations. RELAPSYA calculates that the two LPCS
systems together inject a total of 1,200 lbm/sec, whereas the
Simulator injects only 1,000 lbm/sec. This latter value is
conservatively low relative to plant test data.

Figure 4-2.15 shows core mid-plane clad temperatures for the
three regions of the RELAPSYA anulysis. Very little heatup can be
observed. The Simulator models the core as only one average fuel
region divided into 24 axial nodes. Figure 4-2.16 shows average .
bundle clad temperatures for several axial locations of the
Simulator and RELAPSYA. The Simulator shows clad heatup to as high
at 1,145°F while RELAPSYA only heats to 590°F, The differences in
clad heatup are due to differences in void fractions calculated by
the two models.

Figure 4-2.17 shows bundle void fraction histories. The core
veiding and recovery seguence can be seen for the Simulator and
RELAPSYA. RELAPSYA recovers at 94 seconds while the Simulator does
not completely recover until after 200 seconds.

The containment drywell and wetwell pressure histories from the
Simulator and RELAPSYA calculations are compared in Figure 4-2.18,
A comparison of respective parameters shows similar trends although
the magnitudes differ somewhat during the transient. The Simulator
parameters reach asymptotic values that are within & psi of the
RELAPSYA results. These results are acceptable since these .
parameters are displayed on a back panel in the control room and
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would only be checked periodically by the cperatnr,

Figure 4-2.19 shows containment gas temperature histories., The
temperatures calculated by the Si-ilator are higher in both drywell
and wetwell than those calculated by RELAPSYA,

Figure 4-2.20 shows the torus liquid temperature histories.
The Simulator and RELAPSYA values remain within a few degrees of
each other.

In summary, the Simulator shows good agreement with RELAPSYA
calculations. The differences are mainly for parameters where the
coarseness of Simulator modeling does not permit any greater
accuracy, such as its modeling of only one recirculation loop and in
its lumping of the bypass and cote regions,

old=
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4.3 SMALL BREAK LOCA

The small break LOCA (SB-LOCA) case is a single brez: in the
suction pipe of one recirculation loop. The Simulator break size
was 0.0615 ttz. The RELAPSYA break size was slightly smaller, 0,05
ttz. The initial conditions for the SB-LOCA for both the Simulator
and RELAPSYA are the same as for the LB-LOCA and are listed in Table

4.21.%.1.,

4.3.1 SB-LOCA Accident Assumptions

The accident assumptions are summarized in Table 4-3.1., The
major assumptions include loss of auxiliary power, failure of RCIC
to auto start, failure of HPCI to auto start, and no CRD flow.
Thus, available systems for inj  .ing water to the reactor vessel

are:
a 2 Low Pressure Core Spray systems (LPCS) taking suction
from the torus
b 2 Low Pressure Core Injection systems (LFCIl) taking
suction from the torus
c The Automatic Depressurization System (ADS) may activate

if appropriate signals exist.

The nodalization for the VY-NSSS and containment are similar to

the large break model and are shown in Appendix A.2. The integral
mode] contains 170 volumes, 184 junctinns, and 17€ heat strurtures,

4.3.2 SB-LOCA Comparison

Table 4-3.2 summarizes the timing of significant events for
this case. The Simulator and RELAPSYA calculations are compared in
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this incresse in break flow rate. The majnr diffarence in the hraak
flow rate is due to the timing of ADS which occurs earlier in the
RELAPSYA calculation due to a more sudden drop in narrow range
level. As the vessel refills, the break flow calculated by RELAPSYA
increases due to presence of liquid at the break. The Simulator
does not mirror this behavior.

Figure 4-3.8 shows recirculation loop flow rate histories. The
Simulator shows only an intact loop behavior for both loops. The
RELAPSYA histories for both Loop A and B are identical and they are
close to the Simulator calculation. As in Figure 4-2.7, the
Simulator calculates a slightly slower coastdown after 20 seconds.

Figure 4-3.9 shows jet pump flow histories. RELAPSYA Loops A
and B jet pump bank flow rates are almost identical. The Simulator
calculation for the jet pump flow rate is consistent with the
RELAPSYA calculation; however it calculates slightly higher flow
rates for almost the entire transient.

Figure 4-3.10 shows core inlet mass flow rate histories. Core
only and core plus bypass values are shown for RELAPSYA. The
Simulator does not have a separate bypass region., Core and bypass
region are lumped together in the Simulator calculation. Although
the Simulator follows the overall trend of the RELAPSYA calculation,
it shows slightly higher inlet core flow rates (consistent with
Figure 4-3.7) and it does not include the spikes present in RELAPSYA
calculation during ECCS injection.

Figure 4-3.11 shows S/RV1 and ADS flow rates histories. The
cafety relief valve opens only once in the RELAPSYA calculation due
to the early opening of the ADS., The flow through the valves was
about the same for both codes. At the end of the accident, when the
RPV refills with ECCS water, the Simulator should show an increase
due to water through the ADS valves as calculated by RELAPSYA.

Figure 4-3.12 shows LPCS mass histories. Due to the faster
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system depressurization calrulated hy the Simulator (eoe Figure
4-3.2) the LPCS commences about 70 seconds earlier than in the
RELAPSYA calculation. RELAPSYA LPCS reaches 1200 lbm/sec while the
Simulator reaches only 900 lbm/sec due to different input for the
pump characteristics. The Simulator uses more conservative data
from the VY FSAR while RELAPSYA uses conservative VY plant test
data.

Figure 4-3.13 shows the RELAPSYA LPCI mass flow rate history.
Although the Simulator has LPCI injection during the test, values
did not appear on the data tape. LPCI injection into both loops
begins at 337 seconds in RELAPSYA calculation.

Figure 4-3.14 shows core mid-plane clad temperatures for the
RELAPSYA analysis. Peak clad temperature of 725°F are reached in
the high power bundle at about 343 seconds. The Simulator models
the core as only one average fuel region divided into 24 axial
nodes. Figure 4-3.15 compares the average bundle clad temperatures
for several axial locations calculated by RELAPSYA and the
Simulator. RELAPSYA shows clad heatup as high as 690°F at about 340
seconds in the transient wh..e the Simulator clad temperatures
follow the saturaticn temperature at all axial locations.

A better understanding of the differences in clad temperatures
calculated by the two codes is provided in Figqures 4-3.16 and
4~3.17. The two figures show the average bundle void fraction
histories for RELAPSYA and the Simulator, respectively. RELAPSYA
calculates mose voiding in the core during the period of clad
heatup. The Simulator calculates a maximum core void fracition of
about 0.85. At this void fraction there is enough liquid in the
core to maintain the rods close to saturation temperatures.

The containment drywell and wetwell pressure histories from the
Simulator and RELAPSYA calculations arc compared in Fizure 4-3,18.
The comparison of respective parameters shows similar trends
although the magnitudes differ. The Simulator pressuces in both the
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drywell and wetwell are about 5 psia higher than RFIAPEYA reen)te,
This can possibly be attributed to the present RELAPSYA containment
nodalization which precludes circulation within the wetwell pool;
hbeiice not enough heatup of the wetwell gas space is calculated.

Figure 4-3.19 shows drywell and wetwell containment gas
temperature histories. The temperatures calculated by the Simulator
are about 30°F higher in the drywell and about 18°F in the wetwell.

Opposite results are obtained tor the torus ligquid temperature
histories, presented in Figure 4-3.20, which show higher pool
temperatures calculated by RELAPSYA. The higher liquid temperature
calculated by RELAPSYA is attributed to the present containment
nodalization which does not allow the hotter water to raise to the
peel surface and heatup the gas space.

In summary, the Simulator is able to predict the correct trends

for this accident, For many parameters, the Simulator shows
adequate agreement with the RELAPSYA calculations.
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the pumps cosstdown due tn decreacing slartriral paAwer fram tha Brp
MG sets that are responding to the loss of off-site power. At about
17 seconds the field breaker cpens on receipt of a LO-L0 level
é.3gnal and the pumps go into a freewheeling coastdown to about 0.0
ipw Ly 33 seconds. The values calculated by the Simulator for the
CP's speed ccampare reasonably well to RELAPSYA. We do not know
what produced the inflection in the Simulator curve at 2 t.conds.

Figure 4-4.9 presents the Recirculation Loop Flow Rate
histories. The Simulator coastdown flow rates are higher than the
ones calculated by RELAPSYA, indicating further improvements are
needed in the Simulztor recirculation loop models.

Figure 4-4,10 presents the Jet Pump Bank Flow Rates histories.
The initial jet pump ccastdown up to the time of MSIV closure at
10.5 seconds is well predicted by the Simulator. The RELAPSYA flow
rates rapidly coastdown and oscillate about zero values as the S/RV
cycles. 1In contrast, the Simulator predicts the jet pump flow to
coastdown but remains at more positive values during the remainder
of the accident.

Figure 4-4.11 is a plot of the Core Inlet Flow. For the first
600 seconds, the core inlet flow for both RELAPSYA and the Simulator
follows the respective jet pump behavior., After manual ADS, both
codes indicate positive core flow, primarily due to lower plenum
flashing which subsides after 650 seconds.

Figure 4-].12 shows the flow rates for the safety/relief valve
with the lowest setpoint (S/RV1) and the Automatic Depressurization
System (ADS) that consists of all four safety/relief vilves. For
the first 600 seconds of the transient, the flow rates through the
S/RV predicted by the Simulator and RELAPSYA are essentially
identical. Follewing ADS, the Simulator ADS flow rate decreases
more rapidly than RELAPSYA because the system pressure decreases
more rapidly (Figure 4-4.2). B2sed on the RELAPSYA code assessment
work against Two Loop Test Apparatus (TLTA) Small Break 6432
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the fuel support pieces up into the fuel asgemhlise, Nate that the
core average void fraction is above 95% between 800 seconds and 1000
seconds. Figure 4-4.14 shows that this corresponds to the core
heatup period,

Figure 4-4.16 shows the Average Core Void Fraction history
calculated by the Simulacor. After MSIV closure, the void fraction
stabilizes a ' a value of 40%, compared to 20% in Figure 4-4.15,
Following ADS, the core void fraction increases. However, due to
early LPCS injection the core ligquid inventory depietion was not as
severe as in the RELAPSYA calculation, resulting in the prediction
of no heatup.

The Containment Drywell and Wetwell Pressure histories from the
Simulator and RELAPSYA calculations are compared in Figure d4-4.17.
The comparison of respective parameters shows similar trends
although the magnitude differ somewhat during the transient., The
drywell pressure in the Simulator calculation increases slowly due
to the loss of the drywell coolers on the loss of »ffsite power.
During normal operation, the drywell coolers remcve heat convected
from the NSSS to the drywell gas environment. The RELAPSYA
calculates a sudden dip in pressure at 600 seconds. We believe that
a better nodalization in the RELAPSYA containmenrt model such as the
one usecd in Referecnce 4.4-2 will improve the RFLAPSYA predictions.
The wetwell pressure calculated by RELAPSYA is about 1.2 psia higher
than the one calculated by the Simulator.

Figure 014.1! shows Containment Gas Temperature histories. The
differences between the drywsell temperatures calculated by the two
codes are due to different initial conditions. The dip in
temperature in the RELAPSYA prediction can be removed with a better
nodalization. The wetwell gas temperatures for both codes are
similar. For the first 600 seconds, the RELAPSYA calculation shows
no increase in the gas space temperature because the present wetwell
nodalization does not allow natural circulation within the gas
space.
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TABLE 4-2.1

VY LOCA Benchmatk Initial Cenditions

Parameter Simulator RELAPSYA
Power 1000 100%
BOC EOC

1,593 mwt 1,593 MWt

Steam Dome Pressure 1,025 psia 1,020 psia
Core Flow 96\ 1000
12,800 lbm/eec 13,300 lbm/sec

Level (above lower reactor vessel invert) 512.3" 812"
Drywell Pressute 16.5 psja 16.6 psja
Drywell Temperature 135.57° 165.0°F
Wetwell Pressure 14.67 psja 14.7 psja
Wetwell Gas Temperature 19°F 74°r
Wetwell Liquid Temperature 12 14°r
Recitculation Pump Speed 1,670 rpm 1,670 rpnm

w68



10.
11.
12.

14,

16,
17,

TABLE 4-2.2

Summary of Large Break LOCA Assumptions

PEG recirculation suction break (2+3.64 ttz) occurs at
¢.0E~6 seconds in the drywell,

Loss of auxiliary power occurs at 4.0E-6 seconds.

Reactor SCRAMs after 0.5 second delay from first Rps
signal., SCRAM Curve 678<80C is used.

Feedwater coasts down to 0.0 lbm/sec at 5.0 seconds.

MSIVs close in 4.0 seconds after isolation signal plus
0.5 second delay.

Recirculation pumps in A and B loops coast down with
decieasing power from loss of M/GC sets.

Thereafter, ADS cycles open/close at 12 psid between
steam line and drywell when ADS criteria are

ADS may actuate if appropriate signals exist, ‘
currently met at any time,

HPC1 in?octl upoen demand, snd terminates on h.gh RPV
leve' or low steam line pressure (<90 psia),

RCIC steam turbine valve fails to open.
Two LPCS Systems inject upon demand.
LPCI A System injects upon demand,

LPCI B injection valve fails to open upon demand (single
failure),

Drywell pressure and temperature are derived from
containment model,

Wetwell pressure and temperature are derived from
containment model.

Best Estimate gotnt reactor kinetics parameters for a
core initially operating at 1,593 Mwth,

Best Estimate core heat transfer.

Passive heat structures are included
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10,

11.

TABLE 4-4.2

Summary ot Main Steam Line Break Assumptions

A double-ended guillotine break occurs at 4.0E-06
seconds in one main steam line located 25 feet
outside the drywell.

A coincident loss of offsite power occurs at 4, 0E-6
seconds.

Feedwater flow coasts down to zero by 4 seconds,

Reactor SCRAM occurs after a 0.5 gsecond delay from the
fitst RPS signal. SCRAM curve 67B-EOC is used,

MSIVs close in 10 seconds after the first isclation
signal plus a 0.5 seconds delay.

Recirculation pumps in the A and B loops coastdown with
decreasing power from the loss of power to the MG
sets. The recirculation pump motors trip 10.3
seconds after the receipt of the LO-LO level signal.

HPCI and RCIC steam turbine valves fail to open., Thus,
HPCI and RCIC fail to inject upon demand.

ADS is manually initiated at 600 seconds.
Only one of two LPCS systems upon demand.

LPCI Loop A and B injection valves fail to open., Thus,
no LPCI injection occurs upon demand.

Drywell and wetwell gas temperatures and pressures are
relatively stable,

" rm



TABLE 4-4.3

Segquence of Events for Main Steam Line Break Case

Event Time
(seconds)

RELAPSYA Simulator

1, Break Opens. 4.0E-6 0.0
2. Loss of normal auxiliary power, 4.0E-6 0.0
], High MSL flow logic activated 0.5 0.5
(after 0.5 second delay
4. MSIVs reach 10% closure 1.5 1.5
5. RPS SCRAM initiated on MSIV closure 2.0 2.0
(after C.5 second delay)
6. Turbine trip initiated on RPS SCRAM 2.1
T Turbine Stop Valves closed 2.2
8. RPS MG set underfreaquency trip 3.5
(after 0.43 second delay)
9. Feedwater flow coastdown to zero 5.0 8.0
10. Control rods fully inserted 5.7 “S.
i11. Recirculation pump motor trip on 10.3
spurious LO-LO level signal
(after 10.3 second delay)
12, MSIVs fully closed 10.5 11.0
i3. Diesel Generators supplying power 17.0
to emergency busss
14. Recirculation pumps coastdown to 33.0 0.0
zero
18, HPCI 1nioctton normally available 38.4
but failed by assumption
16. Core average void decreased to 60.0 120.0
17% from normal 41%
17. Safety/Relief Valve 1 lifts for 36.0 120.0
the first time
(1,080 psig setpoint)
18. Manual ADS initiated 6€00.0 600.0
19. Core heatup begins due to high 800.0
fuel assembly void fraction
20. LPCI injection permissive (315 psi) 836.3 “660.0
reached
21, LPCS pump at rated speed 843.8
22. LPCS pump discharge valve opens 846.8
23, LPCS injecting at rated capacitx 863.0 “699.0
24, LPCI 1ni0ction normally available 862.8
but failed by assumption
25. Maximum coge average void fraction 875.0 714.0
25, PCT of SB0"F reached in average 967.0
core bundle
27. All fuel rods well cocled 985.0

T
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