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INTRODUCTION ]

1

Northeast Utilities (NU) presently operates four plant specific simulators for Ml!! stone Units ';
1, 2,3 and the Haddam Neck Nuclear Power Plant at the Lelan F. Sillin, Jr. Nuclear Training . |

Center in Waterford, Connecticut. a

l
. . -(

Within the Nuclear Training Department, the Operator Training Branch (OTB) and the Simulator j
Technical Support Branch (STSB) have responsibility for the operation and maintenance of all- |

four simulators. This includes certification and ongoing compliance to regulatory requirements. |

This certificatic,n submittal has been arranged in four volumes and is intended to provide an

overview of the Millstone Unit 1 Simulator and its general applicability as an operator training
tool.

VOLUME 1: Millstone Unit 1 Simulator Design Information and Certification >

Program Overview. This volume contains Information on the MP1

simulator and its capabilities and also provides an overview of

NU's Certification Program.

VOLUME 2: Nuclear Simulator Engineering Manual. This volume contains

the generic procedures used to implement NU's certification

methodology. ''
,

|

VOLUMES 3

and 4: Mllistone Unit 1 Simulator Performance Test Summary.LThese two

volumes contain specific performance test details, including: ;

o Descriptions of the actual testing performed

o . Test abstracts

o. A summary of open, ldent'Ifled deficiencies -

o The four year test schedule

o Sample MP1 specific test procedures

I

.
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NU= CERTIFICATION PROGRAM OVERVIEW '

.c

The NU Certification Program has as its basis the followin'g goals:

Ensure that each simulator possesses the capability to support the trainingo ~

'

j

program with.which it is to be used.

I

o;
Provide for certification in a timely, cost-effective manner, addressing the ,-

'

specific requirements of Regulatory Guide 1.149, NRC 10CFR55.45(b) and - 4

NUREG 1258. <

o - Ensure ongoing compliance with the requirements set forth in

ANSI /ANS-3.5,1985,

1

The effort required to accomplish th2se goals has been divided into three main
j

tasks: Definition of the Scope of Simulation, Validation of the Scope of; I
Simulation, and Configuration Management.

i

..

'

i
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Scope of Simulation
i

d,,

1

.

,;
i

'|
The Scope of Simulatm that NU is certifying is based upon the NU Simulator- ~i-

,

n.Training Guides and Performance Tests which encompass' '

A

1. ,
a>

(1) ~ All events specified in ANSI /ANS 3.5,- 1985 and Regulatory Guide' 1,- 149, l

1987.
'

.

!(2) The training requirernents as specified in the various plant start u'p,, '

y- operating and emergency procedures. '

i

(3) Outside events (e.g., selected LERs, plant design changes, etc.) that . '

affect the training programs and/or the trainer configuration.

?'

.

}

'I=

a

!

!
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Simulator Validationi

Validation of the Defined Scope of Simulation consists of two' activities:

Performance Testing and Verification.
.

Simulator Performance Testing <

A specific performance test has been developed for the Millstone 1 simulator whic'h !
i

fulfills the testing requirements of ANSI /ANS 3.5,1985 and INPO 86 026 Guldeline foi i

Simulator Training. The performance test includes the following sub tests:
,

o System Tests '

Remote Functions Testing
.'o

I'

e Malfunction Testing "

Simulator Operability Testing [o
,

Normal Operations Testingo

Instructor Station Interface Testingo I

Real Time Simulation Testingo
'

., ,

,

!

The Acceptance Test Procedure (ATP), developed and implemented as part of simulator ' I

procurement, forms the basis for these tests. : It is Intended that the Simulatori
(

Performance Test be a dynamic document, i.eJ, it be updated to reflect modificat'lons j
made to the simulator and/or new plant performance data;

.

=i
'

l
. The Simulator Performance Test has been used to establish tfaseline fidelity for j
the initial certification submittal and will be the vehicle for continuing fidelity >

verification. Volume 3 provides a detailed summary of the Millstone 1 performance ;!
test, including its content and results.

-1
'

-!

|
i

l
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Verification

i

This section contains activities which are requirements of certification, but do not

fit within the context of performance testing, namely: ;
'

1

Defined Simulator.
.

Operating Limits: This involves determining modellimitations and {
Identifying key parameters and their boundaries, and

also,' providing a method for alerting instructors when

an operating limit is approached.

t

Plant Referenced

Physical Fidelity: This activity involves conducting periodic comparisons of:

the simulator to the reference plant in the areas of panel

simul $ tion, instrument and control configuration,' and -

ambient operating environment. Any identified d!:crep.

ancies will be evaluated to determine the consequence to

the simulator's ability to be used as an effective -

training tool.

Software Design <

Verification: A review of the simulation 'dlagrams was conducted

against the defined Scope of Simulation to determine

completeness. This overall review was done for initial

certification only. Ongoing maintenance is provided for
.

by the configuration management process, i.e., simulator-
'

documentation.

|

Initial Conditions: Controls have been established for maintaining Initial )
Conditions used in the Operator Training Program.

1

-4- |

|

., . .
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Configuration Management "

NU's simulator Configuration Management System (CMS) provides control over

simulator configuration and deslgn data bases, there.by ensuring that each simulator
_

can effectively support the training curriculum with which it is to be used. CMS

was designed with the following objectives in ' mind:

o Establish and maintain a reference plant data base for each

simulator,

identify, track, resolve, and document differences between eacho
_ ,

simulator and its reference plant,

o Provide the documentation required for certificaHon and '
'

maintenance of each simulator.
,

1

The foll6 wing subsections provide an overview of the four major components of NU's -

Simulator Configuration Management System: The Design Data Base, Documentation,

Modification Control and Expansion of the Scope of Simulation.

Simulator Design Data Base

|

Spectfic reference plant data which forms the basis for the current Simulator Hardware
'

Configuration and Software Models was identified, collected, and validated.' The data -

is stored in specific locations, dependent upon its type, and responsibility for'Its

maintenance and access is assigned to specific Individuals. Existing NU documentation

programs are used wherever possible to interface with the data.-
.

i!

>

!
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Simulator Documentation

This section deals with simulator specific documentation which is needed for certification-

and maintenance of the simulators. This documentation is controlled and updated, but it :

Is not considered to be part of the design data base.

The documentation scope is represented by:

o Simulator System Documentation Manuals '- These manuals provide

design details for each simulated system model and are maintained by

way of vendor support software and the Simulator System Documentation,

Standards,

Software The simulation models are considered to be documentation -o-

and are updated and detailed in accordance with the Software

Documentation Standards,

o Simulator Test Results - This category includes the completed

' construction Acceptance Test Procedure (ATP), along with the .

. in service Performance and Operability Tests,

o Closed Simulator Design Changes (SDCs) - 'Following update of the

Design Data Base, closed SDCs will be maintained in a historical file.'

6-
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| Modification Cor trol

NU has in place a brocess that provides effective control over simulator-
,

configuration and fully compiles with NRC regulations and Industry standards.

Components of the process are:

o '. Implementation of a set of procedures which establishes control over

the coordination, resolution, and documentation of Identified .

differences between the simulator and the reference plant; and-

maintains the integrity of simulator software, hardware, and design ~

data base.
,

)

A Simulator Configuration Control Committed (SCCC) 'which is responsible l
o

for overall sim'ulator design control and management of NTD resources

involved with the simulator modification effort. The SCCC is comprised-

of representatives from both the Operator Training B anch (OTB) and the -
,

Simulator Technical Support Branch (STSB) and is chaired by the 'i
Director, Nuclear Training.

-s

A computer based Simulator Design Change (SD' ) report is used to tracko C
:

: the status of allidentified cimulator discrepancies. The SDC report

contains updated, pertinent information that is used by OTB and STSB
i

in th' conduct of all simulator modification activities.e

,

; i

!

i
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Expansion of the Scope of Simulation.

Outside events which have the capability for affecting the training programs
.

and/or simulator configuration are periodically monitored; These include:

i

.

.

o New reference plant performance data
'

j'~

ao . Student feedback
'

o - Curriculum testing

!
'

;
. New simulator training guides -o

|

Major plant design changes (project assignments)-- l
o

'

;

Licensing Event Reports (LERs) I
o

i

Significant Operating Event Rersorts (SOERs).o

_

Plant Design Change Reports 'PDCRs)-
4o

Refer to Volume 3 for more specific' details on this facet of the certification
program.

.j

-

:

|

8-
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NSEM Overview '

<

To ensure consistent application of the certification process, NU has put in place a

manual to contain all of the procedures necessary for the development and' implementation j
.

. . - n
of the certification program.- The manuelis entitled Nuclear Simulator E6gineering Manual '

i

(NSEM) and is'a controlled document. The complets NSEM is contained in Volume 2. ;

NSEM Format

.

.
. 1

Section 1 contains those procedures which provide administrative guide! anes, including: i

i

Branch Responsibilities & Program Overview--o-

o Maintenance of the NSEM

j

Section 2 contains those procedures which define the Scope of Simulation for

Certification, including: '

1

o Scope of Hardware Certification
4

o Scope of Software Certification

Scope of Functions (Remotes, Malfunctions, etc.)o

to be certifled i
i

Section 3 contains those procedures which deal with the Simulator Design Data Base

and Documentation, including-

o Documentation Standards
1

o Generic Data Base Content
i

o Unit-Specific Data Indexes
.

1

o Designated Locations for Data / Documents '

i
!

!

1
'-9
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,

Section 4 contains those procedures which deal ~with Simulator Performance Testing and

Verification (i.e., validation of the defined Scope of Simulation),
f
!

o System Testing .

o . Malfunction Testing i

o Remote Function Testing

o Simulator Operability Testing
{

o Normal Operations Testing "

o Instructor Station interfacs Tc; ting

-o Real Time Simulation T sting

o ' Simulator Operating Limits.
{

Plant referenced Physical Fidelityo 1

o initial Conditions i

i

Section 5 contains those procedures dealing with Simulator Cc,nfiguration Management, j
including:

i
j

o Simulator Modification Control i

o Design Data Base Update
'

Performance Test Update
!

o

Retest Requirements for Simulator Design Changeso

!

Section 6 contains those procedures which address the "outside events" which affeet the
3

Training Program and/or Trainer Configuration, including:

Collection and review of new reference plant 'o

performance data

o Student Feedback-

o Curriculum Testing

Development of new Simulator Training Guideso

o Major plant design changes - |
,

-10
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REFERENCE PLANT NAMEPLATE DATA'-

]
' Owner: Northeast Utilities-

i

Operatori Northeast Nuclear Energy Company

' Location: Mllistone Nuclear Generating' Station
- J.

i

;
. Waterford, Connecticut !

]
.!

Manufacturer: General Electric (NSSS)

Ebasco (AE) l'

:!
MW Output: 690 MWe

!

lNSSS: BWR
.

!
'
r

-1Commercial i

Operation: Jecember 1970- [

.;

!

!

.]
i

<J

.i

'

!

1

-11-
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SIMULATOR' NAMEPLATE DATA
. l,-

W

, .i

. ', . -

i .

!- .

.

Owner: = Prudentialinsurance Company of America ~ '

-
,

i

Operator: Northeast Utilities Service Company -
,

Location: Lelan F. Sillin Jr. Nuclear Training Center

Waterford,- Connecticut 06385 0128- -

.
1 '

9
'

.t

Manufacturer: : Link Simulation Systems Division (LSSD) ' -

' Ready for >

, ,

Tralning: 06/12/86 ': i
t

~

p

l.

!

i>

f ^!
I '. :|

|

I

|
i

k

|

E

i
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Computer Confleuration

!

GOULD/SEL 8780 Dual 32 Bit Processors

SEL BUS

MP BUS

w/ 4MB 75NS Main Memory
.

32K Cache Memory

High Speed Data Interfaces (HSDs)
I
i

iGOULD/SEL 8705 Single 32 Bit Processor
j|SEL BUS

MPBUS
w/ 4 MB 75NS Main Memory

16KB Cache Memory i

HSDs
i

!

- GOULD,'SEL MS2 2MB Shared Memory (1)

DEC/VAX 8600

t
'

,

(1) The 8780 and 8705 machines are linked together through
shared memory,

'

(2) Stimulated plant process computer receives process data via
4

HSD from the GOULD/SEL 8780.
|

,

13-
;
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DEFINED SCOPE OF SIMULATION

Appendix A provides a general description of the Simulator Control Room layout.

Appendix B contains Simulation System Diagrams which provide functional

representations of the simulator models for each of the following reference
: plant

systems:

i

Automatic Pressure Relief (AP) ' Nuclear Instrumentailoit (NI)

Component Cooling (CC) - Off Gas (OG)'
'

Containtnent/HVAC (CH) RBCCW (RC)

Reactor Core (CR) Rod Drive (RD)

Core Spray (CS) Radiation Monitoring (R)

Cleanup (CU) Reactor Recirculation (RR)

Circulating Water (CW) Reactor Protection (RP)

Electrical Distribution (ED) Shutdown Coo |Ing (SD) I
; Electrical Generation (EG) Service Water (SW)

Feedwater (FW) Standby Liquid (SL);

Instrument Air (IA) SCCW (SC)

| Low Pressure Coolant Turbine Control (TC)
,

Injection (LP) Turbine (TU)

Main Steam (MS) Waste Disposal (WD)

I

a
!

1

14-
1
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SIMULATOR CONTROL CAPABILITIES

,

,

initial Condition (IC) Reset

Training sessions can be started from the instructor Station by using any ceriiiicd >

Initial Condition (IC) as the starting point for the training exercise. The simulator

is capable of storing up to 58 ICs: with an IC 59 reserved for snapshot. and IC 60 for

backtrack features. Another feature, Switch Check, alerts the instructor to any ;

switches, potentiometers, etc., that are misaligned for the particular IC.

Freeze '

!

The " Freeze" condition can be invoked at any time by activation of the " Freeze" '

pushbutton located on the Instructor Station. When " Freeze" is activated, the

progression of all dynamic simulation will stop and remain static. When "Frecre"

is deactivated, the simulation continues irom the point where stopped, provided

that neither the Instructor nor the students have changed any parameters during
the " Freeze" period. '

,

Snapshot

h
.

The " Snapshot" function is activated from the Instructor Station and allows the

instructor to record the present status of the simulator for use as a future IC,

Backtrack

The rstrictor has the capability, through the Instructor Station. to backtrack to a

previously stored plant condition. Once the desired " Backtrack" record (point of '

time) is selected, the instructor can start the trainer from that point or just review

the simulator status of that condition. This capability is very usefulin that it

allows an operator to go back in exercise time to repeat a troublesome or difficult '

| procedure
1 ,

15-
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l

Time Controls

,

|
Normally, simulation is performed in real time, I,e., the modeled physical plant J

phenomena will generate observable control board Indications in a time frame

compatible with the actual plant. The Instructor has the capability to select " fast I
time" operation for certain system parameters: Xenon transients, condenser air

evacuation Turbine metal temperatures heatup and cooldown, chest metal temperature ;

lheatup and cooldown, containment att evacuation and off gas system. The Instructor
{

can also select " slow time" simulation. This gives the appearance of operation

slower than that of real time, permitting the observation of fast transient condi-
i

tions with all plant systems operating in slow time. A third option, " step time," ;

t

allows the Instructor to step through the exercise frame by frame.
!

-!
I

I
1

Malfunctions |
,

!

!

The instructor can demonstrate various abnormal / emergency operational conditions by
inserting malfunctions during a simulation run. Volume 4 of this submittal contains i

a list of all malfunctions on the MP1 simulator, Some malfunctions are generic In
q

nature and can be applied to a number of similar plant components. "

!

:

-16
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|

Remote Functions

The instructor can " control' certain equipment and systems external to the control

room which have been deemed to be essential to the training curriculum. There are |
three major groups of Remote Functions: *

o Local Operator Actions - Valves, breakers, etc.
:
,

o Environmental Effects - Outside air temperature, sea water

temperature I

o Reactor / Turbine Protection Override
i

Volume 3 of this submittal contains listings of " certified" Remote Functions.
L

I/O Override

The instructor has the ability to override any control room panell/O device of any

computer input or output (I.e., all Digital inputs,: Digital Outputs, Analog inputs ,

and Analog Outputs). This will override the corresponding pump, valve, breaker,

switch, status lamp, annunciator, meter or recorder,

i

q
,

|

,

l
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Monitored Parameters
,

At any one time, the instructor can monitor a maximum of 42 analog parameters

(20 numerics,6 CRT plots.16 Gould recorder points). Panelinstrumentation is
,

referenced by the plant tag number associated with each Instrument. The following

two modes are available: '
.

(1) Numeric value display (available on both of the instructor station

CRTs) al|ows the display of the current value of 20 analog parameters.

(2) Analog plots (available on one Instructor station CRT and the Gould !

recorders) allows the construction of an XY plot of the current values

of up to 22 analog parameters vs. time. Features are provided to allow ',

control of the time scale. '

t

i

Recording Parameters

The Instructor can monitor the velue of up to 40 analog points through the Recording

Parameters program. Up to 99 minutes of data at variable sampling Intervals of as
;

often as .25 sec. can be collected and stored in a disc file. The' data can be

printed out In diglial format or downloaded to a PC for plotting. This program is

used extensively for certification testing. |

Instrument Noise Disable

|
The instructor has the ability through the Instructor Station to impress white noise

i

on the control room panel analog outputs thereby simulating actual plant conditions.
1

,

1

18-
|
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>

Instructor Notepad
?

:

;
Instructors can construct, for later recall, up to 32 pages of instructor Data Book

,

CRT displays. The contents of these pages are entirely discretionary and they are !
used by instructors to communicate with each other across training sessions.

.

r

Simulator Operating Limits Override
|
;

The instructor has the ability, under certain circumstances, to override the " Freeze" I
condition imposed by exceeding a preset simulator operating limit. This will allow

the simulator to return to the "Run" mode near, at, or beyond the preset limit.
,

>

b

b

4

l

i

..
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EXCEPTIONS TO ANSI /ANS 3.5.1985 '

!

None, in taking no exceptions to ANSI /ANS 3.5,1985 and Reg. Guide 1.149. 1987,
NU takes the following positions:

)

(1) Modes of operation specifically prohibited by the Millstone 1 Plant declgn
or by Technical Specification; need not be certified.

6

NU's order of precedence in those situations where the standard confilets with

the plant design or operating philosophy, shall favor the Millstone I plant

design and/or Technical Specifications. NU has taken this position to ensure
1

that the conduct of simulator operations is in accordance with approved plant I
procedures and the Technical Specifications.

(2) Acceptance criteria and satisfactory performance are predicted on the ability I

of the operator to discern differences between simulator response and reference

performance data and the affects these differences may have on his subsequent
actions and diagnostic abilities.

(3) With respect to the " Performance Testing Plan Change" section on Form 474,

It should be recognized that NU's Performance Test Plan is an integral part of :
.

the Nuclear Simulator Engineering Manual. Changes to that manual will ny be

forwarded to the NRC unless they significantly alter the Intent of the test program.

(4) Analog and digital process computer points not required for the conduct of
:training or examinations need not be tested.

(5) Testing of surveillances on redundant equipment or flowpaths is not required if

the primary piece of equipment or flowpath is tested. See Volume 3. Section 1.

Normal Operations Testing, for an example of this application.

:

20

|
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1

(6) It is acceptable to test the simulator's capability of performing a reactor
;

trip followed by recovery to rated (full) power (ANS 3.5, Section 3.1.1, '

Item 4) by testing:
.

' i.
a power ascension from startup to 100%. followed by

{
o

o the reactor trip, then
|'o a startup to 15% power

-i

i

Performing a complete power ascension twice during the conduct of this test

was deemed unnecessary.
+

:

(7) When applying the Steady State Operation Performance Criteria of ANS 3.5, '

Section 4.1: '

when instrument error is given as a percentage, it applies to the i
o

percentage of full scale, not the Indicated value.
.

conservatively, the allowed tolerance of critical and non criticalo

parameters applies to the reference plant Indicated value above the >

minimum scale value. See Volume 3, Section 1, Steady Stats Testing,
,

for an example of this application. '

i

(8) In the case where the comparison between simulator response and reference :
plant response results in a discrepancy,' that discrepancy is resolved via the

Deficiency Report process and an appropriate retest conducted. Replotting of

the transient is not required until the next scheduled yearly testing of_ the
!
:

translent.

i

(9) Testing of allinput/ Output (1/0) override capabilities is not required during 1

testing of the Instructor Station. Testing a sample oll/O overrides is
|

sulficient to demonstrate the simulator's capabilities. Specific I/O override 'l

points are to be tested, as required, during curriculum testing.

!
I

i.
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This is the initial report. An updated report shall be generated every four years:
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