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QUADRENNIAL REPORT SUMMARY

The Milistone 2 simulator was initially certified on June 30, 1989 Certification was accomplished
through the Northeast Utilities Simulator Certification Program, which is also the vehicle for
ensuring continued certification. Based on the resuits of the Performance Test, which was run
over the past four years, the Milistone 2 simulator continues to demonstrate excellent physical and
functional fidelity when compared to the reference unit. Our Simulator Certification Program
contains a comprehensive testing program, as well as procedural controls to ensure that the
Millstone 2 simulator retains its high degree of fidelity

This submittal contains the following thirteen sections and thirteen attachments
. Section 1 provides testing, goals, methodology and assumptions.

. Sections 2 through 10 review and summarize the individual tests, which make up the
Milistone 2 Simulator Performance Test.

. Section 10 reviews and summarizes the procedural controls for maintaining
certification of the Millstone 2 Simulator.

. Section 11 provides a list of open deficiencies on the Millstone 2 simulator. As of May
30, 1997 there were 58 open deficiencies on the Millstone 2 simulator (12 PDCR
13 dynamic, 3 logic and 35 enhancements). A total of 255 deficienc'es were
dispositioned over the past four years.

. Section 12 discusses the ‘esting sequence for the next four (4) year certification
period (July 1897 through June 2001)

. Section 13 discusses changes which have been incorporated in the Millstone 2
simulator during the past four years.

. Attachments 1 through 13 provide supporting documentation for sections 1 through
12. The attachiments are referenced in the appropriate sections of this summary
Attachment 12 provides a list of abbreviations and definitions. Attachment 13 details
the experience levels of test personnel



The Performance Tests described in sections 2 through 9 were performed by NRC licensed SROs,
including two former Milistone 2 Shift Supervisors As shown in the malfunction abstracts.

' computer code analytical predictions were used to the maximum extent possible for complex
transients such as Loss of Coolant Accidents and Main Steam Line Breaks. Deficiencies identified
during the Performance Tests are identified in the attached Performance Test abstracts.

NU, in taking no exceptions to ANSI/ANS 3.5 1985 and Regulatory Guide 1.149, 1987, takes the
following positions.

(1) Modes of operation specifically prohibited by the Millstone 2 Plant design or by Technial
Specifications need not be certified.  An example of this is "startup, shutdown, and power
operations with less than full reactor coolant flow" (ANS-3 5, Section 3.1.1(7)). This mode
of operation is specifically prohibited by the Millstone 2 Technical Specifications.

In those situations where the standard confiicts with the plant desigr. o1 operating
philosophy, the Millstone 2 plant design and/or Technical Specifications take precedence
NU has taken this position to ensure that the conduct of simulator operations is in
accordance with approved plant procedures and the Technical Specifications.

(2) Acceptance criteria and satisfactory performance are predicated upon the ability of the
operator to discern differences between simulator response and reference performance
. data and the effects these differences may have on subsequent actions ana 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 not be forwarded to the NRC uniess
they significantly aiter 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

(6) In regard to the steady state testing portion of the yearly operability test, steam generator
temperature was not evaluated. This is acceptable because Milistone 2 control boards do
not include steam generator temperature indication.




(7)

(8)

(9)

When applying the Steady State Operation Performance Criteria of ANS 3.5 Section 4 1
both instrument error and loop error are considered when evaluating the accuracy of a
particular reading.

ANS 3.5, 1985 Appendix B, B2 2 4 requires Relief Valve Flow to be recorded if available
Relief Valve Flow is not available and, therefore. is not recorded.

Testing of all Input/Output (1/0) override capabilities is not required during testing of the
Instructor Station. Testing a samplie of /O overrides is sufficient to demonstrate the
simulator's capatilities. Specific I/O override points are to be tested, as required, during
curriculum testing



The continuining mission of our certification program is to:
Ensure that the simulator has the capability to support the training program.

Ensu-e certification is maintained in a cost-effective manner and addressing the
specific requirements NRC 10CFR5S 45 (b), recommendations of Regulatory Guide
1.149 and the guidance of NUREG 1258

Ensure compliance with the provisions set forth in ANSI/ANS 3.5, 1985

The effort required to accomplish this mission has been grouped into three main components:
Definition of the Scope of Simulation, Validation of the Scope of Simulation, and Configuration
Management. NU has put in place a collection of formal procedures called the Nuclear Simulator
Engineering Manual. to direct all aspects of the certification process and ensure compliance with
the regulatory requirements. The NSEM is a departmentally controlled document to ensure
consistent application

The Scope of Simulation that NU is certifying is based upon the NU Simulator Instructor Guides,
which encompass:

all events specified in ANSI/ANS-3.5, 1985 and Regulatory Guide 1.149, 1987 and 10
CFR55.59 (c)(3)(i),

the training requirements (LOIT/LORT) as specified in the various plant start-up,
operating and em« ‘gency procedures, and

outside events (e g., selected LERs, plant design changes, etc ) that affect the training
programs and/or the trainer configuration

Validation of the defined Scope of Simulation consists of two main groupings of activities: (1)
Performance Testing and (2) Verification. A specific performance test was developed for the
Millstone 2 simulator, which fulfills the testing provisions of ANS 3.5, 1985, INPO 86-026,
Guidelines for Simulator Trairing: and NUREG 1258 Included are the following test categories:

Malfunctions (Major and Minor)
Normal Operations

Instructor Interface

Operability

Real-Time Simulation




There are also activities, which are requirements of certification, but do not fit neatly within the
context of performance testing, namely:

. Defined Siinulator Opearating Limits
. Plant-Referenced Physical Fidelity
. Approved Initial Conditions

The Millstone 2 Simulator Performance Test is a dynamic document and is the primary
mechanism for validating simulator performance and fidelity As such, it is updated to refiect
modifications made to the simulator and/or new reference plant performance data The entire
performance test is repeated over 4 years. Malfunction testing is accomplished at a rate of
approximately 25% per year. bith Operability Testing and the Physical Fidelity report are done
annually. Section 1 through 11 pro.ide a detailed summary of the testing and results for the
period from July 1993 through Junz 1997,

NU's Certification Program provides control over the configuration of the Millstone 2 Simulator to
ensure that it can effectively support the training mission and that regulatory commitments are
satisfied.

The main components of Configuration Management are. Design Data Base, Documentation,
Modification Control and Scope of Simulation Expansion.

The intent of the Simulator Design Data Base is to have available the complete data on which the
simulator is designed, and on which upgrading is based. The specific data which forms the design
basis for the current Milistone 2 simulator hardware configuration and software models has been
identified and validated. It is NU's philosophy here not to create a separate, new data base, but to
utilize existing controlled reference plant design data bases. As such, NU utilizes the latest
revision of plant documents and reiies on the formal plant design change process for notification of
modifications and transmittal of pertinent information. Open Simulator Design Changes constitute
the Update Design Data Base described in ANS 3 5 1985 In addition, there is also simuator-
specific documentation which is needed for certification and/or maintenance of the simulator.
While this documentation is cor rolled and updated, it is not considered to be part of the Simulator
Design Data Base

NU has in place a modification control process that manages the implementation of design
changes on the Milistone 2 simulator and complies with NRC recommendations and industry
standards regarding configuration control. Procedures within the NSEM control the coordination,
resolution and documentation of identified differences between the simulator and reference plant.
A Simulator Configuration Control Committee (SCCC) has been established to be responsible for
overall simulator design control and prioritizes deficiency reports (DRs) The SCCC is comprised
of 1) Operations Manager, Milistone 2 (Chairman), 2) Manager. Process Computers and
Simulators, 3) Supervisor, Simulator Computer Engineering. 4) Supervisor or Assistant Supervisor,




MP2 Operator Training 5) MP2 Simulator Operations Assistant, 6) MP2 Software Engineer, and
7) MP2 Hardware Technician. A data base is used to track the status of identified simulator
discrepancies.

The need for expanding the Scope of Simulation is determined by monitoring outside events which
have the capability for affecting the training programs or simu'ator configuration. These include

. New reference plant performance data

. Student feedback

. Curriculum testing

. New simulator Instructor guides

. Major plant design changes

. Licensee Event Reports (LERs)

. Significant Operating Event Reports (SOERS)

. Plant Design Change (DCRs, Minor Mods, IEEs, etc)



Testing Goals, Methodology and Assumptions

The NU Simulator Certification Program, goals, methodologies and assumptions were
established to ensure an efficient, effective and comprehensive approach to testing
Certain elements of this testing philosophy are:
. Testing should be conducted during normal, abnormal and emergency conditions.
. The Simulator response, as verified by testing, during normal, abnormal and
emergency conditions shall meet the following criteria necessary to support the
¢ ntents of the training curriculum:
- Correct operator diagnosis is possible.

- Capabilities for operator intervention to mitigate events exist.

- Actions or inaction taken by operators results in similar response as in the
reference plant.

- Alarms and automatic system actuations xhall occur such that operator
diagnosis and response /s "ot adversely affe~ted.

. Deficiencies found during testing which violate these criteria shall be documented
by generating a Deficiency Report (DR). to be dispositioned in accordance with
NSEM 5.01, Simulator Modification Cont-ol.

. The requirements of ANS 3.5 shall be implemented.

. Simulator controls (used for training) such as switches, annunciators, meters,
controllers, recorders, lights, keylocks, puchbuttons, etc , shouid be tested.

. Process computer points needed to support training should be tested.

. A combination of operating experience, engineering judgment and analytical results
should be used to test the simulator response to Major Malfunctions such as Large
Break LOCA, Excess Steam Demand, etc

During the development and conduct of specific testing it became necessary to establish

additional guidance. This was done to more effectively apply the provisions of ANS 3.5 and
respond to the unique attributes of each test. This additional guidance is summarized
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NORMAL OPERATIONS TRAINING

. B ANS 3.5, Section 3.1.1, item 7 (operation with less than full flow) need not be tested.
This evolution is prohibited by the Millstone 2 Technical Specifications.

. Testing of surveillances on redundant equipment or flowpaths is not required if the
primary piece of equipment or flowpath is tested. For example, if the Facility | Service
Water Pump surveillance is performed, the Facility Il Service Water Pump
surveillance need not be performed.

YEARLY OPERABILITY TESTING
STEADY STATE TESTING

. h. itoring Steam Generator Temperature as specified by ANS 3 5 Appendix B, B2.1,
shall not be done. Millstone 2 has no contro! board indication for Steam Generator

Temperature
. Calculation of simulator steady state tolerance allowances For example:
RCS pressure
. . RCS pressure, range 1500 to 2500 psia
. Loop range, 2500 -1500 = 1000 psia
" Allowed tolerance = 1%

Loop accuracy = 0.5%
At all power levels, RCS pressure reads 2250 psia

Therefore, the tolerance applied to the simulator is’
- 1000 psia x 1.5% = 15 psia

RCS temperature

. RCS T, range 515°F to 615°F
. Loop range 615 - 515 = 100 °F
" Allowed tolerance = 1%

. Loop accuracy = 0.5%

Therefore, the tolerance applied to the simulator is:
‘ 100°Fx15% =15°F



TRANSIENT TESTING

. During testing of the Maximum Rate Power Ramp (reference ANS 3.5, Appendix B,

B2.2, item 7), the restoration to 100% power cannot be done without operator action
and will not be tested.

. All parameters required by ANS 3 5 Appendix B, B2 2 4 are to be tested at 0.25
second intervals except as noted Helow.

- Relief Valve Flow is not to be recorded. Recording capabilities do not exist for
this parameter.

- This is acceptable because Appendix B, B2 2 4 requires recording these
parameters if available

. 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.

QTHER TESTING

Testing of all Input/Output (I/O) override capabilities is not required during testing of the
Instructor Station. Testing a sample of I/O overrides is sufficient to demonstrate the

simulator's capabilities. Specific I/0 override points are to be tested, as required, during
curriculum testing.

Normal Operations Test

ANSI/ANS 3.5 (1985) Section 3.1.1 requires the simulator to be capable of performing
normal plant evolutions and surveillances.

The normal operations and surveillances required by ANS 3.5 Section 3.1.1(1), (2), (3), (4),
(5), (8), (8) and (10) were performed using “then current” copies of Millstone 2 Operating
Procedures and Surveillances. As discussed, the operating condition specified in Section 7
1s proiibited by Millstone 2 technical specifications and was therefore not tested. ANS 3.5
Section 3.1.1 (9) was tested by the Reactor Core System Test.

NSEM Procedure 4 10, "Normal Operations Verification" contains the generic guidance
used to write the Millstone 2 Simulator Normal Operations and Surveillance Test.



Attachment 1 contains the Millstone 2 Simulator test procedure used for Normal Operations
and Surveiliance testing. Using “then current” copies of Millstone 2 Operating Procedures
the following sequence of operations was tested on the Millstone 2 Simulator:

. The Simulator was initialized to Cold Shutdown conditions.
. A Plant Heatup was performed

. A Nuclear Startup was performed.

. A Plant Startup was performed.

. A Load Increase to 100% power was performed.
. A Reactor Trip was initiated.
. A Reactor Trip recovery was performed.

. A Nuclear Startup was performed

. A Plant Startup was performed.

. A Load increase was performed.

. The Simulator was reinitialized to 100% power.

. A Plant Shutdown was performed.

. A Reactor Shutdown was performed

. A Plant Cooldown was performed until Cold Shutdown was reached

The specific Milistone 2 Operating Procedure and Surveillance Procedure tities and
numbers used in this test are listed in the individual steps of the test procedure shown in
Attachment 1. Attachment 2 contains a concise list of 64 Surveillances that the Millstone 2
simulator is capable of performing. As shown on this list, some surveiliances were
exempted from testing if they were simply a repeat of the same type of test on a different
Electrical Facility.

All Normal Operations and Surveillance Testing will be re-performed over a four year
interval as described in Section 12 of this document.

Malfunction Tests

ANSI/ANS 3.5 (1985) Scction 3.1.2 requires 25 types of malfunctions to be available on a
Simulator. The Millstone 2 Simulator is capabie of these 25 malfunctions that are applicable
to PWRs

Attachment 3 containsg an index of all certified malfunctions available on the Millstone 2
Simulator. All malfunctions listed are certified malfunctions except those few that are
annotated with an asterisk and associated note. This index is organized alpha-numerically
by plant system. Attachment 12 contains a list of definitions for plant system abbreviations
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Each certified malfunction has its own test procedure. Guidance for writing malfunction test
procedures and conducting tests is contained in:

. NSEM Procedure 4.04, Major Malfunction Testing
. NSEM Procedure 4.05, Malfunction Testing

Malfunctions which cause major integrated plant effects, such as Large RCS Breaks, Main
Steam Line Breaks etc . have their respective malfunction test procedures written and tests
conducted per the guidance in NSEM 4 04, For these "major" malfunctions, computer code
analytical data or actual data (if available) is typically used to verify correct malfunction
response. Analytical data was obtained from the following documents/sources:

. CEN 128, "Response of a CE NSSS to Major Transiznts"

. CEN 268, "Justification of Trip 2/Leave 2 RCP Strategy During Transients"
. Milistone 2 Final Safety Analysis Report (FSAR)

. Northeast Utilities generated "Best Estimate” cases, specific to Millstone 2

An exampie of a malfunction test written and conducted via the NSEM 4.04 process is
contained in Attachment 10. The example in Attachment 10 is labeled "RC04: Unisolable
RCS Leak on the Reactor Vessel Head Vent "

Malfunctions which do not cause large integrated piant effects have their respective
malfunction test procedures written and tests conducted per the guidance in NSEM 4 05
This type of malfunction is typically an instrument malfunction, a controller malfunction, a
pump trip, etc. Malfunction tests in this category are typically "Best Estimate" Analysis.
"Best Estimate” Analysis means a Millstone 2 Subject Matter Expert utilizes his experience,
operating procedures, piping and instrument drawings, electrical drawings and possibly
hand calculations to estimate proper Simulator response. An example of a malfunction test
written and conducted via the NSEM 4 .05 process is contained in Attachment 10. The
example in Attachment 10 is labeled "CC11. RBCCW Pump Degraded Performance "

In summary, each of the certified malfunctions has its own malfunction test procedure and
its own "Cause and Effect” description. Due to their large volume, only 2 malfunction test
procedures are being provided in Attachment 10, as examples. These malfunction test
procedures are available for review upon request

ANS 3 5 Section 3.1.2 requires 25 specific malfunctions to be available on a Simulator. In
order to facilitate NRC review of this submittal, Attachment 3 contains a cross reference of
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these 25 specific malfunctions to the applicable Millstone 2 Simulator malfunctions. Listed
in Attachment 3 under each of the 25 ANS 3.5 required malfunctions are

. Abstracts from Milistone 2 Simulator malfunction tests providing

The name of the malfunction
The date the test was performed
\ - Whether the malfunction is variable, and if so, its range and what severity was
tested
Starting conditions and end point conditions
The source of baseline or reference data
Details of identified deficiencies

. At the end of each of the 25 sections is a list of other Millstone 2 Simula‘or
malfunctions which meet the ANS 3.5 requirement, but for which no abstract is
provided

[ Attachment 3 contains approximately 55 malfunction test abstracts of the 235 certified
l Milistone 2 Simuiator malfunctions. These 55 malfunction abstracts were chosen to cover

the major malfunctions of interest (Loss of Coolant, Steam Line Break, etc.) and to cover at
least one malfunction in each of the 25 required ANS 3.5 malfunction types. The

. malfunction "Cause and Effect” descriptions may be used as abstracts for other certified
Millstone 2 Simulator malfunctions

ANSI/ANS 3.5 (1985) Section 3.4 2 requires that provisions be available for incorporating
additional malfunctions. The Milistone 2 Simulator has this capability

All certified malfunctions will be retested over a four year interval, as described in Section 12
of this document

4 Yearly Operability Testing

ANSI/ANS 3.5 (1985) Section 5.4 2 and Appendix B specify Annual Operability Testing
requirements. The methodology used to write and conduct Yearly Operability Tests is
described in NSEM Procedure 4.09, "Simulator Operability Testing". Using the guidance
provided in NSEM-4.09, a Yearly Operability Test specific to the Milistone 2 Simulator was
written. This Milistone 2 specific test procedure is not contained in this submittal. but is

available for review on request

Yearly Operability Testing will be performed on an annual basis

The Yearly Operability Testing performed consisted of the following items




Steady State Testing at approximately 30% power, 50% power and 96% power
. Transient Performance Testing for ten (10) transients

Reference Plant data obtained at 30%. 20% :nd 96% power during the August 1995 refuel
startup was used as the basis for Steady Stat: Testing. Utilizing the Reference Plant data,
comparisons were made etween the Simulalor and Reference Plant for approximately 80
selected critical and noni- ritical points.

These 80 points include all those listed in ANS 3 5 Section B2.1 with one exception:
Millstone 2 has no control board Steam Senerator Temperature indication.

Acceptance criteria for the Steady ©(ate were based on ANS 3.5 Section 4.1. No
deficiencies were identified.

Transient Performance Testing was performed for ten transients. The ten transients tested
were those described in ANS 3.5 Section B2.2, with one exception. This exception
concerns ANS 3.5 Section B2.2 Transient #7, which is a "Max rate power ramp (100% down
to 75%, backup to 100%)". The Millstone 2 Simulator test was performed by doing a
maximum rate power ramp from 100% power down to 75% power only, and not back up to
100% power. A rapid rate power increase from 75% to 100% power would violate the
physical design and tnp cniteria for Millstone 2. Milistone 2 does not have Automatic Rod
Control, nor any automatic load reject logic, but does have a Variable High Power Trip. The
Variable High Power Trip will actuate an automatic Reactor Protection System Trip on an
approximate 9% power ir crease over the current setpoint. A rapid power increase would
trip the plant by design, and therefore was not included in the Transient Performance
Testing.

The ten transients described in ANS 3.5 Section B2.2 were analyzed using the parameters
indicated in ANS 3.5 Sections B2 2.1, 2, 3, or 4, as appropriate. Attachment 8 contains
abstracts of each of the ten transient tests.

Physical Fidelity

Comparisons of the MP2 simulator to the referenci: plant are conducted annually in the
areas of panel simulation, instrument and cont vl configuration and ambient operating
environment. |dentified discrepancies re e aluated to determine 1 e conseguences to the
simulator's ability to be used as an ef '~ tive training tool. This proces s is described in
NSEM Procedure 4 12, "Simulator Phy. ical Fidelity/Human Factors Evaluation" A complete
set of photographs was taken of the Reference Plant Control Room in November 1995 and
compared to the Simulator. No deficiencies that affect training were identified Those
differences between the Simulator and Reference Plant Control Room which have been
dispositioned as "not affecting training"” are described in Attachment 9, "Physical Fidelity



Summary Report”. To ensure continued physical fidelity, photographs il be taken as |
needed for Reference Plant Control Boards that have undergone changes. |

NU has a strong commitment to maintain the Milistone 2 Simulator up to date with the
Reference Plant Control Boards in a timely manner. NSEM Procedure 6.04, "Major Plant
Changes", addresses controls on major design changes (such as Control Room Desigr:
Review) that challenge a "plant referenced simulator” to remain an effective training too!.

Minor plant changes are addressed within the time constraints of ANS 3.5 Sections 5.2 and
53

Initial Conditions Testing

Initial Conditions Testing was performed in February, 1989. NSEM Procedure 4 02, "initial
Conditions", describes this process. The Milistone 2 Simulator has capabilities for storing
100 Initial Conditions

All Certified Initial Conditions (ICs) were reviewed to ensure equipment alignments, plant
conditions, remote functions, et were reasonable for the stated IC conditions. The first
four pages of Attachment 4 contain the checklist used for reviewing all certified ICs. The
number of certified ICs may vary between 25 to 30 depending on simulator training
requirements. Twenty-five ICs have been designated as the "base" group of ICs that will be
maintained certified These 25 certified ICs cover a broad range of conditions such as

. Beginning of Core Life (BOL)

. Middle of Core Life (MOL)

. End of Core Life (EOL)

. Different Operating Modes such as Cold Shutdown, Hot Standby, Critical Approach,
etc.

. Different Power Levels

An IC used for training (or exam) is.

. A certified IC
. Developed from a certified IC using approved plant procedures.

Only certified ICs are used for training or exams. Listed in Attachment 4 for each of the 30
ICs are the following

L RCS TAVE (DF)

. Pressurizer Pressure (psig)
. Reactor Power (%)
. RCS Boron Concentration (ppm)
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. Xenon Reactivity (pcm)
. Remarks section which describes the basic conditions of the IC

Certified ICs are maintained up-to-date as plant changes and procedure changes occur

Simulator Operating Limits Testing

The process used for identification and action concerning Simulator Operating Limits is
described in NSEM Procedure 408, "Simulator Operating Limits".

Two methods are used to prevent negative training when Simulator Operating Limits are
reached freezing the simulator or administrative controls. The Reference Plant design
limits and/or Simulator model limits which cause the Simulator to "freeze" are listed below.

Also listed are the administrative Simulator Operating Limits which are controlled by the
simulator instructor. These administrative limits are implemented through simulator
instructor training and cautions placed in those Simulator Instructor Guides where such
situations could occur.

. The Milistone 2 Simulator will go to "freeze" if any of the following conditions exist:
- RCS Pressure > 2750 psia
- Containment Pressure > 60 psig
- S/G Pressure > 1900 =sia
. Fuel Temp > 5000°F
. Fuel Clad Temp > 3300°F
. The simulator instructor can determine which of these operating limits caused the

simulator to go to Freeze by reviewing a CRT display in the instruction station

The following simulator operating !'mits are Jealt with administratively. These limits are all
results of Simulator mode! limitations

. RCS Pressure should not exceed 2000 psi greater than Steam Generator Pressure
(Steam Generator Tube/Tubesheet D P)

. Axial Xenon Oscillations are always divergent on the Simulator. This is not a problem
in normal training sessions due to their short duration.

-15-



The Chemical and Volume Control System (CVCS) if allowed to reach saturation, will
not show any flashing or flow oscillation since it is modeled as a single-phase system.

The reactivity worth of stuck Control Element Assemblies (CEAS) is too small.

The instructors are also informed of these operating limits and other abnormal responses by
Form 7.3 of NSEM-4 08 that follows.

The following simulator responses have been identified and not yet corrected.

High Pressure, high temperature water through the PORVs, i.e., once through cooling
with the PZR full. The RCS pressure and RV level become abnormal with large
pressure and RV level swings.

Reactor Vessel Level below the Hot Leg and RCS at saturated conditions, Incore Tc
indicated.

End of cycle Large Main Steam Line break and a stuck out CEA the simulator might
not show a short return to criticality.

Instructor Station Testing

During June 1994, Simulator Instructor Station Testing was performed as described in
NSEM procedure 4. 11, "Instructor Station” No deficiencies were identified.

Instructor Station testing verified correct operation of the following features of the Millstone 2
Instructor Station

Backtrack

Fast time. for each of the eight (8) modeled Fastime parameters
Slow time

Boolean Trigger

Composite Malfunction

Variat & Parameter Control

Freer 2

Sne pshot

To verify the I/O overnde feature of the Millstone 2 Simulator, a small number of the
follo'wing points were tested to verify proper operation

Analog Outputs
Analog Inputs

-16-



. Digital Inputs

. Digital Outputs

. "Crywolf" Annunciator feature
. Annunciator Override

The purpose of the I/O override feature testing was to verify the feature itself, not every /0
override point. The Milistone 2 simulator has the ability to /O override essentially every
point in the simulator. Curriculum testing of a simulator lesson plan will require the testing of
any individual I/O override point to be used in training or exams, thereby verifying the
individual I/O override points to be used.

Refer to NSEM Procedure 4 11 for the Instructor Station Test Procedure. The data taken
from this test is not contained in this submittal, but is available upon request

The Instructor Station test will be repeated once every four years

Real Time Testing

Real Time Testing was performed in June, 1997, per NSEM procedure 4 13, "Real Time
Simulator Verification".

The purpose of this test is to verify that all simulation models are running in real time and is
accomplished by

. Installing a software frame counter in each of the 20 frames.
. Running each of the following scenarios:
- Turbine trip

- Steam-Line break at 100% severity
- RCS hot-leg double-ended LOCA
- RCP locked rotor

. Recording frame counters, simulator exercise time and the worst case execution time
for each frame at the end of each scenario

. Ensuring the frame counter values and simulator exercise time are consistent with the
stop watch time (differing no more than 2 seconds for a 10-minute test run).

. Ensuring the worst case execution time for each frame is less than 50 ms

17-



The results of these - =ts show that the Millstone 2 simulator performs in real time and no
deficiencies were iden. ed.

‘ This test will be repeated once every four years or at any time a question exists that the
Milistone 2 Simulator is not running in real time.

10.  Ensuring Continuing Performance of the MP2 Simuijator

To ensure that the MP2 Simulator performance remains in compliance with ANSI/ANS 3.5
(1985), Reg Guide 1.149 and 10 CFR 55 45 the following procedural controls have been
implemented.

Major Plant Modifications - The Millstone 2 Simulator was certified as a Plant Referenced
Simulator. Significant Reference Plant Control Room changes, such as from Control Room
Design Review modifications, must receive special consideration due to their potential major
impact. NSEM Procedure 6.04, "Major Plant Modifications”, addresses this concern. This
procedure ensures that major plant modifications affecting the Reference Plant Control
Room are reviewed and acted on in a timely manner. " nis ensures that training and exams
continue to be performed on a valid plant referenced Simulator.

Plant Desian Ci Procedure C}

‘ Plant Design Changes and Procedure Changes are sent to the Training Department to be
reviewed for training impact and Simulator impact. This assu es that both training and the
simulator are continually evaluated and updated as plant changes occur. Procedural
controls covering this review process are in Training Procedures not provided in this
submittal.

Plant Design Changes requiring Simulator modifications are handled within the time allowed
by ANS 3.5 Section 52 and 5.3. A recently instituted self-assessment effort to review
reference plant design changes which occurred after simulator delivery identified one minor
modification which had previously not been identified. This modification involved
replacement of two 3-position control board handswitches with 2-position handswitches and
has subsequently been completed(outside of the time allotted by ANS 3.5). There was no
impact on simulator operations or training.

Student Feedback - Student (licensee) feedback is an important input to Simulator Fidelity
NSEM Procedure 6 01, "Student Feedback", describes how student feedback is requested.
Regular written feedback is requested from students on simulator training and fidelity

Response has been frequent and favorable. Also, every one to two years a student survey
on Simulator Fidelity is performed. Attachment 5 contains the results of the survey
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performed in October, 1996. The summary letter also contains the disposition of action to
be taken for each item.

Reference Plant Performance Data - As plant events occur, data will be retrieved and
evaluated to validate Simulator Fidelity. NSEM Procedure 6.03, Collection of Plant
Performance Data", covers the collection of reference plant performance data.

Development of New Simulator Training Guides - Simulator Certification Procedure NSEM
6.02, "Development of New Simulator Guides," covers requirements for new Simulator
training guides. This ensures that new Simulator training guides use only certified remote
functions, certified malfunctions, certified Initial Conditions and do not exceed any Simulator
Operating Limits.

Simulator Certification Documentation - As the Millstone 2 Simulator is modified,
appropriate simulator certification documentation needs to be updated. NSEM Procedure
5.02, "Retest Guidelines" covers updating of the Performance Test.

Reference Plant Design Changes may result in simulator changes such as

. Adding or deleting remote functions

. Adding or deleting malfunctions

. Changing remote functions or malfunctions
. Changing Performance Tests or their criteria

It is Northeast Utilities' interpretation that simulator documentation may be modified as the
Reference Plant changes without requiring the submittal of an NRC Form 474 update
Changes to simulator certification documentation will be made per the attached NSEM
procedures Updated materials will be sent at the next regular certification quadrennial
report date, or upon NRC request.

Open Deficiency Report (DR) List

Simulator Modification Control Procedure NSEM-5.01 centrols for the coordination,
resolution, and documentation of identified differences between the simulator and its
reference plant, and to maintain the integrity of the simulator hardware, software and design
databases.

A Deficiency Report is a form used by the Operator Training Branch and the Simulator
Comuputer Engineering Group to record all identified deficiencies between the simulator
and reference plant.

A Simulator Design Change is a documentation package, consisting of relevant Deficiency
Reports and other forms, which is designed to track the resolution of Deficiency Reports and
ensure that ANSI/ANS 3 5 is satisfied.
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Attachment 6 contains a current listing of all Millstone 2 simulator open Deficiency Reports
(DRs) associated with certification. These DRs will be dispositioned’ in accordance with
their importance to training.

12, Next 4-Year Schedule, (July 1997 to June 2001)
The entire MP2 performance test will be repeated over a four-year interval as described in
Attachment 7. The schedule shown in Attacnment 7 has been written based on the
guidance provided in NSEM Frocedure 4.07, "Master Test Schedule".

The following tests must be performed every year:

. Annual Operability Testing
. Physical Fidelity Verification

The following tests must be performed over a 4-year interval:

. Normal Plant Evolutions and Surveillance Testing
. All Certified Malfunctions

. Instructor Station Testing

. Real Time Testing

\ "Dispositioned” means 1 of 2 things will occur. Either: 1) the DR will be fixed, or 2) if the DR

cannot be fixed, the problem may be added to the Simulator Operating Limits if it is significant. It is
important to recognize that prioritization of resolving DRs is a dynamic process. As new DRs are generated,
their importance will be evaluated and the order of DR resolution appropriately changed, if necessary, 10
ensure the highest quality training is presented.
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mmmmmmmmmmwmm
Program

The MP2 Simulator Performance Testing program has undergone administrative
modifications since the last quadrennial report submitted in June 1993. The foliowing is a
synopsis of those changes:

System Tests:

The MP2 Simulator has undergone over ten years of Performance Testii - . support of

1) acceptance from the vendor; 2) acceptance of modifications: and 3) cer’.iication and
quadrennial reporting to the NRC. Performance Tests have been developed, selected, and
used in accordance with the particular purpose to be achieved. One form of Performance
Test was a detailed exercise of logic and flow paths associated with the simulated systems
identified in the MP2 simulator design specification, e.g., Circulating Water System, Service
Water System, Reactor Protection System, etc. This form of testing is called System Tests.

Systern Tests are resource intensive because of the simulator and personnel time required
to achieve the level of detail necessary to test every element of the simulation. The value of
these tests decreases as the individual elements of the simulation are confirmed to exist
and perform correctly. The number of discrepancies identified reaches a point of diminishing
marginal return on the effort expended. More importantly, the integrated response of the
simulation elements becomes the key in determining simulator performance.

Within a direction to optimize the mission of the Simulator Certification Program, Simulator
Computer Engineering (SCE) determined that System Tests were no longer justifiable,
being neither timely, cost-effective, enhancing compliance, nor adcing value to the training
program. Thereby, the Systems Tests were discontinued as part of the Performance Tests.
and are now used only when appropriate, for example, when new systems are installed.

Supporting Facts:

The acceptance tests from the vendor achieved the initial acceptance of contract
commitments through a thorough review of performance at an extreme level of detail Both
factory acceptance tests (FAT) and site acceptance tests (SAT) resultzd in the identification
of a significant number of discrepancies. The FAT was completed in 1arch 1985 The SAT
was completed in June 1985. System Tests were very valuable during this phase of the
Simulator life cycle. They were used to achieve a firm baseline of performance for the
individual elements of the simulation. This baseline remains firm through rigorous
conformance to a simulator change control process that was instituted from the original FAT
and remains active to this day.

29.




When the NRC required certification of plant referenced simulators the MP2 simulator was
again tested in 1889 using the full Acceptance Test Procedure (ATP) that was used in the
FAT and SAT Performance Tests. Discrepancies other than those originally identified in FAT
and SAT were found, but the number was much lower than the original ATPs.

The first quadrennial cycle (1989 - 1993) after certification also employed System Tests.
Very few discrepancies were found during conduct of the System Tests.

After the submittal of the 1993 four year report, it was determined that the performance of
System Tests was o longer of value, that the other forms of Performance Testing were
sufficient to achieve the mission, that System Tests were not a regula‘ory requirement or
industry standard, and that System Tests could always be conducted should the need arise
Therefore, System Tests have been discontinued as a necessary part of Performance
Testing.

Computer Platforrn Re-Host

In October 1993, a computer platform re-host was completed which replaced the

Gould 32/87 processors and peripherals with a “UN SPARCcenter 2000 system and new
peripherals. The re-host effort included complete benchmarking against the previous
platform by using the Simulator Operability test. These tests included 1) instructor station
test, 2) all annual operability tests and 3) all major/minor malfunctions required by NSEM
4.07 for 1993-1994. Any differences in the two benchmarks were resolved before the
simulator with the new platform was returned to the Operator Training program.

MP2 Simulator Computer System Configuration

(A)  Hardware
SPARCcenter 2000 40-MHz XDBus,
Fast SCSI-2/Buffered Ethernet Sbus Card (FSBE/S)
Internal SunCD Drive, 14-Gbyte 8mm Tape Internal Drive

Two 40MHz System Boards with Two 60MHz SuperSPARC-II
Modules each, No Memory

182-Mbyte of ECC Memory SIMMs
DSCSI Drive Tray with Four 2 9GB drives
fed by 2 Sbus Differential Fast/Wide intelligent SCSI-2 Host Adapters (DWIS/S)

Three 20-inch Color Monitors, TurboGX Frame Buffers, and Cables
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Software

SUN Solaris 2 3 operating system

Sybase 4.9 2 relational database management systen
Dataview §.5 graphical tool runtime

NUSE (Northeast Utilities Simulation Environment)

NUXIS (Northeast Utilities X-Window Instructor Station

NUSE

The Northeast Utilities Simulation Environment (NUSE) was developed in-house by the SCE
staff. The real time portion of NUSE includes the Real Time Executives (Riexec) Interactive

-
i

Debugging Task (IDT), I/0

/O module, etc., and provides the model execution sequencing
Cheduling, the panel interfacing and on-line parameter monitoring The off-line portion of
NUSE includes tools and utilities used by engineers to develop, debug and maintain the

simulation models
—
N‘ ‘:JAK.;'

Northzast Utilities X-Window Instructor Station (NUXIS 23S aiso developed in-house by the
>CE staff using Dataview's graphic tools NUXIS provi a window-based, point and click

graphical user interface for instructors

NSSS Model Set Migration

Iin January 1885, new nced NSSS models were installed on the simulator and made
available to the Operato aining program. This migration was from the criginal Singer-Link
NSSS models ready-for-training in May 1985 to a mode! set developed by ABB-Combustion
Engineering. The acquisition and installation of the ABB NSSS model set included a
rigorous series of acceptance tests exceeding the testing of the original models. The
CCeptance tests included a preliminary Factory Acceptance Test (FAT), a FAT. a Site

ac
Acceptance Test, a RELAP Benchmark Test, a Simulator Operability Test benchmark, and

Major Malfunction Tests. These tests constituted a System Test for the NSSS. Several
reports have been generated and retained for review. All discrepancies were resolved

The ABB NSSS simulator mode! set includes the neut-onics ot the reactor core and the
thermohydraulics of the RCS, secondary side of the steam generators and the main steam
header

The neutronics model is a three dimensional mode! cased on a modified one and half group
diffusion equatior. Each fuel assembly is divided into ten axial nodes for a total of 2170
neutronic nodes. The thermohydraulics is a nonhomogeneous, non-equilibrium liquid and
steam model. It models phase separation and occurrence of non-equilibrium conditions. The

model solves mass conservation equations of liquid, mixture masses (liquid, liquid/steam




steam), energy equations for the mixture and steam, and the conservation equation of the
mixture momentum. The integration is an implicit integration of the coupled system. The
momentum equation is solved for each path (junction). The pressure is solved locally based
on masses and energies for each node. Phase separation is calculated with the use of drift
flux model.

Physical Fidelity Verificcton

The June 1993 to June 1997 four year test plan called for annual full panel photographs of
the reference plant to be taken and compared to the simulator. This was not done.
Photographs and a report were prepared for the 93/94 period, pictures were taken for the
95/96 period, and a report was prepared for the 96/97 period. Since physical fidelity
discrepancies are identified and dispositioned within the normal simulator modification
process, no physical fidelity discrepancies resulted from the full panel photograph
comparisons. A record of full panel photographs is maintained and updated on an “as
needed” basis for documentation of the reference plant comparison. A record of identified
discrepancies is maintained with training value assessments of the impact on actions to be
taken by the operator. These records are retained and updated as needed within the normal
simulator modification process. NSEM procedure 4.12, *Simulator Physical Fidelity / Human
Factors Evaluation”, has been updated to address these changes.
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MP2 NORMAL OPERATIONS AND SURVEILLANCE TESTING SEQUENCE



Figure 7.1
NORMAL PLANT EVOLUTIONS LIST

ELANT STARTUP
o  Will be tested by this procedure: YES [J{ NO[]
o  If no, state reason:

o  Operating Procedure(s) to be used: > 2243

o  Unit specific Test Step numbers which

will complete this requirement: Stee 3O
NUCLEAR STARTUP
o Will be tested by this procedure: YES h/ NO[]

o  Ifno, state reason:
¢ Operating Procedure(s) to be used: &>¢ 222

o Unit specific Test Step numbers which e 2.
will complete this requirement:

TURBINE STARTUP AND GENERATOR SYNCHRONIZATION
0 Will be tested by this procedure: YES M NO[]

0 If no, state reason:

0  Operating Procedure(s) to be used: 5@ 2205, P 23234 wnd P 2324

o  Unit Specific Test Step numbers which
will complete this requirement:

REACTOR TRIP AND RECOVERY

o Will be tested by this procedure: YES H/NO []

o  If no, state reason:

o  Operating Procedure(s) to be used: GCoP2s2S aud Cofzsze

o Unit Specific Test Step numbers which L
will complete this requirement: dreP SO

Rev.: 1
Date: 1/31/97
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Figure 7.1
NORMAL PLANT EVOLUTIONS LIST

HOT STANDBY OPERATION
o  Will be tested by this procedure: YES [ NO[]
o  Ifno, state reason:

o  Operating Procedure(s) to be used: <>¢ Z‘S‘?(c" 22\ @ 23

o Unit Specific Test Step numbers which

wiil complete this requirement: LS, &
LOAD CHANGES
o  Will be tested by this procedure: YES [v}/NO []

o If no, state reason:
0  Operating Procedure(s) to be used: O 22cx4y

o Unit Specific Test Step numbers which

will complete this requirement: Frep G
PLANT OPERATIONS WITH LESS THAN FULL REACTOR COOLANT FLOW
o Will be tested by this procedure: YES [] NO (q/

0 If no, state reason: :
o PEATYCAL Wt oS

0 Operating Procedure(s) to be used: Akl B

o Unit Specific Test Step numbers which Ut allosed @iy
will complete this requirement:
M P2 Tectd T p=<3S
PLANT SHUTDOWN
o  Will be tested by this procedure: YES [aﬂsxo []

o  If no, state reason: N
O 22y : o 22
0  Operating Procedure(s) to be used:

o Unit Specific Test Step numbers which :
will complete this requirement: St .

Rev.: 1
Date: 1/31/97
Page: 7.1-2 of 3



Figure 7.1
NORMAL PLANT EVOLUTIONS LIST

10.

APPROVED BY:

CORE PERFORMANCE TESTING

0  Will be tested by this procedure:

o  Ifno, state reason:

o  Operating Procedure(s) to be used:

o  Unit Specific Test Step numbers which
will complete this requirement:

SURVEILLANCE TESTING

o Will be tested by this procedure:

o  Ifno, state reason:

o  Operating Procedure(s) to be used:

o Unit Specific Test Step numbers which
will complete this requirement:

SUBMITTED BY: @m u u}axss&»

YES [] NO[)(
Cod e Te=TTIVGE LONS
\Acc'c'w\(a(\bk-b& AT (TS
c,cmwfd\a\ .

YES W NO[]

SPs oele \Accc»a({fwt“i
Ao TARLS p»(oc_eéu&”
oTHe THe efcsgio of
®2<Dom<a:m«~é LD W TN
Fom PAMS  ard @020
Toanoea il e A ToNE
SO HOATICM,

O el oo™ e
y‘\cccuu_ﬁu&t\‘»‘ﬂ 220
SATISFACTNYy 2e01A OA
SATOEACBX

SP2wo\A DPY G-2-005%
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. Figure 7.2

NORMAL OVERATIONS TEST COVER SHEET

Released for Performance By:

Performed By: Z{Aj( 24 W %ZZéZ

Verified By:

e

7 DATE

Accepted By: ; ;/g: E?f

1. List of Operating Procedure Forms Attached

Plasd Heakis OF 2201 flo 25
o

2. Comments Attached Yes | ] No | ./]’



Attachment 8.2
QTEP PROCEDURE/RESULTS ACCEPT/DR
.0 Plant Heatup

1.1 Initialize to the following Simulator
conditions: é 2
o RCS Temperature at ~ 100° F
o "A" SDC Pump in service maintaining RCS temperatures
o Pressurizer at - 95% level, vents closed
© PORV's in "low"
o 8/G levels at = 60%
o Containment purge via purge supply fan and main exhaust
¢ Atmospheric dumps in manual and ~ 5% open
o Pressurizer spray valve in manual closed
0 RCP bleedoff at 40 psig to EDST

1.2 Use 0OP2201, "Plant Heatup" éb
,and-perforﬁ a normal plant heatup. Record the !

following information at the specified times
dur‘ng the heatup:

1.2.1 Record the revision level and number of
changes against the OP2201 that is used:

Revision level &§ /3
. Number of changes ¢ o

1.2.2 Review each Prerequisite, Initial
Condition and Precautions listed in
OP 2201 to ensure that the simulator
is cagable of supporting the use of /f7
OP2201.

1.2.3 During the heatup, complete (initial)
or N/A steps in OP22( and attach a 79
completed OP2201~T to this proceﬂure.
4

L u4g5 (ﬁ.uJL,.+zt6Z;{;§

Note: Whenever valve alignments are specified to
accomplish the heatup, the valve alignment
shall be reviewed for any control board
valves or remote functions that need to be
manipulated to place them in the proper
condition. Valve alignment sheets need not
be attached or filled out.

Rev.: 0

Date: 5/3/88
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STEP PROCEDURE/RESULTS ACCEPT/DR

. 1.2.4 Verify that it takes ~ 350 gallons Z:___

to overf ow the Pressurizer to the
Quench Tank after the pressurizer
indicates 100% level Record observed
number of gallons ~380 .

1.2.5 Verify that RCS heatup rates are as )
follows and record the requested data:

1.2.5.1 Two RCP's running, heatup rate =
shall be 20-25°F/hr

o Decay Heat / % power

o Observed heatup rate 24 “F/hr

0o Observed heatup rate was at an
average RCS temp of /8¢ °F

1.2.5.2 Three RCP's running, heatup rate Z¢>
shall be 30-35°F/hr

®

o Observed hoatup rate 2L °F/hr

0 Observes aeatup rate was at an
average RCS temp of L20 °F

L
1.2.5.3 four RCP's running, heatup rate - z.)
. shall be 35-40°F/hr

o Observed heatup rate 22 °F/hr
0 Observed heatup rate was at an
average RCS temp of 4pp °F

Note: Fast time maybe used during heatup as long as it
does not interfere with heatup rate determinations
and use cf fast time will not interfere with
surveillance or other heatup related items.

1.2.6 Pressurizer heatup rate with all heaters 12
on approximately 60°F/hr. Observed
pressurizer heatup rate is 42 °F at an
average pressurizer water temperature of
280 °F.

1.2.7 RCP "Bleedoff flow lo" alarms clear at /7
RCS pressure of = 1700 psia.
1.2.8 Atmospheric steam dumps maintain an /7

RCS temp of “532°F. Record atmospheric
steam dump pressure that maintains 532°F
while in auto. 9w sia.

Rev.: 0

Date: 5/3/88

Page: 8.2-2 of 11
NSEM-4.10



STEP PROCEDURE/RESULTS

e
0
Q
53]
U
=3
M
=)
e

‘ 1.2.9 Perform the follow. ug surveillance
grocedures prior tc starting the
eatup and attach cumpleted surveillance
forms to this procedure:

0 Service Water Valves SP2612E
o RBCCW Valves SP2611E
© SRAS Manual SP2616A
o CSAS Manual SP2606F
o SIAS Manual SP2604R

1.2.10 Perform the following surveillance
procedures prior to 200°F RCS
temperature and attach completed
surveillance forms to their procedures.

o Transient Temp. Verif. SP2602B
© RBCCW Pump Ops - FAC1 SP2611A
o RBCCW Valves - FACI SP2611C
© SW Pump Ops - FACI SP2612A
0 SW Valves - FACI SP2612C
o EBFAS and CR vent FACI SP2609A-1
o SIT outlet valve (SIAS) SP2603A
o SIT outlet valve(Pressure) SP2603B
o Charg. Pmp. Op. SP2601G
¢ Boric Acid Op. SPZ601C
. o ECCS Valves SP2604N
© Borated Water Flow Ops SP2601A
o Ctnt., Iscl. Valve Ops SP2605G
o D/G Op FAC I SP2613A
o Control Rm Wkly Checks SP2619C
o HPSI Pump Op FACI SP2604A
o HPSI Valves FACI SP2604E
o Ctnt. Sump Isol. Viv-FACI SP2604G
o Control Room Daily Checks SP2619A

1.2.11 Perform the following surveillances
prior to reaching 300°F RCS temp and
attach the completed Surveillance forms:

il oo I

o Aux Feed Pump Ops SP26102
0 Aux Feed, Turbine Driven

Ops SP2610B
o Aux Feed Valves SP2610C
o Ctnt Air Recirc Ops-FACI SP2607A
o PORV Block Valve Ops SP2610F

Rev.: 0

Date: 5/3/88
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STEP

2.0

Note:

PROCEDURE/RESULTS ACCEPT/DR

1.2.12 Perform the followingosurveillance 22

prior to reaching 1750 psia RCS
pressure and attach the completed
surveillance forms:

© LPSI Pump Ops - FACI SP2604C
o LPSI Valve Ops - FACI SP2604L

0 Cont. Spray Pmp Ops-FACI SP2606A

o Cont. Spray Valves - FACI SP2606C i
1.2.13 Perform the following surveillance prior [2

to exceeding 5% power and attach the
completed surveillance forms:

¢ Hydrogen Purge SP2608E tz

o PIR Fan FACI SP26¢08C 7>

0 Turbine Drives Aux
Feedpump Ops SP2610B

%

1.3 Plant heatup is complete when RCS temperature [;2

is ~ 532°F, RCS pressure is being maintained

at - 2260 psia and all surveillancelo‘-oﬁ W6,/‘DW
T2 21212 and 1. .2+43

(éxéeﬁt ﬁsiv sur@eillances) are compléte.

1.4 Ensure all completed surveillance forms

and a completed OPs 2201—i—ionige attached.
edvpe

P

1.5 Take a snapshot if required 4[! . A/ &

NUCLEAR STARTUP

2.1 Initial Conditions, Plant stable with RCS 22

Tave at = 532° F, - 2260 psia, pressurizer
level at ~ 40%, S/G levels at ~ 65%, an

ECP has been completed, boron in the RCS is
at the ECP required boron concentration and
CEDM cooling is in operation.

It is the intent of Section 2.0 "Nuclear Startup
to be performed from an initial condition that is
a continuation of Section 1.0 Plant Heatup or from
@ snapshct taken from Step 1.5.

Rev.:
Date:
Page:
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STEP  PROCEDURE/RESULTS ACCEPT/DR

‘ 2.2 Start the "A" CEDM MG Set

2.3 Close all TCB's, Observe load of “250 amps
on C-04 Record Observed value A &> amps.

IE N

2.4 Start and parallel the "B" MG set, observe
load to be ~ 125 amps each. Record actual
values "A" MG set /24  amps and
"B" MG set _y,25 amps.

2.5 Using OP2202, "Reactor Startup",
withdraw CEA's to br1n¥ the reactor
critical. Record the following
information at the specified times
during the reactor startup:

2.5.1 Record the revision level and number
of changes against the OP2202 that is
used. Revision Level
Number of Changes _Z

2.5.2 Review each prerequisite, Initial
Conditions and Precautions listed in
OP2202 to ensure that the simulator
is capable of supporting the use of 0P2202.

. 2.5.3 Ensure that OP2202-1 "Pre-Critical
Checklist" is completed and attached
to this test. Each item on 0OP2202-2
should be initialized or N/A'd as appropriate.

2.5.4 At " 1000 cps, indication shifts from
CPS to % power.

v b

2.5.5 Critical Position in observed to be
within .9%

bbb

2.5.6 Complete and attach forms OP2619D-1
and 2619D-2.

2.5.7 Perform the following surveillance
during the startup:

o CEA partial movement SP2620A"//

o CEA Greoup Deviation
Verification SP2 60T Mayn
o CEA CMI Verification ;q”‘

2.5.8 Stabilize conditions with the reactor
critical at ~1% power, Tave at ~532° F
Perform and attach SP2619D-3

. 2.5.9 Take a snapshot if required 421’ MA:

Rev.: 0
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STEP PROCEDURE/RESULTS
‘Ilb.o PLANT STARTUP
Note:

It is the intent of Section 3.0 Plant Startup to
be performed from an initial condition that is a
continuation of Section 2.0 Nuclear Startup or
from snapshot taken step 2.5.9.

3.1 Perform a plant startup to "~ 20% power using
OP 2203, "Plant Startup" procedure.

3.5:1

3.1.2

3.1.3

" %
edoB
sdud
1.8
1.9

w Ww W w w

3.1.10

3,1.11

3.1.12

3.1.13

3.1.14

Record the revision level and number of
changes a?ainst the OP2203 that is used:
Revision

evel
Number of Changes

Review each prerequisite, Initial
Condition and Precaution listed in
OP2203 to ensure that the simulator is
capable of supporting the use of 0OP2203.

Ensure the Condensate System is in
service on Short Recycle.

Start one Circ Water Pump in each
condenser.

Start the Hydrogen Seal 0il System.
Place the Turbine on Turning Gear.
Start the Stator Cooling System.
Start the EHC System.

Heatup the Main Steam System and
open the MSIV's.

Perform SP2610E and 2610D attach
the forms.

Place Turbine Gland Seal System
in service.

Increase reactor power as required
to hold RCS Tave at 532° F.

Commence drawing a vacuum and observe
at 15" hg Steam Dump/Bypass System

may be put in service.

Observe Turbine Bypass PIC controls
RCS T, at 532°F.

Observe at Condenser Vacuum of 20" Hg,
a SGFP may be started.

ACCEPT/DR

AN N

Rev.: 0
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STEP

PROCEDURE/RESULTS ACCEPT/DR

4.0

Note:

Note:

3.1.15 Increase Reactor Power to ~ 7% Tave to
535°F.

3.1.15 Start the Main Turbine per OP2323A

3.1.17 Synchronize and place the main generator
on line.

s b

3.1.18 Increase load to ~ 20% power and at
15% power, observe the LPD and Turbine
RPS trips are enabled.

3.2 Final conditions are Main Turbine On Line,

Reactor Power at ~ 20%, NSST supplying In-House
loads

3.3 Take a snapshot if required éz ; ) __________/_7

LOAD CHANGE TO 100% POWER

It is the intent of Section 41.C "Load Changes to
100% power, to be performed from an initia
condition that is a continuation of Section 3.0
Plant Startup or from a snapshot taken in Step 3.3.

4.1 Perform a power increase from 20% to 100%
power using OP2204, "Load Change" procedure.

4.1.1 Record the revision level and number 17?>
of changes against the OP2204 that is
used. Revision level lz Number of

Changes [,

4.1.2 Review each prerequisite, Initial
Condition and Precaution listed in
OP2204 to ensure the simulator is
capable of supporting the use of 0P2204.

4.1.3 Verify that Pressurizer Level follows 12

Ops form 2204-3 during the power increase.

Power increase rates used <o not need to be restricted, as long as
the power increase rate does not cause excessive pressurizer pressure
increases, pressurizer level problems, S/G Level Control Problems or
T.. Control Problems.

4.1.4 Perform SP2619E and attach surveillance 4222___
forms.

Rev.: 0
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STEP PROCEDURE/RESULTS ACCEPT/DR

‘ 4.2 Final conditions shall be T,, “572° F,
RCS pressure at “2260 psia and Generator
Load at "“885 Mwe.

5.0 Reactor Trip and Recovery

5.1 Initialize to 100% ful. power IC, normal
steady state conditions, perform SP2601D,
SP2602A, and attach surveillance forms.

5.2 Record the revision level and number of
changes against EOP 2525 and EOP 2526.

EOP 2525 Rev _ /a» # of Changes ©
EOP 2526 Rev g # of Changes _ 4

5.3 Manually trip the reactor from C04 TCB P.B.
Carryout, EOP 2525, Standard Post Trip
Actions.

5.4 Verify the Startup Rate is ~1/3 DPM ~ one
minute after the trip - Y5 prsa

5.5 Complete EOP 2526, Reactor Trip Recovery,
complete and attach OPS Form EOP 2526-1.

. 5.6 Perform a reactor startup and plant startup
to © 20% full power using OP 2202, OP 2203,
and OP 2204 as guides.

5.7 Final conditions are: the plant at =~ 20%
full power with the Feed Reg. Valves in Auto.

6.0 PLANT SHUTDOWN

6.1 Initialize to a 100% full power IC, normal
¢ rady state conditions.

6.2 Using OP 2204, decrease load to 20% power.

6.3 Using OP 2205, perform a plant shutdown.

6.3.1 Record the revision level and number
of changes against the OP2205 that is

used:
Revision Level _/4 Number of Changes

L hhbb bB bhR R bk

e > Review each prerequisite, initial
condition and precaution listed in
OP2205 to ensure the simulator is capable
of supporting the use of 0P2205.

Rev.: 0
Date: 5/3/88
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STEP PROCEDURE/RESULTS ACCEPT/DR

. 6.3.3 During the plant shutdown, perform Wé ’ds,;/;/b
surveillance SP2613B on the "B" D/G,
SP2608BA H2 Recombiner and attach the

completed surveillances.

Verify that Heater Drain, Condensate
and Feedwater Flow decrease as power
is decreased.

Verify that the RSST assumes the
in-house loads when transferred
from NSST.

Verify the Heater Drains Tank level
is “66% with no HD pumps and the High
Level Dump in operation.

When the Main Turbine is tripped,
verify the CV's, 8V's, IV's and ISVS
close.

Verify the Main Turbine rolls down to
turning gear in “20 minutes.

Verify the Turbine Bypass/Steam Dump
Valves control RCS T,, to “532° F
and S/G pressure to 880 psia.

6.4 Take a snapshot if required ‘%
REACTOR SHUTDOWN

7.1 Obtain Initial Conditions to a Reactor
Shutdown using OP2206, by continuing from
Section 6.0 or initializing to an IC which
is critical Tave "532° F, RCS pressure < 2260
psia, Reactor Power < 5% with the turbine/
generator off line.

Record the revision level and number of
changes against the OP2206 that is used:

Revision level V4% Number of Changes _ ¢’

Review each Prerequisite, Initial Condition
and Precaution listed in OP2206 to ensure the
simulator is capable of supporting the use of 0P2206.

7.4 Use OP2206 to shut the reactor down verifying
the following:

7.4.1 CEA's insert properly in Manual
sequential

Rev.: 0
Date: 5/3/88
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PROCEDURE/RESULTS ACCEPT/DR

7.4.2 Reactor Power level decreases at no
greater than - 1/3 DPM

7.4.3 Inward CEA motion for an individual
CEA stops at the lower electrical limit.

7.4.4 CEA bottom lights go on after TCB's
are opened.

7.5 Final Conditions shall be; all CEA's fully
inserted, all TCB's open, Both MG sets
shutdown, RCS boron concentration at Hot
Standby concentration.

7.6 Take a snapshot if required :363 ‘
PLANT COOLDOWN

8.1 Reset to an Initial condition with the
plant at 532 RCS T,,,, RCS Pressure at
“2260 psia. All CEA's inserted, the Steam
Dump Bypass System in service, one condensate
gump in service, one SGFP in service and RCS
oron concentration sufficient for meeting
shutdown margin. Alternatively using the IC
at the conclusion of section 7.0 is acceptable.

8.2 Commence a cocoldown using OP2207 "Plant
Cooldown" verify or record the following
during the Plant Cooldown:

8.2.1 Record the revision level and number
of changes against the OP2207 that is
used:

Revision Level /% Number of Changes D

8.2.2 Review each Prerequisite, Initial
Conditions and Precaution listed in
OP2207 to ensure the simulator is
capable of supporting the use of OP2207.

B.2.3 Perform SP2614D for AEAS during the
cooldown and attach the completed
surveillance form.

8.2.4 Verify Pressurizer Pressure and
Tg@perature decrease with all heaters
o .

SBOR Rh NP MRS

Rev.: 0

Date: 5/3/88
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STEP

PROCEDURE/RESULTS

8.

3

8.2.5 Verify Pressurizer Pressure and
Temperature decrease when Aux Spray
is initiated.

8.2.6 Verify that MSI Block is permitted at
< 600 psia S/G Pressure (3 out of 4).

8.2.7 Verif¥ that SIAS Block is permitted
at < 17

8.2.8 Verify that SDC warmup on 1 LPSI pump
is ~12° F/Hr.

Final conditions are: RCS temperature
<200°F on SDC, i.e. in ‘Mode 5. Pressurizer
vents opened and Pressurizer corrected level
in at "50%, Pressurizer temperatures are
<200° F, excess is in service at
“140gpm and S/G levelslare at “80%.

S

50 psia RCS pressure (3 out of 4).

ACCEPT/DR

PERD
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ATTACHMENT 2

MP2 SURVEILLANCES THAT CAN BE PERFORMED ON THE SIMULATOR
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Sequential Number Title

R e

10.
11.
12.
13.
14.
15.
16.
17.

18

e
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
28
32.
33.
34,
35.
36.
37.
38

—NA—
Approved: 9

Borated Water Flow/P.:mp Op
Boric Acid Ops

Power Range Calibration
Charging Pump Ops Fac |
Charging Pump Ops Fac 2
Reactor Coolant |eakage
Transient Temp. Verification
SIT Valve Ops (SIAS)
SIT Valve Ops (Press)
HPSI Pump Ops Fac |
HPSI Pump Ops Fac 2
LPSI Pump Ops Fac |
LPSI Pump Ops Fac 2
HPSI Valves Ops Fac |
HPSI Valves Ops Fac 2
Ctmt Sump Valve Fac |
Ctmt Sump Valve Fac 2
LPSI Valve Ops Fac |
LPSI Valve Ops Fac 2
ECCS Valve Ops

SIAS Manual Test

Ctmt Valve Stroke Time
Ctmt Purge Valve Power

Reactor Head & Pzr Vent Sol v1 Oper.

Ctmt Spray Pump Fac |
Ctmt Spray Pump Fac 2
Ctint Spray Valve Ops Fac |
Ctmt Spray Valve Ops Fac 2
CSAS Manual Test

CAR Fac |

CAR Fac 2

H, Recombiner

PIR Fan Fac |

PIR Fan Fac 2

H, Purge Ops

EBFAS Fac |

EBFAS Fac |

Motor Driven Aux Feed Pumps

Figure 7.3
SURVEILLANCE LISTING

UNIT p.

Procedure #

SP2601A
SP2601C
SP2601D
SP2601G
SP2601H
SP2602A
SP2602B
SP2603A
SP2603B
SP2603B
SP2604B
SP2604C
SP2604D
SP2604E
SP2604F
SP2604G
SP2604H
SP2604L
SP2604M
SP2604N
SP2604R
SP2605G
SP2605G
SP2605N
SP2606A
SP26068B
SP2606C
SP2606D
SP2606F
SP2607A
SP26078B
SP268C
SP2608C
SP2608D
SP2608E
SP2609A
SP2609B
SP2610A

ASOT

NSEM-4.10
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(Yes/No)

Yes
Yes
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
No
Yes
No
Yes
No
Yes
No
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
No
Yes
Yes
No
Yes
Yes
No
Yes
Yes
No
Yes

Rev: 0
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Figure 7.3

SURVEILLANCE LISTING
UNIT __2

39. Turb Driven Aux Feed Pump SP2610B
40. Aux Feed Valves SP2610C
41. MSIV Partial Closure SP26i0D
42. MSIV Closure SP2610E
43. PORV Bilock Valve Ops SP2610F
44. RBCCW Pp Fac | SP2611A
45. RBCCW Pp Fac2 SP2611B
46. RBCCW Fac | Valves SP2611C
47. RBCCW Fac 2 Valves SP2611D
48. RBCCW Valve Ops SP2611D
49. SWPpFacl SP2612A
50. SW PpFac?2 SP2612B
51. Service Water Valves SP2612C
52. Service Water Valves SP2612D
53. Service Water Valves SP2612E
54. D/G“A” Ops SP2613A
55. D/G“B” Ops SP2613B
56. AEAS Ops SP2614D
57. CSAS Manual Test SP2616A
58. Contral Room Shift Checks SP2619A
59. Control Room Weekly Checks SP2619C
60. Start UP Surveillance Checks SP2619D
61. Control Room Monthly Checks SP2619E
62. CEA Partial Movement SP2620A
63. CEA Group Deviation Verification SP2411
64. CMI Verification SP2411A
Approved: /\/A

NSEM-4.10
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(Yes/No)

Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
No
Yes
Yes
No
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
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ATTACHMENT 3

MP2 MALFUNCTION TEST ABSTRACTS

M2MLFTST WHs



Loss of Coolant Malfunction Abstracts
SGO2 Malfunction - Steam Generator Tube Rupture

This malfunction test was conducted in May, 1997. This malfunction is capable of inserting
up to a 3000 gpm tube rupture to either Steam Generator. This malfunction was tested at
100%. 30%, and 5% severity for both Steam Generators. All tests were started from 100%
Power, Middle of Life Core Conditions, equilibrium Xenon, steady state Conditions for a
period of ~ 12 minutes. Baseline data was from NU Retran model computer runs specific to
MP2. No deficiencies were identified.

CV0] Malfunction - Unisolable letdown line rupture in Containment

This malfunction test was conducted in April, 1995. This malfunction is capable of inserting
up to a 200 gpm leak from the letdown line (RCS to CVCS) in Containment to the
Containment Atmosphere/Fioor. This malfunction was tested at 100%, 50% and 10%
severity. All tests were started from 100% Power. Middle of Core "ife conditions.
equilibrium Xenon, steady state Conditions for a period of ~ 8 minut:s. Baseline data was
from CEN 128 Case E2. No deficiencies were identified.

CV02 Malfunction - Isolable letdown line rupture outside of Containment

This malfunction test was conducted in April, 1995. This malfunction is capable of inserting
up to a 200 gpm leak from the letdown line (RCS to CVCS) outside of Containment, in the
Auxiliary Building. This malfunction was tested at 100%, 50% and 10% severity. All tests
were started from 100% Power, Middle of Life Core conditions, equilibrium Xenon, steady

state conditions for a period of ~ 8 minutes. Baseline data was from CEN 128 Case E2. No
deficiencies were identified.

CV 18 Malfunction - Isolable letdown line rupture inside Containment

This malfunction was conducted in April, 1995. This malfunction is capable of inserting up
to a 200 gpm leak from the letdown line (RCS to CVCS) in Containment to the Containment
Atmosphere/Floor. This malfunction was tested at 100%, 50% and 10% severity. All tests
were started from 100% Power, Middle of Core Life conditions. Equilibrium Xenon. steady
state conditions for a period of ~ 8 minutes. Baseline data was from CEN 128 Case E2. No
deficiencies were identified.

(]



RC02 Malfunction - RCS Hot Leg Break

This malfunction 1est was conducted in April, 1995. This malfunction is capable of inserting
up to a 180,000 Ibm/sec leak from either RCS Hot Leg to Containment. 100% severity is
equivalent to a guillotine rupture of a Hot Leg pipe. This malfunction was tested for each
Hot Leg at 100%, 50%% and 10% severity. All tests were started from 100% Power, Middle
of Core Life conditions, equilibrium Xenon, steady state conditions. All tests were for a
duration of 5 minutes except the 100% severity case for #1 Hot Leg, which lasted 60 minutes,
to observe Containment Sump Recirculation, Containment Sump Level, RWST level,
Containment Area Rad Monitor response and Core Exit Thermocouple (CET) response.
Baseline data was from the MP2 FSAR, sections 14.15 and 14.16. No deficiencies were
identified.

RC03 Malfunction - RCS Cold Leg Break

This malfunction test was conducted in April, 1995. This malfunction is capable of inserting
up to a 100,000 Ibm/sec leak from any of the four RCS Cold Legs to Comainment. 100%
severity is equivalent to a guillotine rupture of a Cold Leg pipe. This malfunction was tested
at 100%, 50% and 10% severity for all four cold legs. All tests were started from 100%
Power, Middie of Core Life conditions, equilibrium Xenon, steady state conditions. All tests
were for a duration of 5 minutes. Baseline data was from the MP2 FSAR, sections 14.15 and
14.16. Three deficiencies were identified. They are: (1) Reactor Vessel level dropped to 0%
and stayed there. It should eventually have recovered to 7% level due to safety injection.

No deficiencies were identified.

RC04 Malfunction - Unisolable Reactor Head Vent Leak

This maifunction test was conducted in May, 1997. This 1 :alfunction is capable of inserting
up 1o a 400 gpm unisolable leak through the reactor head vent system. This malfunction was
tested at 100%, 50% and 10% severity for a duration of 8 minutes each. All tests were
started from 100% Power, Middle of Core Life conditions. equilibrium Xenon. steady state
conditions. Baseline was from the CEN 128 Case E2. No deficiencies were identified.

RCOS Malfunction - Pressurizer Safety Valve Failure

Tlis malfunction test was conducted in April, 1995, This maifunction is capable of inserting
up to a 250,000 Ibm/hr flow from either Pressurizer Safety Valve to the Quench Tank and
eventually to the Containment Atmosphere if the Quench Tank Rupture Disc blows. This
malfunction was tested at 100%, 50% and 10% severity for each of the two pressurizer
safeties for a duration of eight minutes each. All tests were started from 100% Power,
Middle of Core Life conditions, equilibrium Xenon, steady state conditions. Baseline data
was from an NU Retran analytical case for MP2. No deticiencies were identified.



RC06 Malfunction - Pressurizer Relief Valve (PORV) Failure

This malfunction test was conducted in April, 1995. This malfunction is capable of inserting
up to a 130,000 Ibm/hr flow from either Pressurizer Relief Valve (PORV) to the Quench
Tank and eventually to the Containment Atmosphere if the Quench Tank Rupture Disc
blows. This malfunction was tested at 100%, 50% and 10% severity for each of the two
pressurizer relief valves (PORV's) for a duration of 13 minutes each. All tests were started
from 100% Power, Middle of Core Life conditions, equilibrium Xenon, steady state
conditions. Baseline data was from an NU Petran analytical case for MP2. No deficiencies
were identified.

Other malfunctions which may be used to give Loss of Coolant conditions are: CV03, CV13,
CVi4,CV20, CV21, RC20, and SGO1. All of these malfunctions give a maximum RCS leak
rate of 100 gpm or less. The Cause and Effects descriptions may be referred to for each of

these malfunctions to describe the malfunction characteristics. No deficiencies were
identified

1A01 Malfunction - Instrument Air Header Rupture

This malfunction test was conducted in May, 1996. This malfunction is capable of producing
a 5,000 Standard Cubic Feed per minute (SCFm) leak on the instrument air header. This
malfunction was tested at 10%, 50%, 85% and 100% severity. The test was started from
100% power, Middle of Core Life conditions, equilibrium Xenon, steady state conditions and
was ended when a reactor trip occurred and Steam Generator safeties were removing heat.
Baseline data was from best estimate analysis and use of plant procedures and P&ID's. No
deficiencies were identified.

1A03 Malfunction - Loss of Instrument Air in Containment

This malfunction test was conducted in August, 1990. This malfunction is capable of
producing a 300 SCFM leak in the Containment Receiver Tank, thus depressurizing the
Containment Air Header. This malfunction was tested at 20% and then ramped up to 100%
severity. The test was started from 100% power, Middie of Core Life conditions, equilibrium
Xenon, steady state conditions and was ended when the Containment low air receiver alarm
was received. Baseline data was from best estimate analysis and use of plant procedures and
P&ID's. No deficiencies were identified.

It has been identified that this maifunction is not required for either LORT or LOIT training
and it will no longer be tested untii it is required for training.

Other malfunctions which may be used to provide loss of instrument air conditions are:
1A02, 1A04 and IA0S. The Cause and Effects descriptions may be reference to for each of
thes» malfunctions to describe the malfunction characteristics. No deficiencies were
identified in any of these malfunctions.



EDOS Malfunction - Loss of 4160 Volt Bus

This malfunction was tested in September, 1990. This malfunction is capable of inserting a
loss of any of the 6 4160 Volt Buses due to ground fault. Each of the 6 bus malfunctions
This malfunction was tested in April, 1994. This malfunction is capable of inserting a were
individually tested starting from 100% power, Middle of Life Core conditions, equilibrium
Xenon, steady state conditions. Each test was ended after verifying the loss of power to the
correct components and verifying that malfunction removal (ground removal) allowed
breakers to be reclosed. Baseline data was from best estimate analysis, use of plant
procedure, electrical drawings and P&ID's. No deficiencies were identified.

EDO8 Malfunction - 6.9 KV Bus failure to Auto Transfer

This malfunction was tested in April, 1994. This malfunction is capable of inserting a failure
for either 6.9 KV bus to auto transfer on a reactor trip. Each of the 2 6.9 KV bus failures to
auto transfer were tested. Each malfunction was tested starting from 100% power, Middle of
Life Core conditions, equilibrium Xenon, steady state conditions. Each test was ended after
verifying correct breaker response, any verifying that manual action to close breakers was
still possibi:. Baseline data was from best estimate analysis, use of plant procedures,
electrical drawings, and P&ID's. No deficiencies were identified.

ED10 Malfunction - Loss of 125 VDC Vital Bus

This malfunction was tested in April, 1994. This malfunction is capable of inserting a loss of
either 125 volt DC Vital Bus. Each of the 2 malfunctions were individually testing starting at
100% power, Middle of Core Life conditions, equilibrium Xenon, steady state conditions.
Each test ended after DC loads were verified to be lost. Baseline data was from best estimate
analysis, use of plant procedures, electrical drawings and P&ID's. No deficiencies were
identified.

ED16 Malfunction - Loss of Vital 120 Volt Instrument AC

This malfunction was tested in April, 1994. This malfunction is capable of inserting a loss of
any of the 4 Vital 120 Volt AC buses. Each of the 4 malfunctions were individually tested
starting from 100% power, Middle of Core Life conditions, equilibrium Xenon, steady state
conditions. Each test was ended afier the correct loads were verified to be lost. Baseline data
was from best estimate analysis, use of plant procedures, electrical drawings and P&ID's. No
deficiencies were identified.



EGOR Malfunction - Diesel Generator Output Breaker Failure

This malfunction was tested in April, 1994. This malfunction is capable of preventing either
DG output breaker to fail to close. Each of the = malfunctions were tested one at a time from
100% Power both with and without the emergency . s energized, to verify the D/G output
breaker would not close. Baseline data was from bes. ~stimate analysis and electrical
drawings. No deficiencies identified.

EG11 Malfunction - Diesel Generator Auto Start Failure

This malfunction was tested in April, 1994. This malfunction is capable of preventing either
Diesel Generator from auto-starting following an LNP signal. Each of the 2 malfunctions
were tested one at a time from 100% power. Each malfunction was also tested to ensure that
a manual Diesel start could be done with the malfunction active. Baseline data was from best
estimate analysis and electrical drawings. No deficiencies were found.

Other malfunctions which may be used to provide Loss or Degraded Electrical Power are:
EDO1, EDO2, ED04, EDO6. ED07, ED09, ED11, ED13, ED14, ED15, ED17, ED18, EG02,
EGO07, EGO9, EG10 and EG12. The Cause and Effects descriptions may be referred to for

each of these malfunctions to describe the malfunction characteristics. No deficiencies were
identified.

I ( Forced RCS Flow - Malfuncti |
RC11 Malfunction - RCP Locked Rotor

This malfunction test was conducted in May, 1995. "his malfunction is capable of inserting
a Locked Rotor on any of the 4 RCP's. This malfunct on was tested for each of the 4 RCP's
starting from 100% yower, Middle of Core Life conditions, equilibrium Xenon, steady state
conditions for 11 period of 1 minute each. Baseline data is from the MP2 FSAR section 14.6.
(One deficiency was identified. RCS temperatures, T, Ty, and T,y did not increase enough
on the Simulator and therefore Pressurizer level and pressure did not increase enough on the
Simulator. An RPS trip is correctly processed in = | second on the Simulator as it would in
the Reference Plant. This is not a training issue since the reactor promptly trips on low RCS
Flow, despite the inadequate RCS temperature and pressure response.)

Other malfunctions which may be used to give Loss of RCS Flow conditions are: CC06,
EDO4 and RC13. The Cause and Effect descriptions may be referred to for each of these
malfunctions to describe the malfunction characteristics.

Yearly Operability Transients 4 and 5 also tests loss of all RCP's and loss of a single RCP.
Refer to Attachment 10 for these test abstracts.



EWO01 Malfunction - Loss of Condenser Vacuum

This malfunction test was performed in June. 1994. This malfunction inserts a loss of
Condenser vacuum which at 100% severity will cause a Turbine trip in ~ 5 minutes. This
malfunction was tested at 10%, 50% and 100% severitv The test was started at 100%
Power, equilibrium Xenon, steady state conditions and continued until a Turbine trip
occurred. Baseline data was from best estimate analysis and plant procedures. No
deficiencies were identified.

l ( Service Water Malfuncti |
SWOS Malfunction - Unisolable Service Water Header Rupture

This malfunction was tested in May, 1996. At 100% severity, a 5000 gpm leak can be
inserted on either Service Water header. This malfunction was tested at 20% and 100%
severity for both Service Water headers. All tests were started from 100% power, Middle of
Core Life conditions, equilibrium Xenon, steady state conditions and ended when service
water flow was lost to the major Service Water loads. Baseline data was from best estimate
analysis and P&ID's. No deficiencies were identified.

Other malfunctions which may be used to give Loss of Service Water to Service Water
headers or individual components are: SWO01, SW02, SW03, SW04, SW06, SW07, SW08
and SW09. Cause and Effects descriptions may be referenced to for each of these
malfunctions to describe the malfunction characteristics. No deficiencies were identified in
any of these malfunctions.

l  Shutd saoling . Malfuncs ! )
RHO1 Malfunction - Low Pressure Safety Injection (LPSI) Pump Trip

This malfunction test was conducted in May, 1997. This malfunction was started from RCS
water level at the minimum level of Centerline of the RC€ Ilot Leg, with Shutdown Cooling
in operation at Beginning of Life conditions with m~.ximum di cay heat. The purpose of this
test was 1 verify proper response to loss of Shutdown Cooliny, at the most limiting
conditions. he test was run for a period of 15 minutes. Baseline data was best estimate
analysis. No deficiencies were identified.

Other malfunctions which may be used to give Loss of Shutdown Cooling related problems
are: RHO2, RHO3, RHO4, RHO5 and RHO7. The Cause and Effects descriptions may be
referred to for each of these malfunctions to describe the malfunctions characteristics. No
deficiencies were identified in any of these malfunctions.




L ss of Compouent Cooling - Malfunction Abstracts
€ .02 Malfunction - RBCCW Header Rupture

This malfunction test was conducted in April, 1997, This malfunction is capable of inserting
up to 2000 gpm rupture on either Reactor Building Component Cooling Water (RBCCW)
Header. This malfunctic as tested at 100%, 50% and 10% severity for each RBCCW
Header. Al tests were stariod from 100% power, Middle of Core Life, equilibrium Xenon,
steady state conditions. The test was ended when the running RBCCW pump tripped, was
isolated and the header restored with the "B" RBCCW pump (if available). Baseline data
was from best estimate analysis and P&ID's. No deficiencies were identified.

Other malfunctions which may be used to give a Loss of Component Cooling to headers or
components are:

RBCCW (Reactor Building Closed Cooling Water): CCO1, CC03, CC04, CCO05, CCO6,
CC07, CCO8, CCO9 and CC10

TBCCW (Turbine Building Closed Cooling Water): TPG1, TP02, TP03, and TP04
Circulating Water to Condenser: CWO01, CW02, CW03, CW04, CW06, CW07 and CCO8.
The Cause and Effects descriptions may be referred to for each of these malfunctions to
deccribe the malfunctions characteristics. No deficiencies were identified in any of these
malfunctions.

I ¢ Noomal Feod/Fod Syatem Eailute - Malfunction Al
EW06 Malfunction - Main Feed Pump Trip

This malfunction test was conducted in "une, 1994, This malfunction is capable of inserting
a trip signal on either Main Steam Generator Feed Pump (SGFP). Both main SGFP trips
were tested starting from 100% power, Middle of Core Life conditions, equilibrium Xenon,
steady state conditions and ending after a reactor trip occurred on Low Steam Generator
Level and verification that the tripped main SGFP could be restarted followirg malfunction

removal. Baseline data was from best estimate analysis and P&ID's. No deficiencies were
identified.

Other malfunctions which may be used to give Loss of Normal Feed or a normal feed system
failure are:

FW23, FWO3, FWO04, FW05, FWO07, FWOR, FW09, FW10, FW11. FWI13, FW14, FW15,
FW16, FW18, FW22, FW28, FW29, MS11, MS13 and MS16.

The Cause and Effects descriptions may be referred to for each of these malfunctions to

describe the malfunction characteristics. No deficiencies were identified in any of these
malfunctions.
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This event was tested in the Yearly Operability Testing, Transient #2. Refer to Yearly
Operability Testing Abstract for Transient #2 in Attachment 10.

Malfunctions listed here are those that give complete or partial channel failures of the
Reactor Protection System (RPS) or Engineered Safeguards Actuation System (ESAS).
Nuclear Instrumentation Failures are listed separately later.

ED16 Malfunction - Loss of Vital 120 Volt Instrument AC Buses

This malfunction was tested in April, 1994. This malfunction is capable of inserting a loss of
any of the 4 Vital 120 Volt AC buses. Loss of a single vital 120 V AC bus causes the loss of
an RPS channel and loss of an ESAS channel and depending on the malfunction, a loss of an
ESAS actuation cabinet. Each oi i 4 malfunctions were individually tested starting from
100% power, Middle of Core Life conditions, equilibrium Xenon, steady state conditions.
Each test was ended after the correct loads were verified to be lost. Baseline data was from
best estimate analysis, use of plant procedures. electrical drawings and P&ID's. No
deficiencies were identified.

£S04 Malfunction - Loss of Vital 120 Volt Instrument AC to ESAS

This malfunction was tested in May, 1997. This malfunction is capable of tripping the input
breakers to each of the 2 ESAS actuation cabinets. Each of the malfunctions were
individually tested starting from 100% power, Middle of Core Life conditions, equilibrium
Xenon, steady state conditions. Each test was ended after the fuses were replaced to show
they could be restored by procedure. Baseline data was from best estimate analysis, use of
plant procedures, electrical drawings and F&ID's. No deficiencies were identified.

RP12 Maifunction - RPS Safety Channel Cold Leg Temperature Transmitter Failure

This malfunction was tested in May. 1997. This malfunction is capable of failing any of the
8 RCS Cold Leg Temperature transmitters from 465 10 615°F, corresponding to 0 to 100%
severity. All 8 malfunctions were tested at 10% severiiy and then ramped up to 100%
severity. Testing was started at 100% power, equilibrium Xenon, steady state conditions.
Each test was ended when proper response of the RPS trips which use the malfunctioning
Cold Leg Temperature was verified. Baseline data is from best estimate analysis and
P&ID's. No deficiencies were identified.

Other malfunctions which may be used to give a loss of Protection System Channel we:
RC14, RPO1, RPOS, RPO6, RPO7. RPOB. RPO9, RP10, RP11, RP12. RP13, RP14, RF'22,
RP24 and RP25. The Cause and Effects descriptions may be referred to for each of these
malfunctions to describe the malfunction characteristics. No deficiencies were identitied.
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RDOI Malfunction - Dropped Control Rod (CEA)

This malfunction test was performed in May, 1997. This malfunction is capable of dropping
any of the 61 Control Rods (CEA's) "Vhen a CEA is dropped, it falls from its current
position 1o the bottom of travel. Therc 18 no variable severity on this malfunction. Other
malfunctions may be used for positioning CEA's at other than full insertion. This
malfunction was tested in several stages. First, starting from 100% Power, Beginning of Life
conditions, equilibrium Xenon, steady state. CEA's, 14, 15, 16 and 17 were dropped one at a
time to verify proper response. These 4 CEA's are each located in a differemt Core quadrant.
All 4 tests were run for 2 minutes a piece without operator intervention, which was sufficient
time for RCS Parameters to stabilize, following the CEA drop.

The next portion of the test was to drop CEA #14 starting at 100% power, Middle of Core
Life, equilibrium Xenon, steady state conditions and 100% Power End of Life, equilibrium
Xenon, steady state conditions to verify the differences between reactivity feedbacks at
various times in Core life (BOL vs. MOL vs. EOL). These tests were run for 2 minutes a
piece to allow RCS parameters to stabilize without operation intervention.

The next portion of the test was to drop CEA #68, starting from 100% Power, Middle of Core
Life, equilibrium Xenon, steady state conditions, remove the malfunction and withdraw the
CEA back to pull out position.

The next portion of the test was to drop 1 CEA in each of CEA groups B, 1,2, 3,4, 5and 7
starting from 100% Power, Middle of Core Life, steady state conditions, equilibrium Xenon
to verify proper alarm response.

Following the installation of the current core, testing identified that if a S/D group A CEA
was dropped (or uncoupled) a reactor trip would result. A DR was prepared (DR 97-2-0032)
and to prevent negative training all S/D group 'A' CEAs cannot be dropped or uncoupled.

Baseline data is from Reference Plant dropped CEA events and best estimate analysis. Other
than the above discussion on S/D 'A' CEAs no deficiencies were identified.

RD02 Malfunction - Stuck Control kod (CEA)

This malfunction was tested in May, 1997. This malfunction is capable of making any of the
61 CEA's stick at their current position. All 61 CEA's were tested by starting from 100%
Power, Middle of Core Life, equilibrium Xenon, steady state conditions and verifying that a
reactor trip did prevent the malfunctioning stuck CEA's from inserting. Baseline data was
from Best Estimate analysis. No deficiencies were identified.
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RDO3 Malfunction - Partial CEA Drop

This malfunction was tested in May, 1997. This malfunction is capable of causing any of the
61 CEA's to drop from 0 to 100 steps below its current position. This malfunction was tested
at 10%, 50% and 100% severity for CEA #1 and at 100% severity for all other CEA's. Tests
were started from 100% Power, Middle of Core Life conditions, steady state, equilibrium
Xenon conditions. Tests were ended when verifying that the individual CEA had dropped,
alarm and position indication was correct, and RCS temperature and power had responded 1o

the partial CEA Drop. Baseline data was best estimate analysis. No deficiencies were
identified.

RDO04 Malfunction - Fjected CEA

This malfunction was tested in May, 1997. This malfunction is capable of causing any of 4
CEA's 10 be ejected with a resulting 275 gpm RCS leak and reactivity effect dependent on
how far the CEA was inserted. All 4 CEA's were individually tested by starting frora Middle
of Core Life conditions, Hot Zero Power, critical with Group 4 CEA's at 109 steps. The test
was run for 5 minutes, allowing sufficient time for Pressurizer level and pressure trends to be
established. Baseline data was from F%/A R analysis of the Ejected CEA event for reactivity
effects and NU Retran analysis to a.- =~~~ RCS leak portion of this event. This is not a
training issue since we do not train on this :vent 1 the Simulator.

RD09 Malfunction - Uncoupled CEA

This malfunction was tested in May, 1997, This malfunction is capable of uncoupling any of
the 61 CEA's, from their drive<haft. This malfunction was tested by uncoupling all 61 CEA's
starting from 100% Middle of Core Life conditions and verifving that a power (reactivity)
drop took place as each CEA was uncoupled. Baseline data was best estimate analysis. No
deficiencies were identified.

Following the installation of the current core, testing identified that if a S/D group A CEA
was dropped (or uncoupled) a reactor trip would result. A DR was prepared (DR 97-2-0032)
and to prevent negative training all $/D group 'A' CEAs cannot be dropped or uncoupled.

Other malfunction which may be used to give Control Rod Failures are: RD05, RD08. RD10

and RD11. The “ause and Effects descriptions may be referred to for each of these
malfunctions 1> describe the malfunction characteristics. No deficiencies were identified.

11
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14.

15.

Inabili Drive C | Rods (CEA'S) Malfuncti I
RDO06 Malfunction - Switch Failure

This malfunction was tested in April, 1992. This malfunction causes the inability to move
any control rods. This malfunction was tested at 100% power, steady state conditions and
ended when it was verified that no CEA's could be moved. Baseline data was best estimate.
No deficiencies were identified.

Fuel Cladding Failure - Malfunction Abstracts
CRO1 Malfunction - Fuel Clad Failure

This malfunction was tested in April, 1995. This malfunction is equivalent to a fuel rod gap
release from 2% failed fuel at 100% malfunction severity. This malfunction was tested at
1%, 10% and 100% severity. The test was started from 100% power, steady state
conditions, Middle of Core Life conditions. The test was ended when radiation monitor
response had stabilized. Baseline data was from the FSAR, some reference plant data and
some best estimate analysis. No deficiencies were identified.

RCO1 Malfunction - RCS Crud Burst

This malfunction was tested in May, 1995, This malfunction at 100% severity gives a full
scale indication on the Letdown Radiation Monitor. This malfunction was tested at 20% and
100% severity. The test was started at 100% power, steady state, Middle of Core Life
conditions and ended when the Letdown Radiation Monitor reading had stabilized. Baseline
data was from the FSAR and best estimate analysis. No deficiencies were identified.

Turbine Trio Malfunction Al
1CO] Malfunction - Turbine Trip

This malfunction was tested in April. 1994, This malfunction inserts a turbine trip. It was
tested at 100% power, steady state conditions and ended after verification of Reactor and
Generator trips. Baseline data was best estimate. No deficiencies were identified.

1C09 Malfunction - Electro Hydraulic Control (EHC) Pump Failure

This malfunction was tested in April, 1994. This malfunction causes either EHC pump to
trip. Tripping both EHC pumps eventually causes a Turbine trip. This test was run at 100%
power, steady state conditions and ended when the Turbine had tripped duce to low EHC
pressure. Baseline data was best estimate. No deficiencies were identified.



16.

17.

Other malfunctions which may be used to give a Turbine Trip are:
CWO1, FWOI, FW33, TP04, TUOL, TUO3 and TUO4. The Cause and Effects descriptions

may be referred to for each of these malfunctions to describe the malfunctions characteristics.
No deficiencies were identified.

EGO] Malfunction - Main Generator Trip

This malfunction was tested in April, 1994. This malfunction inserts a Main Generator trip.
It was tested starting from 100% power, steady state conditions and endea after verification
of a Generator/Turbine and Reactor trip. Baseline data was best estimate. No deficiencies
were identified.

EDO1 Malfunction - Loss of Normal Station Service Transformer

This malfunction was tested in April, 1994, This malfunction causes a loss of the NSST. It
was tested from 100% power, steady state conditions and ended after a Generator trip,
Reactor trip and Turbine trip was verified as well as a transfer of power to the RSST.
Baseline data was best estimate. No deficiencies were identified.

CV09 Malfunction - Inadvertent Dilution

This malfunction was tested in April, 1997. This malfunction inserts up to a 50 gpm dilution
into the RCS at 100% severity. The malfunction was tested at 20% and 100% severity
starting from 100% power, Middle of Core Life, equilibrium Xenon, steady state conditions
and ending after a power increase was noticeable. Baseline data was best estimate analysis.
No deficiencies were identified.

Other malfunctions which affect reactivity related Automatic Control Systems are CV 10,
CV16 and CV19 malfunctions. The Cause and Effects descriptions may be referred to for

each of these malfunctions to describe the malfunction characteristics. No deficiencies were
identified.

EW09 Malfunction - Feed Regulating Valve Position Failure

This malfunction was tested in June, 1994. This malfunction allows either S/G main feed reg
valve to be positioned from 0% (full closed) to 100% (full open) depending on 0 100%
malfunction severity. This malfunction was tested at 10% and 100% severity on each S/'G
starting from 100% power, steady state conditions. The test was ended when SG levels were
seen 1 1rend properly due to the malfunctioning valves. Baseline data was best estimate
analysis. No deficiencies were identified.

13



19.

Other malfunctions which affect Core heat removal Automatic Control Failures are the
FWI10, RX10, RX11 and RX12 malfunctions. The Cause and Effects descriptions may be
referred to for euch of these malfunctions to describe the malfunction characteristics. No
deficiencies were identified.

Note that loss of or degraded Cor= heat removal from RCP failures or Shutdown Cooling
have been covered previously. Covered here was Core heat removal loss due to loss of
Steam Generator Water Inventory Control Systems and reactivity Automated Control
Systems.

RX0] Malfunction - Pressurizer Soray Valve Controller Failure

This malfunction was tested in May, 1996. This malfunction simulates an controller failure
on either spray valve. 0% to 100% malfunction severity corresponds to valve closed (0%)
and valve full open (100%). The malfunction was tested at 0%, 10%. 50% and 100%
severity for both spray valves. The malfunction was tested starting from 100% power, steady
state conditions and ended when the plant tripped on low RCS Pressure. Baseline data was
best estimate analysis. No deficiencies were identified.

Other malfunctions which cause RCS Pressure/Volume Control Systems Failures are RX02,

RX03, RX04, RX06, RX07 and RX08. The Cause and Effects descriptions may be referred

to for each of these malfunctions 1o describe the malfunction characteristics. No deficiencies
were identified.

R Trip - Malfuncti |
RP02 Malfunction - Spurious Reactor Trip

This malfunction was tested in May, 1997. This malfunction inserts a momentary, spurious
Reactor Trip signal from the manual Reactor Trip System. This malfunction was tested

starting from 100% power, steady state conditions and ended when a Reactor Trip was
verified to occur. Baseline data was best estimate analysis. No deficiencies were identified.

Other malfunctions which can cause a Reactor Trip to occur are the RP0OS and RP25

malfunctions. The Cause and Effects descriptions muy be referred to for each of these
malfunctions to describe the malfunction characteristics. No deficiencies were identified.
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4

Main § Li Ened Line Beosks - Malfncss I
MSO01 Malfunction - Main Steam Line Break - Inside Containment

This malfuncuon was tested in May, 1997, The malfunction is capable of inserting up to a
1.9 x 10" Ibm/hr Main Steam Line Break into Containment from either Steam Generator,
This malfunction was tested from 100%, 50% and 5% severity for both Steam Generators.
All tests were conducted from 100% power, Middle of Core Life conditions, equilibrium
Xenon, steady state conditions for a period of 8 m 'nutes. Baseline data is from CEN-128
Case A4D. No deficiencies were identified.

MS02 Malfunction - Main Steam Line Break - Outside Containment

This malfunction was tested in April, 1995. This malfunction is slmllar to MSO1 except it is
outside Containment. MS02 is capable of inserting up to a 1.9 x 10" Ibm/hr Main Steam Line
Break outside of Containment from either Steam Generator. This malfunction was tested
from 100%, 50% and 5% severity for both Steam Generators. All tests were conducted from
100% power, Middle of Core Life conditions, equilibrium Xenon, steady stai~ ~onditions for
a period of 8 minutes. Baseline data is from CEN 128 Case A4D. No deficienc =s were
identified.

FW25 Malfunction - Feedline Break - Inside Containment

This maltuncnon was tested in April, 1995. This malfunction is capable of inserting up to a
1.0 x 10" Ibm/hr Feedwater Line Break inside Containment for either Steam Generator. This
malfunction was tested from 100%, 50% and 10% severity for both Steam Generators. All
tests were conducted from 100% power, Middle of Core Life conditions, equilibrium Xencn,
steady state conditions for a period of 5 minutes. Baseline data is from CEN 128 Case B5A.
No deficiencies were identified.

Other malfunctions which cause Main Steam or Feedwater [eaks are MS03 and FW27. The
Cause and Effects descriptions may be referred to for each of these malfunctions to describe
the malfunction characteristics. No deficiencies were identified.

RP17 Maifunction - Wide Range Detector High Voltage Failure

This malfunction was tested in May, 1997, This malfunction causes a loss of High Voltage
1o any of the 4 Wide Range detectors causing loss of indication. This malfunction was tested
for each of the 4 detectors starting from Hot Zero Power, Critical at 10™" power and ended
when all indications were verified to go to the failed position. Baseline data was from best
estimate analysis and electrical drawings. No deficiencies were identified.



RP23 Malfunction - Random Noise on Summed NI Power

This malfunction was tested in May, 1997. This malfunction causes a 10% power spike on
any of the 4 RPS channels. At 100% severity the spike occurs every ~ 2 minutes. This
malfunction was tested at 25% and 100% severity on all 4 channels starting from 100%
power, steady state conditions. The test was ended when the spike was verified to occur and
indications responded to the spike. Baseline data was from best estimate analysis. No
deficiencies were identified.

Other malfunctions which cause Nuclear Instrumentation failures are malfunctions: RP15.
RP16, RP18, RP19, RP20 and RP21. The Cause and Effects descriptions may be referred to
for each of these malfunctions to describe the malfunctions characteristics. No deficiencies
were identified.

CRO2 Malfunction - Incore Detector Failure

This malfunction was tested in April, 1995. This malfunction causes any of the 180 Incore
detectors to read 0 to 1100 millivolts corresponding to 0% to 100% malfunction severity.
This malfunction was tested for all 180 Incore detectors at 10%, 50% and 100% malfunction
severity. The test was started at 100% power, Middle of Core Life, steady state conditions
and ended when all expected alarms were received. Baseline data is from best estimate
analysis. No deficiencies were identified.

Other malfunctions waich cause Process Instrumentation, Alarm and Control System Failures
are: Malfunctior< C'RO3, CVE5, CV06, RMO1, RM02, RM03. RX79, RX 135, S102, S101,
CVO7,CVIL CVIS, CWE2 EGO2, EGO7, EG10, EG12,. FW02, FW10, FWI12, FW14,
FW16, FW28, MS04, MZ08 MS13, MS16, RHO3, RHO7, RX10, RX11, RX12, SW07,
SWOB, TCO2, TC04, TCO7 =. T2, The Cause and Effects descriptions may be referred to
for each of these malfunctions i describe the malfunction characteristics. Minor deficiencies
were identified and are being corrected with the DR process.

ES03 Malfunction - Engineered Safety Feature (ESAS) Actuation Module - Failure to
Actuate

This malfunction was tested in May. 1997, This malfunction causes any of 7 Actuation
Modules, to fail to start its components on an accident signal. All testing was staried from
100% power. steady state conditions. The test was ended after each of the 7 actuation
modules was verified not to start its equipment on the appropriate accident signal. Baseline
data was from best estimate analysis and operating procedures. No deficiencies were
identified.
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ESO1 Malfunction - Automatic Auxiliary Feedwater Failure

This malfunction was tested in May, 1997. This malfunction causes either of the 2 channels
of Auto Aux Feed not to actuate. Both malfunctions were tested starting from 100% power,
tripping the Reactor and allowing Steam Generator levels to go low enough to cause an Auto
Aux Feed actuation. The tests were ended when it was verified that Auto Aux Feed did not
actuate on that channel. Baseline data was from best estimate analysis and operating
procedures. No deficiencies were identified.

Other malfunctions which cause or can cause passive malfunctions in ESAS components are:
ES06, <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>