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NRC-26-96-265 . Section B

PART I - THE SCHEDULE

SECTION B - SUPPLIES OR SERVICES AND PRICES/COSTS

PROJECT TITLE
The title of this project is as follows:
ANALYTICAL SIMULATORS FOR RUSSIA AND UKRAINE
[End of Clause]

BRIEF DESCRIPTION OF WORK (MAR 1987)

The Comtractor shall provide Gosatomnadzor (GAN) of Russia and the
Nuclear Regulatory Administration (NRA) of Ukraine with an
integrated system of appropriate computer hardware and software
(including licensing agreements) known as an analytical simulator
including testing, documentation, hardware and software
maintenance, and training of designated personnel in the use of
the analytical simulator. The simulators will simulate the
operation and reactions of various nuclear power plant systems in
Russia and the Ukraine.

[End of Clause]

CONSIDERATION AND OBLIGATION--COST PLUS FIXED FEE
(JUN 1988)

(a) The total estimated cost to the Government for full
performance of the Basic Contract (Section C.1l.5 and exercised
optional features - see B.7) is $2,554,062, of which the sum
of $2,382,779 represents the estimated reimbursable costs, and
of which $171,283 represents the fixed fee.

(b) There shall be no adjustment in the amount of the Contractor’s
fixed fee by reason of differences between any estimate of
cost for performance of the work under this contract and the
actual cost for performance of that work.

(c) The amount currently obligated by the Government with respect
to this contract is $2,554,062.

(d) The total estimated cost to the Government for Option One
Kursk 4 (Section C.1.6) is $1,187,554 for which the sum of
$1,108,748 represents the estimated reimbursable costs, and of
which $78,806 represents the fixed fee.

(e) The total estimated cost to the Government for the option for
the provision of software updates for the Option 1 hardware
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(Continued)

(£)

(g)

(h)

(1)

site (Section C.1.5.1.1) is $3,392 for which the sum of $3,158
represents the estimated reimbursable costs, and of which $224
represents the fixed fee.

The total estimated cost to the Government for the optional
hardware feature for student station monitoring for the Option
1 hardware site (Section C.1.5.1.5) is $6,585 for which the
sum of $6,128 represents the estimated reimbursable costs, and
of which $457 represents the fixed fee.

The total estimated cost to the Government for the option for
the training material development for the Option 1 Kursk 4
(Section C.1.5.1.6) is $44,220 for which the sum of $41,130
represents the estimated reimbursable costs, and of which
$3,090 represents the fixed fee.

The total estimated cost to the Government for Option Two
Rovno 1 (Sectiecn C.1.7) is $855,449% for which the sum of
$799,255 represents the estimated reimbursable costs, and of
which $56,194 represents the fixed fee.

The total estimated cost to the Government for the option for
the training material development for the Option 2 Rovno 1
(Section C.1.5.1.6) is $44,220 for which the sum of $41,130
repsresents the estimated reimbursable costs, and cf which
$3,090 represents the fixed fee.

[(End of Clause]

INCORPORATION OF PORTIONS OF TECHNICAL PROPOSAL

The following sections and responses from S3 Technologies’

technical proposal dated January 26, 1996 and revisions thereto
submitted in response to solicitation RS-AED-96-265 are hereby
incorporated by reference into and made a part of this contract.
Revised Best And Final Offer (BAFO) dated 5/10/96

Responses to Technical Issues

Item No. 10, 11, 31, 26, 43, 46, 52

New Pricing Issues Pricing and Administrative Issues

Item No. 10 Item No. 30, 33

Response to Discussion List dated 4/16/96

Technical Issues

Item No. 3, &, 8 (Same as 5)
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B.4

(Continued)

Item No. 10, 11 (Include Breakdown of course materials and

training methods)
Item No. 12, 18, 19, 24, 26, 29, 30, 39,

45

(

Part about interpreter)

Item No. 50, 51, 67

Technical and Management Pvoposal dated 1/26/96

Sections

C.1.8.1.8

c.5.4

C.5.4.2

7. 2.3(e)

c.8.0

C.9.5(a) - Table C.9.5-1
C.9.16(c)

c.9.18

C.10.2.11 (Exclude Table)
C.10.2.12 (Exclude Table)
C.10.2.14

c.-30.2.15

C:13.1

231

sl ¥

L E R S

C.14.1.3

o328 .4.3

(End of Clause]

INCORPORATION OF SMALL BUSINESS SUBCONTRACTING PLAN
AND REPRESENTATIONS AND CERTIFICATIONS

The Small Business and Small Disadvantaged Business
Subcontracting Plan submitted by Simulation, Systems, and
Services Company dated May 14, 1996 is hereby approved and
incorporated into and made a part of this contract. It is
attached to this contract at Section J.

Part IV (Sections K, L, and M) of the solicitation is hereby
removed from this document. Section K as completed by the
Contractor is hereby incorporated into this contract by
reference.

(End of Clause]

INCORPORATION OF SOFTWARE LICENSE AGREEMENT

The executed non-exclusive software license agreement between the
NRC and the Contractor {or the contractor's proprietary software
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B.6

(Continued)

to be provided with the analytical simulators furnished under this
contract is hereby incorporated and made a part of this contract.
A copy of the agreement is attached at Section J Attachment 7.

[End of Clause]

EXERCISE OF OPTIONAL FEATURES CONCURRENT WITH
AWARD OF BASIC CONTRACT

The separately priced optional features for Student Station
Monitoring (3 sites - C.1.5.1.5), Software Updates (3 sites -
¢.1.5.1.1), and Training Material Development (Zaporozyhe only -
C.1.5.1.6) are hereby exercised concurrent with award of the basic
contract. The estimated cost and fixed fee for these optional
features has been included in the estimated cost and fixed fee of
the basic contract as set forth in Section B.3. New separately
priced line items for Student Station Monitoring (1 site -
c.1.5.1.5) and Software Updates (1 site - C.1.5.1.1) have been
established in the contract for the Kursk 4 Option 1 hardware site
and mey be exercised concurrently with the Kursk 4 Option 1. New
separately priced line items have also been established for
Training Material Development (C.1.5.1.6) for Option 1 - Kursk 4
and Option 2 - Rovno 1, and they may be exercised concurrently
with those options. The optional feature for the Modeling of
Instruments with Override Control (C.1.5.1.3) is included with the
basic contract at no additional cost to the Government. Optional
features for Cycle Rate Change (C.1.5.1.2) and for the In-core
Detector Signals (C.1.5.1.4) are hereby deleted from this
contract.

(End of Clause)
APPROPRIATION AND ACCOUNTING DATA

1. 31X0200.67M 67M60817202 BOC:252A
R7025 PER1 $500,000
U7021 PER1 $350,000
U7021 PER2 $350,000

2. 31X0200.67M 67M50700000
R9425 PER2 BOC:252A $287,100
U9421 PER3 BOC:251B § 25,000
V9421 TVL1 BOC:2110 § 50,000
U9421 TRNG BOC:252A $110,000

3. 3172X1093.67M 67M40022000
R9525 PER1 BOC:252A $150,000
R9525 PER2 BOC:252A § 53,240
R9525 PER3 BOC:251B § 25,000
R9525 TVL1 BOC.2110 $ 32,100
R9525 TRNG BOC:252A $120,000
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B.8 (Continued)

R9525 EQPT BOC:3190 $290,000
4. 3172X0200.1093.67M 67M40023000
R9625 EQPT BOC:3190 § 75,000
U9621 EQPT BOC:3190 $136,622

(End of Clause]
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£.2

g AR

Section C - Description/Specifications/Work Statement
Background

As a result of agreements established during 1992 in Lisbon,
Portugal in meetings involving U. §. Secretary of State and
foreign counterparts, the U. S. has entered into a program
to provide technical assistance to improve nuclear safety in
Russia and Ukraine. This agreement has commonly become
known as the "Lisbon Initiative." One part of the Lisbon
Initiative is associated with activities involving the U. S.
Department of Energy (DOE) and the operating organizations
in Russia and Ukraine. The other part of the Lisbon
Initiative is associated with activities involving the U. S.
Nuclear Regulatory Commission (NKC) and its counterpart
nuclear regulatory organizations Gosatomnadzor (GAN) of
Russia and the Nuclear Regulatory Agency of the Ukrainian
Ministry of Environmental Protection and Nuclear Safety
(NRA) . The NRC Technical Training Center in Chattanooga, TN
has the lead for technical assistance associated with
establishment of a regulatory training program for GAN and
NRA .

GAN and NRA lack the necessary tools for training of GAN and
NRA staff personnel in areas such as Nuclear Power Plant
(NPP) basic systems and components, physics of NPP
transients, operation of technological processes at NPP in
normal, abnormal and emergency modes, and incident analysis.
The Analytical Simulator will provide GAN and NRA with such
a tool. To provide these capabilities the Analytical
Simulator will be based on high-fidelity, state-of-the-art,
reactor simulation models.

The Analytical Simulator will be a networked set of
workstations that simulate the response of the nuclear power
plant through the use of high fidelity simulation models.
Workstationus are used for the simulation computations, for
student (or user) control of plant equipment through a
graphical user interface, and for the instructor station.
The scope of the simulation is the same as that of a full
scope simulator.

1 Objective

The objective of this procurement is acquisition of the
integrated system of appropriate hardware and software
(including licensing agreements) known as the Analytical
Simulator, including testing, documentation, and training of
designated personnel in the use of the Analytical Simulator
(hereafter referred to as "the Simulator"). The anticipated

Page 7 of 154




NRC-26-96-265 Section C

s i

2

primary uses of the Simulator will be training of GAN and
NRA personnel, validation of operator licensing
examinations, analysis of operatiocnal events, and evaluation
of operating and emergency procedures. A description of the
systems to be modeled and the performance requirements for
each are described in detail in this specification. All
models must be provided in a high level programming language
and may be either modifications of existing advanced models
previously developed by the Contractor, or models developed
specifically for this project.

The simulation models shall be portable (i.e. site license)
such that they could be executed on different Unix-based
platforms not directly associated with the Simulator since
GAN and NRA intend to utilize these simulation models for a
variety of training and analysis purposes.

Scope of Work

The Contractor shall perform the following tasks:

&-12.3:1 The Contractor shall provide and integrate
the simulation hardware described in Section
c.5.

c.1.2.2 The Contractor shall develop, install,

integrate and test models for the systems
listed in Section C.8. The performance
requirements for the modeled systems are
specified in Section E. The Contractor shall
maintain the systems hardware and software
during the period of this contract.

c.1.2.3 The Contractor shall provide training as
described in Section C.4 to a combination of
GAN, NRA and NRC personnel as determined by
the NRC.

c.1.2.4 The Contractor shall provide documentation of
the Simulator as listed in Section E. This
will include documentation of all data used
to develop and validate the simulation models
used in this Simulator.

c.1.2.5 The Contractor shall provide all model
development tools used in the development,
installation, integration, and testing of the
Simulator models to the Government and the
GAN and NRA. The Contractor training will
include use of all model development tools.
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£.13.2.8 The Contractor shall perform Factory and Site
Acceptance Tests as listed in Section E.

c.3.2.7 The Contractor shall prepare all necessary
paperwork and obtain all necessary approvals
or licenses from the Department of Commerce
(and any other proper authority) to export,
ship and deliver the required deliverables
herein defined to their final destination.

.3 Simulation Sites:

The Contractor shall provide one Analytical Simulator to GAN
in Moscow, Russia, one Analytical Simulator to the Donskoy
region office in Novovoronezh, Russia, one Analytical
simulator to NRA headquarters in Kiev, Ukraine and a site
license for the simulation software for use by the NRC
Technical Training Center in Chattanooga, TN and Rockville,
MD. In addition the contractor shall provide a site license
for the simulation software for all other NRC, GAN and NFA
sites. If exercised by the Contracting Officer via a
separate option, the Contractor shall also provide identical
an Analytical Simulator for the office of the Nerth-European
Region of GAN in St. Petersburg, Russia.

.4 Reference Plants:

The Contractor shall provide the models and software needed
to model the Zaporozhye Unit 5 VVER 1000/320 nuclear power
plant (NPP) and the Balakovo Unit 4 VVER 1000/320 NPP as the
reference plants for the initial software load. If
exercised by the Contracting Officer via separate options,
the Contractor shall also provide Analytical Simulator
software loads that would represent the RBMK 1000 and the
VVER 440/213. These software models shall be based on the
following reference plants:

VVER 1000/320: Zaporczhye Unit 5
VVER 1000/320: Balakovo Unit 4
RBMK 1000 Kursk Unit 4
VVER 440/213: Rovno Unit 1

.5 Basic Contract

The Contractor shall develop for and provide to GAN and NRA
headquarters aund to the Donskoy Region office of GAN an
Analytical Simulator /‘hardware and software) which simulates
the Zaporozhye Unit 5 and the Balakcva 4 NPP in accordance
with the specificaticns in Section C and the schedule in
Section F. The Contractor shall provide all hardware and
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software maintenance for this Simulator in accordance with
Section C. The Contractor shall provide training to GAN,
NRA and NRC personnel in accordance with Section C. The
Contractor shall provide a site license for the software for
use by the NRC at the NRC Technical Training Center in
Chattanooga, TN and Rockville, MD. The contractor shall
provide a site license for the simulation software for all
other NRC, GAN and NRA sites

£:2:9.3% Optional Features:

Per Section B of the contract, optional features C.1.5.1.1
and C.1.5.1.5 for the three basic contract hardware sites
have been exercised concurrent with the award of the basic
contract and are therefore to be considered part of the
basic contract. Optional feature C.1.5.1.3 is included as
part of the basic contract at no additional cost to the
Government. Optional feature C.1.5.1.6 for Zaporozyhe is
exercised concurrent with the award of the basic contract
and is, therefore, part of the basic contract. New
separately priced line items for remaining hardware sites
and software loads have been established for C.1.5.1.1,
C.1.5.1.5 and C.1.5.1.6 per Section B and may be exercised
as indicated in Section I. Optional features C.1.5.1.2 and
C.1.5.1.4 have been deleted from the contract.

C.1.5.1.1 Option for Provision of Software Updates

The Contractor shall provide updates on all software
supplied by the computer vendor and software vendor as
updates are release¢ by the vendor, beginning from the date
of delivery of the sc“tware to the Contractor, and
continuing cthrough the contract period. The Contractor
shall notify the Government when updates are released by the
vendor, and when they have been applied to the Simulator’s
software.

C.1.5.1.2 Deleted

C.1.5.1.3 Optional Software Feature for Modeling of Instruments
with Override Control (included with basic contract)

All individual transmitters within the scope cf simulation
shall be modelled with component override capability to:

1) Fail output to any value within the range.
2) Insert positive or negative inaccuracy into

the transmitter output.
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C.1.5.1.4 Deleted

C.1.5.1.5 Optional Hardware Feature for Student Station
Monitoring

The Contractor shall provide in the instructor station the
capability to monitor any of the student workstation
displays.

C.1.5.1.6 Option for Training Material Development

The Contractor shall develop training methodology and supply
methodological documentation to facilitate more effective
training of GAN and NRA personnel using the Simulator as
digcussed in Section J Attachment 9.

C.1.% Option One

Exercise of this option may be made unilaterally by the
Government during the period starting with the beginning of
the ninth (9th) month and ending at the end of the twelfth
(12th) month after the contract effective date. If this
option is exercised, the Contractor shall provide in
accordance with the schedule in Section F and specifications
in Section C an additional Analytical Simulator, identical
to the ones built to meet the requirements of the basic
contract, to the North European Region of GAN in St.
Petersburg. The Contractor shall provide all hardware and
software maintenance for this Simulator as well as
continuing these maintenance services for the Simulators
delivered as a part of the basic contract. 7The Contractor
shall provide Simulator training to GAN personnel at the
North-European regional sites. The Contractor shall develop,
install, test, and maintain on all Simulators simulation
software for RBMK 1000 Kursk Unit 4 NPP. The Contractor
shall install the RBMK 1000 Kursk Unit 4 software on the GAN
and NRA headquarters Simulators and the North European
Region of GAN Simulator. The Contractor shall train GAN and
NRA personnel on the use and operation of these software
models in accordance with Section C. The Contractor shall
provide a site license for the software for use by the NRC
at the NRC Technical Training Center in Chattanooga, TN.

The contractor shall provide a site license for the
simulation software for all other NRC, GAN and NRA sites.

-4 O Option Two
Exercise of this option may be made unilaterally by the
Government during the period starting with the beginning of
the seventeenth (17th) month and ending at the end of the
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twentieth (20th) month after the concract effective date.
If this option is exercised, the Contractor shall continue
to provide hardware and software maintenance for all
Simulators and installed software models. The Contractor
shall develop, install, test, and maintain on all Simulators
simulation software for the VVER 440/213 Rovne 1 in
accordance with the specifications in Section C and the
schedule in Section F. The Contractor shall install the
VVER 440/213 Rovno scftware on the GAN and NRA headquarters
Simulators and the North European Region and Donskoy Region
of GAN Simulators. The Contractor shall train GAN and NRA
personnel on the use and operation of these scftware models
in accordance with Section C. The Contractor shall provide
a site license for the software for use by the NRC at the
NRC Technical Training Center in Chattanooga, TN. The
contractor shall provide a site license for the simulation
software four all other NRC, GAN and NRA sites.

c.a.8 Codes and Standards
4.1 Required Codes And Standards

All work shall meet all the requirements for design,
construction, assembly, and testing given in the latest
applicable NEMA and ASME standards, or equivalent, at the
date of contract award. All work perfcrmed must comply with
all applicable portions of the codes, standards, and
regulations listed below. Compliance shall be with the
latest version of the codes, standards, and regulations as
of the date of contract award. The applicable portion of
the code, standard, or regulation is the entire regulation
unless specific portions are deemed applicable or not
applicable in the following paragraphs.

a. The intent of 10 CFR parts 21 "Reporting of
Defects and Non-Compliance" by which is meant the
following:

If either during construction or thereafter, a
defect is discovered by the manufacturer or his
suppliers that could lead to erroneous training of
the GAN or NRA regulatory staff (to a degree which
would cause the Simulator to no longer meet the
requirements of ANSI/ANS 3.5), then notification
of such defect(s) shall be made to the Government,
GAN and NRA. This will require the Contractor to
retain documentation of the Simulator(s) being
supplied in order to determine if problems they
discover are applicable to the Simulator(s)
provided under this specification. This will be
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in effect for a period of nc “ess than 5 (five)
years from the delivery of the Simulator.

ANSI/ANS 2.5-1993, "Nuclear Power Plant Simulators

for Operator Training"

All portions are applicable except paragraphs 5.2
and 5.3 on Simulator update design data and
Simulator modifications

IAEA-TECDOC-685, "Simulators for Training Nuclear
Power Plant Personnel”

RG 1.149, "Simulation Facilities for Use in
Administration of NRC Operating Tests"

All portions are applicable except paragraph C.4
on Simulator update design data.

ANSI 2.9, "FORTRAN"
ANSI/NFPA 70, "National Electrical Code"

ANSI/ANS 10.3-1986, "Guidelines for the
Documentation of Digital Computer Programs"

ANSI Y14.1, "Drafting Standards"

ISA-S61.1, "Industrial Computer Systems FORTRAN
for Executive Function, Process I/0, & Bit
Manipulation"

ANSI/NFPA 75, "Protection of Electronic
Computer/Data Processing Equipment”

ANSI MC8.1, "Hardware Testing of Digital Process
Computers"

IEEE STD 730, "IEEE Standard for Software Quality
Assurance Plans"

1EEE STD 828, "Software Configuration Management
Plans"

ANSI/IEEE-ANS-7-4.3.2, "Applicable Criteria for

Programmable Digital Computer System in Safety
Systems of Nuclear Power Generating Stations"

ASME NQA-2 P2.7, "QA Requirements of Computer
Software for Nuclear Facilities Applications"
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NRC Reg. Guide 1.152, "Criteria for Programmable
Digital Computer System Software"

ANSI/IEEE-1033, "Application of IEEE to NP"

ANSI/IEEE-1042, "Guide to Software Ccnfiguration
Management"

NSI/IEEE 829, "Standard for Software Test
Documentation"

Specifically in the area of software Validation
and Verification.

ANSI-C2-90, National Electrical Safety Code

ANSI Y¥32.2-1975, Graphic Symbols for Electrical
and Electronic Diagrams

ANSI Y32.16-1975, Reference Designations for
Electronics Parts and Equipment

NEMA ICS-19588, General Standards for Industrial
Control and Systems Rev. 2, 1990

UL 478-84, UL Standard for Safety Information
Processing and Business Equipment

ANS 3.1-87, Selection, Qualification and Training
of Personnel for Nuclear Power Plants

IEEE 488.1-87, Standard Digital Interface for
Programmable Instrumentation

ANSI/ISA RP 55.1-71, Hardware Testing of Digital
Process Computers, Recm. Practice (R 1983)

IEEE 583-82, Standard Modular Instrumentation and
Digital Interface System (CAMAC)

IEEE Std 983, "Guide for Software Quality
Assurance Planning"

Local Laws, Regulations, and Codes as furnighed by
the GAN and NRA within 90 days of contract award.

INPC 86-026 "Guidelines for Simulator Training"

EPRI NP-3873 "Analytical Simulator Qualification
Methodology"
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ag. NUREG/BR-0617 "Software Quality Assurance Program
and Guidelines"

A copy of these codes and standards and any other codes
or standards used as the basis of design shall be

supplied as part of the deliverable Simulator data
base.

wip ) Other Codes and Standards for Reference

The Contractor shall be aware of and consider the applicable
parts of other standards and reference guides that the
Contractor uses in design efforts relative to the plant,
computer systems, and data base management systems. The
Contractor shall justify in writing to the Government for
its concurrence during the course of the contract those
references listed below which are deemed not to be
applicable in whole or in part:

a. ANSI X3.1, "Synchronous Signaling Rate fo. Data
Transmission"

b. ANSI X3.12, "Vocabulary for Information
Processing"

2. ANSI X3.24, "Signal Quality at Interface Between
Data Processing Terminal Equipment and Synchronous
Data Communication Egquipment for Serial Data

Transmission"
d. SI X3.4, "Code for Information Interchange"
e. ANSI Y14.15, "Electrical and Electronic Diagrams,

Including Supplements Y14.15a-1970 (R1973) and
Y14.15b-1973"

g ANSI/IEEE Std 91, "Graphic Symbols for Logic
Diagrams (Two State Devices)"

g. Bulletins 1-10, "Designers Guide on
Electromagnetic Compatibility (EIA)"

h. EIA Std RS-363, "Standard for Specifying Signal
Quality for Transmitting and Receiving Data
Transmission at the Interface with Non-synchronous
Data Communication Equipment"

i. EIA Std RS-404, "Standard for Start-Stop Signal
Quality Between Data Terminal Equipment and
Nonsynchronous Data Communication Equipment"
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I Mil Std 471, "Maintainability
Verification/Demonstration/Evaluation"

k. Mil Std MIL-HDBK-217, "Reliability Stress and
Failure Rate Data for Electronic Equipment"

- IEEE Std 352, "Guide for General Principals of
Reliability Analysis"

m. IEEE Std 830, "Guide for Software Requirements
Specifications"

n. INPO TQ -504, "Good Practice for Simulator
Configuration Management Systems"

c.3.0 Project Organization

The Contractor shall establish a Project Team headed by a
Project Manager. The Contractor shall have in place a
clearly defined organizational structure within which the
project team will be able to obtain resources to complete
this project.

. Project Manager

The Contractor shall assign an experienced Project Manager
to the contract. The Contractor Project Manager shall have
overall responsibility for directing all of the Contractor’s
work, and shall be vested with all the necessary authority
to carry out primary liaison between Contractor, Government
and GAN and NRA. Any replacement of the Project Manager is
subject to the clause entitled "Key Personnel."

c:3.2 Minutes of Meetings and Telephone Conversations

The Contractor shall provide the Government with minutes of
all meetings and teleconference communications wherein any
commitments, agreements, reviews, or approvals were made by
either party. The minutes of meetings shall be provided to
the Government no later than 10 business days following the
date of meeting. The minutes of teleconference
communications shall be provided to the Government no later
than 5 business days following the date of the
communication. The Government will have an equal amount of
time to take exception to the Contractor’s minutes. If no
exceptions are taken within ten calendar days, then the
minutes are accepted.
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c.3.3 Project Team Information

C.3.4

Cc.4.0

C.4.1

A joint team meeting between the Govermment, Contractor, GAN
and NRA to answer any remaining questions will be scheduled
within the first month of the contract to review all
purchase documentation and to eliminate any possible
misunderstandings.

Project Communication

Normal project correspondence to the Government shall have
the following distribution: two full copies to the GAN, two
full copies to NRA, one full copy to the Contracting Officer
and one copy to the Project Officer.

Within the first three months of the contract, the
Contractor shall establish electronic and mail transfer
between Contractor, Government, GAN and NRA. This
electronic communications system shall be capable of
maintaining all project correspondence and schedules, which
shall be kept up to date throughout the project. The
preferred method for this electronic communications system
will be use of the Internet.

An electronic communications system shall also be used to
send project review documentation and any other information
requiring review, comment, and approval. This system Or
another system shall be capable of read and write access to
any CPU in the Simulator computer complex. The systems
shall be supplied to the GAN and NRA and installed in the
headquarters of GAN in Moscow and NRA in Kiev. The system
shall be compatible with systems available at the Government
gite in Chattanooga, Tennessee.

Training
General

Within 60 days of contract award, the Contractor shall
submit a training program plan consisting as a minimum of
the material outlined in this section and a recommended
location for the training courses. The programs shall
contain courses that will allow the GAN, NRA and the
Government personnel to gain sufficient experience in the
operation and maintenance of the Simulator.

Before any courses are finalized, the Contractor shall
submit for approval a recommended curriculum of training
activities which shall include, for each course, a course
syllabus, recommended student qualifications and
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C.4

prerequisites, and the number of instructors required for
each course.

The Contractor shall provide a location for the training
courses. The Contractor shall also provide transportation
to and from the training site, and lodging and meals while
at the training site for the Russian and Ukrainian course
participants. The training provided shall include a
combination of classroom and on-the-job training. The
Contractor shall also include a proposed schedule for this
training. All classroom training courses shall be finished
one month before the Final Acceptance Test. For all
training, an interpreter shall be provided by the
Contractor. GAN and NRA personnel who will maintain, modify,
and operate the Simulator shall be included in the on-the-
job training.

A detailed course outline shall be submitted to the
Government, NRA and GAN for approval 2 months before any of
the courses begins.

2 Instructor Training

The Contractor shall provide an instructor training course
to familiarize not less than a total of eight (8) Simulator
instructors from GAN, NRA and the Government with the
control functions and their unique capabilities and
limitations, to assist these instructors in the training of
personnel. As a minimum,the following topics shall be
covered:

Modeling of plant systems

Simulator operations (steady-state, transient,
startup and shutdown, malfunction, etc.)
Design and organization of instructor station
Instructor station functions

Hardware concepts for instructors

Software concepts for instructors

oe

no QO

.3 Software Maintenance Training

The Contractor shall provide software training for not less
than a total of eight (8) software engineers from GAN, NRA
and the Government in the use of operating system software
supplied by the computer vendor, and also for all software
products developed or purchased by the Contractor and its
subcontractors for use in the Simulator.

This training shall cover details of the internal design and
the external user interface. It shall provide GAN and NRA
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personnel with the skill and expertise to troubleshoot and
correct software problems and to implement new models or
software changes.

As a minimum, the following tcpics shall be covered:

R

FORTRAN 77

All control and input/output (I/0O) statements;
functicon and subroutine calls; run-time library
calls; equivalence, COMMON, and DATA statements;
specific enhancements to the FORTRAN standard;
calling conventions for interface with Assembler
subroutines; and operating system services that
can be called from FORTRAN.

Simulator Programming Languages Other Than FORTRAN
77 (Such as C or C*)

Pregram structure, the form and constituents cof C
(as an example) declarations for variables,
functions, types, expressions and assignments,
statements, functions, preprocessor directives and
programs. Programming with mixed languages, and
operating system service callable from C language.

Simulator Operating System Software
Introduction to the operating system, text
editors, file system, file manipulation, system
command, shell scripts, programming environment,
source code control system utilities, and the
system administrator functions.

Utilities

Text editors, task linking, object libraries,
console operator commands, and system generation.

Simulator Executive And System Software
Individual Simulation Models
The training shall cover, in detail the theory of

the mathematical model design in addition to the
details of the software.
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g. Simulation Model Development Tools
The training will cover in detail the theory and

use of all simulation model development tools used
in the development of simulation mocels for the

Simulator.

h. Instructor Station Software

1. Simulation Support Software Required for Software
Maintenance

Simulation Software Design, Troubleshooting, and
Modification Procedures

k. Simulator Software Testing System

1. Interprocessor Communication Software

m. Simulator Configuration Management System (CMS)

n. Hardware Concepts for Software Users

Basic computer system architecture and functional
units, interrupt and I/0 processing theory, system
configuration, and memory subsystem. This course
shall be designed to provide an understanding of
basic hardware concepts that will aid in
configuring handlers, writing applications
programs to interface with the hardware, and in
communicating with hardware personnel.

0. Documentation system, including the use of
equipment and software to maintain electronically
stored documentation

C.4.4 Training of Hardware Maintenance Personnel

The Contractor shall provide training for up to a total of
eight (8) hardware engineering and maintenance personnel
from GAN, NRA and the Government in the maintenance,
troubleshooting, and repair to all computer equipment
supplied with the Simulator. It shall be assumed that the
Government GAN or NRA personnel receiving this training have
no experience maintaining and troubleshooting computer
equipment. The Contractor shall provide hardware training
for all Simulator hardware manufactured by the Contractor or
his subcontractors. The training shall provide the
Government GAN and/or NRA personnel with the knowledge and
expertise to troubleshoot and repair malfunctioning
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equipment to the smallest replaceable unit (subassembly,
circuit card, component, etc.). As a minimum, the following
topics shall be covered:

a.

CPU Architecture and Maintenance

This course shall provide the Government, GAN and
NRA hardware maintenance and engineering personnel
with the skills needed to efficiently operate,
test, adjust, and troubleshoot the Simulator
computer system to the board level. Topics shall
include theory of operation, computer organization
and characteristics, system integration, physical
layout and packaging, instruction set, all levels
of diagnostics, and troubleshooting.

Simulateor I/0 system
Testing and diagnostic software

Use of any test equipment furnished with the
Simulator

Soft-~~e Concepts for Hardware Users

This course shall provide the Government GAN and
NRA hardware and maintenance personnel with the
fundamental operating system skills necessary to
perform system checkout, software installation,
and aid in system troubleshooting. A basic
overview of the operating system, task structure,
interactive processing, and operator console
operations shall be included.

Maintenance of the Peripheral Subsystem

This course shall provide the Government GAN and
NRA maintenance and engineering personnel with the
skills needed to efficiently operatre, test,
adjust, troubleshoot, and perform field
maintenance on all peripheral and communications
equipment supplied with the Simulatcr.

Training Materials

The Contractor shall provide six copies of all course
materials at least two months before the course begins. NRC
will be given one month to comment on this material.
Approval of the course material is required two weeks before
course begins.

Page 21 of 154



NRC-26-96-265 Section C

(]

5.

.

9

0

.1

.l

.3

The Contractor shall also submit six additional sets of the
training materials used in each training course specified in
this section as directed by the NRC. GAN and NRA will use
this material for future training of personnel.

Simulation Hardware
General

The Simulator shall be a computer-based system consisting of
student /user consoles, an instructor station, the simulation
computer, power equipment, protection systems,
interconnecting cabling, test equipment, and consumables.

3tudent /User Conscles

The hardware configuration shall provide for seven (7)
operator stations which allow for independent manipulatiocn
of the plant via CRT interface. The plant systems with all
information about simulated plant regimes based on
calculations in the models shall be displayed on color
monitors through mimic diagrams of the simulated systems.
Such simulation diagrams must be in Cyrillic or Latin
characters for ease of use by GAN and NRA. A minimum of 50
displays shall be provided for sufficient system
representation and interface.

The student (or user) shall be able to change the status of
all simulated equipment directly from the simulation
diagrams (mimic diagrams) using a keyboard or mouse.

Instructor Station

A dedicated instructor station shall provide the capability
to enter simulator malfunctions, perform remote plant
functions not normally performed from the control room, and
have the capability to do the following:

Snapshot

Freeze

Backtrack

Monitor Critical Parameters in Graphic Formats
Designate/Establish Event Triggers

Poanow

It shall include keybocards, pointing devices, and monitors
as necessary to allow for modification and enhancement of
the models. The computer shall be a state-of-the-art 32 bit
or larger word size computer. Th2 instructor station shall
include a laser printer. The printer shall be capable of
printing in color and with a minimum resolution of 300 dpi.
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1t shall conform to industrial standards in terms of
hardware and software.

c.5.4 Simulation Computer

The simulation computer is the central processing unit (s)
which run the simulated plant models. It shall include
keyboards, pointing devices, and monitors as necessary Lo
allow for modification ari enhancement of the models. The
computer shall be a state-of-the-art 32 bit or larger word
size computer. It shall conform to industrial standards in
terms of hardware and software. The computer shall have a
floating point CO-processor and all dynamic calculations
shall be done by using floating-point arithmetic where

appropriate.

C.5.4.1 The computer system shall be able to adequately
perform the following:

a. Control the simulation process.

b. Realistically reflect the real-time responses of
the student (or user) manipulations of the plant
controls mimics.

g Maintain control functions of peripheral devices
and their associated functions.

d. Retain 1/0 transfer rates so that responses
observable in the Simulator are not
distinguishable from those of the reference plant.

e. Provide an environment for software development
and maintenance.

$. Have built-in diagnostic functions.

C.5.4.2 The CPU spare time shall be available such that
both of the following regquirements shall be met;

As a minimum, 30 percent spare time for each CPU
within the computer system shall be available in a
basic simulation cycle during maximum load
operation. The basic cycle is the time interval
in which any application software programs are
executed once. This cycle cannot exceed (0.1)
second. Also, 10 percent spare time for each CPU
shall be provided within each of the shortest
computing cycles.
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The requirements shall be accomplished for real
time operation of the Simulator. The real-time
capability of simulation shall not be affected
during the tests.

The Contractor shall provide methods to check CPU
spare time which can be used tc show or prove the
that there is CPU spare time, as defined above.

£.5.4.3 There shall be an inherent capacity for at least

100 percent memory expansion without the addition
of a new cabinet, chassis, or the modification of
software addressing schemes.

C.5.4.4 Each computer system shail be provided with the

required I/0 controllers. Within 60 days after
contract award, the Contractor shall inform the
Government by letter of the spare capacity in data
communication. The Simulator shall use TCP/IP
communication protocol.

C.5.4.58 The diagnostic unit shall be an integral part of

the CPU, or a separate unit. It shall be usable
both on- and off-line. The functions of this
unit shall include, but are not limited to, checks
of RAM and ROM failure, floating point
co-processor failure, data link buffer, and CPU
reset of watchdog timers.

Data
Design Data Base

It 1s recognized that the fidelity of simulation of a
nuclear plant greatly depends upon the completeness and
accuracy of the data used by Contractor. In addition,
the Contractor must apply the data effectively, advise
the Government of how the data is applied, and document
that application. It shall be the responsibility of
the Contractor to collect or procure all data,
necessary to simulate or stimulate required systems and
meet the criteria of this specification. The
Contractor shall clearly define all data and take full
responsibility for its collection and reproduction.

The Contractor shall provide a data-requirements list.
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Section C
Government, GAN and NRA Review and Acceptance

The Government reserves the right to review, fo:i
acceptance, any data utilized by the Contractor in
developing of the design data base. The review
and acceptance of any Simulator design data base
drawings, procedures, references, specifications,
or data by Government, GAN or NRA shall not
constitute partial or couplete approval of any
design, material, equipment, or program which does
not meet the physical, functional, or performance
criteria established in this Specification.

Data Base Management

The Contractor’s data collection and control
program shall be a part of the configuration
management system described in Section C.7.4 The
Contractor shall provide samples of instructions,
procedures, and forms designed to facilitate the
collection, collation, logging, and transmission
of data for review. The complete set of data base
management programs used to catalogue, generate,
modify, and manipulate the design data base shall
be provided to the Government, GAN and NRA within
30 days after contract award to allow tracking of
the data and use of the program sc as to minimize
problems during the database collection and the
project management process.

Data Base Report

The Contractor shall prepare and submit a
logically ordered and usable data base report by
the time prescribed in Section F. A freeze date
for the design data will be recommended in the
report. It shall list all data to be submitted
for review and approval by the Government, GAN and
NRA immediately following the data freeze date and
before any system coding. The report, at a
minimum, shall list: data by source and type,
receipt date, name, sheet number, revision,
Contractor’s control number, and explicit use
within the Simulator. The report shall be
formatted in a manner to facilitate its review and
the determination that the report is accurate, and
that the data listed therein is properly defined
and retrievable by perscns designing, building,
and maintaining the Simulator. All data used or
referenced in the design, construction,
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Cc.6.3

C.6.4

C.7.0

£, 7.1

Government, GAN and NRA. The Government will approve the
data base report or return it with comments. Review and
approval of the data base report will include form, format,
accuracy, the adequacy of the data, and the acceptability of
the source.

Data Not Used by the Contractor

Data which has been logged into the accepted data base
report and is determined by the Contractor not to be
applicable to the Simulator project shall be removed from
the data base report by the Contractor. Any data so treated
gshall first be identified to the Government, GAN and NRA,
along with a justification for its removal. The Government
has. the right to approve the removal of any listed data.

Specification Data

Any data supplied with the Specification or award of the
contract is not intended as design data for developing the
Simulator. Design data for development shall be considered
final only after the freeze date, as described herein.

Simulator Software Requirements

General Regquirements

a. All Simulator software, which are described in this
section and elsewhere, shall be provided in both source
and binary form.

b. All software licenses shall be provided so that the
Government can, if desired, contract software
maintenance to other, third-party Contractors.

c. The Government considers Simulator development tools as
one of the key factors for effective technology
transfer, as well as for the performance and
maintenance of the Simulator. The Contractor shall
provide license for and source code for all the
following:

- Simulator development tools (C.7.7.4.2
through 7.7.4.5)

- Executive system software (C.7.3)

- Configuration management system software
(C.7.4)

- Instructor station software (C.7.6)
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c.7.2 Operating System Software Requirements

c.7.2.1 Operating System Software

The Contractor shall use an industrial
standard-type operating system (o/s) with
real-time capability on the Simulator
computer and the instructor-station computer
supplied from a computer vendor.

The Contractor shall provide a Simulator
Operating System with real-time functions
capability for the proposed computers.

The cperating system software supplied shall
provige all software handlers/drivers for
vayrious peripheral devices to set up
communication between the application
programs and the devices. These handlers
shall provide priority queuing for individual
devices, maintenance of internal device
status tables that record changes in
operation of the devices due to errors, and a
mechanism for reporting to system personnel
the status of all system devices.

The Contractor shall avoid the following
items to the extent possible and shall obtain
the Government’'s approval before implementing
any of them:

1) Applications bypassing the normal I/0
control of the 0/S

2) Device drivers not supplied by the
computer vendor but required for the
Simulator or computer complex to operate
properly

3) Modification or additions to the 0/S or
I/0 drivers

4) Applications accessing 0/S data
structures directly, bypassing o/s
service calls

5) Applications involving modification or
replacement of the normal 0/S utilities,
support programs, or language compilers.
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The Contractor shall obtain approval for the
items noted above by submitting a list of
these items with the Preliminary design
specification for the Simulator Software
Implementation.

All software language compiler (s) employed in
creating the Simulator’s LAN (see C.5.4.4)
including 0/8 utilities and support software
(e.g. run-time library, graphic library,
program development tools, and other library)
shall be included in the total software
package.

The Coutractor shall supply the source code
of the software supplied by the computer
vendor, as far as possible.

Operating System Features

The following are required features for the
operating systems:

a.

Support for real-time, event-driven,
multi-task applications in a high-priority
foreground environment, with a timesharing,
interactive, multiprogramming capability in a
background environment

Virtual memory management, mapped memory
management, or support for multi-level task
overlays

Dynamic memory allocation, including dynamic
inclusion of a shared code or data section.

All 0/S8 services, including task
activation/control and resource management,
can be accessed via system service calls from
appropriately privileged tasks.
Memory-resident subroutine library support
Support for on-line program development
Support for multi-CPU parallel processor
configuration and inter-processor shared
memory

File management support
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8 . Global common-memory support

P Automatic scheduling of multiple jobs across
the available processors for improving
transparent throughput

k. Computer complex network support
Requirements for the Executive System Software

The executive system shall be fully integrated to
support the execution, development, and testing of
real-time simulation model software.

The executive system shall run on the host simulation
computer.

This system shall be designed and implemented under the
Simulator’s operating system environment, as specified
in Section 7.2. The system shall take full advantage
of the Simulator’s operating system and Simulator
operating system utilities, and shall also fully use
the rzal-time capability.

The system shall have a window-based, multi-tasking,
menu-driven, software environment.

Protection and security features shall be included to
prevent unauthorized access to the protected area and
accidental loss of data.

The executive system shall include all the essential
elements to support a powerful and user-friendly real-
time simulation environment. The following sypporting
functions shall be included in the executive system:

1) The database management function shall be
furnished to control the simulation software
database by providing maintenance for the scoftware
modules and symbols information. The database
shall provide control information for the run-time
environment, assign global addresses for symbols,
maintain cross reference information, and respond
quickly to an on-line query during all phases of
development, testing, and operation.

2) A real-time debugging functicn shall be furnished
as a powerful, user-friendly software system which
provides a set of commands for monitoring and
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controlling real-time simulation models.
Break-pointing capability also shall be provided.
All program variables and constants in the global
database shall be modifiable on-line. The
real-time debugger shall also have some basic
instructor-station functions, such as reset,
snapshot, freeze/run, and step. It shall allow
the user to manipulate the malfunctions and remote
functions for making system stand-alone tests.

3) The real-time executive shall be furnished to
control and execute the simulation programs.

4) An individual system executive shall be provided
to facilitate the stand-alone testing of
individual simulation programs during development
and modification without affecting the real-time
environment .

5) A scanner function shall be provided to resolve
the address assigned to each simulation module.
It shall scan a module in source code and properly
validate each symbol defined in the database,
check the source-code language syntax, and then,
assign a proper address for each symbol declared
in the database.

6) A function for real-time synchronization control
shall be included to fully integrate the control
and timing functions required by the simulation
environment .

7) A linker function shall be included to allow the
user to link simulation modules into a real-time
executive for the Simulator.

.4 Configuration Management System

The Contractor shall use a Configuration Management System
(CMS) that meets the requirements of the standards listed in
Section 2 (including ANSI/ANS 3.5, ANSI/IEEE-828 and
ANSI/IEEE-1042) as a minimum. The (MS shall be derigned to
support effective training as well as to be used a5 a
dynamic tool, intended as an integral part of a {iimulator
project from its initial design to end-of-life.
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c.7.% Application Software Requirements

The Simulator application programs are identified as those
program modules which are required to simulate the functions
of plant systems

c.7.5.1 Software Design
a. Modularity:

1) The Contractor shall employ a modular
framework in the design to permit additions
or deletions to the program without modifying
other modules.

2) Each plant subsystem shall be defined and
implemented as a separate, self-contained
module. The modules shall be sufficiently
accessible and well defined to permit field
modifications by the GAN and NRA engineers.

3) The Contractor shall provide access to all
mathematical expressions to make changes in
programs .

4) The models shall generate all data and

variables required for output to external
devices, or needed by other programs within
the computer.

b. Object-Oriented Design

1) The Contrac*o>r shall design the Simulator
software so that all simulated plant
components and their associated control-room
controls and indicators are controlled by
standard handlers or subroutines. '

2) A standard program shall be used for
repetitive use of same components.

3) The plant components for which this
requirement applies are:
- Valves
- Motors/Pumps
- Controllers

- Electrical Breakers
- Other plant components with control room
indicators or controls
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S

c.7.5.3

c.7.5.4

a. All program nomencl

b. The device hardware tab

- The only exceptions toO th

Section C

Expandability

Refer to Section c.5.4.2 for spare CPU processing

time regquirements.
protected from

tion by power Zailure,
r's controls,

The programs shall be
unintentional destruc
tampering with the computer operato
or erroneous data oOr program entry.

e and Programming Format
The Contractor shall be responsible for assuring
s use standard formats and

that all programmer
ramming. Programs which do

techniques for prog
not adhere to these standards will not be

accepted.

program Languag

The formats may Vary, as required, by the use of
different languages (i.e. FORTRAN 77, C) or
different program requirements (e.g.. executive

system software and plant models) .

Setpoint Common

that are normally

plant operating parameters
a globally accessible

constant shall be placed in
COMMON area separate from other simulation
variables, and shall be initialized with a FORTRAN

BLOCK DATA program Or equivalent. All program
modules using these setpoints shall reference this

COMMON area.

Nomenclature

arure must be based on &

standardized alphanumeric system that identifies
the plant system tO the design documentation.

shall be used as the

software label whenever possible within the
limitations on the permissible number of
characters imposed by the computer system.

e standard nomenclature

allowed are in those gimulator programs that
already have acceptable nomenclature through
years of use in Analysis OT design programs, OF

in related industiial applications.
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This standard nomenclature shall reflect the
reference plant system and component identifiers.

C.7.5.5 Variable Names

a.

Software variable shall be named using a
consistent convention.

Variable names shall indicate the calculating
module and type of parameter (i.e., temperature,
pressure, and flow, etc.) .

I1f the compiler allows more than eight characters
to uniquely name a variable, then the Contractor
should, where necessary, use the extended
variable naming facility to implement the
variable naming convention to clearly indicate
the variable function.

C.7.6 Software Requirements for the Instructor Station

C.7.6:3

a.

1)

Introduction

The instructor station shall use the
state-of -the-art computer software and hardware
technology.

The design shall be based on a high-resolution
graphics engineering workstation which has multi-
task and multi-window (x-window) capability.

The software shall be developed under a
compatible Simulator operating system with a
real-time capability as the one in the host
simulation computer. "

Some of the additional required features are
described below:

User Friendliness:

This system shall be designed to accommodate both
the occasional and expert user. With menu-driven
techniques, the system shall provide the
occasional user with information or options to
access the instructor station in a step-by-step
fashion. With the command control techniques,
the expert user shall be able to type in the
command .
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The instructor station shall have a context-
sensitive help feature for its operation.
Pull-down menus, pop-up windows, graphic sliders,
and a context-sensitive help feature shall be
employed to simplify the instructor’s
interaction. Conveniences such as programmable
function keys and expert command. shall be
provided to minimize the transaction time of the
instructor’s interventions.

2) Transportability:

The entire software system shall be transportable
to another computer platform which uses a
compatible operating system and software
language.

3) Flexibility:

Modularized/Layered programming techniques shall
be built into the software system of the
Instructor Station. Advanced development of
software packages shall be easily integrated and
adapted into the existing software.

4) Multiple Windowing Capabilities:

The instructor staticn software shall be
developed under an X-window environment. Users
shall be allowed to work with multiple processes
simultaneously, each in a separate window. Each
window, with its process, shall be an independent
entity. The instructor station CRT shall be able
to simultanecusly display different graphics,
such as monitored parameter trending, simulation
diagrams or malfunction summary pages.

The instructor shall be able to view the
instrustor station display with read-only
privilege on the same CRT s~ that the functions
available in both environments can be accessed

simultaneously.
C.7.6.3 Regquirements for the Design of the User Interface
a. The user interface of the instructor station

shall be designed with menu-driven and
¥X-window-based technology. The user
interface shall include manipulation of the
pop-up menu, pull-down menu, and side-bar
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1)

2)

3)

4)

Section C

menu with inputs from the computer
keyboard/mouse/touch screen/dedicated
function keyboard.

All the displays on the instructor station shall
be generated using X-window-based graphics. This
graphics software shall be an interactive, menu-
driven package. The user shall be able to create
the static background, the dynamic foreground
objects, and define the selectable target area on
display.

All the displays shall be arranged in a
hierarchical fashion, from overview to detailed
displays. Starting from the "tableau", the
command button shall be selected.

Expert mode commands also shall be available for
the instructor to enter the commands directly
through the keyboard.

The design of the user interface shall be based
on the following list of principles:

The interface shall be consistent throughout
all the instructor station functions. The
instructor shall be able to access all the
functions in a similar manner, such as
control window, pull-down menu, side-bar menu
or expert mode commands.

The interface shall keep the user aware of
what is going on in the process. A feedback
message shall be provided tc the instructor
after each instructor’s action. The message
may be a warning or request for an input.
Once the instructor selects a command button,
the command button shall be highlighted.
While the action is being processed, the
cursor shall change to another symbol,
showing an inactive mode.

Various techniques shall be provided to
access the instructor station functions. The
menu technique shall be available for the
occasional user while, the expert-mode
command shall be available for expert users.

The interfaces shall include access to the
help menu. The context-sensitive help
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C.7.6.3

5)

Section C

feature shall be available for the instructor
to access the help database which shall
provide general information and the required
input format of the selected item.

The color scheme for the instructor station
display, such as pull-down menu, poOp-up menu,
control window, command button and dynamic
indication shall be consistent.

Software & Maintenance Features

The instructor stations shall provide for the
following:

1) Software Maintenance

- Process model development and validation -
Executive-system software maintenance for
the simulation computer

- Instructor station software maintenance

All the Simulator development/maintenance support
tools described in Section C.7.7.4 for the
design, development, execution, test, and
maintenance of the Simulator’s software and
hardware shall be accommodated and integrated in
the instructor station.

C.7.6.4 Maintenance/Development Support Software (Simulator

Development Tools)

C.7.6.4.1 General

a. The Contracter shall provide the
necessary system model development
software (tool), test programs,
diagnostic and other utility programs
which are required to maintain the
Simulator software and hardware.

b. The computer vendor’s utility software
also shall be provided. Such software
includes compilers with mathematical and
scientific subroutine libraries, linker,
editor, and debugger.
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1)

2)

Section C

For each automatic code generator, the
Contractor shall provide:

Graphic front end (or graphic editor
described in Section 7.7.4.2) that is
associated with the automatic code
generator.

Model test environment (Section 7.7.4.4)
that is associated with the automatic
code generator.

Simulator development tools, described
in Sections 7.7.4.2 through 7.7.4.5,
shall be integrated as much as possible.

C.7.6.4.2 Graphic Editor

a.

1)

2)

The graphic editor shall possess a CAD-
type interactive graphic capability with
full pan, zoom, and extend features and
shall use predefined graphic Icon’s
(pumps, valves, flow restrictors, etc.)
as the input vehicle. The graphic
editor shall create schematic input to
the automatic code generation system.

One universal graphic editor shall be
used for any graphics used in Software
maintenance and development work.

For each automatic code generator, the
Contractor shall provide shall provide:

Object Editor: The object editor shall
be able to create or modify a generic
model and its graphic symbol of plant
baseline objects, like pumps, valves,
relays, and register them in the object
library.

Model Editor: The model editor shall be
able to construct a system model using
graphic symbols and links from the
baseline object libraries and entering
object parameters (or constants) .
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C.7.6.4.3 Automatic Model Generation Tools

a.

1)

2)

3)
4)

5)

To enhance the maintainability of
software, the Contractor shall provide
automatic code generators for the
following model classes which are used
during development of the Simulator
software:

Library of objects (standard generic
programs)

Single-phase incompressible fluid
thermohydraulics

Single-phase compressible fluid
thermohydraulics
Two-phase homogeneous thermohydraulics

Two-phase non-homogeneous
thermohydraulics

Sequential logic
Network logic
Process (analog) control system

Electrical network

10) Multi-node containment system

The automatic code generator package
shall allow easy, error-free development
and modification of the Simulator
software by engineers who are familiar
with the operation and design of the
plant.

The package shall be written in high
level language

All modules, variables, and constants
shall be maintained in a data-base
management system, with automatic cross
references.

This system shall generate a simulation
program source-code with design data
retferences, database variables, and
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C.7.6.4.4

Model

a.

1)

2)

3)

4)

5)

6)

7)

Section C

simulation constant files.

The requirements for the automatic code
generator or package are the following:

The schematic diagram(s) of a model with
one or multiple types (e.g. hydraulics
objects and control objects mixed)
created by graphic editor shall be taken
as an input by the automatic code
generator.

This package shall include an object
library to store the baseline models (or
objects) for model development.

This package shall have the necessary
connections to the configuration
control system to control the level of
revision and modification of models or
handlers.

This package shall automatically
generate both the structured source code
and data points in the data base.

This package shall translate raw data
into simulation model input data.

This package shall include constant-
value calculation subroutine modules in
a library.

This package shall automatically
generate specific documentation.

Test Environment

The Simulator test environment shall
have simulator executive system
functions, debugging functions supplied
by the vendor of the computer, and the
following functions (mostly instructor
station functions) to provide the
maintenance engineer with an environment
to support system model debugging,
tests (stand-alone and integration) and
validation.
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2)

4)

5)

8)

9)

gection C

Te monitor the performance of the system
model, the schematics of the hydraulic,
electrical, control, and logic systems
which are created by graphic editor,
must dynamically respond to the
simulation model on the instructor
station for integration tests.

It must dynamically display, in
diversified form, the following:

The numerical readouts,

The change of color,

The change of size,

The change of position, etc.

It must gimultaneously display and
allow browsing among adjacent
schematics (including different kinds,
such as nydraulic schematic toO control
schematic) and through interface
variables.

Tt must allow the trend display of
gimulation variables tO dynamically
respond toO the simulation model the
host sinulation computer for
integraition tests.

1t must allow control actions by
manipulating the ICONs in the
schematics.

It must provide control and monitoring
of program execution, using basic

instructor station functions such as
reset, snapshot, freeze/run, and step.

It must allow the user tO manipulate
the malfunctions and remote functions.

1t must allow the display and
modification of the object (Or plant
component) parameters.

It must allow digplay and modification

of the model boundary conditions
(external variables) .
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C.7.6.4.5

Section C

Computer Diagnostics

The following computer diagnostic programs
shall be provided:

a.

1)

3)

4)

5)

Computer and Peripheral Test Program

The complete library of test and
diagnostic programs provided by the
computer vendor shall be supplied to
Government, GAN and NRA with the
relevant documentation. These
programs shall test the CPU (a
complete instruction set including
floating-point operations), the bus,
the private and shared memory modules,
all communication and peripheral
controllers, and all peripheral
equipment. The diagnostic programs
shall display clear messages on an
operator’s console.

The test programs shall be
sufficiently powerful to help solve
problems which may arise in multi-
processor configurations such as, but
not limited to, bus contention,
priority conflicts, and signal timing
problems.

If additional equipment is necessary
te load and/or dispiay test results
they shall be included in the
Contractor’s recommended list for
special equipment.

Off-line, stand-alone programs are
acceptable butl preference will be
given to systems which can permanently
monitor the configuration status of
the computer while the simulation is
running.

The Contractor shall provide
diagnostic programs for any peripheral
device or system component that is not
covered by a computer vendor
diagnostic program.
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Section C
Interface Test Program

The Contractor shall supply a test program
for the interface system. It is mandatory
that basic functions, i.e. detection and
reporting of failures at the board level,
are available in on-line programs. If
special test eguipment is necessary, it
shall be included in the Contractor’s
recommended list for special equipment.

Software Test Program

Diagnostic routines shall be provided to
monitor internal software program loops,
computer program stalls, and other software
or hardware malfunctions. When a software
or hardware malfunction or fault is
detected, 2 message shall be displayed on
the system console.

C.7.6.4.6 Simulator Harcdware Diagnostics

a.

On-line test and diagnostic programs
shall be provided to verify proper
operation of equipment and to
effectively detect failure of
equipment. These test and diagnostic
programs shall encompass all the
student workstations and the
instructcr station. They shall be
controlled from the instructor station
or from a remote device.

Diagnostic routines also shall be
provided to alarm when the computer’s
temperature is too high, a computer
program stalls, or when the software
or hardware malfunctions or faults.
Upon activation of a malfunction or
fault, there shall be an audible alarm
or buzzer located in the instructor
station which can be silenced. This
alarm also shall activate if the
computer comes to a halt.

The capability shall be provided to
execute the diagnostic scoftware from
the instructor station, without the
Simulator software being active.
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C.7.6.4.7 Simulator Software Diagnostics

a. A diagnostic program shall be supplied
to verify the proper loading and
operability of the Simulator
software/hardware integrated package.

b. This program shall be executed at
initial start-up so that all software
and hardware system components are
verified operable and ready to run,
and shall display a message on the
instructor station indicating that the
Simulator is "ready-to-run".

S, The program also shall display a
message on the instructor station if
any component is malfunctioning, and
shall identify the component.

d. A diagnostic routine shall be supplied
which detects computer faults (stalls
or halt) and activates an audible
alarm and visual indicator on the
instructor station. It must be
possible to disable this alarm at the
instructor station.

c.8.0 pPlant Systems to be Modeled (Scope of Simulation)

The Simulator shall model all plant systems required to operate
the reference plant in normal, abnormal, transient and emergency
operations. At a minimum models for the systems identified below
must be included. The scope of simulation should be at least
equal to that of a full scope simulator. Specific requirements
for system models are described in Section C.10. The system
below are those necessary for VVER-1000 plants. (VVER reference
TAG number are listed after some systems for reference) For
reference plants other than the VVER-1000 design, the scope of
simulation shall include a similar set of systems.

c.8.1 Primary Systems

Reactor Core Physics (YC)
Reactor Control
Ex-Core Neutron Flux Measurement Systems (AKNP)
In-Core Measurement Systems (SVRK)
Control Rod Drive Manual Individual and Group Control (PG
& IU)
Reactor Power Controller (ARM)
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Reactor Power Limiter Controller (ROM)
Reactor Power Accelerated Throw Down system (URB)
Reactor Protection System (AZ)
Preliminary Reactor Protection System (PZ#1 & 2)
Reactor Coolant System (YA)
Reactor Coolant System Logic
Steam Generators (YB)
SG Power Operated Relief Valves (TX50,60,70,80)
SG Atmospheric Dump vValves (TX50,60,70,80)
Main Steam Check Valves (TX50,60,70,80)
Main Steam Isolation Valves (T%50,60,70,80)
SG Blowdown System (RY)
Reactor Coolant Pumps (YD)
RCP Motor
RCP Lube 0il System (YDS50, 60)
RCP Lower Bearing Cooling Loop (YD11,21,31,41)
RCP Seal Water System (YDS1,52,53,54)
RCP Bypass Coolant purification System (TC)
pressurizer (YP)
pPressurizer Spray (‘7P11,12,13)
pressurizer Heaters (YP10)

pressurizer PORV (YP21,22,23
pressurizer Relief Tank (YP20)
Primary Emergency Steam GAS Removal System (YR)
primary Chemical and Volume Control
Makeup and Letdown system (TK)
Makeup Pump Lube 0il System (TK30)
Coolant purification System (TE10,20)
Chemical Injection System (TE20)
Boron Solution System (TB10,30)
Clean Condensate System (TB40, TN)
Coolant Drainage and leakage Collection System (TY)
Hydrogen Burnup system (TS10)
Gas Purification System (TS20)
Reactor Building Floorwater system (TZ)
spent Fuel Cooling System (TG)
Component Cocling System (TF)
Nitrogen Supply System (TP, UG)
Containment Ventilation system (TL)
Containment Compartments Recirculation Cocling System
(TLO1)
Air Purification System (TLO2)
Reactor Upper Unit Cooling System (TLO3)
Central Room Cooling System (TLO04)
Reactor Pit Cooling System (TL 05)
Air Exhaust System (TL22)
Air Supply Dampers (TL24)
Auxiliary Service Water (VB)
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C.8.2 Safety and Control Systems

c.8

High Pressure Boron Injection System (TQ13,14,23,24,33,34)
Residual Heat Remove System (TQ12,22,32)

Emergency Cooling System(TQ10)

Containment Spray(TQ11l,21,31)

Containment Ventilation System

Steam Generatcr Emergency Feed Water System (TX 10,21,31)
Compressed Air for Containment Isolation System (UT)
Reactor Building Fire Protection System (UJ11,12,13)
Service Water (QF,VF)

Emergency Diesel Generators (GV,GW, GX)

6 & 0.4 KV Reliable Power Supply Units (BV, BW, BX,CV,CW, CX)
Un-interruptible Power Supply Units (ABP)

Hydraulic Accumulators (YT)

Radiation Monitoring

System of Precautionary and Emergency signaling

System of Technological Mending and Blocks

System of Automatics

System of Remote Control

System of Control of Functional Groups

Managing Systems of Safety

Systems of Radiation Control

- | Balance of Plant Systems

Main Steam System (RA)
Main Steam Lines (RA)
Turbine Bypass System (RC)
Main Steam Line Drainage (RT,SH)
Main Auxiliary Steam
Auxiliary Steam Vents and Drains
Main Turbine (SA,SE)
Turbine Electrohydraulic Control (SE,EGSR)
Turbine Lube 0il System (SC)
Turbine Hydraulic Lifting System (SC)
Main Condenser (SD)
Turbine Seal and Vacuum System (SG,SD)
Moisture Separator/Reheater System (RB,RN)
Feedwater System (RL)
Turbine Driven Pump (SAS1,55,RL41,42,51,52)
Turbine Driven Pump Condenser (SD51,52,RWS1,52)
Turbine Driven Pump Lube 0il System (8C51,52)
Turbine Driven Pump Vacuum & Seal System (SG/SD)
Auxiliary Pump (RLS51,52)
Deaerators (RL20)
High Pressure Heaters (RD/RN)
Main Condensate System (RM)
Main Condensate Pumps (RM)
Main Condensate Demineralizaticn System (RE)

F2EFFFIF
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s

Low Pressure Heaters (RM, RN)
Condenser Ewvacuation
Steam Supply System (RQ)
Ssecondary Side (Heaters, etc) Drainage System (RT)
BOP Computer Bases Control System (ASUT)
Circulating Water System (VC)
Service Water System (VB,VC)
Main Generator
Main Generator Seal Oil System (8U)
Main Generator Cooling Systems (88,8T)
Main Generator, Voltage Regulator and Exciter (GT)
In-Plant Electrical Distribution System
Fire Protection System

.4 Other Considerations

The basics for simulation model design shall be actual
reference plant data such as piping and instrumentation
diagrams, electrical schematics, alarm and component
statistics, system functional diagrams, plant operating and
emergency procedures, and design data.

The plant system models must provide for both normal,
abnormal, transient and emergency conditions over the
entire plant range. All system models must be designed to
interface with all other models as appropriate and provide a
realistic overall plant simulation. The simulation models
muet have the fidelity to meet the applicable portions of
ANS 3.5 and IAEA TECDOC 685 for model accuracy in steady
state conditions and must provide correct trends and
responses for transient conditions.

c.9.0 Simulator Control Systems

c.9.1 Introduction

a. The hardware and software requirements for the
instructor station are given in Sections 5 and 7,
respectively. The development of the software for the
instructor station shall be the responsibility of the
Contractor. However, the Government will work with the
Contractor during the design phase in order to mutually
agree on the details of the design.

b. The overall goal of the Simulator is to realistically
reproduce a control room atmosphere for the purpose of
training regulatory staff in the operation of the plants
and to provide the regulatory staff a tool for the
evaluation of operational procedures. TO facilitate
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.

9.

9.

9

2

3

this training, the Simulator shall incorporate, as a
minimum, the following instructor functions specified.

The instructor shall be able to activate the instructor
functions in three ways: by an instructor station
control means, by clicking icons on the master control
tablezu, and by keying the expert-mode commands on an
alphanumeric keyboard.

1) The expert mode commands and syntax shall be
designed to be consistent and easy to use. It
shall have a means to activate the instructor
functions and to access any instructor station
display without going through the menu hierarchy.

2) The instructor shall be able tc activate a master
control tableau of all instructor functions by a
instructor station control means, or by accessing
through 2 command button (ICON) con the instructor
station CRT display. Then, this master control
tableau shall direct the instructor to those
displays required t( .onduct and control the
instructor functions.

All the titles on schemes, formats, menu, notes and
comments presented at the instructor’s station should be
in Russian and English, if possible.

Initialization

‘The instructor shall be able to begin dynamic simulation
by initializing the Simulator to the desired initial
condition (IC), which is chosen from the preassigned
ICs, snapshot ICs, and backtrack ICs.

Initialization of an IC shall cause the plant parameters
to change correspondingly to the chosen values. No
changes in the computer program nor in wiring shall be
needed to change the parameter values.

Run/Freeze

Provision shall be made to run and freeze a dynamic
simulation at any time.

.4

a.

Snapshot

The instructor shall have the capability to initiate a

snapshot of the particular Simulator conditions at any

instant without interrupting any dynamic simulation in
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c.9.

progress. The snapshot capability shall alsc be
functional while the Simulator is in the freeze mode.

The software of the instructor starion shall be designed
g0 that the number of snapshot ICs to be stored is
limited only by the available disk space. However, the
Contractor shall provide, with the Simulator disk, space
for 80 snapshot ICs as a minimum.

The date and time of snapshot shall be recorded at each
initial condition. The capability also shall be
provided to identify the initial condition with up te
400 bytes of identifying text and to display this text
at the instructor station.

Preassigned ICs

The Contractor shall provide with the Simulator, as a
minimum, 20 preassigned ICs, in addition to the 80
snapshot ICs, which represent the different plant
configurations so that training can immediately begin.
These IC's will be part of the added IC points described
in Section C.11.1.

The preassigned ICs shall be protected in the following
way. The preassigned ICs shall not be inadvertently
destroyed by such instructor functions as snapshot and
backtrack. The ICs shall be reconfigured by the use of
a manual protection override mechanism. Any IC of
snapshot IC and backtrack IC shall be able to be
configured as a preassigned IC.

Whenever the Simulator is initialized at an IC, and
dynamic simulation subsequently initiated, the Simulator
shall exhibit smooth, steady-state performance for all
preassigned initial conditions. Tolerances for the
steady-state performance are described in Section E, and
the Government shall have the right to determine and
approve them for each preassigned IC.

Malfunctions

The instructor shall be able to control all simulated
malfunctions from the instructor station. Section C.12
gives a detailed discussion of the allocation for
component malfunctions and system malfunctions.

However, for future expansion, the maximum number of the
malfunctions shall be limited only by available memory.
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b.

The failure of redundant components shall be considered
as a single generic malfunction. The instructor shall
be able to select any combination redundant component
failures.

All design basis accidents and abnormal operational
transients included in Appendix A, "Preliminary List of
Simulator Failures" shall be simulated to reflect actual
plant responses and not "worst case." A list of
malfunctions and their causes and effects shall be
submitted for the Government'’s approval.

Simulation of malfunctions shall completely and
accurately reflect the total integrated plant response
and all applicable control room indications and alarms.
The sequence of events following malfunctions shall
respond to any action taken by the operator and shall
persist until corrected by the operator, or the
malfunctions are terminated by the instructor or by
themselves.

The instructor shall be able to activate a mal function
either with or without a time delay. The delay time
shall be adjustable in cne second resolution up to 2
hours. It shall be possible to introduce up to 30
non-conflicting malfunctions with different delay times.

The Simulator shall include the capability for the
instructor to introduce specified failures to the types
of simulated components. This feature must apply to
components that are handled generically in the modeling
software. As a minimum, the following types of failures
shall be included:

1) Simulated pumps

- loss of motor power

- loss of control power

- failure to start (auto-start)
- failure to manually start

- Sspurious start/trip

- false overcurrent trip

2) Simulated valves
- fail as is
- fail to specified position (0-100 %)

- loss of motive or control power, as applicable
- loss of air, as applicable
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3) Simulated electrical buss
- loss of power (supply breaker open)
4) Simulated large breakers

- fail open

- fail closed

- fail as is

- fail to reset

5) Simulated controllers

- fail as is

- fail to specified position (0-100%) in auto or
manual

- loss of power

- oscillation

6) Simulated transmitters
- fail as is
- fail high/low
- fail to specified position (0-100%)
- drift

g. An event triggering feature shall be provided to
automatically initiate any malfunctions when a
predefined dynamic event occurs. The instructor shall
be able to easily create and execute thig feature.

h. Activation of malfunctions shall be pogssible from
graphic diagrams, tableau index, and data base queries
as well as by expert commands. Graphic ‘iagrams for the
malfunctions shall have the following capabilities:

1) Dynamic system status shall be shown through color,
numeric indicators, and various other graphic
techniques, such as bar graph, trend plots, and
changes in icon shape.

2) Graphic selections/activations of malfunctions
shall be provided.

3) An off-page connector shall allow the instructor to
access functionally related displays.

4) Pan and zoom capabilities shall be provided to
allow a detailed display of areas of interest.
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c.9.

>

The capability shall be provided for 30 malfunctions to
be active at a time, and to be selected to initiate
simultaneously or sequentially at times selected by the
instructor using an adjustable time-delay feature and by
an event trigger, as described above in paragraphs e and
g, respectively.

The capability shall be provided to ramp variable
malfunctions over their full range of severity.

Remote Functions (Local Operator Acticons)

Remote functions shall be provided to control components
and systems that are operable outside the main control
room and essential in the operator training. The
Contractor shall reserve a minimum of 100 spare spaces
for additional remote functions to be used later by the
Government, CGAN or NRA. The maximum number of the
remote functions for future expansion shall be limited
only by available memory.

Even though a remcte function may have two or more
discrete states controls, it shall be counted as only
one remote function. For such components as the manual
valves and local controllers, variable-type remote
functions shall be provided for the instructor to
introduce the valve positions and controller settings
through the specified ranges. The variable-type remote
function for a component or system shall be counted as
one of the required number of remote functions.

Remote functions shall be able to be manipulated from
graphic diagrams, tableau index, and data base queries
as well as by expert commands. Remote functions on
graphic diagrams shall be identified by a color
different from other equipment. Graphic features for
the remote functions shall have the following
capabilities:

1) The Dynamic status of the system shall be shown
through color, numeric indicators, and various
other graphic techniques such as bar graphs, trend
plots, and changes in icon shape.

2) Graphic selections/activations of remote functions
shall be provided.

3) An Off-page connector shall give the instructor
access to functionally related displays.
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4) pan and zoom capabilities shall be provided to
allow detailed display of areas of interest.

d. Aall remote functions that change the state of systems Or
equipment shall have individual response times over
which these changes will occur. When the remote
function(s) are inserted, the dynamic simulation shall
be consistent with the new state of the plant.

c.9.8 Annunciator Control

The instructor shall be provided with soft switches for
master "silence", "acknowledge" and "reset" located on the
instructor station display. The soft switches shall control
all.the annunciators in functionally the same way as those
on the student workstations.

c.9.9 False Alarm

A false alarm shall be a spurious alarm without the actual
occurrence of a malfunction of associated equipment oOr
system. Simulated annunciators (a minimum of 50 alarms)
shall be available to be separately activated by this
function. The time-delay provisions previously described
for malfunctions are required for this function. It shall
be possible to input multiple false alarms.

C.9.10 Backtrack

a. There shall be a backtrack capability that periodically
records the conditions of the Simulator during a
training exercise, while not in freeze, so that the
instructor can initialize the Simulator to a previous
point in the exercise

b. The backtrack feature shall record the conditions of the
Simulator on a disk file once every minute or alternate
frequency chosen by the instructor. The clock time and
problem time (time out of freeze since the beginning of
the exercise) shall be included in each backtrack
condition. The backtrack file shall be sized to contain
the latest backtrack condition plus the previous 59
conditions (nominally the previous one hour of problem
time) .

¢ The instructor shall be able to select a backtrack
condition by specifying cne of following:

1) minutes to go back
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c.9.12

P

9.

a.

13

Replay

The replay function shall allow the instructor to review
with the trainee the previous gimulator operatiocns
during up to the last 60 minutes by one minute
intervals. During the replay, the gimulator shall give
the same responses as those in the previous operation.
The instructor shall be able to stop/restart the replay

at any time.

The Contractor shall also provide a replay feature which
uses the records stored by the backtrack and the
instructor/operator action monitor. In the replay mode,
the normal 1/0 and instructor functions shall be

replaced with the operator and instructor actions in the

replay record. The replay action data shall be keyed to
the backtrack ICs in a way that will allow the
instructor to initiate the replay at any desired point
of 60 backtrack ICs.

Automated Scenario Execution (ASE)

ASE shall allow the instructor to create and execute
various user-defined scenarios for a training exercise.
The exercise scenario shall consist of a set of
instructor functions which define a training exercise.
All these functions shall be in the form of the expert
mode commands.

An event-triggering feature shall be provided to
automatically initiate any instructor function(s) by the
dynamic events of the simulation. The ASE shall alsoc be
able to create and execute the event trigger scenario.
It shall be possible toO define any number of events in a
scenario.

Using the ASE, the instructor shall be able to create
various scenarios interactively from the graphic
diagrams. In addition, the instructor shall be able to
create the scenarios using a text editor. As a minimum
the ASE shall have the following features:

1) special programming shall not be required to create
the scenarios.

2) Complex expressions involving multiple variables,
arithmetic operators, logical operators, and
nesting shall be supported.

3) A scenaric library editor ghall be provided. A
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C.9.14

browser shall allow the instructor to select the
scenario(s) from the library.

Parameter Monitoring

Provisions shall be made for the instructor to monitor
the simulated plant conditions through the instructor
station CRT displays, such as the simulation diagrams,
trend displays, and numeric displays. The displays
gshall be updated once a second, as a minimum,
unless otherwise specified. The updating time
interval shall be adjustable by the instructor.

The simulation diagrams shall display, at least, the
values of all process parameters (pressure, flow,
temperature, level, etc.) which are displayed on the
student stations, and also the on/off status for all
simulated motors, pumps, valves, and circuit breakers.

The instructor shall be able to select up to .
parameters for a trend display which may consist of
several pages. Deviations from the alarm limits which
are assigned by the instructor shall be identified on
the trend plot by colors. Data for trends shall be
updated four times per second, even though the display
is updated once a second. Appropriate weighting shall
be siggested by the Contractor and approved by the
Government .

The scale of the time and value axes for each trend plot
shail be individually adjustable by the instructor. The
scale of the value axis shall be equal, by default, to
the control room indication, where applicable. The
default time-scale shall be 60 minutes. The time
interval shall always be displayed. The trend plot
shall be scrolled from right to left. The time axis
shall "float" in time, so that the latest time intervals
always can be displayed.

The trend function shall be able to retain the latest
600 scanning data for each of the monitored parameters,
regardless of the displayed time axis. The instructor
shall be able to produce a hard copy output of the trend
plots on the color print of the instructor station.

For numeric display, the capability shall be provided to, |
simultaneously display a minimum of 20 parameters per
page. Color identification of the alarm limit
deviations shall be provided.
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g.

It shall be possible to select parameters for the trend
and numeric displays. The Contractor shall submit a
proposed selection method to the Government for review
and approval with the preliminary design
specification of the instructor station.

The instructor shall be able to compose a list of
monitoring parameters and to store the list in a disk
file. The number of such files shall not be limited
except by available disk storage. Spaces for a minimum
of 20 files shall be provided with the Simulator. The
instructor station shall also have the capability to
list the name of the files which have been created.

€.9.15 Time Scaling

The Simulator shall be able to operate in three distinct
modes: fast-time, real-time, and slow-time. The

real -time mode shall be the normal simulation mode of
operation and shall apply to all systems.

The fast-time mode shall accelerate the dynamic
simulation by approximately 10 times of the real-time
rate to observe slow transients or shorten
time-consuming activities. Fast-time operation is
required only for the selected systems, with all other
simulation remaining in real-time. As a minimum, the
reactor’'s power response to the effects of xencn, heatup
of reactor and turbine, and the establishment cf a
condenser vacuum shall be included in the fast-time
simulation.

After award of contract, the listing of events/system
which can be affected by fast-time shall be finalized
and submitted to the Government for final review and

approval with the preliminary design specification of
the instructor station.

Slow-time simulation is an expansion cf real-time events
that provide an apparent increase in the intexval for
fast -changing transients characterized by short-time
constants. All dynamic systems shall operate at
approximately one-eighth to one-tenth of real-time
rates, except the Plant Mcnitoring System, annunciator
system, the instructor station functions, and computer
network capability.
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C.9.16

C.9.17

Cc.9.18

C-10.0

C.10.1

Startup/Shutdown

Provisions shall be made at the instructor station to
automatically startup and shutdown the Simulator system.
By the startup/shutdown function key(s) and control
icon(s), both the simulation computers and the
instructor station computers shall be automatically
loaded/unloaded with all the programs for a training
session.

Detection of System Stall

The status of Simulator operations shall be indicated on
the student stations and the instructor station.

On the student stations, the freeze/run modes and
abnormal conditions shall be recognized easily by the
designated light (s) or dialogue box. A dialogue box
shall be included to display on the irstructor station
CRT the abnormal conditions, such as out of simulation
limits.

External Parameters

Provisions shall be made for the instructor to monitor
and change the values of identified external parameters
within the specified ranges at any time. These external
parameters shall be treated as the boundary conditions.
As such, the variation of an external parameter shall be
reflected in the simulation.

As minimum, the following parameters shall be included
in tne external parameters.

1) grid frequency and voltage

2) cooling water temperature

3) ambient temperature and pressures

Modeling

General

The Simulator shall be capable of reproducing all
operational aspects of the reference power plant. It
shall respond to the student/user actions during any
normal, abnormal, transient or emergency operation. The
Simulator must be capable of initiating any of the
transients from any initial condition.
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b.

The Simulator shall include integrated system simulation
of those systems specified in Section C.8. System
models shall simulate all interfaces with other
similated systems and provide a realistic, integrated
plant simulation for normal, abnormal, transient and
emergency conditions within tolerances specified in
Section E. Accuracy criteria, based on plant data or
other appropriate sources, shall be provided with the
system models, where applicable.

As a minimum, the following reguirements for the
Simulator performance shall be satisfied:

1) The Simulator shall be capable of simulating
continuously, and in real-time, a complete hot or
cold start up to full-load condition, load-modulation
(both manual and automatic), and a shutdown to a hot
or cold condition.

2) The Simulator shall provide the transient responses
caused by changes in various pressures and flows,
moderator temperature, fuel temperature, fission
product inventory, and rod positions. In addition,
the Simulator shall be capable of simulating
variations in operating and transient conditions that
occur at several discrete points within the fuel
cycle.

3) The Simulatcr shall simulate parameters corresponding
to the particular operating conditions, display these
parameters on the appropriate computer displays, and
provide the proper alarm or protective system action
when predetermined limite are approached or exceeded.
The Simulator responses shall not depart from actual
plant response in any aspect that would mislead the
trainee Oor cause an inappropriate action by the
student (or user).

4) The Simulator shall permit the student (or user) to
complete any part of the pre-startup procedures
conducted at the control room panels. These
pre-startup preparations shall include verification
of trip and alarm settings, and operational checkout
of critical systems or eguipment.

5) The Simulator shall be able tc respond correctly to

all procedures appropriate to control room operation
including emergency operating procedures.
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6)

Section C

Simulated malfunction effects shall be realistic and
reprecent the result of defined equipment failures or

other specifically identified causes.

The variations

of external parameters described in Section C.12
shall be taken into account to simulate the
corresponding plant systems. It is necessary to
simulate the remote function components/systems to
achieve full plant simulation fidelity.

C.10.2 Specific Features of Simulation Models

The following are features that shall be incorporated into
all applicable simulation models.

C.10.2.

C.10.2.

1

a.

Pumps

Pump models shall realistically model the
onset and effects of cavitation.

Pump models shall model pump performance
during startup, during coastdown, and with
flow in either direction.

Pump models shall realistically model the
effects of transfer of pump heat to the
pumped fluid in cases where the amount of
heat transferred is deemed to be significant.

Pump models shall model the effects of pump
starting current on the electrical system,
and the effects of grid voltage and frequency
on the pump performance during starting and
running conditions, where significant.

Pump models shall realistically model
parallel or series combinations of pumps.

Pump models shall realistically model two
phase flow in either direction, where
appropriate.

Pump model shall be divided into centrifugal,
positive displacement pumps, and any other
necessary types.

Valves
Valve models shall accommodate different
opening and closing stroke times.

Valve models shall incorporate nonlinear flow
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Section C

ve. position characteristics where
appropriate.

Valve models shall accommodate throttling
characteristics.

Air-operated valve models shall incorporate
the effect of operating air pressure. (loss of
operating air)

Valve models shall realistically simulate
flow of steam, and liquid, the effects of
differential pressure, and seat leakage,
where appropriate.

Motor- and solenoid-operated valve models
shall incorporate the availability of control
and motor power, as appropriate.

Safety and relief valve models shall
realistically model reactor blowdown and
refill, as well as, single- and two-phase
flow.

Models of remotely operated valves shall
include appropriate open, close, and
modulation stroke times.

Flows

Conservation laws shall be maintained in flow
calculations.

Flow calculations shall accurately model the
effects of temperature and mixing transport
delays where it is significant.

Independent flow paths shall be included
wherever there is the possibility of
isolation of individual lines in the
reference plant systems.

Models of fluid systems shall include

provisions for modeling normal system
leakage.
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Cc.10.2.4 Tanks
a. Tank fluid level and pressure calculations
shall account for actual tank geometry and
elevation.
b. Tank energy balance models shall include the

effects of heat transfer (including heat to
ambient), condensation, flashing, spray, and
relief flows, 1f appropriate.

2. Tank mecdels shall include computation of
total mass and fluid and vapor masses.
d. Tank models shall accurately calculate
pressures in water-solid conditions.
Cc.10.2.9 Heat Exchangers
a. Heat exchanger models shall realistically

model the effects of changing flow rates,
flow direction and zero flow, temperatures of
both primary and secondary fluids, clogging
and fouling, noncondensable gases, and
thermal capacitance of fluids and metal.

b. Two-phase heat exchangers shall incorporate
regions of superheat, saturation, and
subcooling, as appropriate.

& Non-equilibrium, two-phase, fluid models
including the consideration of interfacial
heat transfer between vapor and liquid, shall
be provided, as appropriate.

d. Accurate heat transfer models including the
consideration of tube-metal heat resistance,
and tube-surface (inside and outside) heat
resistance shall be provided.

.30,

~
on

Circuit Breakers

Circuit breaker models shall include the
effects of control power availability,
lockout relays, charging springs, and
anti-pumping and control and protection
logic.
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£.19.2.

-

a.

Section C
Electrical Systems

The electrical system simulation shall
include all buses (including all instrument
buses and all primary motor control centers).

The conditions on all buses shall accurately
reflect the current drawn by connected loads,
including starting surges.

Synchronization modeling shall include
effects of frequency, voltage, and phase
difference.

Electrical loads shall accurately reflect the
effects of supply voltage and frequency.

Battery and DC bus voltages shall reflect the
effect of discharge rate and total discharge.

Current and power calculations shall
accurately account for both real and reactive
current flows.

Radiocactivity

Radiocactivity transport shall be modeled in
water, steam, and air systems, including the
effects of source activity, decay, and flow
through and between systems.

The effect of filters or radioactivity
transport, including activity buildup in the
filters, shall be simulated.

Radiocactivity in sumps and tanks shall be
accurately modeled.

Radiocactivity transfer from the primary side
to the secondary side shall be accurately
modeled.

The level of detail shall be such that the
radiocactivity detectors and any sampling
systems will respond as expected.
Conductivity and Boron Concentration

Boron concentration transport shall be
modeled in water systems, including the
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effects of source concentration and the flows
through and between systems.

b. The effects of filters and demineralizers
shall be included (e.g., depletiocn of boron
due to ion exchanger action.)

e, The concentrations of boron in tanks and
sumps shall be accurately modeled.

C.10.2.10 Student /User Console Simulation.

The student/User Consoles shall be capable of
displaying the following information to the trainees
in real time. All controls necessary to operate the
Simulator in normal, abnormal, transient and
emergency conditions shall be included in the

Simulator.

a.

Control room instrumentation, meters,
recorders, annunciators, or any other type
of readout driven by the process variables
that are included in the scope of
simulation and calculated in the software
system programs.

Controls will enable the student to
control the plant, change the functions of
controllers, introduce and withdraw main
protection and blocks, change conditions
of operating protections and blocks,
change sets of operational warnings and
emergency signals.

The simulation of process sensors shall,
where appropriate, include the effects of
ambient and process conditions. This
includes density variations for water
level indicators.

Indicating/recording devices shall not be
paralleled on common analog cutput mimics
unless they are paralleled in the
reference plant.

The students must have the ability to

display parameters during all modes of
plant operation from the student console.
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Simulated systems shall be presented on
the student conscle or other video
displays with menu aids to show: mnemonic
fragments of control and electric systems;
design diagrams and control means for
systems and equipment; diagrams for
testing the functions of main protection
and blocks with the aid of simulation
signals. It shall also be possible to
create mnemonics and change the state of
blocks, control systems, electrical
equipment, and automatic control systems
of the simulated NPPs.

All text shown on student consoles shall
be in Russian or Russian and English.

Core Neutronics Model

The core model shall include, as a minimum,
the following features:

a.

Realistic behavior of neutron flux and
reactor _Yhermal-hydraulics during start
up, normal operation, transient operation,
and shutdown of the simulated plant. In
addition, accident and emergency
conditions shall be simulated, including
anticipated transients without scram
(ATWS) .

The model shall be able to (iscretely
calculate the simulated neut-on flux along
the vertical axis of each fuel assembly,
and incorporate thermal-hydraulic
feedback. A radial flux distribution
shall be calculated at each axial node.
The nodalization scheme should assure that
continuous axial flux distribution will be
calculated for each radial node in
symmetric and asymmetric flux conditions.

A three-dimensional calculation shall be
proposed which includes:

1) Nodal neutron balance calculations

using either a one-and-one-half or two
neutron groups model .
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2) Space-time-kinetics with 6 delayed
groups.

3) Thermal -hydraulic feedback.

4) A minimum of 7 axial nodes and one
radial node for each fuel assembly.

The core data from the reference plant
shall be incorporated into the Simulator.
Constants shall be generated and
incorporated to provide three (3) age-
dependent initial condition sets for the
core.

1) Beginning of Life
2) Middle of Life
3) End of Life

Reactivity feedback calculations
(e.g., fission yields, fission product
decay constants, etc.).

Dynamic axial and radial Xenon
calculations that include asymmetric
control rod patterns, moderator density,
void, and Doppler feedback. Xenon
oscillations shall be calculated for all
power and core age conditions.

Core thermal-hydraulics simulation shall
be capable of representing two-phase flow
in the fuel channel-fuel rod region
(including the effects of rod shadowing) .

Effect of subcritical multiplicafion on
neutron flux during reactor/plant start-

up.

Calculations of the ex-core detector
signals based on neutron flux in the
reactor core nearest the detectors.

NSSS Thermohydraulic Model

The NSSS model shall be a thermchydraulic
model of the primary coolant system including
pressurizer, reactor coolant pumps, and steam
generators for VVERs (and equivalent scope
for RBMKs). This model will include all
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2) Space-time-kinetics with 6 delayed

groups.

3) Thermal -hydraulic feedback.

4) A minimum of 7 axial nodes and one

radial node for each fuel assembly.

The core data from the reference plant
shall be incorporated into the Simulator.
Constants shall be generated and
incorporated to provide three (3) age-
dependent initial condition sets for the
core.

1) Beginning of Life
2) Middle of Life
3) End of Life

Reactivity feedback calculations
(e.g., fission yields, fission product
decay constants, etc.).

Dynamic axial and radial Xenon
calculations that include asymmetric
control rod patterns, moderator density,
void, and Doppler feedback. Xenon
oscillations shall be calculated for all
power and core age conditions.

Core thermal-hydraulics simulation shall
be capable of representing two-phase flow
in the fuel channel-fuel rod region
(including the effects of recd shadowing) .

Effect of subcritical multiplicafion on
neutron flux during reactor/plant start-

up.

Calculations of the ex-core detector
signals based on neutron flux in the
reactor core nearest the detectors.

NSSS Thermohydraulic Model

The NSSS model shall be a thermohydraulic
model of the primary coolant system including
pressurizer, reactor coolant pumps, and steam
generators for VVERs (and equivalent scope
for RBMKs). This model will include all
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emergency core cooling systems and shall be
fully integrated with the reactor core model
and all other simulated systems.

The Contractor shall provide a
straightforward method that Government, GAN
or NRA personnel can utilize to:

a. Modify the NSSS model when design changes
are made and

b. Update or expand the NSSS system boundary
conditions.

When the Contractor delivers the NSSS
thermohydraulic model, the Contractor shall
demonstrate its accuracy by providing
comparisons to engineering best-estimate code
results, measured data from the reference
plant, and selected experimental test
facilities.

The NSSS model shall address and be based on
physical processes and state-of-the-art
methods. The model calculations shall be
valid over the entire operating range. In
addition, the model shall be valid for
emergency operating procedure (EOP) scenarios
and core voiding (uncovered) conditions
resulting from multiple failures and abnormal
transients (e.g., anticipated transient
without scram with a loss of coolant accident
or MSIV closure) .

The following lists the physical phenomena
which shall be addressed and included in the
advanced NSSS thermohydraulics model. This
list is not intended to be a complete list of
methods and physical processes.

1. Single- and Two-Phase Flow.

a. Natural and forced circulation with
flow reversal resulting from pump trip
or shaft seizure.

b. Tracking reactor coolant-system boron,
fission product radioactivity,
noncondensable gas in the coclant, and
their release paths.
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Effects of reactor coolant pump
operation: trip, coastdown,
rotational inertia, and changes in
pump speed.

Abnormal reactor coolant pump effects:
cavitation, two-phase flow, flow
reversal, and rotor seizure.

Release and tracking of hydrogen from
Zircaloy-water reaction.

Two-phase flow through open relief
valves and line breaks.

All fluids can be any combination of
ligquid, vapor, or noncondensable gas.

The gaseous components may flow with a
different velocity from the liquid.

The gaseous components and liquid may
flow in opposite directions (counter-
current flow) (as can liquids and
gases of different densities) .

Complete thermal non-equilibrium (five
equation with drift flux or six
equation model) with rate of phase
change and consideration of heat
transfer between liquid and gas (for
example, independent temperature of
gas and liquid) .

Formation and tracking of the
different liguid levels in the.NSSS
system and ECCS.

Best estimate of critical flow through
the pressure relief valves and line
breaks.

Small leaks and breaks can be
calculated in the lines and piping
modeled (e.g. steam leaks from the
reactor vessel or associated piping).

Feedback effects from the containment

during leaks, breaks, and large
ruptures (temperature, pressure).
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a.

Section C

Asymmetric loop behavior;
stratification in horizontal pipes;
loop seal clearing; steam voids in
upper plenum; etc.

Heat Transfer

Heat transfer for the core components,
reactor vessel internals, and
important piping is calculated
including internal heat capacity of
the structure.

Heat transfer between:

1) Coolant ind piping vessel

2) Fuel element and coolant

3) Radiation from fuel to coolant

The effects of nitrogen or other gases
on heat transfer shall be accurately
calculated.

Heat-transfer regimes shall predict
heat transfer to single-phase liguid
or vapor, and two-phase water systems.

Condensation effects in the steam
generator and moisture separators.

Effects on the heat transfer caused by
void fraction and liquid level
(stratified fluid).

Release of heat from Zircaloy-water
reaction.

Fuel temperatures calculated (radially
averaged, surface, and centerline).

Fuel-clad temperature calculated
(inside and outside) .

Gap conductance calculated.

Wall-heat transfer considers
conduction, convection for single-
phase liquid and vapor, radiation, and
boiling.
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c.10.2.1%

Section C

1. Boiling modes encompass subcooled,
nucleate, transition, critical heat
flux, film, and complete dryout or
superheating heating of steam.

m. Provisions shall be made to use
proprietary correlations.

0. Heat input from reactor coolant pumps
and heat loss in piping is calculated.

Reactor Coolant Pump

The reactor coolant pump model shall
reprcduce the following phenomena:

a. Trip, coast down, and change in pump
speed.

b. Cavitation, two-phase flow, flow reversal,
sheared shaft, and rotor seizure.

Pressurizer (for VVERs)

The pressurizer model shall reproduce the
following phenomena:

Minimum of two-region, non-equilibrium
models.

Mixture level and collapsed level tracking.
Water-steam interface and wall effect.

Condensation effect by spray and evaporation
effect by heater.

Noncondensable gas effect.
Full solid and complete empty operation.
Steam Generator

The steam generator model shall reproduce the
following phenomena:

Minimum of three-region, non-equilibrium

model (subcooled, saturated-liquid, and
steam) .
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Section C
Accurate recirculation flow rate.

Steam separator effect.
Swelling and shrink simulation.

Accurate downcomer level.
Full solid operation considering overfilling.

Tube-uncover effect and complete dry-out
operation.

Noncondensable gas effect.

Severe transients

The Simulator shall reproduce mechanisms
which may lead to fuel damage including clad
oxidation and hydrogen generation.

Plant Monitoring and Control Systems

The Contractor shall provide modeling for the
following plant monitoring and control

systems:
a. Plant Monitoring System
b. Reactor Control and Protection System
e. Radiation Monitoring System

o. Turbine Control System

e. Turbine-Generator Monitoring System

f. Fire Protection System

g. Plant Annunciator System

3. Technological Protection and Blocking
System

i. Automatic Regulators System

- Neutron Flux Monitoring System

k. In-core Monitoring System
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Section C

Functional Group Control System
(partially)

Electric Relay Protection and Control
System, and

Safety Controcl System

C.10.2.18 Capabilities of the Electrical Distribution

System

a.

The Contractor shall provide the
capability for the instructor to open
or close all AC and DC power supply
breakers to each electrical bus.

All 1st group reliable power at 6.0 KV
and 0.4 KV AC switchgear lockout reset
from the Control Room breaker control
switches shall be simulated.

The Simulator shall be able to
simulate electrical backfeeding of
switchgear in accordance with the
reference plant procedures for
recovery operations.

C.10.2.19 Plant Process Instrumentation

a.

Appropriate instruments shall be
modeled to include the effects of
setpoint, power supply, hysteresis,
and deadband.

All Process Controller P and I drawing
characteristics within the scope of
simulation shall be correctly
modelled.

Instrument loop components shall
correctly respond to failures of power

supply.

The effects of post-LOCA containment
temperature on instrumentation shall
be mcdeled.
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Section C

HVAC Systems

The HVAC systems being simulated shall
model the transport of radiocactive nuclides
throughout the associated systems during
simulated malfunctions which are expected
to release radiocactive materials to the
atmosphere.

Containment

The following modeling shall be provided by
the Contractor for the containment system
(Equivalent systems will be modeled for the
RBMKs )

a.

The containment model shall be a
multi-node model to accommodate
accurate calculations of temperature,
pressure, hydrogen, pipe leaks and
break, and radionuclide transport.

The removal of containment heat via
sprays, fan coolers, and its
conduction to structures shall be
simulated.

The inventory in the containment sumps
shall be modeled to accurately output
to the sump level indicators.

Heat sources to the containment
including pressure vessel and piping
should be included. The effects of
safety relief valve actuations shall
be modeled.

C.10.3 Systems to be Simulated

C.10.3.1 Systems Requiring Full Simulation

Based on the training requirements of GAN and NRA and
the scope of hardware on the Simulator, full simulation
shall be required on the systems described in Section
C.8. The scope of simulation of each of these systems
shall be sufficient to support the controls and
indications used in the Simulator Contrecl Mimics.
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C.10.3.2 Systems Requiring Limited Simulsztion

Based on the training needs of GAN ai1d NRA, limited
simulation may be used for some NPP . ystems. The scope
and depth of the simulation shall be equivalent tc that
of full scope simulators.

C.11.0 Simulator Initial Conditions
C.11.1 General Information

The Simulator shall be able to be initialized at any of the
Initial Condition points. The Simulator shall be capable of
using a minimun of two hundred initial conditions. Additionally,
a utility program shall be provided which will allow instructors
to archive initial condition data sets to magnetic tape, and to
retrieve these data sets from tape, both individually and in a
block. The first initial condition shall be default initial
condition for a "snapshot." The twenty (20) initial conditions
shall be protected by a double protection code so that they
cannot be overwritten from the instructors conscle, either by the
snapshot function or by the archive retrieval function.

C.11.2 Initial Condition Generation

The Base Initial Condition (ICs) listed below shall be the basis
for all other IC points. A small subset of these base IC’s shall
be established by calculation during model development. The
method used and a brief general description of how to calculate
the initial establishment of all internal and external variables
in the base IC shall be provided by the Contractor. Any
procedures used in establishing new initial conditions shall be
fully documented and delivered with the Simulator. The
methodology to be used for establishing base ICs shall be fully
described. All other Simulator ICs (except the special ICs
identified in section C.11.3) shall be established from these ICs
by actual real-time operation of the Simulator.

The fuel-burnup status for the base ICs shall be as follows:

a. BOL; 5% burnup with >200 effective full-power hours
of operation,

b. MOL; 40% burnup,

o EOL; 80% burnup.
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Base IC's:
1. Cold Shutdown - Pressurizer Solid
2. Cold Shutdown - Pressurizer with Steam Bubble
3. 0% Power - Just Prior to Criticality BOL
4. 0% Power - Just Prior to Criticality MOL
8. 0% Power - Just Prior to Criticality EOL
6. 0% Power - Just Prior to Criticality with Xenon

Peaking

7. Just Prior to Turbine Loading
8. Just Prior to Generator Online
9 25% Power - BOL

10. 50% Power - BOL
11. 75% Power - BOL
12. 100% Power - BOL
13. 25% Power - MOL
14. 50% Power - MOL
15. 75% Power - MOL
16. 100% Power - MOL
17. 25% Power - EOL
18. 50% Power - EOL
19. 75% Power - EOL
20. 100% Power - EOL

C.11.3 Special ICs

C.11.3.1 The Contractor shall develop a post-refuelling
shutdown IC for the unit similar to the BOL IC,
except that the Reactor will experience positive
temperature coefficients

C.11.3.2 The Contractor shall develop a "coastdown
(stretch)" full power IC for a unit with a core
age of approximately 105%

C.11.4 Initial Conditions To Be Generated For Testing

Starting from ICs as defined above, the Simulator will be
maneuvered during the Acceptance Test Procedure (ATP),to
establish ICs which will be specified by the Government as
permanent (double-protected) IC points. These IC points will
generally be those which will support later stages of the ATP.

C.11.5 Initial Condition Core-Ageing
The Contractor shall develop a method to rapidly affect ageing of
the core so that MOL, EOL and Coastdown ICs can be developed

from BOL ICs without having to maneuver the plant through real
time fuel depletion.

Page 75 of 154



NRC-26-96-265 Section C
C.11.6 Initial Condition Procedures

The Contractor shall develop, as deliverable documentation,
procedures for: Development of ICs, Control of Protected ICs,
Stability Checks for New ICs, Archiving and Retrieval of ICs, and
(if appropriate) Ageing of ICs.

C.12.0 Malfunctions and Instructor-Directed Actions

C.12.1 Malfurction Philosophy

To meet the requirements of malfunction scenarios, a minimum
number of system level malfunction scenarios should be agreed
upon by the Contractor and the Government in the preliminary
design review. For component failure, the Simulator shall have
the capability for a large number of malfunction scenarios
(details to be agreed upon by the Contractor and the Government
in the preliminary design review) .

Simulated malfunctions of plant equipment and/or system
malfunctions shalil be introduced through simulated failures at
the component level and at the system level. Each component (e.qg.
circuit breaker, motor-operated valve, controller) model shall
incorporate a set of failures as preliminarily described herein.
A listing of components as well as the titles of system-level
failures and specific causes shall be agreed upon by the
Government and the Contractor in the time frame noted within the
Project Schedule.

Component failures, Instructor-Directed Actions (IDA) and system
level failures shall be individually combined into "malfunction
scenarios" and stored on computer disk memory using the on-line
scenario edit capability of the Simulator Instructor Station
(refer to section C.9.14). The Simulator shall have a capability
to store an additional 200 malfunction scenarios. The Contractor
shall be responsible for selecting the malfunction scenarios
(with the review and approval of the Government) based upon:

- ANSI/ANS 3.5, American National Standard: "Nuclear
Power Plant Simulators For Use In Operator Training;"

- NUREG - 1258, "Evaluation Procedure for Simulation
Facilities Certified Under 10 CFR 55;"

Simulation of all component and system level failures,
individually and in combination as malfunction scenarios, shall
be complete and accurate, reflecting the total integrated
response of the plant, operators’ actions or inactions, and all
2pplicable control room indications and alarms. Component and
system level failures shall be modeled within the equations
representing the physical phenomena occurring within the
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respective system or component. No predetermined or pre-recorded
response to component or system failures shall be used.

All malfunction scenarios shall persist until they are corrected
or terminated by the instructor. Secondary effects, as well as
primary ones from the initiation of malfunction scenarios shall
be simulated. For example, a 6 kv bus fault as a primary effect
shall alsc include the secondary effects of a reactor trip caused
by loss of a reactor coolant pump due to the bus fault. Modeling
of failures shall include the responses for no corrective action,
improper corrective action, and proper corrective action by the
trainee.

18,33 Malfunction Removal

Whenever possible, removal of a malfunction scenario (or one
of its component or system failures) from the Simulator
shall bear some relationship to correction of the related
fault in the reference plant. If the failure would require
shutdown of the plant to initiate repairs (e.g. a piping
rupture or pump seizure), then the Simulator must be
re-initialized to clear the failure (or backtracked to a
snapshot of pre-fault conditions). If the equipment in the
reference plant must be shutdown and/or isolated to effect
repairs, then the simulated failure should not be able to be
removed until the equipment is shut down and isclated (re-
initialization shall always be an option). If the failure of
a piece of equipment could be alleviated without a change in
the operating status of the reference plant, then removal of
such a failure shall be permitted at any time, and the
operation of the equipment shall immediately be returned to
normal .

c.12.1.2 Default Severity for Variable Malfunctions

The Contractor chall provide a default severity value for
variable component and system level failures, based on the
assumption the instructor forgot (or chose not) to enter a
severity value. If no severity value will clearly produce a
large near-term change in simulated plant conditions, the
automatic default severity value shall be that one which
would be most commonly used by the instructor or would
represent the magnitude of the fault or condition most
likely to occur in the reference plant. The Government
reserves the right to approve all values of default failure
severity.
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C:18.3 Malfunction Requirements

Unless a component or system failure is specifically limited by
the Government to identified compcnents, the instructor shall
have the capability to fail any one or all redundant components
(pumps, etc) in any number or in any combination. Failures for
redundant components (such as a sheared shaft on pump A or B)
shall be considered by Government as only one generic component
failure. Each variable conponent and system fallure shall have
an associated individual value of degradation. The actual range
(in engineering units) of the variable malfunction shall be
supplied in documentation by the Contractor. Tae Government
shall have the final determination of which system and component
failures are variable.

A listing shall be developed of component failures, system level
failures, and malfunction scenarios. Following contract award,
meetings between Government and Contractor, in accordance with
the Project Schedule, shall be held to develop the final
listings.

£.13.2.1 Identification of Component Level- Failure

The following component level failures shall be provided by
the Contractor for all important components. These failures
are to be part of the basic component models. The
Contractor shall provide additional components and
associated failure modes.

a. Remotely Controlled Circuit Breakers:

1) Spurious breaker trip due to internal failure
in the trip logic.

2) Spurious breaker closure due to internal
failure in the closing logic.

3) Mechanical seizure of breaker in its current
position.

4) Failure of breaker spring charging motor.
Breaker will trip but cannot be re-closed.

b. Motor-Operated Valves:
1) Blown fuse in valve control-power circuit
resulting in loss of valve positicn

indication, as well as inability to
electrically position the valve.
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2)

3)

4)

5)

Section C

Automatic open signal failure. Valve may be
opened manually but automatic open signals
have no effect.

Automatic close signal failure. Valve may be
ciosed manually but automatic close signals
have no effect.

Mechanical seizure of valve in its current
position, resulting in activation of thermal
overload if valve movement is attempted or in
progress.

Fail to position (simulating local manual
override)

Centrifugal Pumps

1)

2)

3)

Break in shaftr between pump impeller and
prime mover. Prime mover operates normally at
no load condition. Impeller is free to
"windmill"in fluid steam.

Rapid seizure cf pump impeller. Prime mover
is stopped with the pump.

Variable degradation of pump head for a given
value of impeller speed and flow.

Positive Displacement Pumps

1)

2)

3)

Break in shaft between pump and prime mover.
Prime mover operates normally at no load
condition.

Rapid seizure of pump. Prime mover is stopped
with pump.

Variable degradation of pump flow for a given
discharge head due to internal leakage
(seals, internal bypass valves).

380 Volt Motors

Winding electrical ground for 380 volt motors
which are controlled from the control room; 380
volt grounds are indicated in the control room.
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Section C

Heat Exchangers

1)

2)

3)

Variable severity of fouling of the tube
side. Overall Heat transfer coefficient and
hydraulic admittance of tubes are both
affected.

Variable severity of leakage between tube and
shell sides. Leakage affects conductivity
and activity of fluids as applicable, in
addition to mass inventory and performance of
heat exchanger.

Variable severity tube rupture.

Air Operated valves

1)

2)

3)

4)

5)

Positioner (or pilot valve) failure; valve
ramps to full open position and will not
respond to electrical control.

Loss of Operating air supply:valve ramps to
full open position and will not respond to
electrical control.

Valve mechanically seizes in current
position.

Failure of valve to fully close.

Fail-to-position (simulating local manual
override)

Major Check Valves

1)

3)

Check valve open seizure; check valve seizes
at full open position when moved to that
position by fluid flow while this failure is
active.

Check valve closed seizure; check valve
seizes at full closed position when moved to
that position by fluid flow while this
failure is active.

Variable severity check valve leakage; valve

leakage during back-seat condition is a
function of failure severity value.
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.32.2.2

Section C

Process Transmitters

1) Variable severity transmitter failure;
transmitter output set equal to severity
value in percent of span. If no severity
value is entered, the transmitter output is
frozen at the value existing just prior to
failure activation.

2) Variable severity transmitter offset;
transmitter output is offset from the process
value by a constant percentage equal to the
severity value entered (+ or -).

Identification of System Level Failures

In order to meet the malfunction scenario requirements for
the training programs, the Contractor shall provide system-
level failures which supplement the component-level failures
previously noted in Section C.12.2.1. The following generic
types of system-level failures shall be provided by the
Contractor as well as the additional system level failures
set forth at Section J Attachment 8.

a.

Variable severity leaks and ruptures in all
major piping systems;

Phase-to-phase electrical fault on all simulated
electrical buses;

Individual ground faults on each DC circuit fed
by control room DC distribution circuit breaker
panels. DC distribution ground faults are
indicated in the plant control room;

Control rod drive system failures;
Control rod position indication system failures

including the ability to blow the position
indicator fuses;

’

Main turbine control system failures;

Main generator and associated voltage regulator
feilures;

Nuclear instrumentation system failures;

Page 82 of 154




NRC-26-96~265 Section C

i. Diesel generator as well as associated voltage
regulator failures;

j. Variable severity reactor core fuel failure;

k. Electrical grid failures, including voltage and
frequency transients as well as complete loss of
grid load; and

1. Pires in specific locations within the plant;
simulation of fire protection system response as
well as specific effects on other systems and/or

equipment .
ophe & o N Instructor Directed Actions

The Contractor shall supply three levels of Instructor Directed
Actions (IDA):

- Local Operator Actions (LOA);
- Environmental Effects;
- Plant Performance Changes.

The list of instructor directed actions will be finalized during
the preliminary system design reviews. The Contracter shall
provide a sufficient number of LOA to allow the instructor to
perform all functions of an auxiliary cperator that meets the
requirements of ANS 3.5. Additionally, sufficient time and
memory shall be provided to allow expansion of LOA, Environmental
Effects, and Plant Performance Changes to 150% of the number
delivered with the Simulator.

c.13.3.1% Local Operator Actions

Local Operator Actions (LCA) shall include such "auxiliary
operator" functions as valve manipulation, remote electrical
device operation, and other equipment operation accomplished
outside of the control room and at remote control and
shutdown stations. The Contractor shall provide a sufficient
number of LOA to permit operation of the simulated plant
using the reference plant procedures.

AR X8 Environmental Effects
The Contractor shall enable the instructor to adjust
environmental parameters including temperature, pressure,

cooling water inlet temperature, etc.,and external plant
parameters such as electrical grid characteristics.
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c.12.3.3 Plant Performance Changes

The Contractor shall enable the instructor to insert Plant
Performance Changes. These Changes shall be consistent with
VVER maintenance and/or refueling operations, and may
include changes to all simulated control and protection
system setpoints.

&:313.D Documentation
e.13:3 General

The Contractor srall furnish complete documentation for all
software and hardware for the Simulator. All documentation
is subject to Government review and approval. All
documentation, intended for use by GAN and NRA shall be
provided in English and in Russian. All documentation will
be provided with each of the Simulators. This will include,
as a minimum, Simulaticon Model Design Report, Instructor
Station User’s Manual, Instructor Station Technical Manual,
Simulator Software Maintenance Guide, Simulator Hardware
Documentation, Final Design Data Base Report, Performance
Test Documentation, Simulator Instructional Methodology
Support Documentation and all reference Plant Procedures.

The Simulator documentation shall be organized to meet the
design data requirements as identified in ANSI/ANS 3.5,
IAEA-TECDOC-685 and NRC Regulatory Guide 1.149. The
reference material and plant data used to design and
validate the Simulator shall be fully documented. The
reference materials which are referred to in the documents
shall also be submitted.

The documentation and engineering drawings delivered to the
Government, GAN and NRA shall be in electronic and hard copy
form. '

A comprehensive document index shall be provided, separated
into functional areas, with descriptions of each item. The
index shall also serve as a guide to the drawing such that
it is possible to locate any drawing using the index.

Engineering drawings for equipment manufactured by the
Contractor or its subcontractors, not delivered in
electronic form, shall be delivered on a permanent and
reproducible medium.

Unless otherwise stated, the Contractor shall furnish two
bound copies of all documentation and drawings delivered in
electronic form and three bound copies of all other
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documentation. All preliminary design documents submitted
for review and approval during the Preliminary Design Review
shall be furnished as part of the Simulator documentation.

It is acknowledged that much of the information contained in
the preliminary design specifications is duplicated in other
documentation required by this section. The Contractor 1is
encouraged to use information contained in the preliminary
design specifications to generate the documentation
described in this section. It should be noted, however, that
the purpose of the preliminary design specifications is to
(1) provide the design guidelines for development of the
Simulatnr software, and (2) serve as auditable QA documents
which are used tn verify that the design guidelines approved
in the Preliminary Design Review, and modified in later
reviews, are being followed. The purpose of the Simulator
documentation described in this section is, on the other
hand, to aid in the utilization and maintenance of the
Simulator and its software.

C.13.1.1 Preliminary Design Report (PDR)

The Contractor shall submit a preliminary design report for
the Government's approval in accordance with the schedule in
Section F. The report shall include the Simulator Computer
System Preliminary Design Specification (C.13.16),
Simulation Model Preliminary Design Concept Specifications
(C.13.3), Simulator Software Preliminary Design Concept
Specification. (13.2), and any additional information needed
to finalize the simulator design. In addition, the
Contractor will discuss/provide the following items in the

report :
a. How the Contractor intends to achieve the data needs.
b. Details of the operating system, a discussion of this

Simulator operating system’s ability to satisfy the
real-time function capability, including usage of real-
time function calls by Simulator executive system, a
discussion of O/S utilities and support scoftware
including GUI (Graphic User Interface), and of window-
based software tools.

S The source code of the software supplied by the
computer vendors.

d. Configuration Management System. (CMS)
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e. The guidelines that will be em,..oyed in choosing
programming languages and the rationale for these
guidelines.

c.13.3 Simulator Software Preliminary Design Concept
Specification

Prior to the Preliminary Design Review Meeting, the
Contractor shall submit a preliminary design concept
document describing the Simulator software implementation
design in detail for Government review and approval. The
document shall describe the implementation of each topic
discussed in this section in addition to the following
specification areas:

a. Execution flow and control of simulation modules
(Simulator executive),

b. Inter-module communication,

g2, Measurement of CPU spare time,

d. Error/exception detection and handling,
e. Simulator software modular design,

Non-FORTRAN coded applications,

Compilation, linking/loading of simulation

modules,
Component control subroutines,
Event -driven component simulation, and
k. trainee console 1/0.
C.13.3 Simulation Model Preliminary Design Concept
Specifications

The Contractor shall provide preliminary software design
concept specifications, detailing the mathematical models
proposed for use in the plant simulation on a plant-system
model basis. The specifications shall contain descriptions
and explanations of algorithms used for the simulation of
plant systems and equipment. The specifications shall
specifically include:

a. Development methodology,
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b. Scientific theory, physical laws, and first
principles applied in development of the
mathematical model,

e, Numerical techniques used to implement the
mathematical model,

d. Scope of simulation including the explanations
and rationale for assumptions and
simplifications, and boundaries and limitations

of model,

e. Identification of malfunctions simulated by the
model ,

f. Identification of all plant system components,

indicating which components are simulated,

g. Identification of all alarms and process
computers, associated with the model, indicating
which points are simulated,

. Identification of all design data to be used in
model development, and

P Model cycle (or iteration) rate.

The specification shall provide sufficient information to
enable Government engineering and operations personnel to
evaluate the system design concept and, especially, the
interaction of process parameters and the effects they
produce on one another. It shall also address software
modular design and organization detailing the purpose of
each module in the plant system model and estimated memory
and time requirements for each module.

Preliminary design concept specifications shall be submitted
to the Government for review and approval prior to
conducting the Preliminary Design Review Meeting.

C.13.4 Simulation Model Design Report

Each system model shall be documented by a Simulation Model
Design Report (SMDR). The SMDR shall contain the informatic.
described in the following paragraphs. This report is the
final version of simulation model secticn of preliminary
design concept specifications.
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E:i3.4:3 Model Identification

This section shall provide the model name and its
function, such as: "Feedwater System - Logic and
Control." It shall give the author’s name, the
computer memory requirements, and the average and
worst case CPU times, and shall provide an area to
record revision information.

C:13.4.2 System Description and Scope of Simulation

The System Description is a brief narrative
describing the plant system (or a portion) that the
module simulates. It shall describe the software
design approach, define areas that are not simulated
or only partially simulated, and state any
assumptions or simplifications that were applied to
the model as a whole.

C.:23:48.3 Mathematical Models

The description of each mathematical model shall be
divided into three areas:

a. Analytical formulation and simplifications,
b. Numerical formulation, and
c. Program implementation.

C.13.4.4 Reference Bibliography

This section contains a list of documents referenced
by other sections of the SMDR.

=.13.4.8 Program Symbol List

This section contains a list of all program variable
names used in the module together with a short
description, engineering units, and value if the
variable appears in a data or parameter statement.

C.13.4.6 Subroutine Documentation

All instances where subroutines are used by more
than one program shall be documented. As a minimum,
the subroutine listings shall include a program
design document, a software program listing, and,
where applicable, hierarchy diagrams, as well as:
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a. A list, in alphabetical order, of the
subroutines included in the report. Page or
paragraph numbers shall be included to allow
this list to act as an index to the section
describing any individual subroutine.

b. A description of the purpose or function of
the subroutine and what it accomplishes.

c. A description of the calling sequence for the
subroutine including all inputs and outputs
together with their type and units. The range
of inputs over which the subroutine returns
valid outputs shall also be provided.

d. A description of the method of computation,
numerical approach, or algorithm used.

e. A description of any data structures used.

f. An indication of which outputs must be saved
as part of an initial condition.

g. For numerical computations, the accuracy of
the outputs.

h. An estimate of execution time for the
subroutines.

i. A list of other subroutines called from this
subroutine.

j. Values returned for invalid inputs.
C.13.4.7 Model Interface List
This section describes how the model interfaces with
other modules, the instructor station, and the
trainee consoles I/0. It shall include a list of:

a. Variables that serve as inputs to the model,
grouped by system module,

b. Variables calculated by the model that serve
as inputs to other modules,

c. Trainee consoles and I/0 points accessed by
the model,

d. Annunciator mimics ac:civated by the model,
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e. Process and PMS computer points simulated by
the model,

£ Instructor-activated functions the model
responds to (malfunctions, etc.).
C.13.4.8 Data Reference List

This list shall contain document numbers, revision
level, date document (s) received, and type and
source of document.

e.13.4.9 Mal functions List

This 1ist shall include malfunction number, title,
type, physical description, and equation number
where the malfunction is computed.

C.13.4.10 Remote Functions List

This list shall contain remote function number,
citle and type (i.e., digital, variable), true/false
states, and equation number where remote function is
utilized.

C.13.4.11 Simulated System Diagrams

Bach Simulation Model Design Report (SMDR) shall
contain engineering drawings showing the associated
gsimulated system and simulation flow charts.
Process module SMDRs shall contain P&ID. Logic and
control module SMDRs shall contain logic drawings
and/or transfer function drawings. Electrical
systems SMDRs shall contain single-line schematics
and electrical load drawings. The Concractor shall
submit a list of proposed drafting symbols to create
the simulated system diagrams to the Government for
review and approval.

Each simulated component, device, annunciator, and
computer point shall be shown on the drawings and
shall be identified by its Government tag number and
by the corresponding model variable name. Variable
names used to represent flows, pressures,
temperatures, levels, control signals, and
electrical power shall be placed on the drawing in
the vicinity of the physical quantity represented by
the variable. An arrow shall be drawn from the name
to the point on the drawing where the physical
quantity exists, if needed for clarity.
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C.13.4.12 Design Data

Each SMDR shall list the design data used by the
Contractor to develop the model.

C.13.4.13 Software Program Listing

The Contractor shall furnish a complete "source"
(programming level language) of all software
programs in electronic form. It is the intent of
GAN and NRA to regenerate (reassemble or recompile)
the executable object code from this electronic form
as part of an exercise for future Simulator
maintenance. The software program listi. y shall be
prepared in a well-commented form for each module,
program, or subroutine used by the Contractor in
connection with the design, operation, testing, or
debugging of the Simulator.

£i33.% Plant Monitoring and Control Systems Software

The plant monitoring system scftware documentation shall
consist of a design document and program listing and shall

include,

in addition to items defined elsewhere in this

specification, the following:

a.

A description of the technigues used to access
the CRTs and keyboards, including data
conversion algorithms, subroutines, and data
formats.

A clear explanation using diagrams, tables,
sketches, or other appropriate means for each
data structure.

The method and software used to initialize the
data shall be indicated, as well as the source
of the initializing data. The meaning,
programming label, size, and use of each field
in the structure shall be provided.

An overview of the software structure shall be
provided, indicating what major tasks exist
under the operating system and their functions
and relationships. This shall serve as a broad
introduction to the detailed documentation for
each task.

Page 91 of 154



NRC-26-96-265 Section C

e. Off-line utility programs used to prepare data
for these systems shall be documented in the
same manner as the on-line programs.

G138 Executive Software Documentaticn

The executive software documentation shall describe the
master process (executive) that controls the overall
Simulator software execution. This documentation shall
describe the Simulator software execution algorithms in
detail, and define the routines and variables used in the
code. This documentation shall also describe the executive's
interface with the operating system, Simulator application,
and utility software.

The Contractor shall provide a user’s manual for the Real-
Time Debugging Tool. The manual shall describe the
operation and use of all features available The Contractor
shall also provide a technical manual which describes the
implementation and internal design of the software.

The Contractor shall update the Simulator Software
preliminary design concept specification to reflect the as-
accepted Simulator and include this in documentation.

C.353.7 Instructor Station User’'s Manual

a. The Contractor shall provide five (5) copies of
the Instructor Station Users Manual containing
detailed descriptions of and operating
prozedures for the following:

1) Each piece of the instructor station hardware.

2) Each control function.

3) Simulator Initial Condition Tableau and means
provided for initialization.

4) Malfunction tableau and means provided for
insertion and deletion and a brief description
of the effects of malfunction insertion. If the
effects of the malfunction is variable based
upon operator conditions, the limitations shall
be included.

5) Use of the override feature.

6) Remote functions tableau and the means provided
for insertion and deletion.

b. The instructor’s manual shall contain a plant
response section organized by plant system using
GAN and NRA system numbering. It will provide
the instructor with each instructor selectable
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and test equipment required for maintenance. The manual
shall also include items manufactured by the Contractor or
its subcontractors.

e.13:%3 Simulator Hardware Documentation

The Contractor shall provide documentation for the
integrated Simulator complex consisting of, as a minimum,
the items listed below.

a. Trainez Conscle layout drawings
b. Elementary wiring diagrams.
e Manufacturing data and drawings for all custom-

manufactured Simulator hardware.

C.13.14 Simulation Variables Global Cross Reference

The Contractor shall provide a list of all Simulator
variables derined in the global COMMON area. For each
variable, all simulation program modules which reference the
variable shall be listed. The Contractor shall also provide
a global cross reference of Simulator program module usage
of externals and shared subroutines.

:13.38 Simulator Computer System Preliminary Design

Specification

The Contractor shall submit a preliminary design
specification describing the Simulator computer system to
the Government for review and approval. The following items
shall be described in detail:

a. Computer system design specification.

b. Design specification of the computer network.

- Recommendation for spare parts and test
equipment .

d. Delivery and procurement schedule recommended

for Government-supplied hardware.

£.13.316€ Final Design Data Base Report

a. The Contractor shall submit a database report,
listing by reference number only, data actually
utilized by the Contractor in the Simulator
design. Such reports shall include math models,
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e. External parameter list including changeable
range.
£ Instructor Operations Functions including

control tableau, function keys, operation
methods, and remote control unit operation.

C.14.0 Installation, Spare Parts, Expendables, and Maintenance
Cc.14.1 Spare Capacities of Host Computer

All spare capacities shall be calculated using the formula where:

§ = (A-U) X 100
A

S(%) = Percent Spare,

A = available capacity (gross formatted
"uncontended" capacity of the device(s))
U = wused (capacity which i1s occupied, addressed

or reserved by the system when running in
real time or development mode) .

Where multiple devices are utilized by the vendor tc accomplish a
unified task, spare requirements shall be applied to each device
as well as the set of devices; e.g., if multiple processors are
utilized, spare time shall be measured for each processor during
a worst-case situation. The Government shall have the sole and
unilateral right to define the terms under which measurements are
made and to what devices spare capacity measurements apply.

All processors with 1 MB or more of memory shall be subject to
the spare time and memory requirements. Virtual memory techniques
shall not be used for or in real-time or development
applications.

C.14.1.1 Processor Time

Timing algorithms and run-time measurements for each
processor shall be provided. The spare time measurement
algorithm(s) shall consider the execution time utilized by
all application programs, the Simulator real-time
executive(s), the real time I/O process to the Simulator
¢ontrol room, and the computer operating system. System
spare time measurements shall be made with all processors
executing their respective portions of the real time tasks
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under scenarios to be defined by the Government during
acceptance testing.

Sufficient processor capacity shall be provided so that

both:

a. 30% spare processor time is available during worst-case
loading. This time shall be distributed so that no time
frame has less than 30% spare time (a frame is defined
as the shortest real time cycle).

b. Multiple background tasks, limited only by memory

availability, may execute in the background without
affecting or degrading Simulator performance.

C.14.1.2 Main Memory
Sufficient main memory shall be supplied so that:

a. 50% spare memory is installed for expansion and other
uses. If memory is divided into program and data areas,
there shall be 50% spare in each area or sub area. No
memory overlay techniques shall be used within the real
time simulation process.

b. There shall be sufficient spare memory to accommodate
the two (2) largest tasks in the Simulator, whether
these are compilation, assembly or execution of real
time, Or support programs.

C.14.1.3 Bulk Memory

There shall be at least 50% total spare bulk memory. If
multiple drives are used, there shall be no less than 50%
spare per drive. Space utilized for the configuration
management system and its associated data files shall be
included in the "used" bulk memory for purposes of spare
calculation.

c.34.8 Simulator Equipment Spare Parts

The Contractor shall provide a recommended list for a 3-year
supply of spare parts, 18 months after contract award, based upcn
Mean Time Between Failure (MTBF) analyses, but in nc case at less
than a 1 to 15 ratic for all Simulator hardware. These spare
parts shall include CRTs, keyboards, power supplies, connectors,
fans, and controllers.

The Contractor’s recommended spare parts list should be in a
format compatible with the Simulator configuration management
system. Each spare part shall be identified by original
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manufacturer, supplier’s/manufacturer’s address, model, and part
number, and the Contractor’s part designation. Where applicable,
the unique identification number shall also be included for each
part on the list.

C.14.3 Expendables

A recommended list for one-year (defined as one year after the
Project Schedule Ready for Training milestone) supply of
expendables, shall be provided to the Government 10 months after
contract award. This list of expendables shall be based on
Simulator operaticn for S days per week, 16 hours per day.

C.14.4 Maintenance equipment

Adequate maintenance equipment and procedures shall be supplied
with the Simulator.

C.14.4.3 Manuals and Procedures

Maintenance instructicn manuals and procedures shall be
furnished with the Simulator. A recommended preventive
maintenance program and service schedule shall be provided.

C.14.4.2 Tools and Test Equipment

Any and all electrical, electronic, or mechanical tools or
test equipment necessary for Simulator maintenance,
modi.ication, and diagnostics, together with their
associated technical manuals, shall be supplied to
Government at time of Simulator shipment. The Contractor’s
maintenance training courses shall include appropriate
courseware in the care and usage of all supplied tools and
test equipment .

C.14.4.3 LAN analyzer

This unit shall be able to test and troubleshoot any type of
LAN computer, LAN connection, LAN prococol, etc, that is
part of the Simulator.

C.14.5 Maintenance

For the duration of the contract, the Contractor shall provide
preventive and on-call hardware and software maintenance for the
Simulators and shall keep the equipment in good operating
condition. The Contractor shall provide GAN, NRA and the
Government with phone numbers for maintenance requests during
normal business hours. The Contractor shall respond within 24
hours of the request for maintenance.
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7.15 NRCAKR 2052.215-83 TRAVEL APPROVALS (JAN 1993)

(a) All domestic travel requires the pricr approval of the project
officer.

(b) All foreign travel must be approved in advance by the NRC on
NRC Form 445 and must be in compliance with FAR 52.247-63
Preference for U.S. Flag Air Carriers. Foreign travel
approval must be communicated in writing through the
contracting officer.

(End of Clause]
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SECTION D - PACKAGING AND MARKING

PACKAGING AND MARKING (MAR 1987)

The Contractor shall package material for shipment to the NRC, GAN
and the NRA in such a manner that will ensure acceptance by common
carrier and safe delivery at destination. Containers and closures
shall comply with the Interstate Commerce Commission Regulations,
Uniform Freight Classification Rules, or regulations of other
carriers as applicable to the mode of transportation. ©On the
front of the package, the Contractor shall clearly identify the
contract number under which the product is being provided.

. [End of Clause]
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E.4

SECTION E - INSPECTION AND ACCEPTANCE

$2.252-2 CLAUSES INCORPORATED BY REFERENCE (JUN 1988)

This contract incorporates one or more clauses by reference,
with the same force and effect as if thzy were given in full text.
Upon request, the Contracting Officer will make their full text
available.

4 FEDERAL ACQUISITION REGULATION (48 CFR CHAPTER 1) CLAUSES
NUMBER TITLE DATE
52.246-3 INSPECTION OF SUPPLIES - APR 1984
COST-REIMBURSEMENT
52.246-5 INSPECTION OF SERVICES APR 1984

- COST-REIMBURSEMENT
[End of Clause]
PLACE OF INSPECTION AND ACCEPTANCE (MAR 1987)

Inspection and acceptance of the deliverable items to be
furnished hereunder shall be made by the Project Officer or other
representative as the Contracting Cfficer may designate at the
destination peoints in Russia, Ukraine and at the NRC.

(End of Clause]
PROJECT SCHEDULE

Within 30 days of the contract effective date, the Contractor
shall prepare, and submit for approval a detailed project schedule
which shall, as a minimum, identify monthly measurements of
performance (by completions, not percentages) of design,
development, production, testing of hardware, software,
documentation, and services. The schedule shall have guality
assurance hold-points and witness points, as specified in Section
C. 1In addition, the schedule shall identify and include periods
required for the Government'’'s approval process and comply with the
Contract Delivery Schedule in Section F.7. For each definable
activity shown on the detailed schedule, the name of the person
responsible for performance shall be shown. The Government will
review the project schedule and approve or disapprove it with
comments for revision within 30 days of receipt.

PROJECT REVIEWS

The Government, GAN and NRA will conduct at least two project
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E.4

(Continued)

reviews of the Contractor, for each of the major parts of the
project, to assure that the project is being completed on schedule
and that the guality of the work preformed is acceptable. These
reviews will include but not limited to software requirement
review, design eview, system modeling review, integrated system
testing review d software configuration review. The reviews take
place at the cc¢ ~»ctor site. These reviews will be in additicn
to the Factory Acceptance Testing and the Site Acceptance Testing.

VERIFICATION AND VALIDATION PROGRAM

The Government prefers that the verification and validation system
for the Simulator be an automated program which can be used by the
NRC, GAN and NRA to conduct all comparisons needed for the FAT and
SAT. However, a manual procedure that provides eguivalent
capabilities is acceptable.

The Contractor shall provide a Verification and Validation
(V/V) program which can be used in the instructor station.

A Verification and Validation (V&V) Program shall be provided
which incorporates the computer program and procedures
necessary for validating the simulator’'s performance against
the best available steady-state and transient data. The
comparison data used will either be the actual plant operating
data, or in lieu of actual data, best-estimate analysis data.
The user shall be able to enter the existing steady-state and
transient data into the V&V system, using either a digitizing
tablet or by typing the values in via the keyboard.

The system shall consist of a menu-driven interactive software
package and a user-oriented input interface to minimize the
effort of data entry. The V&V system shall reside in
instructor-station’s workstation where it will collect the
simulation data and store it in a user-designated file. This
file then shall be available for comparison against the best
available data saved on the V&V system’'s files. The results
of the comparison should be saved in a third file, where it
will be available for generating internal reports.

Some additional regquired features are set forth in, but they
are not limited to, the following:

1) The comparison module shall be executed at any time. The
packzge shall provide a means to quickly compare the
overall simulator performance before and after a software
modification.

2) The user shall be allowed to change the setup scenario,
computed by V&V for comparison. The user shall be able to
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E.6.1

E.6.2

(Continued)

select the best and most suitable of the validation
criteria available or evaluate the simulated transient
performance.

3) The validation program shall be able to calculate the
deviation between the data value and the simulated value.
The time and magnitude of the maximum deviation shall be
plotted and printed. The prcgram should be capable of
comparison of results with a resolution of 0.1 seconds.
Because the exact moment when the transient is initiated |
may be difficult to define, the user shall be allowed to
move the transient trend along the time axis and then
execute the comparison module for a more realistic
comparison.

PERFORMANCE TEST DOCUMENTATION

MALFUNCTION CAUSE AND EFFECT REPORTS
The Contractor shall prepare a malfunction cause and effect report
for each individual malfunction. The cause and effect reports
shall contain, as a minimum, the following infcrmation:
a. Name of malfunction;
b. Numbering scheme using a system agreed to by the Government;
¢. Real world failures (cause), when applicable;
d. Al. primary effects on respective system;
e. Major secondary effects.

) Reference document numbers for cause;

g. Reference transient curve numbers cf best estimation- and/or
reference plant data;

h. The initial simulator condition at which the effects were
written (i.e., power level).

The malfunction cause and effect reports shall be kept updated
with changes to the simulator during the performance test. Any
change in an original report (considered as the first revision of
approved report) shall have a revision number and date. The
reports shall be in both hard copy and electronic form.

ACCEPTANCE TEST PROCEDURE

Wichin six months after the contract effective date, the
Contractor shall prepare the acceptance test procedure (ATP)! and
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(Continued)
submit to the Government for approval.

The ATP shall meet the intent of the codes and standards of this
specification. The ATP shall be revised by the Contractor to
reflect any hardware, scftware, or operational changes on the
simulator during testing. Prior to start of factory acceptance
testing by Government, the Contractor shall supply the Government
with documentation of the simulator performance during
Contractor’s testing. This documentation shall include, as a
minimum, the ATP with all steps initialized and associated values
filled in. The Contractor shall also submit a list of all
simulator discrepancies found during Contractor’'s testing. The
ATP outline shall contain, as a minimum, the following:

a. Hardware configuration verification.

1) Visual inspection.

2) Documentation - wire list, etc.
3) trainee consocle
4) I/0 test.

b. Computer systems.

1) Hardware diagnostics.
2) simulator loading and background processing.
3) Spare time and memory test.
4) Configuration.
5) simulator hardware test software.
- Instructor station.
1) Functions.
2) Controls.
d. Individual system.
e. Performance validation.
1) Initial condition verification.
2) Normal plant evolution

- Plant heat-up

- Plant start-up

- Power operation (0% - 100%)

- Plant shutdown/cooldown
3) Transient test

- Malfunctions

- Comparison to reference plant data

- Comparison to best-estimate analysis
4) Surveillance test

- Heat balances

- Core physics test, etc.
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E.7.2.4

B.7.2.5

6-96-265 Section E
3 (Continued)
18) Secondary plant heat balance data

STEADY STATE STABILITY
The parameters, specifically Item f of the section entitled
"Steady State Operation," shall be stable. They shall not vary by
more than 2% of the initial values during a continuous 60-minute
period of operation at all preassigned initial conditions,
including rated power.

NORMAL EVOLUTIONS

a. The following evolutions shall be performed and validated
against the criteria described in Item c¢. of this section:

1) Heat up from cold shutdown to hot standby.
2) Unit startup from hot standby to rated power.
3) Turbine/generator startup and generator synchronization.

4) Operator ccnducted surveillance testing on safety related
equipment and systems.

S) Operationg at hot standby.
6) Load changes.

7) Start up, shutdown, and power operations with less than
full reactor coolant flow.

8) Unit shutdown from rated power to hot standby and cooldown
to cold shutdown conditions.

9) Unit performance testing such as heat balance,
determination of shutdown margin, and measurement of
reactivity coefficients and control rod worth using
permanently installed instrumentation.

10) Recovery to rated power following a reactor trip.

b. The simulator performance during conduct of the normal

evolution shall meet the applicable acceptance criteria stated
below.

€. Acceptance criteria shall be the same as reference plant

start-up test procedure acceptance criteria. Acceptance
criteria shall also require that the:

1) Observable change in the parameters correspond in
direction to those expected for a best estimate of normal
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(Continued)
plant operation.

2) Simulator shall cause an alarm or automatic action if the
reference plant would respond similarly under identical
circumstances.

3) Simulator shall not cause an alarm or automatic action if
the reference plant would respond similarly under
identical circumstances.

TRANSIENTS

The simulator transient performance during conduct of plant
operations, malfunctions, and major accidents shall meet the
following acceptance criteria:

lf. Use of applicable reference plant procedures is allowed.

2) Any observable change in a simulated parameter corresponds
in direction to that expected from actual or best estimate
response of the reference plant to the cause.

3) The simulator shall cause an alarm or automatic action if
the reference plant would respend similarly under
identical circumstances.

4) The simulator shall not cause an alarm or automatic actien
if the reference plant would respond similarly under
identical circumstances.

Simulator data and best available reference plant data shall
be compared by running the test from an initial condition of
100% power, steady state xenon, and decay heat with no
operator follow up action for the following transienis. (NRC
reserves the right to add any additional transients tests.)
(The following transients are for VVERs. Offerors shall
propose transients for RBMK's (see Section L.8).

1) Uncontrolled extraction of regulatory bodies group

2) Actuation of MCP of the loop not working before

3) Release of a regulatory body (CPS rods)

4) Decrease of boron concentration in coolant due to failures
in boron regulation system

5) Mechanical failure of MCP

6) Loss of power supply of cne MCP
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7) Toss of power supply of all MCPs

8) NPP black-out

9) Disconnecting of turbine generators from the system
10) Close of isclation valves of steam generators

11) Stop of feedwater delivery

12) High-water heater switching off

13) Steamline rupture

14) Unplanned opening of safety valve of steam generator
15) Unplanned opening of turbine bypass valve

16) Rupture of feedwater pipeline of steam generators

17) Main circulation pipeline rupture and pipeline of the
primary circuit with diameter > 300 mm.

18) Unplanned actuation of safety valve of pressurizer

19) Rupture of primary circuit pipelines with diameter < 100
mm .

¢. For the transients the following parameters shall be recorded
simultaneously versus time with a resolution of one second or
less:

- Neutron flux (percent)

- Average temperature

- Pressurizer pressure

- Narrow range pressurizer pressure

- Pressurizer level

- Pressurizer temperature

- Total steam flow (if available)

- Total feedwater flow (if available)

- Steam generator feedwater flow

- Loop flows

- Hot leg temperature (all loops)

- Cold leg temperature (all loops)

- Steam generator secondary pressure ( all generators)
-~ Steam generator level (all generators)
- Steam generator steam flow

- Containment pressure

- Containment temperature

- Relief valve flow (if available)
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(Continued)

- Surge line temperature

-  Source range monitor output

- Reactor vessel level (if available)

- Saturation margin monitor output (if ~.ailable)

STUDENT /USER CONSOLE FIDELITY

The student/user consoles shall mimic the control room displays.
The mimics shall be correct in shape, color, and configuration of
those of the reference plants. The control room mimics shall be
sufficiently complete to allow the student tc operate the plant in
all modes of operation. The following shall be included:

1)
2)
3)
4)
5)
6)
7)
8)
9)

Switches,

Controllers,

Meters,

Recorders,

Color,

Panel Layout,

Plant computer capabilities,
Ann'inciators,

Labulis, and

10)Display systems.

TESTING

The testing of the simulator shall follow test procedures that
include the following elements.

W

STEADY STATE TEST PROCEDURE

Configure simulator for normal operation and reset to the
appropriate IC for test.

Place simulator in run.

Collect data using provided data acquisition facility at a
minimum of 1 time per second.

Transfer data into spreadsheet format and plot using same
scale as available reference data. If reference data 1s not
available use reasonable scaling. Save raw data in binary and
spreadsheet form.

Acceptance criteria is similar to standards set forth in ANSI
3.5. It will be different for different parameters.

OPERIBILITY TEST PROCEDURE

Configure simulator for normal operaticn and reset to 100%
power IC.
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Using standard operating procedures reduce power to 75% and
snap IC.

Using standard operating procedurer reduce power to 50% and
snap IC.

Using standard operating procedures reduce power to 25% and
snap IC.

Using standard operating procedures reduce power to 0% and
snap IC.

Using standard operating procedures take plant to a cold
shutdown condition and snap IC.

Using standard operating procedures heatup RCS and bring plant
to a condition just prior to criticality and snap IC.

Using standard operating procedures increase power to 25% and
snap IC.

Using standard operating procedures increase power to 50% and
snap IC.

Using standard operating procedures increase power to 75% and
snap IC.

Using standard operating procedures increase power to 100% and
snap IC.

TRANSIENT TEST PROCEDURE

Configure simulator for normal operation and reset to the
appropriate IC for test.

Place simulator in run.

Initiate malfunction or other action to incite simulator
response .

Collect data using provided data acquisition facility at a
minimum of 1 time per second.

Transfer data into spreadsheet format and plot using same
scale as available reference data. If reference data is not
available use reasonable scaling. Save raw data in binary and
spreadsheet form.

Acceptance criteria is similar to standards set forth in ANSI
3.5. It will be different for different parameters.
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(Continued)

- Manual Reactor Trip

- Trip of One MCP

- Simultaneous Trip of All MCPs

- PORV Stuck Open

- Main Turbine Trip

- Trip of One Main Feed Pump

- Simultaneous Closure of All MSIVs

- Steam Generator Tube Rupture

- Main Steam Line Break

- Main Feedwater Line Break

- Large LOCA (> 300 mm)

- Small LOCA (< 100 mm)

- Anticipated Transient Without Scram
- Turbine Trip with ATWS

- .-Control Rod Drop

- LOCA following Reactor Trip

- Uncontrolled Control Rod Withdrawal
- Loss of Feedwater with Large Flow Restoration

MALFUNCTION LOGICAL TEST PROCEDURE

a. Configure simulator for normal operation and reset to an
appropriate IC.

b. Place simulator in run.
¢. Initiate malfunction.
d. Verify malfunction actually occurs.

e. Reset to appropriate IC and repeat step b through d until all
malfunctions have been tested.

QUALITY ASSURANCE
HARDWARE QUALITY ASSURANCE

The Contractor shall implement a standard guality
assurance/quality control (QA/QC) program to assure that the
simulator hardware manufactured by the Contractor or his
subcontractors is designed, manufactured, inspected, tested,
docunented, and delivered in acceordance with the reguirements of
the contract.

Acceptance of the Contractor’s gquality assurance program does not
relieve the Contractor of the obligation to comply with the
reguirements of the contract including this QA reguirement. If
the program is subsequently found to be ineffective or inadeguate
to provide QA/QC, the Government reserves the right to require
necessary revigions.
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All proposed program modifications shall be submitted to the
Contracting Officer for review and approval. All Contractor
detected nonconformances to the contract’s technical requirements
(such as drawings, procedures, specifications or other documents)
previously accepted by the Goverrment that have a proposed
disposition of repair or use-as-is, shall be notified by means of
SDDR (supplier-division-disposition-request) prior to
implementation. The SDDR form is not to be used in cases where
the Government has previously provided authorization to proceed
using an accepted repair procedure covering a specific type of
repair. However, records must be maintained for each specific
repair.

1. Quality Assurance Criteria

The following QA criteria identify the minimum requirements of
a QA program.

a. Procurement Control

The control for procurement of material and services, whether
purchased directly by the Contractor or through its
subcontractor shall include measures for:

(1) Assuring that applicable codes and standard
requirements necessary to assure adequate quality are
suitably included or referenced in procurement
documents.

(2) Source evaluation with respect to technical and
quality capability and source selection by using the
results of the evaluation.

(3) Objective evidence of quality furnished by the source,
this will always involve examination of preducts upon
delivery and may require inspection at the source.
Documented evidence of the conformance of purchased
item to procurement requirements shall be available at
the supplier’'s factory prior to use.

b. Inspection and Test Control

An inspecticn and test program shall be established and
executed to assure that inspection and testing required to
verify conformance of an item or activity are identified and
performed in zccordance with written procedures, incorporating
requirements, nethods, and acceptance limits. The program
shall incliude:

(1) Characteristics, items, and activities to be inspected
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or tested.
(2) Method of inspection or test.

(3) Identification of the individuals or organizations for
performing the inspection or test operaticon, and their
responsibilities and qualifications. These individuals
should not be those who performed the activity.

(4) Test prerequisites such as calibrated instrumentation
or adeguate test eguipment.

(5) Method of indication and notification of mandatory
inspection hold points for witness by the Government
and the supplier, as required.

(6) Acceptance and rejection criteria.

(7) Method of documenting or recording inspection and test
data and results, evaluation of the results, and
determination of their acceptability.

(8) Provisions for assuring that tools, gages, instruments
and other measuring and testing devices are properly
identified, contrclled, calibrated, and adjusted at
specified intervals.

(9) Provisions for indicating and maintaining the
inspection and test operation status of items to
prevent inadvertent use or bypassing of inspection and
tests.

SOFTWARE QUALITY ASSURANCE PROGRAM

The Contractor shall implement a QA/QC program to assure that the
simulator software is designed and coded consistent with a
predefined software development methodology, changes to the
software have been placed under a configuration management system,
and that the software documentation is updated accordingly. The
software QA/QC plan should generally follow the guidelines of
Section 2 including "IEEE 730-IEEE Standard for Software Quality
Assurance Plans," and the "NRC Software Quality Assurance Program
and Guidelines NUREG/BR-0167" including:

a. Define the software development methodology.

b. Define a coding standard which shall include:
1) Source, object, and task file naming conventiocns,
2) Variable naming conventions,
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3)
4)
5)

6)

Revision level identification,
Programming language statement placement and formatting,
Commenting and suksection identification, and

Programming restrictions.

¢. Ensure that the software revision level is known at all times
and that the object and task files can be associated with the
source revision from which they were generated.

d. Define the software documentation standard.

e. Assure that the scoftware documentation is kept current with
the implementation.

f. Define the scoftware configuration management plan.

g. Define the technical and managerial reviews and audits to be
conducted, including:

1)

2)

Software Documentaticn Review -- periodic reviews to
ensure that all changes are reflected in the preliminary
design documents (see 2 below).

Preliminary Design Review -- evaluate the technical
adequacy of the preliminary design concept expressed in
the preliminary design documents. The preliminary design
review may be conducted in several sessions, with each
session devoted to a review the design of a particular
item. For example, the preliminary design review of the
Instructor Control and Monitor Functions need not be dcne
at the same time 2s the Simulation Model review. The
Contractor shall, however, schedule the preliminary design
review for each item before any substantial software
development has taken place for that item. The Contractor
shall make its simulation engineers or engineering
subcontractors available during the review to give
technical presentations to Government engineers and to
respond to gquestions concerning each of the simulation
models and the other software and documentation to be
reviewed. After award of contract, the Contractor shall
submit a schedule showing the dates and times each item
will be reviewed so that the Government may review and
approve, and may schedule its engineers for the review.
All preliminary design documents and specifications
required for this review shall be submitted to Government
no later than 30 days prior to the preliminary design
review date for the item being reviewed. Government will
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3)

5)

review and approve the documents or return with comments
within 30 days following the preliminary design review.
The preliminary design documents, as approved by
Government, shall serve as the design guidelines for
development of the simulator software. They shall also
serve as the QA documents used to verify that the design
guidelines are being followed. Any changes to the
preliminary design, as expressed in the preliminary design
documents, shall be approved first by Government. The
preliminary design documents shall be updated during
software development to reflect changes.

Intermediate Design Review -- evaluate the technical
adequacy of any changes to the preliminary design made
necessary by adverse non-integrated system test results.
The Contractor shall make its simulator engineers or
engineering subcontractors available during the review to
answer questions from Government engineers and to describe
how problems identified during the non-integrated system
test were resolved and/or changes that were made to the
preliminary design.

Integrated System Test Review -- evaluate the adequacy and
completeness of the integrated system test plan used to
conduct the Integrated System Tests.

Functional Audit -- held prior to power plant performance
testing to assure that all problems identified by the
integrated system test have been resolved in a technically
adequate manner, all regquirements presented in the
contract for the simulator software and documentation have
been met, and the simulator is ready for power plant
performance testing. The Contractor shall make its
simulator engineers or engineering subcontractors
available during the audit to answer questions from
Government engineers and to describe how problems
identified during the integrated system were resolved.

Physical Audit -- held after FAT to verify that the
software and its documentation are internally consistent
and in the form required by the contract, and that the
software is ready for shipment and the documentation 1is
ready for final printing.

Define the discrepancy reporting and correcting procedures to
be used for factory and onsite acceptance testing.

Assure that software purchased from the computer vendor or
third-party sources has a reliable support system that
guarantees response to submitted problem reports.
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j. Assure that modifications to computer vendor or third-party
supplied software are completely controlled and fully
documented.

All reviews and audits shall be conducted at the Contractor’s
manufacturing facility. The Contractor shall submit a schedule
for the reviews and audits to Government for review and approval
within 30 days after award of contract. It shall be the
Contractor’s responsibility to conduct the reviews and audits.
However, the Government reserves the right to participate in all
reviews and to conduct or be present at all audits.
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SECTION F - DELIVERIES OR PERFORMANCE

52.252-2 CLAUSES INCORPORATED BY REFERENCE (JUN 1988)

This contract incorporates one or more clauses by reference,
with the same force and effect as if they were given in full text.
Upon request, the Contracting Officer will make their full text
available.

i FEDERAL ACQUISITION REGULATION (48 CFR CHAPTER 1) CLAUSES
NUMBER TITLE DATE
$2.242~15 STOP-WORK ORDER AUG 1989

Alternate I (APR 1984)
[End of Clause]

NRCAR 2052.212-70 PREPARATION OF TECHNICAL
REPORTS (JAN 1993)

All technical reports required by Section C and all Technical
Progress Reports required by Section F are tc be prepared in
accordance with the attached Management Directive 3.8,
"“Unclassified Contractor and Grantee Publications in the NUREG

Series." Management Dir~ctive 3.8 is not applicable to any
Contractor Spending Plan (7SP) and any Financial Status Report
that may be included in this contract. (See Section J for List of
Attachments) .

[End of Clause]
NRCAR 2052.212-71 TECHNICAL PROGRESS REPORT

The contractor shall provide a monthly Technical Progress Report
to the project officer and the contracting officer. The report is
due within 15 calendar days after the end of the report period and
must identify the title of the project, the contract number, Job
Code Number (JCN), project manager and/or principal investigator,
the contrzct period of performance, and the period covered by the
report. Each report must include the following for each discrete
task/task order:

a. Current Project Schedule updated to reflect progress.
b. List of activities accomplished in the month.

c. List of planned activities not accomplished and the reason.
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d. List of activities planned for next month.

e. Deliverables, reports and meetings scheduled for the next
three months.

f. Problem areas and action plans for recovery.

g. List of open items requiring response by the Contracter,
Government and GAN.

h. Listing of minutes of telecon communications (determined to be
significant by the Project Manager).

i. Listing of the minutes of all meetings between the Government
and/or GAN and Contractor.

j. A summary of the Simulator discrepancy reports (DR) during
Factory Acceptance Testing and On-Site Testing. This summary
shall include the DR number, summary description, date
written, engineer assignment, and status (open, closed, ready
for retest, etc.).

k. Any other relevant information deemed of interest to
Government or GAN.

[End of Clause]
NRCAR 2052.212-72 FINANCIAL STATUS REPORT (DEC 1985)

The Contractor shall provide a monthly Financial Status Report to
the project officer and the contracting officer. Also, whenever
the report references the acquisition of, or changes in status of
property valued at the time of purchase at $50,000 or more, send a
copy of the report to the Chief, Property Management Branch,
Division of Facilities and Property Management, Qffice -of
Administration. The report is due within 15 calendar days after
the end of the report period and shall identify the title of the
project, the contract number, job code, project manager and/or
principal investigator, the contract period of performance, and
the period covered by the report. Each report shall include the
following for each discrete task. In addition, the Contractor's
report shall provide the information called for in items (a) (1)
thru (4), (6) and (7) below for each applicable USAID reporting
category and each job code (JCN) listed in Section B of the
contract award document. See Section J Attachment 10 for USAID
reporting category definitions and abbreviations.

(a) Total estimated contract amount.
(b) Total funds odligated to date.
(c) Total costs incurred this reporting period.
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(d) Total costs incurred to date.

(e) Detail of all direct and indirect costs incurred during the
reporting period for the entire contract.

(f) Balance of obligaticns remaining.

(g) Balance of funds required to complete contract.

(h) Contractor Spending Plan (CSP) status:

(1) Projected percentage of completion cumulative through the
report period for the project/task order as reflected in
the current CSP.

(2) Indicate if there has been a significant change in the
original CSP projection in either dollars or percentage of
completion. Identify the change, the reasons for the
change, whether there is any projected overrun, and when

. additional funds would be required. If there have been no
changes to the original NRC-approved CSP projections, a
written statement to that effect 1s sufficient in lieu of
submitting a detailed response to item h.

(3) A revised CSP is required with the Financial Status Report
whenever the contractor or the contracting officer has
reresn to believe that the total cost for performance of
this contract will be either greater or substantially less
than what had been previously estimated.

(i) Property Status:

(1) List property acquired for the project during the month
with an acquisition cost of $500 or more and less than
$50,000. Give the item number for the specific piece of

egquipment.

(2) List property acquired for the project during the month
with an acquisition cost of $50,000 or more. Provide the
following information for each item of property: item
description or nomenclature, manufacturer, model number,
serial number, acquisition cost, and receipt date. If no
property was acquired during the month, include a
statement to that effect. Note: The same information
shall be provided for any component or peripheral
equipment which is part of a "system or system unit."

(3) For multi-year projects, in the September monthly
financial status report provide a cumulative listing of
property with an acquisition cost of $50,000 or more
(65,000 or more if purchased prior to October 1, 1995)
showing the above information.

(4) In the final monthly status report provide a closeout
property report containing the same elements as described
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above for the monthly financial status reports, for all
property purchased with NRC funds regardless of value
unless title has been vested in the contractor. If no
property was acquired under the contract, provide a
statemint to that effect. The contractor shall note any

property requiring special handling for security, health,
safety, or other reasons as part of the report.
(j) Travel status:

List the starting and end dates for each trip, the starting
peint and destination, and the traveler(s) for each trip.

If the data in this report indicates a need for additional funding
beyond that already obligated, this information may only be used
as support to the official request for funding required in
accordance with the Limitation of Cost (LOC) Clause (FAR
52.232-22) or the Limitation of Funds (LOF) Clause (FAR

£2.232-22).
(End of Clause)

PLACE OF DELIVERY--REPORTS (JUN 1988)

The items to be furnished hereunder shall be delivered, with all
charges paid by the Contractor, to:

(a) Project Nfficer (4 copies)

U.S. Nuclear Regulatory Commission
Technical Training Center

Osborne Office Center

5700 Brainerd Road, Suite 200
Chattanooga, TN 37411-4017

(b) GAN Headquarters, Moscow (3 copies)
(c) NRA Headguarters, Kiev (3 copies)

(d) Contracting Officer (1 copy)

[End of Clause]
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DURATION OF CONTRACT PERIOD (MAR 1987)
ALTERNATE 3 (MAR 1987)

Although the Government contemplates use of the system(s)
(hardware and software) for the system’'s life of 5 years from date
of installation, the term of the basic contract is from the
contract effective date through 19 months from the contract
effective date. The term of this contract may be extended by
exercise of the options described in Sectin C for required amount
of time necessary time to complete the op.. ’n as set forth in the
required delivery schedule in Section F.

(End of Clause]
CONTRACT DELIVERY SCHEDULE
In addition to the monthly technical progress and financial status
reports to Government, GAN and NRA, the Contractor shall deliver
the items or complete the tasks shown below in accordance with

gections C, E and F by the last working date of the month
indicated.

Months after Event or Deliverable Item
contract award

Zaporozhye 5 Schedule

1 Project Schedule per Section E for Zaporozhye
S Project

3 Data base report for Zaporozhye 5 data

4 Preliminary Design Report from Contractor for

hardware and Zaporozhye 5 Software

$ Project review meeting for Zaporozhye 5 project
at Contractor site

7 Acceptance test procedure for Zaporozhye 5 Project

8 Training >f NRA and GAN personnel by Contracror at
Contractor site

10 Project review meeting for Zaporozhye 5 project at
Contractor site

14 Factory acceptance testing for zaporozhye 5 Project
by Contracter, NRC, GAN and NRA at Contractor site

15 Site delivery of simulator hardware with Zaporozhye
5 software load and documentation to NRA site

15 Site delivery of simulator hardware with Zaporozhye
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12

17

17

18

18

18

18

5 software load and documentation to GAN Headquarters
site

All methodclogical training materials for Zaporozhye
5 project

Site acceptance testing by Contractor, NRC, and NRA
at NRA site

Site acceptance testing by Contractor, NRC, and GAN
at GAN site

Validation report from Contractor to Government,
GAN and NRA

Expendables from Contractor

Site delivery of simulator hardware with Zaporozhye

5 software lcad and documentation to GAN Novovoronezh
(Don Region) site

Completion of Zaporozhye 5 project

Balakova 4 Schedule

1

3

10

12

12

16

16

Project Schedule per Section E for Balakova 4 Project
Data base report for Balakova 4 data

Preliminary Design Report from Contractor for Balakova
4 Software

Project review meeting for Balakova 4 Project at
Contractor site

Acceptance test procedure Balakova 4 Project

Training of GAN and NRA personnel by Contractor at
Contractor site

Project review meeting for Balakova 4 Project at
Contractor site

Factory acceptance tasting by Contractor, NRC,
GAN and NRA at Contractor site

Site delivery of Balakova 4 simulator software
locad and documentation to GAN headgquarters site

Site delivery of Balakova 4 simulator software
load and documentation to NRA site
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16

16

18

19

19

19

Site acceptance testing by Contractor, NRC, and
GAN at GAN headquarters site

Site acceptance testing by Contractor, NRC, and
NRA at NRA site

Validation report from Contractor to Government,
GAN and NRA

Expendables from Contractor

Site delivery of Balakova 4 simulator software
load and documentation to GAN Novovoronezh

(Don Region) site

Completion of Balakova 4 Project

Option One - Kursk 4

Months after
exercise of option

1

3

14

15

15

Project Schedule per Section E for Kursk 4 Project
Data base report for Kursk 4 data

Preliminary Design Report from Contractor fcr
Kirsk 4 Software

Project review meeting for Kursk 4 Project at
Contractor site

Acceptance test procedure Kursk 4 Project

Training of NRA and GAN personnel by Contractor at
Contractor site

Project review meeting for Kursk 4 Project at
Contractor site

Factory acceptance testing for Kursk 4 Project
by Contractor, NRC, GAN and NRA at Contractor site

Site delivery of simulator hardware with Kursk 4
software load and documentation to GAN St.
Petersburg Region site

Site delivery of Kursk 4 simulator software load
and documentation to NRA site
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15 All methodological training materials for Kursk
4 Project

1% Site acceptance testing by Contractor, NRC, and
GAN at GAN St. Petersburg Region site

17 Site acceptance testing by Contractor, NRC, and
NRA at NRA site

18 Validation report from Contractor to Government,
GAN and NRA

18 Expendables from Contractor

18 Site delivery of Kursk 4 simulator software
load and documentation to GAN headquarters site

18 Completion of Kursk 4 project
Opticon Two - Rovno 1

Months after
exercise of option

1 Project Schedule per Section E for K Rovno 1
Project

3 Data base report for Rovno 1 data

4 Preliminary Design Report from Contractor for
Rovno 1 Software

5 Project review meeting for Rovno 1 Project at
Contractor site

7 Acceptance test procedure Rovno 1 Project

8 Training of NRA and GAN personnel by Contractor

at Contractor site

10 Project review meeting for Rovno 1 Project at
Contractor site

14 Factory acceptance testing for Rovno 1 Project
by Contractor, NRC, GAN and NRA at Contractor site

15 Site delivery of Rovno 1 simulator software load
and documentation to NRA site

15 Site delivery of Rovno 1 simulator software load
and documentation to GAN headquarters site
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1§ All methodoclogical training materials for
Rovno 1 project

17 Site acceptance testing by Contractor, NRC, and
NRA at NRA site

17 Site acceptance testing by Contractor, NRC, and
GAN at GAN headquarters site

18 Validation report from Contractor to Government,
GAN and NRA

18 Expendables from Contractor

18- Site delivery of Rovno 1 simulator software
load and documentation to GAN Novovoronezh

(Don Region) site
18 Completion of Rovno 1 project

{End of Clause)
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SECTION G - CONTRACT ADMINISTRATION DATA

G.1 NRCAR 2052.215-71 PROJECT OFFICER AUTHORITY
(JAN 1993)

(a) The contracting officer’s authorized representative
hereinafter referred to as the project officer for this
contract is:

Name : Steven Arndt

Address: U.S. Nuclear Regulatory Commission
Technical Training Center
Osborne Office Center
§700 Brainerd Road, Suite 200
Chattanooga, TN 37411-4017

Telephone Number: (423) 855-6641

(b) Performance of the work under this contract is subject to the
technical direction of the NRC project cfficer. The term
technical direction is defined to include the following:

(1) Technical direction to the contractor which shifts work
emphasis between areas of work or tasks, fills in
details, or otherwise serves to accomplish the
contractual statement of work.

(2) Provide advice and guidance to the contractor jia the
preparation of drawings, specifications, or technical
portions of the work description.

(3) Review and, where required by the contract, approval of
technical drawings, specifications, and technical
information to be delivered by the contractor to the
Government under the contract.

(¢) Technical direction must be within the general statement of
work stated in the contract. The project officer does not

have the authority to and may not issue any technical
direction which:

(1) Constitutes an assignment of work outside the general
scope of the contract.

(2) Constitutes a change as defined in the "Changes" clause
of this contract.

(3) In any way causes an increase or decrease in the total
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estimated contract cost, the fixed fee, if any, or the
time required for contract performance.

(4) Changes any of the expressed terms, conditions, or
specifications of the contract.

(5) Terminates the contract, settles any claim or dispute
arising under the contract, or issues any unilateral
directive whatever.

(d) All technical directions must be issued in writing by the
project officer or must be confirmed by the project officer in
writing within ten (10) working days after verbal issuance. A
copy of the written direction must be furnished to the
contracting officer.

(e) The contractor shall proceed promptly with the performance of
technical directions duly issued by the project officer in the
manner prescribed by this clause and within the project
officer’'s authority under the provisions of this clause.

(£) 1f, in the opinion of the contractor, any instruction or
direction issued by the project officer is within one of the
categories as defined in paragraph (c) of this section, the
contractor may not proceed but shall notify the contracting
officer in writing within five (5) working days after the
receipt of any instruction or direction and shall request the
contracting officer to modify the contract accordingly. Upon
receiving the notification from the contractor, the
contracting officer shall issue an appropriate contract
modification or advise the contractor in writing that, in the
contracting officer’'s opinion, the technical direction is
within the scope of this article and does not constitute a
change under the "Changes" clause.

(g) Any unauthorized commitment or direction issued by the project
officer may result in an unnecessary delay in the contractor’'s
performance and may even result in the contractor expending
funds for unallowable costs under the contract.

(h) A failure of the parties to agree upcn the nature of the
instruction or direction or upon the contract action to be
taken with respect there to is subject to FAR 52.233-1 -
Disputes.

(i) In addition to providing technical direction as defined in
paragraph (b) of the section, the project officer shall:

(1) Monitor the contractor’'s technical progress, including
surveillance and assessment of performance, and recommend
to the contracting cofficer changes in requirements.
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(2) Assist the contractor in the resolution of technical
problems encountered during performance.

(3) Review all costs requested for reimbursement by the
contractor and submit to the contracting officer
recommendations for approval, disapproval, or suspension
of payment for supplies and services required under this
contract.

[End of Clause]

NRCAR 2052.215-82 TRAVEL REIMBURSEMENT
- ALTERNATE 1 (JAN 1993)

(a) The contractor is encouraged to use Government contract

airlines, AMTRAK rail services, and discount hotel/motel
properties in order to reduce the cost of travel under this
contract. The contracting officer shall, upon request,
provide each traveler with a letter of identification which is
required in order to participate in this program. The Federal
Travel Directory (FTD) identifies carriers, contract fares,
schedules, payment conditions, and hotel/motel properties
which offer their services and rates to Government contractor
personnel traveling on official business under this contract.
The FTD, which is issued monthly, may be purchased from the
U.S. Government Printing Office, Washington, DC 20402.

The contractor will be reimbursed for reasonable travel costs
incurred directly and specifically in the performance of this
contract. The cost limitations for travel costs are
determined in accordance with the specific travel regulations
cited in FAR 31.205-46, as are in effect on the date of the
trip. Travel costs for research and related activities
performed at State and nonprofit institutions, in accordance
with Section 12 of Pub. L. 100-679, shall be charged in
accordance with the contractor's institutional policy to the
degree that the limita_ions of Office of Management and Budget
(OMB) guidance are not axceeded. Applicable guidance
documents include OMB .ircular A-87, Cost Principles for State
and Local Governments; OMB Circular A-122, Cost Principles for
Nonprofit Organizations; and OMB Circular A-21, Cost
Principles for Educational Institutions.

When the Government changes the Federal Travel Regulations, or
other applicable regulations, it is the responsibility of the
contractor to notify the contracting officer in accordance
with the Limitations of Cost clause of this contract if the
contractor will be unable tc make all of the approved trips
and remain within the cost and fee limitations of this
contract due to the changes.
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(End of Clause)

NRCAR 2052.216-71 INDIRECT COST RATES (JAN 1993)

(a) Pending the establishment of final indirect rates which must
be negotiated based on audit of actual costs, the contractor
shall be reimbursed for allowable indirect costs as follows:

Cost Element Rate Base Period

Payroll Burden (PRB) Direct Labor (DL) Award to Conclusion
Labor Overhead DL+PRB Award to Conclusion
General & Admin®* Total Cost Award to Conclusion

* Not-to-exceed celiling rate

(b) The contracting officer may adjust the above rates as
appropriate during the term of the contract upon acceptance of
any revisions proposed by the contractor except that the
General & Administrative rate shall not exceed 20% for the
term of the contract. It is the contractor’s responsibility
to notify the contracting officer in accordance with FAR
§2.232-20, Limitation of Cost, or FAR 52.232-22, Limitation of
Funds, as applicable, if these changes affect performance of
work within the established cost or funding limitations.

[End of Clause]

USE OF AUTOMATED CLEARING HOUSE (ACH)
ELECTRONIC PAYMENT

It is the policy of the U.S. Nuclear Regulatory Commission to
pay Government vendors by the Automated Clearing House (ACH)
electronic funds transfer payment system in lieu of a U.S.
Treasury check. The electronic system is known as Vendor Express.
Payment shall be made in accordance with FAR 52.232-28, entitled
"Electronic Funds Transfer Payment Methods."

To receive payment by Vendor Express, the contractor shall
complete the "Company Information" portion of Form SF 3881,
entitled "Payment Information Form - ACH Vendor Payment System"
found in Section J The contractor shall take the form to the ACH
Coordinator at the financial institution that maintains its
company’s bank account. The contractor shall discuss with the ACH
Coordinator how the payment identification information (addendum
record) will be passed to them once the payment i1s received by the
financial institution. The contractor must ensure that the
addendum record will not be stripped from the payment. The ACH
Coordinator will fill out the *“Financial Institution Information®
portion of the form and return it to the Office of thé Controller
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SECTION H - SPECIAL CONTRACT REQUIREMENTS

H.1 NRCAR 2052.209-73 CONTRACTOR ORGANIZATIONAL
CONFLICTS OF INTEREST (JAN 1993)

(a) Purpose. The primary purpose of this clause is to aid in
ensuring that the contractor:

(1) Is not placed in a conflicting role because of current or
planned interests (financial, contractual,
organizational, or otherwise) which relate to the work
under this contract; and

(2) Does not obtain an unfair competitive advantage over
other parties by virtue of its performance of this
contract.

(b) Sgope. The restrictions described apply to performance or
participation by the contractor, as defined in 48 CFR
2009.570-2 in the activities covered by this clause.

(c) Work for others.

(1) Notwithstanding any other provision of this contract,
during the term of this contract the contractor agrees to
forego entering into consulting or other contractual
arrangements with any firm or organization, the result of
which may give rise to a conflict of interest with
respect to the work being performed under this contract.
The contractor shall ensure that all employees under this
contract abide by the provision of this clause. If the
contractor has reason to believe with respect to itself
or any employee that any proposed consultant or other
contractual arrangement with any firm or organization may
involve a potential conflict of interest, the contractor
shall obtain the written approval of the contracting
officer before the execution of such contractual
arrangement .

(2) The contractor may not represent, assist, or otherwise
support an NRC licensee or applicant undergoing an NRC
audit, inspection, or review where the activities that
are the subject of the audit, inspection oOr review are
the same as or substantially similar to the services
within the scope of this contract (or task order as
appropriate), except where the NRC licensee or applicant
requires the contractor'’'s support to explain or defend
the contractor’'s prior work for the utility or other
entity which NRC questions.
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H.1 (Continued)

(£)

(g)

(h)

(1)

public by the NRC.

(2) In addition, the contractor agrees that, to the extent it
receives or is given access to preprietary data, data
protected by the Privacy Act of 1974 (5 U.S.C. Section
552a (1988)), or the Freedom of Information Act (5 U.S.C.
Section 552 (1986)), or other confidential or privileged
technical, business, or financial information under this
contract, the contractor shall treat the information in
accordance with restrictions placed on use of the
information.

(3) Subject to pactent and security provisions of t':is
contract, the contractor shall have the right to use
technical data it produces under this contract for
private purposes provided that all requirements of this
contract have been met.

Subcontracts. Except as provided in 48 CFR 2009.570-2,

the contractor shall include this clause, including this
paragraph, in subcontracts of any tier. The terms contract,
contractor, and contracting officer, must be appropriately
modified to preserve the Government’s rights.

Remedies. For breach of any of the above restrictions, or
for intenticnal nondisclosure or misrepresentation of any
relevant interest required to be disclosed concerning this
contract or for such erroneous representations that
necessarily imply bad faith, the Government may terminate the
contract for default, disqualify the contractor from
subsequent contractual efforts, and pursue other remedies
permitted by law or this contract.

Waiver. A request for waiver under this clause must be
directed in writing to the contracting officer in accordance
with the procedures outlined in 48 CFR 2009.570-9.-

Follow-on effort. The contractor shall be ineligible to

participate in NRC contracts, subcontracts, or proposals
therefor (solicited or unsolicited), which stem directly from
the contractor’s performance of work under this contract.
Furthermore, unless so directed in writing by the centracting
officer, the contractor may not perform any technical
consulting or management support services work or evaluation
activities under this contract on any of its products or
services or the products or services of another firm if the
contractor has been substantially involved in the development
or marketing of the products or services.

(1) 1f the contractor, under this contract, prepares a
complete or essentially complete statement of work or
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H.1 (Continued)

specifications, the contractor is not eligible to perform
or participate in the initial contractual effort which is
based on the statement of work or specifications. The
,contractor may not incorporate its products or services
in the statement of work or specifications unless so
directed in writing by the contracting cfficer, in which
case the restrictions in this paragraph dc not apply.

(2) Nothing in this paragraph precludes the contractor from
offering or selling its standard commercial items to the
Government .

[End of Clause]

H.2 NRCAR 2052.215-70 KEY PERSONNEL (JAN 1993)

(a) Thé following individuals are considered to be essential to

(b)

(e)

the successful performance of the work hereunder:

Robert Kershner - Program Manager
Ning-Wu Wang - Lead Software Engineer
Andre Zlokozov

William Beavers - Lead Instructor
Tushar Dighe - Lead Hardware Engineer
John Van Pelt - Lead Test Operator
Eric Johnston

Victor Listratov

The contractor agrees that personnel may not be removed from
the contract work or replaced without compliance with
paragraphe (b) and (c¢) of this section.

I1f one or more of the key personnel, for whatever reason,
becomes, or is expected toc become, unavailable for work under
this contract for a continuous period exceeding 30 work days,
or is expected to devote substantially less effort to the work
than indicated in the proposal or initially anticipated, the
contractor shall i-mediately notify the contracting officer
and shall, subject to the concurrence of the contracting
officer, promptly replace the personnel with personnel of at
least substantially equal ability and qualifications.

Each request for approval of substitutions must be in writing
and contain a detailed explanation of the circumstances
necessitating the proposed substitutions. The request must
also contain a complete resume for the proposed substitute and
other information requested or needed by the contracting
officer to evaluate the proposed substitution. The
contracting officer or his/her authorized representative shall
evaluate the request and promptly notify the contractor of his
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H.2

u.‘

(Continued)
or her approval or disapproval in writing.

(d) If the contracting officer determines that suitable and timely
replacement of key personnel who have been reassigned,
terminated, or have otherwise become unavailable for the
contract work is not reasonably forthcoming, or that the
resultant reduction of prcductive effort would be so
substantial as to impair the successful completion of the
contract or the service order, the contract may be terminated
by the contracting cofficer for default or for the convenience
of the Government, as appropriate. If the contracting officer
finds the contractor at fault for the condition, the contract
price or fixed fee may be equitably adjusted downward to
compensate the Government for any resultant delay, loss, or

damage .
[End of Clause]

NRCAR 2052.235-72 SAFETY, HEALTH, AND FIRE
PROTECTION (JAN 1593)

The contractor shall take all reasonable precautions in the
performance of the work under this contract to protect the health
and safety of its employees and of members of the public,
including NRC employees and contractor personnel, and to minimize
danger from all hazards to life and property and shall comply with
all applicable health, safety, and fire protection regulations and
requirements (including reporting requirements) of the Commission
and the Department of Labor. 1In the event that the contractor
fails to comply with these regulations or requirements, the
contracting officer may, without prejudice to any other legal or
contractual rights of the Commission, issue an order stopping all
or any part of the work; thereafter, a start order for resumption
of work may be issued at the discretion of the contracting
officer. The contractor shall make no claim for an extension of
time or for compensation or damages by reason of, or in connection
with, this type of work stoppage.

[End of Clause]

CONTRACTOR ACQUIRED GOVERNMENT EQUIPMENT/PRCPERTY
(NOV 1994)

The Contractor is authorized to acquire and/or fabricate the
equipment /property listed in the Contractor’s bill of material
dated May 10, 1996 as deliverables required under this contract.
Title to all deliverable property/material will vest in either GAN
of Russia or the NRA of Ukraine, as appropriate, upon conclusion
of this contract.
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(b) In the event that, during contract performance, the contractor
determines that the acqguisition cost for the above item(s) is
expected to exceed the amount (s) contained in the contractor’'s
proposal, the contractor shall refer to the Limitation of Cost
or Funds Clause when either is included in the contract.

(¢) Only the equipment/property listed above, in the gquantities
shown, will be acquired by the contractor. The above listed
equipment /property is subject to the provisions of the
"Government Property" clause. [End of Clause]

H.S RISK OF LOSS OR DAMAGE--PURCHASE (MAR 1587)

(a) The Government is relieved of all risks of loss or damage tc
the egquipment, up to and including the day prior to the first
day of a successful performance period, except for:

(1) Loss or damage caused by nuclear reaction, nuclear
radiation, radicactive contamination, war, insurrection,
civil strife, rebellion, weapons of war; or

(2) Negligence on the part of the Government or its agents,
provided, however, that the Government shall be relieved
of the liability for such risks of loss or damage due to
negligence if any commercial customer of the Contractor
is relieved of such liability under like circumstances.

(b) 1f the Government is liable for loss or damage of a machine,
the Contractor shall have the option to restore the machine to
its previous condition, in which event the Government shall
pay the Contractor to perform such restcoration at the
Contractor’s then-current prices, terms, and conditions. If
the Contractor elects not to restore the machine, the
Government may, at its own expense, restore the machine to its
previous condition. If, however, the machine is lost or
damaged beyond repair, the Government shall pay to the
Contractor the same price for the machine as the Government
would have paid had it purchased the machine on the day prior
to the loss or damage under the provisions of this contract.
This clause shall govern risk of loss or damage,
notwithstanding any other provisions of this contract relating
to title, payment, or ownership.

[End of Clause]
H.6 USE OF HARDWARE OR SOFTWARE MONITORE (MAR 1987)
The Contractor shall permit inclusion or attachment of such
devices as the Government may choose to employ for the purpose of
examining or measuring the activity within the computer system.

Devices such as hardware monitors, which may require physical
connection to the computer system, and devices such as software

Page 141 of 154




NRC-26-96-265 Section H

(Continued)

monitors, which may require portions of the computer system's
control software to be displaced, are specifically included in
this category. The Contractor may not prohibit the installation
of any such devices unless the particular device will cause
significant or permanent damage to the computer system. The
Contractor shall assist the Government in identifying and locating
device connections, when requested by the Government, if the
Contractor provides such service to other customers. Cost for this
service, if any, is stated elsewhere in this contract.

[End of Clause]
REPLACEMENT PART AVAILABILITY (ADPE) (MAR 1987)

The Contractor guarantees that replacement parts for each piece
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