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ABSTRACT

The Knowledge and Abilities Catalog for Nuclear Power Plant Operators: Pressurized-Water
Reactors (PWRs) (NUREG-1122, Revision 2, Supplement 1) provides the basis for the development
of content-valid licensing examinations for reactor operators (ROs) and senior reactor operators
(SROs). The examinations developed using the PWR Catalog along with the Operator Licensing
Examination Standards for Power Reactors (NUREG-1021, Rev. 9, Supplement 1) will sample the
topics listed under Title 10, Code of Federal Regulations, Part 55 (10 CFR 55).

The PWR Catalog contains approximately 5,100 knowledge and ability (K/A) statements for ROs and
SROs at PWRs. The catalog is organized into six major sections: Catalog Organization, Generic
Knowledge and Ability Statements, Plant Systems, Emergency and Abnormal Plant Evolutions,
Components and Theory.

Revision 1 to the PWR Catalog modified the form and content of the original catalog. The K/As were
linked to their applicable 10 CFR 55 item numbers. SRO level K/As were identified by 10 CFR
55.43 item numbers. The plant-wide generic and system generic K/As were combined in one section.
Systems were organized into nine safety functions and the emergency and abnormal evolutions were
reorganized and expanded.

Revision 2 incorporated corrections to the Rev. 1 catalog that were identified during a pilot testing
program associated with revision of 10 CFR 55 and implementation of NUREG-1021, Interim Rev.
8, “Operator Licensing Examination Standards for Power Reactors.” Corrections to the catalog
included:

1. addition of K/As that had been omitted in Rev. 1 (approximately 70).
2. deletion of duplicate K/As (approximately 15).

3. correction of importance values of consolidated K/As to reflect highest previously assigned
values (approximately 75).

4. correction of typographical errors.

5. addition of importance value modifiers that had been omitted in Rev. 1 (approximately 225).

Revision 2, Supplement 1, includes the following changes:
1. total replacement of Section 2, “Generic Knowledges and Abilities.”
2. inclusion of one additional Abnormal Plant Evolution (APE), 077, “Generator Voltage and

Electric Grid Disturbances,” in Section 4.2, “Generic Abnormal Plant Evolutions.”

Corrections and additions are identified by “redline” marking in the margins.
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SUMMARY OF SIGNIFICANT CHANGES

The changes described in paragraphs 1 through 6, below, were incorporated in Revision
1 of the catalog in August, 1995. Paragraph 7 describes changes that were
incorporated with Revision 2 of the catalog. Paragraph 8 describes Supplement 1 to
Revision 2, which includes a replacement of Section 2, “Generic Knowledges and
Abilities,” and a new abnormal plant evolution (APE).

1 ORGANIZATION OF THE CATALOG CHANGES
1.1 10 CFR 55 items listed

The content of the written examinations and operating licensing tests is dictated by Sections
55.41, 55.43, and 55.45 of Title 10 of the Code of Federal Regulations (10 CFR). The
thirty four (34) items listed in 10 CFR 55 are listed in the catalog to reduce the need for
cross referencing.

1.2  Stem statements linked to 10 CFR 55 items

The linkage of K/As to the 10 CFR 55.41, 43 and 45 requirements was done to help
ensure that the examinations include a representative sample from among the applicable
items. Throughout the catalog, 10 CFR 55 section references are shown in parentheses
following the appropriate K/A statement, such as (CFR: 41.x / 43.x / 45.x).

1.3  Senior Reactor Operator (SRO) K/As identified

NUREG-1021, Rev. 8, "Operator Licensing Examination Standards for Power Reactors,"
Section ES-401, required at least 25% of the site-specific written examination for SROs to
evaluate K/As required for the higher license level. The original catalogs did not explicitly
identify the K/As that represented the higher license level. Differences in RO and SRO
importance ratings were sometimes used, but, the rating differences were not linked to the
10 CFR 55.43 SRO items. In this catalog revision, SRO license level K/As were linked to
the items associated with the 10 CFR 55.43 SRO items. This is intended to remove
subjectivity from selection of higher license level K/As.

1.4  Senior Reactor Operator Limited to Fuel Handling (LSRO) discussion added

NUREG-1021, Rev. 8, Section 701 referred to the K/A catalog. In an effort to assure
consistency between the Examination Standards and the catalog, a brief discussion of the
use of the catalog for LSRO examinations was included.

1.5  New catalog organization was implemented.
1 ORGANIZATION OF THE CATALOG
2 GENERIC KNOWLEDGE AND ABILITIES (120, Rev. 2, Supp. 1)

Conduct of Operations K/As
Equipment Control K/As

Xi NUREG-1122, Rev. 2, Supp. 1



Radiation Control K/As
Emergency Procedures / Plan K/As

3 PLANT SYSTEMS (45)
Knowledge Categories (K1 - K6)
Ability Categories (Al - A4)

4 EMERGENCY AND ABNORMAL PLANT EVOLUTIONS

Generic EPEs (7) and APEs (32)

Babcock and Wilcox EPEs and APEs (17)
Combustion Engineering EPEs and APEs (7)
Westinghouse EPEs and APEs (16)
Knowledge Categories (EK/AK 1 - EK/ AK3)
Ability Categories (EA/AA 1 - EA/AA 2)

COMPONENTS
Component Knowledge Categories (8)

t

6 THEORY
Reactor Theory Knowledge Categories (8)
Thermodynamics Knowledge Categories (10)

1.6 Revised knowledge and ability stem statements for plant systems.

The knowledge and ability stem statements (categories) for plant systems were revised for
consistency with the BWR catalog. This involved revising three knowledge stem statements
as shown below. The changes are underlined.

K3.  Knowledge of the effect that a loss or malfunction of the (SYSTEM) will have on the
following:
(CFR 41.7 / 45.6)

K5.  Knowledge of the operational implications of the following concepts as
they apply to the (SYSTEM):
(CFR 41.5/45.7)

K6  Knowledge of the effect of a loss or malfunction of the following will
have on the (SYSTEM):
(CFR 41.7 / 45.7)

1.7 Revised knowledge and ability stem statements for emergency plant evolutions.
The knowledge and ability stem statements (categories) for emergency plant evolutions were

revised for consistency with the BWR catalog. This involved revising all five (5) knowledge
stem statements as shown below. The changes are underlined.

| NUREG-1122, Rev. 2, Supp. 1 xii



EK1.

EK2.

EKS.

Knowledge of the operational implications of the following concepts as they apply
to the (EMERGENCY PLANT EVOLUTION):
(CFR 41.8/41.10/ 45.3)

Knowledge of the interrelations between (EMERGENCY PLANT
EVOLUTION) and the following:
(CFR41.7/45.7)

Knowledge of the reasons for the following responses as they apply to
(EMERGENCY PLANT EVOLUTION):
(CFR41.5/41.10/ 45.6/ 45.13)

Ability to operate and / or monitor the following as they apply to (EMERGENCY
PLANT EVOLUTION):
(CFR 41.7/ 45.6)

Ability to determine and interpret the following as they apply to (EMERGENCY
PLANT EVOLUTION):
(CFR 43.5/ 45.13)
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2 GENERIC KNOWLEDGE AND ABILITIESCHANGES

21  The System Generic and Emergency Plant Evolution K/As wer e combined
with the Plant-Wide Generic K/As.

Many of the old system generic K/As had plant-wide applicability as well aslocal
applicability. In addition, the old plant-wide generic section had relatively few K/Asto
draw upon to make up 13% of the RO examination or 17% of the SRO examination, per
NUREG-1021. Asaresult, al generic K/Aswere merged into one section.

| | OLD SYSTEM NEW K/A
| | GENERICK/A

1|1 212
1| 2 2.1.14
1| 3 2.4.30
1| 4 2.1.27
1| 5 2.2.22
1| 6 2.2.25
1|7 2.1.28
1| 8 2.4.31
1|9 2.1.30
| | 10 2.1.32
|| 11 2.1.33
|| 12 2.450
| | 13 2.1.23
1| 14 2.4.49
| | 15 244

2.2  Thenew generic knowledge and abilities section was grouped into four (4)
topic areas.

These are generally administrative knowledge and abilities with broad application across
systems and operations. The four (4) topic areas listed below, were derived from,
NUREG-1021, ES-301.

1. Conduct of Operations K/As
2. Equipment Control K/As
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3. Radiation Control K/As
4. Emergency Procedures /Plan K/As

The generic K/Asfor "Conduct of Operations,” are used to evaluate the applicant's
knowledge of the daily operation of the facility. The types of information covered under
this category may include for example, shift turnover or temporary modification
procedures.

The generic K/Asfor "Equipment Control " are used to evaluate the administrative issues
associated with the management and control of plant systems and equipment. Examples of
the types of information evaluated under this topic include maintenance and temporary
modifications of systems. Fuel handling and refueling K/As were also organized into this
topic area because of the equipment control aspect of fuel handling.

The generic K/Asfor "Radiation Control," are used to evaluate the applicant's knowledge
and abilities with respect to radiation hazards and protection (personnel and public).
Examples of the types of information that should be evaluated under this topic are
knowledge of significant radiation hazards or radiation work permits.

The generic K/Asfor "Emergency Procedures/ Plan” are used to evaluate the applicant's
general knowledge of emergency operations. The K/As are designed to evauate
knowledge of the emergency procedures use. The emergency plan K/As are used to
evaluate the applicant's knowledge of the plan, including, as appropriate, the RO's or
SRO's responsibility to decide whether it should be executed and the duties assigned under
the plan.

2.3  Approximately one hundred (100) new generic K/Aswere added.
The new K/As were identified through license examiner surveys and an independent

review of the catalog, NUREG-1021, licensee event reports and inspection reports. All
new K/Aswere directly linked to the applicable 10 CFR 55 requirements.

3 SAFETY FUNCTIONS CHANGES
3.1 Consolidated Safety Functionsto match BWR Catalog.

The eleven (11) origina PWR safety functions were consolidated into nine (9) safety
functions. There were severa reasons for this change.

First, NUREG-0737, Supplement 1 treated core cooling and heat removal from the primary
system as one safety function. It did not separate RCS heat remova from secondary system
heat transport asin the origina safety functions4 and 5. Therefore, original safety
functions 4 and 5 were combined into new 4, Heat Remova From Reactor Core.

Second, original Safety Function 8, Control Air System focused on two plant service

systems rather than on a safety function. Safety functions have a broader context in the
operation of aplant. Therefore, original Safety Function 8 was consolidated into new
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Safety Function 8, Plant Service Systems.

Third, original Safety Function 10, Auxiliary Thermal Systems focused on two specific
systems. Safety functions have a broader context in the operation of anuclear power
plant. Therefore, original Safety Function 10 was consolidated into new Safety Function 8,
Plant Service Systems.

Fourth, a number of systems listed under original Safety Function 11: Indirect
Radioactivity Release Control were more applicableto Plant Service Systems.
Specifically fire protection and fuel handling systems did not fit neatly in Function 11.
Therefore, they were moved to Safety Function 8, Plant Services Systems.

Fifth, original Safety Function 11, Indirect Radioactivity Release Control implies that there
isadirect radioactivity release control function when thereis not. NUREG-0737,
Supplement 1 and the BWR catalog does not make the distinction between direct and
indirect releases. Therefore, thetitle of originalold Safety Function 11 has been changed
in new Safety Function 9 to Radioactivity Release.

3.2  Organized original Emergency Plant Evolutionsto Section 4.

Many of the emergency plant evolutions affected more than one safety function. In addition,
organizing the emergency plant evolutions by safety function did not provide an integrated
picture of the overall emergency and abnormal procedures networks at PWRs. This change
isdiscussed in more detail in Section 4 changes.

3.3 Moved System Generic K/Asto new generic section 2.

The original system generic K/As were removed from the individua system sections, and
relocated in the new Section 2, Generic Knowledge and Abilities section. Thiswas done
because a number of the origina system generic K/As had plant wide applicability.

K3.  Knowledge of the effect that aloss or malfunction of the (SY STEM) will have on
the following:
(CFR 41.7 /45.6)

K5.  Knowledge of the operational implications of the following concepts as they apply
to the (SY STEM):
(CFR41.5/45.7)

K6.  Knowledge of the effect of aloss or malfunction on the following will have on the
(SYSTEM):
(CFR 41.7/45.7)

The knowledge and ability stem statements (categories) for emergency plant evolutions
were revised for consistency with the BWR catalog. Thisinvolved revising al five (5)
knowledge and ability stem statements as shown below with the changes underlined:
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EKI.

EK2.

EK3.

EAL.

EA2.

3.4

Knowledge of the operational implications following concepts as they apply to
the (EMERGENCY PLANT EVOLUTION)
(CFR 41.8/41.10/45.3)

Knowledge of the interrelations between ( EMERGENCY PLANT EVOLUTION) and
the following:
(CFR 41.7 / 45.7)

Knowledge of the reasons for the following responses as they apply to
(EMERGENCY PLANT EVOLUTION):
(CFR41.5/41.10/45.6 . 45.13)

Ability to operate and / or monitor the following as they apply to (EMERGENCY
PLANT EVOLUTION):
(CFR 41.7 / 45.6)

Ability to determine and interpret the following as they apply to (EMERGENCY
PLANT EVOLUTION):
(CFR 43.5/ 45.13)

Consolidated multi-mode plant system K/As.

This change was made for several reasons. First, only ten (10) of the forty five (45) plant
systems were organized in more than one mode. This created inconsistency in the way the
tasks and K/As associated with the plant system were presented within the catalog. This also
resulted in K/A duplication (e.g. 28 duplicate K/As in ECCS).

As result of this change, duplicate K/As were eliminated and the remaining K/As were
organized into one section per system. The systems affected by this change are listed below:

4.1

1. Control Rod Drive System

2. Chemical and Volume Control System
3. Reactor Coolant System

4. Emergency Core Cooling System

5. Main Turbine Generator System

6. Condensate System

7. Containment Spray System

8. Emergency Diesel Generator

9. Component Cooling Water System
10. Circulating Water System.

EMERGENCY (EPE) AND ABNORMAL PLANT EVOLUTIONS (APE)
CHANGES

The original EPEs were organized into generic EPEs and APEs.

The original EPEs represented a mix of EPEs and APEs. In the context of the K/A catalog an
EPE is any condition, event or symptom which leads to entry into
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emergency operating procedures (EOPs). An APE is any degraded condition, event or
symptom not leading directly to an EOP entry condition nor related to an operational
condition as: power operation, hot shutdown, start-up, shutdown and refueling.

4.2  All EPEs and APEs were consolidated in new Section 4.

The original PWR catalog listed 7 EPEs and 31 APEs in the individual safety function
sections. This method of organizing the EPEs and APEs did not accommodate integrative
situations crossing several plant systems and or safety functions. The consolidated
organization in Section 4 is designed to accommodated integrative evolutions.

4.3 Vendor specific EPEs and APEs were added to Section 4.

The original EPEs did not address the EPE and APE differences imposed by vendor
specific technologies and procedures. As a result, 40 new vendor specific APEs and APEs
were added.

5 COMPONENTS CHANGES

5.1 Component K/As were linked to 10 CFR 55 item numbers.

6 THEORY CHANGES

6.1 Reactor Theory and Thermodynamics theory K/As were linked to 10 CFR 55 item

numbers.

7 REVISION 2 CHANGES

7.1  Approximately 70 K/As that had been omitted in Rev. 1 were added.

7.2  Approximately 15 duplicate K/As were deleted.

7.3  Approximately 75 corrections were made to the importance values of consolidated
K/As to reflect highest previously assigned values.

7.4  Typographical errors were corrected.

7.5 Importance value modifiers that had been omitted in Rev. 1 were added.

8 REVISION 2, SUPPLEMENT 1, CHANGES

8.1  Regarding replacement of Section 2, the Pressurized Water Reactor Owners Group,

with the endorsement of the U.S. Nuclear Regulatory Commission (NRC), first
initiated a study to reassess the job relevance and importance-to-safety ratings of
129 K/As in Section 2 of NUREG-1122. The study was subsequently expanded to
include the Boiling Water Reactor Owners Group to reassess its counterpart Section
2 of NUREG-1123.

8.2  Regarding the additional APE 077, “Generator Voltage and Electric Grid
Disturbances,” the NRC requested that additional K/As related to degraded voltage
be incorporated and validated during the study’s second phase to address lessons
learned from a major blackout in August 2003.

Corrections and additions are identified by “redline” marking.
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1 ORGANIZATION OF THE
CATALOG

1.1 INTRODUCTION

The Knowledge and Abilities Catalog for Nuclear Power Plant Operators: Pressurized Water
Reactors (PWR) NUREG-1122, Revision 2, Supplement 1, provides the basis for
development of content-valid written and operating licensing examinations for reactor
operators (ROs) and senior reactor operators (SROs). The Catalog is designed to ensure
equitable and consistent examinations.

1.2 PART 55 OF TITLE 10 OF THE CODE OF FEDERAL REGULATIONS

The catalog is used in conjunction with NUREG-1021, Revision 9, Supplement 1, "Operator
Licensing Examination Standards for Power Reactors." NUREG-1021 provides policy and
guidance and establishes the procedures and practices for examining licensees and applicants
for RO and SRO licenses pursuant to Part 55 of Title 10 of the Code of Federal Regulations
(10 CFR 55). All knowledge and abilities (K/As) in this catalog are directly linked by item
number to 10 CFR 55.

1.3 RO WRITTEN EXAMINATION ITEMS

The items for RO written examinations are specified in 10 CFR 55.41(b). The RO written
examination questions should be generated from a representative sample of K/As derived from
among the 10 CFR 55.41(b) items listed below:

(1)  Fundamentals of reactor theory, including fission process, neutron multiplication,
source effects, control rod effects, criticality indications, reactivity coefficients, and

poison effects.

(2)  General design features of the core, including core structure, fuel elements, control
rods, core instrumentation, and coolant flow.

(3)  Mechanical components and design features of reactor primary system.

(4)  Secondary coolant and auxiliary systems that affect the facility.

(5)  Facility operating characteristics during steady state and transient conditions, including
coolant chemistry, causes and effects of temperature, pressure and reactivity changes,

effects of load changes, and operating limitations and reasons for these operating
characteristics.
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(6)  Design, components, and function of reactivity control mechanisms and
instrumentation.

(7)  Design, components, and function of control and safety systems, including
instrumentation, signals, interlocks, failure modes, and automatic and manual features.

(8)  Components, capacity, and functions of emergency systems.
(9)  Shielding, isolation, and containment design features, including access limitations.
(10) Administrative, normal, abnormal, and emergency operating procedures for the facility.

(11) Purpose and operation of radiation monitoring systems, including alarms and survey
equipment.

(12) Radiological safety principles and procedures.

(13) Procedures and equipment available for handling and disposal of radioactive materials
and effluents.

(14) Principals of heat transfer, thermodynamics and fluid mechanics.

The RO written examination is administered in two sections, a generic fundamentals
examination (GFE) section and a site-specific examination. The GFE covers those knowledge
items that do not vary significantly among reactors of the same type (refer to NUREG-1021,
ES-205). The GFE covers components, reactor theory, and thermodynamics knowledge.

The component knowledge items are derived from 10 CFR 55.41(b) items 3 and 7. Reactor
theory knowledge items are derived from 10 CFR 55.41(b)1.
Thermodynamic knowledge items are derived from 10 CFR 55.41(b)14.

The site-specific RO written examination covers K/As that vary among reactors of the same
type. The guidance for preparation of RO written examination is presented in NUREG-1021,
ES-401. The RO examination includes a balanced mix of generic K/As, plant systems K/As,
and emergency/abnormal evolution K/As. The K/As associated with the RO site-specific
written examinations are derived from 10 CFR 55.41(b) items 2 through 13.
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1.4 SRO WRITTEN EXAMINATION ITEMS

The items for SRO written examinations are presented in 10 CFR 55.43(b). The guidance
for preparation of the SRO written examination is presented in NUREG-1021, ES-401. The
examination for SROs includes 25 questions based on the higher license level K/As from the 7
items listed under 10 CFR 55.43(b), and 75 questions derived from 10 CFR 55.41(b) RO
K/As. The 7 SRO items listed under 10 CFR 55.43(b) include:

(1)  Conditions and limitations in the facility license.
(2)  Facility operating limitations in the technical specifications and their bases.

(3)  Facility licensee procedures required to obtain authority for design and operating
changes in the facility.

(4)  Radiation hazards that may arise during normal and abnormal situations, including
maintenance activities and various contamination conditions.

(5)  Assessment of facility conditions and selection of appropriate procedures during
normal, abnormal, and emergency situations.

(6)  Procedures and limitations involved in initial core loading, alterations in core
configuration, control rod programming, and determination of various internal and
external effects on core reactivity.

(7)  Fuel handling facilities and procedures.

1.5 RO AND SRO OPERATING TEST ITEMS

The items for operating tests for ROs and SROs are presented in 10 CFR 55.45(a). The

guidance for preparation of the operating tests is presented in NUREG-1021, ES-301. The

operating test should include a representative selection of K/As derived from 13 items listed in
10 CFR 55.45(a). The 13 items listed in 10 CFR 55.45(a) are:

(1)  Perform pre-startup procedures for the facility, including operating of those controls
associated with plant equipment that could affect reactivity.

(2)  Manipulate the console controls as required to operate the facility between shutdown
and designated power levels.

(3)  Identify annunciators and condition-indicating signals and perform appropriate
remedial actions where appropriate.

1-3 NUREG-1122, Rev. 2, Supp. 1



“4)
)
(6)

(7)

®)

9)

(10)

(an

(12)

(13)

Identify the instrumentation systems and the significance of facility instrument readings.
Observe and safely control the operating behavior characteristics of the facility.

Perform control manipulations required to obtain desired operating results during
normal, abnormal, and emergency situations.

Safely operate the facility's heat removal systems, including primary coolant, emergency
coolant, and decay heat removal systems, and identify the relations of proper operation
of these systems to the operation of the facility.

Safety operate the facility's auxiliary and emergency systems, including operation of
those controls associated with plant equipment that could affect reactivity or the release
of radioactive materials to the environment

Demonstrate or describe the use and function of the facility's radiation monitoring
systems, including fixed radiation monitors and alarms, portable survey instruments,
and personnel monitoring equipment.

Demonstrate a knowledge of significant radiation hazards, including permissible levels
in excess of those authorized, and ability to perform other procedures to reduce
excessive levels of radiation and to guard against personnel exposure.

Demonstrate knowledge of the emergency plan for the facility, including, as
appropriate, the operator's or senior operator's responsibility to decide when the plan
should be executed and the duties under the plan assigned.

Demonstrate the knowledge and ability as appropriate to the assigned position to
assume the responsibilities associated with the safe operation of the facility.

Demonstrate the applicant's ability to function within the control room team as
appropriate to the assigned position, in such a way that the facility licensee’s
procedures are adhered to and that the limitations in its license and amendments are
not violated.

1.6 SENIOR OPERATORS LIMITED TO FUEL HANDLING

The specifications for examinations for Senior Operators Limited to Fuel Handling (LSRO)
are provided in Examination Standard, NUREG 1021, Section ES-701. The LSRO
examination process includes both a written examination and an operating test. This
examination and test include, but are not limited to, items associated with 10 CFR 55.43(b)
items 5 through 7, and 10 CFR 55.45(a) items 5 and 6.
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1.7 ORGANIZATION OF THE PWR CATALOG

The Knowledge and Abilities Catalog for Nuclear Power Plant Operators: Pressurized Water
Reactors is organized into 6 major sections. K/As are grouped according to the major section
to which they pertain. This organization is shown schematically below.

1 ORGANIZATION OF THE CATALOG

2 GENERIC KNOWLEDGE AND ABILITIES (120)
Conduct of Operations K/As
Equipment Control K/As
Radiation Control K/As
Emergency Procedures / Plan K/As

3 PLANT SYSTEMS (45)
Knowledge Categories (K1 - K6)
Ability Categories (Al - A4)

4 EMERGENCY AND ABNORMAL PLANT EVOLUTIONS

Generic EPEs (7) and APEs (32)

Babcock and Wilcox EPEs and APEs (17)
Combustion Engineering EPEs and APEs (7)
Westinghouse EPEs and APEs (16)
Knowledge Categories (EK/AK 1 - EK/ AK3)
Ability Categories (EA/AA 1 - EA/AA 2)

5 COMPONENTS
Component Knowledge Categories (8)

6 THEORY
Reactor Theory Knowledge Categories (8)
Thermodynamics Knowledge Categories (10)

1.8 GENERIC KNOWLEDGE AND ABILITIES

Generic knowledge and abilities are generally administrative knowledges and abilities with
broad application across systems and operations. They are listed in Section 2 of the catalog.
The four (4) categories of generic K/As are listed below:

1) Conduct of Operations K/As

2) Equipment Control K/As

3) Radiation Control K/As

4) Emergency Procedures / Plan K/As
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The generic K/As for "Conduct of Operations" are used to evaluate the applicant's knowledge
of the daily operation of the facility. The types of information covered under this category may
include, for example, shift turnover, operator responsibilities, and procedure usage.

The generic K/As for "Equipment Control " are used to evaluate the administrative activities
associated with the management and control of plant systems and equipment. Examples of the
types of information evaluated under this topic include maintenance and temporary
modifications of systems.

The generic K/As for "Radiation Control" are used to evaluate the applicant's knowledge and
abilities with respect to radiation hazards and protection (personnel and public). Examples of
the types of information that should be evaluated under this topic are knowledge of significant
radiation hazards or radiation work permits.

The generic K/As for "Emergency Procedures / Plan" are used to evaluate the applicant's
general knowledge of emergency operations. The K/As are designed to evaluate knowledge of
the emergency procedures network and its use. The emergency plan K/As are used to
evaluate the applicant's knowledge of the plan, including, as appropriate, the RO's or SRO's
responsibility to decide whether it should be executed and the duties assigned under the plan.

1.9 PLANT SYSTEMS
1.9.1 Plant System Organization by Safety Function

Nine (9) major safety functions must be maintained to ensure safe PWR nuclear power plant
operation. The safety function groups are:

1) Reactivity Control

2) Reactor Coolant System Inventory Control
3) Reactor Pressure Control
4) Heat Removal From Reactor Core

5) Containment Integrity
6) Electrical

7) Instrumentation

8) Plant Service Systems
9) Radioactivity Release.

Forty five (45) plant systems have been included in the PWR Catalog based on their
relationship and importance to 9 safety functions. Table 1 contains a list of these plant
systems, arranged within safety function. It should be noted that 3 plant systems (Reactor
Coolant System, Chemical and Volume Control System, and Emergency Core Cooling
System) each contribute to 2 safety functions. Also, because the emergency plant evolutions
are linked to more than one system, they have been listed separately
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under the appropriate, related function. Each system has a 3-digit identifier. The
identifiers are the same as those used by INPO. See Section 3 of the PWR cataog for the

delineation of K/Asfor the plant systems.

Tablel
Plant Systems by Safety Functions

Safety Function 1: Reactivity Control

001 Control Rod Drive System
004 Chemica and Volume Control System
014 Rod Position Indication System

Safety Function 2: Reactor Coolant System Inventory Contr ol

002 Reactor Coolant System

004 Chemical and VVolume Control System

006 Emergency Core Cooling System

011 Pressurizer Level Control System

013 Engineered Safety Features Actuation System

Safety Function 3: Reactor Pressure Control

006 Emergency Core Cooling System
010 Pressurizer Pressure Control System

Safety Function 4: Heat Removal From Reactor Core

Primary System

002 Reactor Coolant System

003 Reactor Coolant Pump System

005 Residual Heat Removal System

035 Steam Generator System

Secondary System

039 Main and Reheat Steam System

041 Steam Dump System and Turbine Bypass Control
045 Main Turbine Generator System

055 Condenser Air Remova System

056 Condensate System

059 Main Feedwater System

061 Auxiliary / Emergency Feedwater System
076 Service Water System

1.7
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Safety Function 5:  Containment Integrity

007 Pressurizer Relief Tank / Quench Tank System
022 Containment Cooling System

025 |ce Condenser System

026 Containment Spray System

027 Containment lodine Remova System

028 Hydrogen Recombiner and Purge Control System
103 Containment System

Safety Function 6: Electrical

062 A.C. Electrical Distribution
063 D.C. Electrical Distribution
064 Emergency Diesel Generators

Safety Function 7: Instrumentation

012 Reactor Protection System

015 Nuclear Instrumentation System

016 Non-Nuclear Instrumentation System
017 In-Core Temperature Monitor System
072 Area Radiation Monitoring System
073 Process Radiation Monitoring System

Safety Function 8: Plant Service Systems

008 Component Cooling Water System
029 Containment Purge System

033 Spent Fuel Pool Cooling System
034 Fuel Handling Equipment System
075 Circulating Water System

078 Instrument Air System

079 Station Air System

086 Fire Protection System

Safety Function 9: Radioactivity Release

068 Liquid Radwaste System
071 Waste Gas Disposal System
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1.9.2 Plant System K/A Stem Statements

The information delineated within each plant system is organized into 6 different types of
knowledge and 4 different types of ability. If there are no knowledge or ability statements
following a stem statement there is no applicable K/A.

The applicable 10 CFR 55.41 / 43 / and 45 item numbers are included with each stem

statement. In most cases the K/As associated with the ssem statements can be used for both
the written examination and the operating test. See Table 2 below:

Table2
Knowledge and Ability Stem Statementsfor Plant Systems

Knowledge Stem Statements

K1. Knowledge of the physical connections and/or cause-effect relationships
between (SY STEM) and the following:
(CFR: 41.2t0 41.9/ 45.7 to 45.8)

K2.  Knowledge of electrical power suppliesto the following:
(CFR: 41.7)

K3.  Knowledge of the effect that aloss or malfunction of the (SYSTEM) will  have
on the following:
(CFR: 41.7/ 45.6)

K4.  Knowledge of (SYSTEM) design feature(s) and or interlock(s) which
provide for the following:
(CFR: 41.7)

K5.  Knowledge of the operational implications of the following concepts as they apply
to the (SY STEM):
(CFR: 41.5/45.7)

K6  Knowledge of the of the effect of aloss or mafunction on the following will have
on the (SY STEM):
(CFR: 41.7/ 45.7)

Ability Stem Statements

Al.  Ability to predict and/or monitor changesin parameters associated with
operating the (SY STEM) controls including:
(CFR: 415/ 45.5)
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A2.  Ability to (a) predict the impacts of the following on the (SYSTEM) and
(b) based on those predictions, use procedures to correct, control, or
mitigate the consequences of those abnormal operation:

(CFR: 41.5/43.5/ 45.3/45.13)

A3.  Ability to monitor automatic operations of the (SY STEM) including:
(CFR: 41.7 / 45.5)

A4.  Ability to manually operate and/or monitor in the control room:
(CFR: 41.7 / 45.510 45.8)

1.10 EMERGENCY AND ABNORMAL PLANT EVOLUTIONS
1.10.1 Generic and Vendor Specific EPEsand APEs

Section 4 of the PWR catalog contains generic and vendor specific emergency plant
evolutions (EPESs) and Abnormal Plant Evolutions (APES). Thelisting of EPEsand APEs
was devel oped to include those integrative situations crossing severa plant systems and/or
safety functions.

An emergency plant evolution is any condition, event or symptom which leads to entry into
Emergency Operating Procedures (EOPs). An abnormal plant evolution is any degraded
condition, event, or symptom not directly leading to an EOP entry condition.

It is recognized that for each condition, there are degrees of severity. The EOP entry
conditions were used as the bases for classifying a condition either as an EPE or an APE.
Any abnormal condition which degrades as to threaten the plant safety will result in entry
into the EOPs is treated as an emergency condition.

Table 3 containsalist of emergency and abnormal plant evolutionsincluded in the PWR
catalog. Within PWRs, there are three nuclear steam system supply (NSSS) vendors,
Babcock and Wilcox, Combustion Engineering, and Westinghouse. The NSSS vendors
have EPEs and APEs that are common to all three vendors, and they have evolutions that
are vendor specific. Therefore, this Section 4 is organized by generic and vendor specific
EPEs and APEs.

The EPEs and APESs each have a unique three-digit evolution number.

Table3
Emergency and Abnormal Plant Evolutions

Generic Emergency Plant Evolutions (EPES)

007 Reactor Trip
009  Small Bresk LOCA
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011
029
038
055
074

Large Break LOCA

Anticipated Transient Without Scram (ATWS)
Steam Generator Tube Rupture

Station Blackout

Inadequate Core Cooling

Generic Abnormal Plant Evolutions (APEs)

001
003
005
008
015
017
022
024
025
026
027
028
032
033
036
037
040
051
054
056
057
058
059
060
061
062
065
067
068
069
076
077

Continuous Rod Withdrawal

Dropped Control Rod

Inoperable/Stuck Control Rod

Pressurizer Vapor Space Accident

Reactor Coolant Pump Malfunctions

Reactor Coolant Pump Malfunctions (Loss of RC Flow)
Loss of Reactor Coolant Makeup

Emergency Boration

Loss of Residual Heat Removal System

Loss of Component Cooling Water

Pressurizer Pressure Control System Malfunction
Pressurizer Level Control Malfunction

Loss of Source Range Nuclear Instrumentation
Loss of Intermediate Range Nuclear Instrumentation
Fuel Handling Incidents

Steam Generator Tube Leak

Steam Line Rupture

Loss of Condenser Vacuum

Loss of Main Feedwater

Loss of Off-Site Power

Loss of Vital AC Electrical Instrument Bus

Loss of DC Power

Accidental Liquid Radwaste Release

Accidental Gaseous Radwaste Release

Area Radiation Monitoring (ARM) System Alarms
Loss of Nuclear Service Water

Loss of Instrument Air

Plant Fire on Site

Control Room Evacuation

Loss of Containment Integrity

High Reactor Coolant Activity

Generator Voltage and Electric Grid Disturbances

Babcock and Wilcox EPEs /APEs

EO2
EO3
EO04
EO5

Vital System Status Verification
Inadequate Subcooling Margin
Inadequate Heat Transfer
Excessive Heat Transfer
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EO8 LOCA Cooldown

E09 Natural Circulation Operations
E10 Post-Trip Stabilization

E13 EOP Rules

E14 EOP Enclosures

AO1 Plant Runback

AO2  Loss of NNI-X

AO3  Loss of NNI-Y

AO4  Turbine Trip

AO5 Emergency Diesel Actuation
AO6  Shutdown Outside Control Room
AO07 Flooding

AO8 Refueling Canal Level Decrease

Combustion Engineering Emergency and Abnormal Plant Evolutions
E02 Reactor Trip Recovery

E05 Excess Steam Demand

E06 Loss of Feedwater

EO09 Functional Recovery

A1l RCS Overcooling

A13 Natural Circulation Operations

A16 Excess RCS Leakage

Westinghouse Emergency and Abnormal Plant Evolutions
EO02 Sl Termination

E03 LOCA Cooldown and Depressurization

E04 LOCA Outside Containment

EO05 Loss of Secondary Heat Sink

E06 Degraded Core Cooling

EO7 Saturated Core Cooling

EO8  Pressurized Thermal Shock

E09 Natural Circulation Operations

E10 Natural Circulation with Steam Void in Vessel with/without RVLIS
E11 Loss of Emergency Coolant Recirculation

E12  Uncontrolled Depressurization of all Steam Generators
E13 Steam Generator Overpressure

E14 High Containment Pressure

E15 Containment Flooding

E16 High Containment Radiation

1.10.2 K/A Stem Statements for EPEs and APEs

The information delineated within each emergency plant evolution is organized into 3 different

types of knowledge and 2 different types of ability. If there are no knowledge or ability
statements following a stem statement there is no applicable K/A.
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The applicable 10 CFR: 55.41 / 43 / and 45 item numbers are included with each stem
statement. In most cases the K/As associated with the stem statements can be used for both
the written examination and the operating test. See Table4 below:

Table4
Knowledge and Ability Stem Statementsfor
Emergency Plant Evolutions

Knowledge Stem Statements

EK1 Knowledge of the operationa implications of the following concepts as they apply
to the loss of (SYSTEM):
(CFR: 41.8/41.10/ 45.3)

EK2. Knowledge of the interrelations between the loss of (SY STEM) and the
following:
(CFR: 41.7/ 45.7)

EK3. Knowledge of the reasons for the following responses as they apply to
the loss of (SYSTEM):
(CFR: 41.5/41.10/ 45.6/ 45.13)

Ability Stem Statements

EA1. Ability to operate and / or monitor the following as they apply to
the loss of (SYSTEM):
(CFR: 41.7/ 45.5/ 45.6)

EA2. Ability to determine and interpret the following as they apply to
the loss of (SYSTEM):
(CFR: 43.5/ 45.13)

1.11 COMPONENTS

Basic components such as valves and pumps are found in many systems. NUREG-1021,
section ES-205, “ General Fundamentals Examination,” lists 8 categories of components.
The 8 categories of components, for which additional knowledge statements are necessary
are listed below and delineated in Section 5 of the PWR catalog.

The component knowledge statements are more detailed than those provided in the system
listing, yet at the same time they are generic to the component types. Each component has a
unique 6-digit code number identified in NUREG-1021, and 10 CFR 55.41(b) item
number. See Table 5, below.
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Tableb5

Components

191001 Valves (CFR: 41.3)

191002 Sensors and Detectors ( CFR: 41.7)

191003 Controllers and Positioners (CFR: 41.7)

191004 Pumps(CFR: 41.3)

191005 Motors and Generators (CFR: 41.7)
| 191006 Heat Exchangers and Condensers (CFR: 41.4)
| 191007 Demineralizers and lon Exchangers ( CFR: 41.3)
| 191008 Breakers, Relays, and Disconnects (CFR: 41.7)

112 THEORY

NUREG-1021, Section ES-205, “General Fundamentals Examination,” lists
| theory items. General fundamental knowledge which underlies safe performance on the
| jobisdeineated in Section 6 of the PWR Catalog. These theory topics represent general
fundamental concepts related to plant operation. Each theory topic has the same 6-digit
code number identified in NUREG-1021. The applicable 10 CFR 55 item number is
provided for Reactor Theory and Thermodynamics Theory.

Reactor Theory (CFR: 41.1)

192001 Neutrons

192002 Neutron Life Cycle

192003 Reactor Kinetics and Neutron Sources
192004 Reactivity Coefficients

192005 Control Rods

192006 Fission Product Poisons

192007 Fuel Depletion and Burnable Poisons
192008 Reactor Operationa Physics

Thermodynamics Theory (CFR: 41.14)

193001 Thermodynamic Units and Properties
193003 Steam

193004 Thermodynamic Process

193005 Thermodynamic Cycles

193006 Fluid Statics and Dynamics

193007 Heat Transfer

193008 Thermal Hydraulics

193009 Core Therma Limits

193010 Brittle Fracture and Vessel Thermal Stress
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1.13 IMPORTANCE RATINGS

Importance, in this context, considers direct and indirect impact of the K/A on safe plant
operation in amanner ensuring personnel and public health and safety. Importance Ratings
of the K/As are given for Reactor Operators and Senior Reactor Operators next to each
knowledge and ability in the catalog. These ratings reflect average ratings of individual
NRC and utility panel members. Therating scaleis presented in Table 6, below.

Table6
RO and SRO Importance Ratings

Rating Importance for safe operation
Essential

Very important

Fairly important

Of limited importance

Insignificant Importance

Indicates variability in the responses

RPN WSAO

Therefore, the rating of 2.0 or below represents a statement of limited or insignificant
importance for the safe operation of aplant. Such statements are generaly considered as
inappropriate content for NRC licensing examinations. (See below for qualifications of
importance ratings related to variability of the ratings and plant specific data.)

1.13.1 Asterisk and Question Ratings

Some importance ratings are followed by an asterisk (*) or question mark (?). These
marks indicate variability in the rating responses. An asterisk indicates that the rating
spread was very broad. An asterisk can also signify that more than 15 percent of the raters
indicated that the knowledge or ability isnot required for the RO/SRO position at their
plant, either because it refers to an inapplicable design feature or because it isthe
responsibility of someone else (e.g. SRO vs. RO). A question mark indicates that more
than 15 percent of the raters felt that they were not familiar with the knowledge or ability
asrelated to the particular system or design feature. These marksindicate a need for
examination developers to review plant-specific materials to determine whether or not that
knowledge or ability isindeed appropriate for inclusion in any given examination.

1.13.2 Difference Ratings
A dagger (1) to the left of an individua knowledge or ability statement indicates that more
than 20 percent (20%) of the raters indicated that the level of knowledge or ability

required by an SRO is different than the level of knowledge or ability required by an RO.
In the PWR catal og, daggers may only appear next to plant-wide generic
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K/A statements, system-wide generic K/A statements, and statementsin Appendices A and
B as this information was not collected for the statements in the other sections of the
catalog.

114 ACRONYMSAND TERMS

APE abnormal plant evolution

AFAS auxiliary feed actuation signd

AFW auxiliary feedwater system

ALARA as low as reasonably achievable

AQV air operated valve

ARM area radiation monitoring system

ATWS anticipated transient without scram

BIT boron injection tank

BWST borated water storage tank

CARS condenser air removal system

CAT chemical addition tank

CCSs containment cooling system

CCWS component cooling water system

CEA control element assembly (Combustion Engineering)
CIRS containment iodine removal system
COLSS core operating limit support system

CPS containment purge system

CRDM control rod drive motor

CRDS control rod drive system

CRT cathode ray tube

Crud corrosion product material floating in system
CSAS containment spray actuation signal

CSS containment spray system

CVCSs chemical and volume control system

D/G diesel generator

D/P differential pressure

DNB departure from nucleate boiling

ECCS emergency core cooling system

ECP estimated critical position

EDG emergency diesel generator

EPE emergency plant evolution

ESF engineered safety feature

ESFAS engineered safety features actuation system
FHES fud handling equipment system

FPS fire protection system

HPI high pressure injection

HRPS hydrogen recombiner and purge control system
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1.14 ACRONYMSAND TERMS (Continued)

HVAC heating, ventilation and air conditioning

IAS instrument air system

1&C instrumentation and control

ICS integrated control system (Babcock and Wilcox)
INPO Ingtitute of Nuclear Power Operation

ITMS in-core temperature monitor system

JTA job-task analysis

K/A knowledge and ability

K-effective  subcritical multiplication factor
LOCA loss of coolant accident

LPI low pressure injection

LRS liquid radwaste system

LVDT linear variable differential transformer
MFW main feedwater

M/G motor generator

MOV motor operated valve

MRSS main and reheat steam system
MSIV main steam isolation valve

MTC moderator temperature coefficient
MT/G main turbine generator

NIS nuclear instrumentation system
NNI non-nuclear instrumentation
NPSH net positive suction head

NRC Nuclear Regulatory Commission
P&ID piping and instrumentation diagram
PDIL power dependent insertion limit
PEO plant equipment operator

PORV power operated relief valves
PPDIL pre-power dependent insertion limit
PRM process radiation monitor

PRT pressurizer relief tank

PTS pressurized thermal shock

PWR pressurized water reactor

PZR pressurizer

PZRLCS pressurizer level control system
PZR PCS pressurizer pressure control system

RCP reactor coolant pump

RCS reactor coolant system

rem roentgen equivalent man
RHR residual heat removal

RMS radiation monitoring system
RO reactor operator

RPI rod position indication
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1.14 ACRONYMSAND TERMS (Continued)

RPS reactor protection system
RWST refueling water storage tank

SAS station air system

SDS steam dump system

SFPS spent fuel pool cooling system
SIG steam generator

S/IGB steam generator blowdown
SCR silicon controlled rectifier
SDM shutdown margin

SIS safety injection system

SME subject matter expert

SOP standard operating procedure
SRO senior reactor operator

SS shift supervisor

SUR startup rete

SWS service water system

T-ave average reactor coolant temperature
T-cold measured temperature of inlet
TIG turbine generator

T-ref reference temperature for RCS
UHI upper head injection

VARS volt-amperes reactive

VCT volume control tank

WGDS waste gas disposal system

NUREG-1122, Rev. 2 1.18



2.0

2.0.1

2.0.2

2.1

2.1.1

2.1.2

2.1.3

2.14

2.1.5

2.1.6

2.1.7

GENERIC KNOWLEDGES AND ABILITIES

Technical Requirements Manual (TRM) - For the purpose of this catalog, K/As that
reference Technical Specifications (TS) may include the Technical Requirements
Manual, where applicable.

K/A Clarifying Examples - K/As that include the words “such as” list suggested
topical areas as examples and are not intended to be all inclusive.

Conduct of Operations

Knowledge of conduct of operations requirements.
(CFR: 41.10/ 45.13)
IMPORTANCE RO 3.8 SRO 4.2

Knowledge of operator responsibilities during all modes of plant operation.
(CFR: 41.10/ 45.13)
IMPORTANCE RO 4.1 SRO 4.4

Knowledge of shift or short-term relief turnover practices.
(CFR: 41.10/ 45.13)
IMPORTANCE RO 3.7 SRO 3.9

Knowledge of individual licensed operator responsibilities related to shift
staffing, such as medical requirements, “no-solo” operation, maintenance of
active license status, 10CFR55, etc.

(CFR: 41.10/ 43.2)
IMPORTANCE RO 3.3 SRO 3.8

Ability to use procedures related to shift staffing, such as minimum crew
complement, overtime limitations, etc.

(CFR: 41.10/43.5/ 45.12)
IMPORTANCE RO 2.9* SRO 3.9

Ability to manage the control room crew during plant transients.
(CFR: 41.10/43.5/45.12 / 45.13)
IMPORTANCE RO 3.8%* SRO 4.8

Ability to evaluate plant performance and make operational judgments based on

operating characteristics, reactor behavior, and instrument interpretation.
(CFR: 41.5/43.5/45.12 / 45.13)

IMPORTANCE RO 4.4 SRO 4.7
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2.1.9

2.1

2.1

2.1

2.1

2.1

2.1

2.1

2.1

2.1

2.1

.10

1

A2

13

14

15

.16

A7

18

.19

Conduct of Operations (continued)

Ability to coordinate personnel activities outside the control room.
(CFR: 41.10/45.5/45.12 / 45.13)
IMPORTANCE RO 3.4 SRO 4.1

Ability to direct personnel activities inside the control room.
(CFR: 41.10/ 45.5/45.12 / 45.13)
IMPORTANCE RO 2.9* SRO 4.5

Moved to 2.2.38
Moved to 2.2.39
Moved to 2.2.40

Knowledge of facility requirements for controlling vital/controlled access.
(CFR: 41.10/43.5/45.9/ 45.10)
IMPORTANCE RO 2.5 SRO 3.2

Knowledge of criteria or conditions that require plant-wide announcements, such
as pump starts, reactor trips, mode changes, etc.

(CFR: 41.10/43.5/ 45.12)
IMPORTANCE RO 3.1 SRO 3.1

Knowledge of administrative requirements for temporary management

directives, such as standing orders, night orders, Operations memos, etc.
(CFR: 41.10/ 45.12)

IMPORTANCE RO 2.7 SRO 3.4

Deleted

Ability to make accurate, clear, and concise verbal reports.
(CFR: 41.10/ 45.12 / 45.13)
IMPORTANCE RO 3.9 SRO 4.0

Ability to make accurate, clear, and concise logs, records, status boards, and
reports.

(CFR: 41.10/45.12 / 45.13)
IMPORTANCE RO 3.6 SRO 3.8

Ability to use plant computers to evaluate system or component status.
(CFR: 41.10/ 45.12)
IMPORTANCE RO 3.9 SRO 3.8
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2.1

2.1.20

2.1.21

2.1.22

2.1.23

2.1.24

2.1.25

2.1.26

2.1.27

2.1.28

2.1.29

Conduct of Operations (continued)

Ability to interpret and execute procedure steps.
(CFR: 41.10/43.5/ 45.12)
IMPORTANCE RO 4.6 SRO 4.6

Ability to verify the controlled procedure copy.
(CFR: 41.10/ 45.10/ 45.13)
IMPORTANCE RO 3.5* SRO 3.6*

Revised and moved to 2.2.35

Ability to perform specific system and integrated plant procedures during all
modes of plant operation.

(CFR: 41.10/ 43.5/ 45.2 / 45.6)
IMPORTANCE RO 4.3 SRO 4.4

Moved to 2.2.41

Ability to interpret reference materials, such as graphs, curves, tables, etc.
(CFR: 41.10/43.5/ 45.12)
IMPORTANCE RO 3.9 SRO 4.2

Knowledge of industrial safety procedures (such as rotating equipment,
electrical, high temperature, high pressure, caustic, chlorine, oxygen and
hydrogen).

(CFR: 41.10/ 45.12)
IMPORTANCE RO 3.4 SRO 3.6

Knowledge of system purpose and/or function.
(CFR: 41.7)
IMPORTANCE RO 3.9 SRO 4.0

Knowledge of the purpose and function of major system components and
controls.

(CFR: 41.7)
IMPORTANCE RO 4.1 SRO 4.1

Knowledge of how to conduct system lineups, such as valves, breakers, switches,
etc.

(CFR: 41.10/ 45.1 / 45.12)
IMPORTANCE RO 4.1 SRO 4.0
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2.1

2.1.30

2.1.31

2.1.32

2.1.33

2.1.34

2.1.35

2.1.36

2.1.37

2.1.38

2.1.39

2.1.40

Conduct of Operations (continued)

Ability to locate and operate components, including local controls.
(CFR: 41.7 / 45.7)
IMPORTANCE RO 4.4 SRO 4.0

Ability to locate control room switches, controls, and indications, and to
determine that they correctly reflect the desired plant lineup.

(CFR: 41.10/ 45.12)
IMPORTANCE RO 4.6 SRO 4.3

Ability to explain and apply system limits and precautions.
(CFR: 41.10/43.2 / 45.12)
IMPORTANCE RO 3.8 SRO 4.0

Moved to 2.2.42

Knowledge of primary and secondary plant chemistry limits.
(CFR: 41.10/43.5/ 45.12)
IMPORTANCE RO 2.7 SRO 3.5

Knowledge of the fuel-handling responsibilities of SROs.
(CFR: 41.10/ 43.7)
IMPORTANCE RO 2.2 SRO 3.9

Knowledge of procedures and limitations involved in core alterations.
(CFR: 41.10/43.6 / 45.7)
IMPORTANCE RO 3.0 SRO 4.1

Knowledge of procedures, guidelines, or limitations associated with reactivity

management.
(CFR: 41.1/43.6 / 45.6)
IMPORTANCE RO 4.3 SRO 4.6

Knowledge of the station's requirements for verbal communications when
implementing procedures.

(CFR: 41.10/ 45.13)
IMPORTANCE RO 3.7* SRO 3.8

Knowledge of conservative decision making practices.
(CFR: 41.10/43.5/ 45.12)
IMPORTANCE RO 3.6 SRO 4.3

Knowledge of refueling administrative requirements.
(CFR: 41.10/43.5/ 45.13)
IMPORTANCE RO 2.8 SRO 3.9
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2.1

2.1.41

2.1.42

2.1.43

2.1.44

Conduct of Operations (continued)

Knowledge of the refueling process.
(CFR: 41.2/41.10/43.6 / 45.13)
IMPORTANCE RO 2.8 SRO 3.7

Knowledge of new and spent fuel movement procedures.
(CFR: 41.10/ 43.7/ 45.13)
IMPORTANCE RO 2.5 SRO 3.4

Ability to use procedures to determine the effects on reactivity of plant changes,

such as reactor coolant system temperature, secondary plant, fuel depletion, etc.
(CFR: 41.10/ 43.6 / 45.6)

IMPORTANCE RO 4.1 SRO 4.3

Knowledge of RO duties in the control room during fuel handling, such as
responding to alarms from the fuel handling area, communication with the fuel
storage facility, systems operated from the control room in support of fueling
operations, and supporting instrumentation.

(CFR: 41.10/ 43.7/ 45.12)
IMPORTANCE RO 3.9 SRO 3.8

2.1.45 Ability to identify and interpret diverse indications to validate the response of

another indication.
(CFR: 41.7/43.5/45.4)
IMPORTANCE RO 4.3 SRO 4.3
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2.2

2.2.1

222

223

224

225

2.2.6

227

2.2.8

229

Equipment Control

Ability to perform pre-startup procedures for the facility, including operating

those controls associated with plant equipment that could affect reactivity.
(CFR: 41.5/41.10/43.5/43.6 /45.1)

IMPORTANCE RO 4.5 SRO 4.4

Ability to manipulate the console controls as required to operate the facility
between shutdown and designated power levels.

(CFR: 41.6 / 41.7/ 45.2)
IMPORTANCE RO 4.6 SRO 4.1

(multi-unit license) Knowledge of the design, procedural, and operational
differences between units.

(CFR: 41.5/41.6 /41.7/41.10/45.12)
IMPORTANCE RO 3.8 SRO 3.9

(multi-unit license) Ability to explain the variations in control board/control room
layouts, systems, instrumentation, and procedural actions between units at a
facility.

(CFR: 41.6 / 41.7/41.10/45.1 / 45.13)
IMPORTANCE RO 3.6 SRO 3.6

Knowledge of the process for making design or operating changes to the facility.
(CFR: 41.10/ 43.3/ 45.13)
IMPORTANCE RO 2.2 SRO 3.2

Knowledge of the process for making changes to procedures.
(CFR: 41.10/43.3 / 45.13)

IMPORTANCE RO 3.0 SRO 3.6

Knowledge of the process for conducting special or infrequent tests.
(CFR: 41.10/ 43.3/ 45.13)

IMPORTANCE RO 2.9 SRO 3.6

Deleted

Deleted

2.2.10 Deleted
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2.2

2.2.11

2.2.12

2.2.13

2214

2.2.15

2.2.16

2217

2.2.18

2.2.19

Equipment Control (continued)

Knowledge of the process for controlling temporary design changes.
(CFR: 41.10/43.3/ 45.13)
IMPORTANCE RO 2.3 SRO 3.3

Knowledge of surveillance procedures.
(CFR: 41.10/ 45.13)
IMPORTANCE RO 3.7 SRO 4.1

Knowledge of tagging and clearance procedures.
(CFR: 41.10/ 45.13)
IMPORTANCE RO 4.1 SRO 4.3

Knowledge of the process for controlling equipment configuration or status.
(CFR: 41.10/ 43.3/ 45.13)
IMPORTANCE RO 3.9 SRO 4.3

Ability to determine the expected plant configuration using design and

configuration control documentation, such as drawings, line-ups, tag-outs, etc.
(CFR: 41.10/43.3 / 45.13)

IMPORTANCE RO 3.9 SRO 4.3

Deleted

Knowledge of the process for managing maintenance activities during power
operations, such as risk assessments, work prioritization, and coordination with
the transmission system operator.

(CFR: 41.10/ 43.5/ 45.13)
IMPORTANCE RO 2.6 SRO 3.8

Knowledge of the process for managing maintenance activities during shutdown
operations, such as risk assessments, work prioritization, etc.

(CFR: 41.10/43.5/ 45.13)
IMPORTANCE RO 2.6 SRO 3.9

Knowledge of maintenance work order requirements.

(CFR: 41.10 / 43.5 / 45.13)
IMPORTANCE RO 2.3 SRO 3.4
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2.2

2.2.20

2.2.21

2.2.22

2.2.23

2.2.24

2.2.25

2.2.26

2.2.27

2.2.28

2.2.29

2.2.30

2.2.31

2.2.32

2.2.33

2.2.34

Equipment Control (continued)

Knowledge of the process for managing troubleshooting activities.
(CFR: 41.10/43.5/ 45.13)

IMPORTANCE RO 2.6 SRO 3.8

Knowledge of pre- and post-maintenance operability requirements.
(CFR: 41.10/ 43.2)

IMPORTANCE RO 2.9 SRO 4.1

Knowledge of limiting conditions for operations and safety limits.
(CFR: 41.5/43.2/45.2)

IMPORTANCE RO 4.0 SRO 4.7

Ability to track Technical Specification limiting conditions for operations.
(CFR: 41.10/43.2 / 45.13)

IMPORTANCE RO 3.1 SRO 4.6

Moved to 2.2.36

Knowledge of the bases in Technical Specifications for limiting conditions for

operations and safety limits.
(CFR: 41.5/41.7/43.2)

IMPORTANCE RO 3.2 SRO 4.2

Moved to 2.1.40

Moved to 2.1.41

Moved to 2.1.42

Moved to 2.1.35

Moved to 2.1.44

Revised and moved to 2.1.36

Deleted

Deleted

Revised and moved to 2.1.43
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2.2

2.2.35

2.2.36

2.2.37

2.2.38

2.2.39

2.2.40

2241

2.2.42

2.2.43

Equipment Control (continued)

Ability to determine Technical Specification Mode of Operation.
(CFR: 41.7/41.10/ 43.2 / 45.13)
IMPORTANCE RO 3.6 SRO 4.5

Ability to analyze the effect of maintenance activities, such as degraded power
sources, on the status of limiting conditions for operations.

(CFR: 41.10/43.2 / 45.13)
IMPORTANCE RO 3.1 SRO 4.2

Ability to determine operability and/or availability of safety related equipment.

(CFR: 41.7/43.5 / 45.12)
IMPORTANCE RO 3.6 SRO 4.6

Knowledge of conditions and limitations in the facility license.
(CFR: 41.7/41.10/43.1 / 45.13)
IMPORTANCE RO 3.6 SRO 4.5

Knowledge of less than or equal to one hour Technical Specification action
statements for systems.

(CFR: 41.7/41.10/43.2 / 45.13)
IMPORTANCE RO 3.9 SRO 4.5

Ability to apply Technical Specifications for a system.
(CFR: 41.10/43.2 /43.5/ 45.3)
IMPORTANCE RO 3.4 SRO 4.7

Ability to obtain and interpret station electrical and mechanical drawings.
(CFR: 41.10/45.12 / 45.13)
IMPORTANCE RO 3.5 SRO 3.9

Ability to recognize system parameters that are entry-level conditions for
Technical Specifications.

(CFR: 41.7/41.10/43.2/43.3/45.3)
IMPORTANCE RO 3.9 SRO 4.6

Knowledge of the process used to track inoperable alarms.
(CFR: 41.10/43.5/ 45.13)
IMPORTANCE RO 3.0 SRO 3.3
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2.2 Equipment Control (continued)

2.2.44 Ability to interpret control room indications to verify the status and operation of
a system, and understand how operator actions and directives affect plant and
system conditions.

(CFR: 41.5/43.5/45.12)
IMPORTANCE RO 4.2 SRO 4.4
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2.3

2.3.1

2.3.2

2.3.3

234

2.3.5

2.3.6

2.3.7

2.3.8

2.3.9

2.3.10

2.3.11

2.3.12

Radiation Control
Deleted
Deleted
Deleted

Knowledge of radiation exposure limits under normal or emergency conditions.
(CFR: 41.12 /43.4/ 45.10)
IMPORTANCE RO 3.2 SRO 3.7

Ability to use radiation monitoring systems, such as fixed radiation monitors and

alarms, portable survey instruments, personnel monitoring equipment, etc.
(CFR: 41.11 /41.12/43.4/ 45.9)

IMPORTANCE RO 2.9 SRO 2.9

Ability to approve release permits.
(CFR: 41.13/43.4/ 45.10)
IMPORTANCE RO 2.0 SRO 3.8

Ability to comply with radiation work permit requirements during normal or
abnormal conditions.

(CFR: 41.12 / 45.10)
IMPORTANCE RO 3.5 SRO 3.6

Deleted
Deleted
Deleted
Ability to control radiation releases.
(CFR: 41.11/43.4/ 45.10)
IMPORTANCE RO 3.8 SRO 4.3
Knowledge of radiological safety principles pertaining to licensed operator
duties, such as containment entry requirements, fuel handling responsibilities,
access to locked high-radiation areas, aligning filters, etc.

(CFR: 41.12 / 45.9 / 45.10)
IMPORTANCE RO 3.2 SRO 3.7
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Radiation Control (continued)

Knowledge of radiological safety procedures pertaining to licensed operator
duties, such as response to radiation monitor alarms, containment entry
requirements, fuel handling responsibilities, access to locked high-radiation
areas, aligning filters, etc.

(CFR: 41.12 /43.4/45.9/ 45.10)
IMPORTANCE RO 3.4 SRO 3.8

Knowledge of radiation or contamination hazards that may arise during normal,
abnormal, or emergency conditions or activities.

(CFR: 41.12 /43.4/ 45.10)
IMPORTANCE RO 3.4 SRO 3.8

Knowledge of radiation monitoring systems, such as fixed radiation monitors and

alarms, portable survey instruments, personnel monitoring equipment, etc.
(CFR: 41.12/43.4/ 45.9)

IMPORTANCE RO 2.9 SRO 3.1
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2.4

2.4.1

2.4.2

243

244

245

2.4.6

2.4.7

2.4.8

249

Emergency Procedures / Plan

Knowledge of EOP entry conditions and immediate action steps.
(CFR: 41.10/43.5/ 45.13)
IMPORTANCE RO 4.6 SRO 4.8

Knowledge of system set points, interlocks and automatic actions associated
with EOP entry conditions.

(CFR: 41.7 / 45.7 / 45.8)
IMPORTANCE RO 4.5 SRO 4.6

Ability to identify post-accident instrumentation.
(CFR: 41.6 / 45.4)
IMPORTANCE RO 3.7 SRO 3.9

Ability to recognize abnormal indications for system operating parameters that

are entry-level conditions for emergency and abnormal operating procedures.
(CFR: 41.10/43.2 / 45.6)

IMPORTANCE RO 4.5 SRO 4.7

Knowledge of the organization of the operating procedures network for normal,
abnormal, and emergency evolutions.

(CFR: 41.10/43.5/ 45.13)
IMPORTANCE RO 3.7 SRO 4.3

Knowledge of EOP mitigation strategies.
(CFR: 41.10/ 43.5/ 45.13)
IMPORTANCE RO 3.7 SRO 4.7

Deleted

Knowledge of how abnormal operating procedures are used in conjunction with
EOPs.

(CFR: 41.10/43.5/ 45.13)
IMPORTANCE RO 3.8 SRO 4.5

Knowledge of low power/shutdown implications in accident (e.g., loss of coolant
accident or loss of residual heat removal) mitigation strategies.

(CFR: 41.10/43.5/ 45.13)
IMPORTANCE RO 3.8 SRO 4.2
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2.4

2.4.10

24.11

2.4.12

2.4.13

2.4.14

2.4.15

2.4.16

2417

2.4.18

2.4.19

2.4.20

Emergency Procedures / Plan (continued)
Deleted

Knowledge of abnormal condition procedures.
(CFR: 41.10/43.5/ 45.13)
IMPORTANCE RO 4.0 SRO 4.2

Knowledge of general operating crew responsibilities during emergency
operations.

(CFR: 41.10/ 45.12)
IMPORTANCE RO 4.0 SRO 4.3

Knowledge of crew roles and responsibilities during EOP usage.
(CFR: 41.10/ 45.12)
IMPORTANCE RO 4.0 SRO 4.6

Knowledge of general guidelines for EOP usage.
(CFR: 41.10/ 45.13)
IMPORTANCE RO 3.8 SRO 4.5

Revised and moved to 2.1.38

Knowledge of EOP implementation hierarchy and coordination with other
support procedures or guidelines such as, operating procedures, abnormal
operating procedures, and severe accident management guidelines.

(CFR: 41.10/43.5/ 45.13)
IMPORTANCE RO 3.5 SRO 4.4

Knowledge of EOP terms and definitions.
(CFR: 41.10/ 45.13)
IMPORTANCE RO 3.9 SRO 4.3

Knowledge of the specific bases for EOPs.
(CFR: 41.10/43.1 / 45.13)
IMPORTANCE RO 3.3 SRO 4.0

Knowledge of EOP layout, symbols, and icons.
(CFR: 41.10/ 45.13)
IMPORTANCE RO 3.4 SRO 4.1

Knowledge of the operational implications of EOP warnings, cautions, and notes.

(CFR: 41.10/ 43.5 / 45.13)
IMPORTANCE RO 3.8 SRO 4.3
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2.4

2.4.21

2.4.22

2.4.23

2.4.24

2.4.25

2.4.26

2.4.27

2.4.28

2.4.29

Emergency Procedures / Plan (continued)

Knowledge of the parameters and logic used to assess the status of safety
functions, such as reactivity control, core cooling and heat removal, reactor
coolant system integrity, containment conditions, radioactivity release control,
etc.

(CFR: 41.7/43.5/45.12)
IMPORTANCE RO 4.0 SRO 4.6

Knowledge of the bases for prioritizing safety functions during
abnormal/emergency operations.

(CFR: 41.7/41.10/43.5/ 45.12)
IMPORTANCE RO 3.6 SRO 4.4

Knowledge of the bases for prioritizing emergency procedure implementation
during emergency operations.

(CFR: 41.10/43.5/ 45.13)
IMPORTANCE RO 3.4 SRO 4.4

Deleted

Knowledge of fire protection procedures.
(CFR: 41.10/ 43.5/ 45.13)
IMPORTANCE RO 3.3 SRO 3.7

Knowledge of facility protection requirements, including fire brigade and
portable fire fighting equipment usage.

(CFR: 41.10/43.5/ 45.12)
IMPORTANCE RO 3.1 SRO 3.6

Knowledge of “fire in the plant” procedures.
(CFR: 41.10/43.5/ 45.13)
IMPORTANCE RO 3.4 SRO 3.9

Knowledge of procedures relating to a security event (non-safeguards
information).

(CFR: 41.10/43.5/ 45.13)
IMPORTANCE RO 3.2 SRO 4.1

Knowledge of the emergency plan.
(CFR: 41.10/43.5/45.11)
IMPORTANCE RO 3.1 SRO 4.4
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2.4

2.4.30

2.4.31

2.4.32

2.4.33

2.4.34

2.4.35

2.4.36

2.4.37

2.4.38

2.4.39

Emergency Procedures / Plan (continued)

Knowledge of events related to system operation/status that must be reported to
internal organizations or external agencies, such as the State, the NRC, or the
transmission system operator.

(CFR: 41.10/43.5/45.11)
IMPORTANCE RO 2.7 SRO 4.1

Knowledge of annunciator alarms, indications, or response procedures.
(CFR: 41.10/ 45.3)
IMPORTANCE RO 4.2 SRO 4.1

Knowledge of operator response to loss of all annunciators.
(CFR: 41.10/43.5/ 45.13)
IMPORTANCE RO 3.6 SRO 4.0

Moved to 2.2.43

Knowledge of RO tasks performed outside the main control room during an
emergency and the resultant operational effects.

(CFR: 41.10/43.5/ 45.13)
IMPORTANCE RO 4.2 SRO 4.1

Knowledge of local auxiliary operator tasks during an emergency and the
resultant operational effects.

(CFR: 41.10/43.5/ 45.13)
IMPORTANCE RO 3.8 SRO 4.0

Deleted

Knowledge of the lines of authority during implementation of the emergency
plan.

(CFR: 41.10/ 45.13)
IMPORTANCE RO 3.0 SRO 4.1

Ability to take actions called for in the facility emergency plan, including
supporting or acting as emergency coordinator if required.

(CFR: 41.10/43.5/45.11)
IMPORTANCE RO 2.4 SRO 4.4

Knowledge of RO responsibilities in emergency plan implementation.
(CFR: 41.10/ 45.11)
IMPORTANCE RO 3.9 SRO 3.8
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2.4

2.4.40

2.4.41

2.4.42

2.4.43

2.4.44

2.4.45

2.4.46

2.4.47

2.4.48

2.4.49

Emergency Procedures / Plan (continued)

Knowledge of SRO responsibilities in emergency plan implementation.
(CFR: 41.10/43.5/45.11)
IMPORTANCE RO 2.7 SRO 4.5

Knowledge of the emergency action level thresholds and classifications.
(CFR: 41.10/43.5/45.11)
IMPORTANCE RO 2.9 SRO 4.6

Knowledge of emergency response facilities.
(CFR: 41.10/ 45.11)
IMPORTANCE RO 2.6 SRO 3.8

Knowledge of emergency communications systems and techniques.
(CFR: 41.10/ 45.13)
IMPORTANCE RO 3.2 SRO 3.8

Knowledge of emergency plan protective action recommendations.
(CFR: 41.10/41.12/43.5/45.11)
IMPORTANCE RO 2.4 SRO 4.4

Ability to prioritize and interpret the significance of each annunciator or alarm.
(CFR: 41.10/43.5/45.3/ 45.12)
IMPORTANCE RO 4.1 SRO 4.3

Ability to verify that the alarms are consistent with the plant conditions.
(CFR: 41.10/43.5/45.3/ 45.12)
IMPORTANCE RO 4.2 SRO 4.2

Ability to diagnose and recognize trends in an accurate and timely manner
utilizing the appropriate control room reference material.

(CFR: 41.10/43.5/ 45.12)
IMPORTANCE RO 4.2 SRO 4.2

Revised and moved to 2.2.44

Ability to perform without reference to procedures those actions that require
immediate operation of system components and controls.

(CFR: 41.10/ 43.2 / 45.6)
IMPORTANCE RO 4.6 SRO 4.4
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2.4 Emergency Procedures / Plan (continued)

2.4.50 Ability to verify system alarm setpoints and operate controls identified in the
alarm response manual.
(CFR: 41.10/43.5/ 45.3)
IMPORTANCE RO 4.2 SRO 4.0
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Safety Function 1.

Reactivity Control page
001 Control Rod Drive System 3.1-2
004 Chemical and Volume Control System 3.1-11
014 Rod Position Indication System 3.1-21

3.1-1
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001 Control Rod Drive System

TASK: Perform full-length control rod assembly drop time test
Disconnect and connect control rod drive shaft from control rod
Perform safety group transfer operations between the dc hold and
auxiliary power supplies
Operate control rods to shape axial power
Perform individual rod transfer operations between the normal and
auxiliary power supplies
Perform regulating group transfer operations between the normal
and auxiliary power supplies
De-energize aCRDM
operate control rods manually while the reactor is at power (Mode 1)

Establish initial conditions for reactor startup

Perform estimated critical position calculations

Perform control rod programming verification

Start up the CRDS

Perform rod group latching and position indication alignment
Manually trip the reactor

Adjust overlap between sequential rods

Perform a shutdown group withdrawal

Operate the CRDS to bring the reactor critical

Shift the control rod drive mode of control from manual sequential
to automatic sequential

Shift the control rod drive mode between automatic and manual
group or manual individual

Shift the control rod drive mode between manual group or manual
individual and manual sequential

Operate the CRDS to shut down the reactor

Secure rod drive M/G sets

Shut down the CRDS

Start up rod drive M/G sets

Perform SDM calculations

Recover from a sequence inhibit situation

Level acontrol rod whilein the automatic mode of control
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SYSTEM:

K/A NO.

K1

K1.01
K1.02
K1.03
K1.04
KI1.05
K1.06
K1.07
K1.08

K1.09

K2

K2.01
K2.02
K2.03

K2.04
K2.05
K2.06
K2.07
K2.08

K3

K3.01
K3.02
K3.03

K4

K4.01
K4.02
K4.03
K4.04

001 Control Rod Drive System

IMFORTANCE
KNOWLEDGE RO \: 9]
K nowledge of the physical connections and/or cause-
effect relationships between the CRDS and the following
systems:
(CFR: 41.2t041.9/45.7t045.8)
W 3.0* 32
OV S i 3.6* 37
CRDM 34 3.6
RS 3.2* 34*
NISAaNdRPS . .. 45 4.4
WGBS ..t 1.7* 20*
Quenchtank . ... 1.7* 2.1*
CCWS: must be shut down to prevent condensation on
CRDM StaOIS . . . oottt 2.2* 24
CCWSmust becutin beforeenergiziingCRDS .................... L. 2.8* 31*
Knowledge of bus power suppliesto thefollowing:
(CFR: 41.7)
One-line diagram of power supplytoM/Gsets. ....................... 35 3.6
One-line diagram of power supply totripbreakers..................... 3.6 3.7
One-line diagram of power suppliestologiccircuits................... 2.7* 3.1
Control rod lift COil... ... ..o 2.1* 2.7
MIG SBES 3.1* 35
Circuitbreakers . ... ... 24 28
Sensorsand deteCtors... ...ttt 21 24
M OtOrS . 17 21
Knowledge of the effect that aloss or malfunction of the CRDSwill have
on thefollowing: (CFR: 41.7/45.6)
OV S i 29  3.0*
RS 3.4* 35
W 2.2* 24*
Knowledge of CRDS design feature(s) and/or interlock(s) which provide
for thefollowing: (CFR: 41.7)
Rod positionindication ............. ... o i i 35 3.8
Control rod mode select control (movement control) .................. 3.8 3.8
Rod control [0giC ... 35 3.8
Circuitry and principle of operation for LVDT or reed
LS 25 2.8

3.1-3 NUREG-1122, Rev. 2



SYSTEM:

| K4.05
K4.06
K4.07
K4.08
K4.09
K4.10
K4.11
K4.12
K4.13

K4.14
K4.15
K4.16
K4.17
K4.18
K4.19

K4.20
K4.21
K4.22
K4.23

K5

K5.01
K5.02

K5.03
K5.04
K5.05

K5.06
K5.07
K5.08

001 Control Rod Drive System

Borationand dilution. . ...
Indication of what caused reactor trip (first-outpanel) .................
RO StOPS . . o oo
Prevention of excessiverodmovement .............. ...,
Recovery of droppedrod ..............oo i
Trip signalsthat would prevent reset of reactor tripsignals..............
Resetting of CRDM circuitbreakers .................... ... ..o s
Re-zeroing rod demand positioncounters. ............. ..o
Operation of CRDS controls for withdrawing lingering rods and
transferring rodsand rod groups . ...«
Operation parameters, including properrodspeed .....................
Operation of latching controlsfor groupsand individua rods . ...........
Synchronization of power suppliestoCRDS . ....................... ..
Override (bypass) for rod bank motion when onerodis bottomed ... . ...
Configuration of control/shutdownrodsincore.......................
How contactors absorb arcing where used in conjunction with circuit
breakers . ...
The permissives and interlocks associated with increase from zero power
Prevention of adverse chemical conditions . ..........................
Seismic conSIderations . ...... ..o
Rod motioninhibit ......... ... .

Knowledge of the following operational implications asthey
apply tothe CRDS:
(CFR: 41.5/45.7)

Understanding and application of individual and over-lapped rod

bank CUNVES . ...
Definitions of differential rod worth and integral rod worth;
theirapplications ...t
Principles of operation of rod drive motor (magnetic jack or roller nut) ..
Rodinsertion limits . ...
Interpretation of rod worth curves, including proper curve to use:

al rodsin (ARI), al rods out (ARO), hot zero power (HZP),

hotfull power (HFP) ...
Effects of control rod motion on axial offset .........................
Effects of an asymmetric rod configuration on power distribution .. .....
Reasons for rod insertion limits and their effect on shutdown margin . . . ..
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3.9*
3.7
3.7
3.2*
3.9
3.6
2.7
25

34
2.6
2.7
22
2.9*
21

14
32
19
14
34

3.3

29
21
4.3

35
3.8
3.3
3.9

3.9*
4.2
3.8
34
4.1
3.8
29
2.6

34
2.8
3.0
24
3.1*
25

15
34
23
18
3.8

3.7

34
24
4.7

3.9
41
4.0
4.4



SYSTEM:

K5.09

K5.10
K5.11

K5.12
K5.13

K5.14

K5.15
K5.16
KS5.17
K5.18

K5.19
K5.20
K5.21
K5.22

K5.23
K5.24
K5.25
K5.26

K5.27

K5.28

K5.29
K5.30
K5.31
K5.32
K5.33
K5.34
K5.35
K5.36
K5.37
K5.38
K5.39

001 Control Rod Drive System

Relationships between reactivity due to boron and reactivity dueto

CONErol rOd . ..o 35 3.7
Effect of rod motion on core power distribution and RCS temperatures . . . 39 4.1
Relationship between reactivity worth of power-shaping control rod
group and other control rod groups (power-shaping, or part-length, rods
have much less reactivity than full-length control rods) . ................ 31 3.6*
Effects on power of inserting axial shapingrods ...................... 3.4* 4.1*
Effects of past power history on xenon concentration and samarium
CONCENLIALION ...\ttt sttt ettt e e e e e 3.7 4.0
Interpretation of isothermal temperature coefficient; ability to apply it with
respect to isothermal temperaturedefect ............................ 2.3 2.8
Relationship between RCStemperatureand MTC ..................... 34 3.7
Relationship between RCStemperatureand NDT of vessel .............. 34 4.0
Sourcesfor adding positivereactivity ............ ... . o oo 4.2 4.2
Anticipation of criticality at any time when adding
positivereactivity duringstartup . ... o o 4.2 4.3
Reasonsfor using boroninthereactor .............................. 31 34
Effects of RCS temperature on boron reactivity worth ................. 2.8 3.2
Unit of measure of RCS boron concentration ......................... 22 25
Reason for use of peak samarium instead of equilibrium
samarium in shutdown margincalculations ........................... 22 25
Definition and effects of xenon absorption crosssection ............... 22 2.6
Definition and effects of moderator absorption crosssection ........... 21 24
Definition and effects of moderator scattering cross section ........... 18 21
Definition of moderator temperature coefficient; application to reactor
CONEFOl .t 33 3.6
Interpretation of isothermal temperature coefficient; ability to apply
it with respect to the isothermal temperaturedefect ................... 2.4* 2.8
Boron reactivity worth vs. boron concentration, i.e., anount of boron
needed (ppm) to change core reactivity todesiredamount .............. 35 3.8
Effect onreactivity of changesinT-ave .............................. 3.7 39
Effects of fuel burnout on reactivity inthecore ....................... 29 31
Concept of equilibrium with respect to isotope production and decay . . . .. 2.6 3.0
FiSSION PrOCESS . . o oottt 25 2.8
Xenon productionand removal process .. ... 3.2 35
Effects of power level onpeak samarium ............................ 21 22
Methods of samarium productionandremova ........................ 21 2.3
Significance of sign (always minus) of a calculated power defect .. ... ... 31 34
Sources of decay heat and effectsonRCS............................ 3.6 4.1
Definition of xenon transient; causes; effectson reactivity .............. 35 4.1
Definition and units of reactivity ............. ... ... . oo oo 2.7 29
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SYSTEM:

K5.40
K5.41

K5.42
K5.43
K5.44
K5.45
K5.46
KS5.47
K5.48
K5.49

K5.50
K5.51
K5.52
K5.53
K5.54
K5.55
K5.56

KS5.57
K5.58
K5.59
K5.60
K5.61
K5.62
K5.63
K5.64

K5.65

| K5.66
K5.67
K5.68
K5.69
K5.70
K5.71

K5.72
K5.73
KS5.74
K575
K576

001 Control Rod Drive System

Definitionof ppm ...
Theory of radioactive decay of reactor poisons such as

K B et
Definitionsof T-aveandno-load T-ave ...,
Definition of T-ref ... ...
Definition of isothermal temperaturedefect ..........................
Heat transfer formulas for primary and secondary coolant ..............
Hot channel factors ...
Factorsaffecting SUR: b-eff, I,p ...
Definition of fuel temperature (Doppler) effect.......................
Definitions and effects of factors affecting power defect: moderator
temperature defect, fuel temperature defect, moderator void defect,
redistribution, individual contribution effects (the summation of all defects)
3.7

Definition of moderator voiddefect .............. ... ..o L.
Definition of xenon oscillation. ................c o i,
Definition and purpose of axial offset ..................... ... ... ...,
Definition of deltaflux and itsrelationship to axial offset ..............
Definition and units of reactivity ............. ... ... .. o o oo
Definition and function of moderator ............... . ...,
Determination of degrees of subcooling, using temperature and

pressure indicationsfor primary coolant .................. ... ... ...
Interpretation of rod droptestdata. . ...
Reason for overlap of control banks . ................................
Reasons for overlap of control rod banks for withdrawal and insertion . . ..
Reason for using M/G setsto power rod control system................
Operational theory for M/Gsets. ...
Effects of RCStemperatureonrodworth ............................
Meaning of zero SUR; reactor just critical or completely shut down .. . ...
Reason for withdrawing shutdown group: to provide adequate shutdown
0o T
CRDS circuitry, including effects of primary/secondary

power mismatchonrodmotion ...,
NOLUSEd ...
Nucleonicsassociated withstartup . ..............coo oo
Understanding of "cold-water" (startup) accidents .....................
Purpose of overlap between source and intermediate range instrumentation
Method used to parallel therod control M/Gsets .....................
Reason for maintaining cross-tie breaker between rod drive M/G sets;
reliability of control rod drive trip breakers during operation of one M/G set

Reactivity balance (shutdown withdrawal precedesdilution) .............
Need for maintenance of stable plant conditions during rod exercising . . . .
Reactor may not go critical upon withdrawal of ashut-downgroup .......
Definition, uses, and calculationof I/mplot ..........................
Effects on power of inserting axial shapingrods ......................
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20

24
29
3.2
22
24
23
29
3.3

22
31
3.0
2.8
2.8
3.0

4.2
22
2.7
2.7
19
15
22
3.3*

3.3

3.2
N/A
29
34
29
21

31
2.7
3.7
29
3.3*

22

2.8
3.0
34
2.6
29
3.6
34
35

3.4

25
3.7
3.6
34
31
3.2

4.6
25
3.2
34
24
17
2.8
34

3.8

3.6
N/A
3.2
3.8
3.6
2.6

2.4
29
3.6
31
4.0
35
3.7



SYSTEM:

KS&.77
K5.78
K5.79
K5.80
K5.81

K5.82
K5.83

K5.84

K5.85

K5.86
K5.87
K5.88
K5.89
K5.90

K5.91

K5.92
K5.93
K5.94
K5.95
K5.96

K5.97
K5.98

001 Control Rod Drive System

Determination of the amount of boron needed to back out

rods from the core, including effectsof xenon........................ 3.2 3.6

Response effects on T-ave. of dilution without rod motion.............. 3.3 35

Effects of positioning of axial shaperodsonSDM .................... 3.0* 3.6*

Prediction of changesin boron concentration dueto

power operation, dilution, or boration ................. ... ... .. ... 34 39

Determination (using plant curve book) of reactivity

change associated with the difference in boron concentration ........... 3.2 3.6

Interpretation of differential and integral boron worth curves ........... 2.7 31

Approximation of change in reactivity dueto changein

boron concentration (using differential boronthumbrule) .............. 34 35

Significance of sign change (plus or minus) in reactivity

dueto changeinboron concentration..................ccoiiiiii... 3.3 35

Estimation of xenon reactivity based on time to reach peak xenon after

trip/shutdown, approximate peak xenon reactivities after shutdown

from various power levels, approximate xenon worth during the decay process

followingpeakworth .. ... 35 3.7

Significance of sign change (plus or minus) in reactivity dueto change

insamariumlevel ... ... 23 2.7

Magnitude of heat decay as afunction of time after shutdown ........... 3.2 35

Effects of boron on temperature coefficient .......................... 29 34

Relationships of axia offset to ECP: method of recovery from high power

trip, allowing for xenon transient, with minimum boron movement ... . ... 2.3 3.2

Estimation of corelife based on RCS boron concentration (correlation

of estimated critical boron concentration withtimein corelife) ......... 2.3* 31*

Estimation of samarium reactivity based on time to reach peak samarium

after trip/shutdown, and on approximate peak samarium reactivities after

shutdown from variouspower levels ........... ... ...t 19 24

Comparison of actual datawith historical datato

determinewhether atrendexists ............ oo 21 31

Axial offset problems caused by xenon oscillations (and their

application to Tech-Spec power limitations) .......................... 3.2 4.1

Definition of shutdownmargin ... 3.3 3.6

Effect of reactor power changeson RCStemperature .................. 34 3.7

Sign changes (plus or minus) in reactivity, obtained when

positive reactivities are added to negative reactivities .................. 3.2 34

Relationshipof T-ave.toT-ref ........... ... ... o i, 3.3 3.6

Effect of adding high or low boron concentration to

maintain T-ave.equal to T-ref .............. ... ... . i i 34 3.8
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SYSTEM:

K6

K6.01
K6.02
K6.03
K6.04
K6.05
K6.06
K6.07
K6.08
K6.09

K6.10

K6.11

K6.12
K6.13
K6.14

Al

A1.01
A1.02
A1.03
A1.04
A1.05
A1.06
A1.07
A1.08
A1.09

A1.10

Al11

Al1.12

A1.13

001 Control Rod Drive System

Knowledge of the effect of aloss or malfunction on
thefollowing CRDS components:
(CFR: 41.7/45.7)

Control rod configuration and construction material ...................
Purpose and operation of sensorsfeeding intotheCRDS ...............
Reactor trip breakers, includingcontrols. ............................
Breakers, relays, anddisconnects . .............o oo e
Sensors and detectors . ......ouii i e
MOtOrS . .
Transformersand voltageregulators ...,
Purpose and position switch of alarm for high flux at shutdown ..........
Purpose and operation of neutron flux recorder at high

Speed CONCENLIAtioN ... ..ot
L ocation and operation of rod control M/G sets and control

pane, including trips ...
L ocation and operation of CRDS fault detection (trouble alarms) and reset
system, including rod control annunciator ............. ..o
L ocation and interpretation of CRDS ac/dc statusaarms ...............
Locationand operationof RPIS .............. ... ... ..o
Location and interpretation of reactor tripbreaker .....................

ABILITY

Ability to predict and/or monitor changesin parameters

(to prevent exceeding design limits) associated with operating
the CRDS controlsincluding:

(CFR: 41.5/45.5)

T-aveandnoloadT-ave ...
Tl
SIGlevel andpressure ...
PZRIevel and pressureS. . ..o
Effect on T-ave. of dilution without rod motion compensation...........
REACIOr POWEY . . o
RCS average temperatureindications (T-ave.) ...t
Verification that CRDS temperatures are within limits before starting .. ..
L ocation and interpretation of RCS temperature and pressure

INAICAHIONS . . ..ottt
L ocation and operation of controls and indicationsfor CRDS

component COOlINGWaLEr . ... ..ottt e
Required primary system subcooling during shutdown;

location of indication . .......... ..o
Estimation of decay heat load, in order to control RCS

temperature with proper amount of heat removal ......................
"Prepower dependent insertion limit" and power dependent

insertion limit, determined with metroscope .........................
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22
2.8
3.7
24
24
21
18
2.9*
2.9*
3.1*
29
2.9*
3.6
4.0

3.8
31
3.6
3.7
34
4.1
3.7
2.6

4.2
29
3.7
29

4.0?

25
3.3
4.2
2.8
2.7
21
20
3.2*

29*

3.3

3.2
3.2*
3.7
4.1

4.2
34
3.7
3.9
3.9
4.4
4.0
3.0

4.4

2.7

3.9

34

4.2?



SYSTEM:

A2

A2.01
A2.02

A2.03
A2.04

A2.05
A2.06
A2.07
A2.08
A2.09
A2.10
A2.11
A2.12
A2.13
A2.14

A2.15
A2.16
A2.17
A2.18
A2.19
A2.20

A3

A3.01
A3.02
A3.03
A3.04
A3.05
A3.06
A3.07
A3.08

001 Control Rod Drive System

Ability to (a) predict theimpacts of the following malfunction
or operationson the CRDS- and (b) based on those predictions,
use proceduresto correct, control, or mitigate the consequences
of those malfunctionsor operations:

(CFR: 41.5/43.5/45.3/45.13)

Lossof CCWorfancooling ... 31 3.7
Loss of power sourceto reactor tripbreakers ........................ 3.8 4.3
Effect of stuck rod or Misalignedrod ............................... 35 4.2
Positioning of axia shaping rods and their effect on
DM L 3.2* 38*
Fractured Split pins .. ... oo 1.9? 1.9?
Effects of transient xenononreactivity ...................... ... ..., 34 3.7
Effect of reactor trip on primary and secondary parameters and systems .. 4.1 4.4
LOSSOf CCW IO CRDS ... e e 29 33
Stationblackout . ... 3.8* 4.0
Lossof powertooneormoreM/Gsets ... 34 39
Situationsrequiringareactor trip . ... 4.4 4.7
ErronecusECP calculation . ... 3.6 4.2
ATV S 44 4.6
Urgent failure alarm, including rod-out-of-sequence and
motion-inhibitalarms . ......... .. 3.7 39
Quadrantpower tilt . ... 3.6 4.2
Possible causes of mismatched control rods ......................... 3.0 3.8
Rod-misalignmentaarm ............. ... o i i 3.3 3.8
Incorrect rod StEpPING SEQUENCE . . .. v iieens 3.2 3.8
Axial flux distribution ....... ... 3.6 4.0
Isolation of left coil on affected rod to prevent coil burnout ............ 2.6* 3.6*
Ability to monitor automatic operation of the CRDS, including:
(CFR: 41.7/45.13)
REACIOr POWES . . .o e 41 4.0
Rodheight ... ... 3.7 3.6
Axid imbalance . ... 3.6 3.8
Radial imbalance. ... 35 3.8
Individual vs. group rod position .. ... 35 35
RCStemperature and pressure . ....oovvvv oo 39 39
Boration/dilution ........... . 4.1 3.7
Anticipation of criticality at any time when adding
POSItIVEIEaCtIVILY . ..o o 39 4.0
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SYSTEM:

A4

A4.01
A4.02
A4.03
A4.04
A4.05

A4.06
A4.07
A4.08
A4.09
A4.10
A4.11
A4.12
A4.13
A4.14

A4.15

001 Control Rod Drive System

Ability to manually operate and/or monitor in the control room:
(CFR: 41.7/45.5t0 45.8)

Controlsfor CCWS ... e e
Boration/dilution ........ ...
CRDSmModecontrol .........cviii i e
Part-lengthrod position.............. ... ..o o i i i

Determination of the amount of boron needed to back the rods out of

the core, including xenon effects if equilibrium isnot yet achieved. . . . ...
Control rod drivedisconnect/connect ..............ccouiiiiinninn.n..
Power sourcetransfercheck ............co i

Mode select for CRDS; operation of rod control M/G sets

andcontrol panel ... .
COW S
Determination of aNECP . . ...t
Determination of SDM ... ... i e

Stopping T/G load changes; only make minor adjustments

topreventcoil burnout .......... ..o

Stopping other changesin plant, e.g., turbine, S/G,

SDBCS, boration, beforeadjustingrods ................. ... ... ... ..

Resetting rod control logic while recovering from mis-

alignedrod, using instrument Tech-Specs .............. ...t

Stopping boration/dilution or other means of reactivity

change while adjusting either rod positionor T-ave ....................
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31
4.1
4.0
3.9*
3.7
29
3.3?
3.7
2.8
35
35
2.9*
2.7*
3.0

3.1*

29
3.9
3.7
3.6*

3.7
3.2
3.3?
34
31
3.9
4.1
29
29*
34

31*



004

TASK:

Chemical and Volume Control System (CVCYS)

Perform lineup of the CVCS

Perform boron concentration dilution (bleed) of the RCS
Perform boration (feed) for the RCS

Perform boration system flow path verification

Fill and vent the CVCS

Perform boration flow-path verification

Start upthe CVCS

Perform borated water source operability verification

What if RCS temperature startsto increase after placing demineralizer in service?
Nitrogen purge the VCT

Perform boric acid pump functional test

What if estimated critical position is not calculated properly and
reactor goes critical beforeit is expected?

Perform hydrogen purge and establish hydrogen overpressure
Shut down the CVCS

Operate the CVCS to increase the primary system pressure
Perform boron concentration change calculations

Shift to automatic feed and bleed of the RCS

Operate a mixed-bed demineralizer

Operate the cation bed demineralizer

Operate a deborating demineralizer

Perform RCS dilution using purification demineralizer in series with deborating demineralizer

Deborate to acritical condition during reactor startup
Monitor the CVCS operation

Perform excess letdown to either VCT or radwaste
Perform excess letdown to the reactor coolant drain/CV CS hol dup tank
Operate the CVCSto form a steam bubble in the PZR
Operate the CV CSto collapse the steam bubble in the PZR
Switch the letdown filters (post-demineralizer filters)
Operate letdown coolers

Operate sedl injection subsystem (auto-manual)

Vent avolume control/makeup tank (VCT)

Manual makeup to the VCT

Perform low-pressure purification using the RHRS

Degas the RCSthrough the VCT

Adjust the charging flow rate

Adjust the letdown flow rate

Change the seal injection filters

Operate the CVCS to make up to the RWST

Degas the RCS through the PZR
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SYSTEM 004 Chemical and Volume Control System

IMPORTANCE

K/A NO. KNOWLEDGE RO SRO
K1 K nowledge of the physical connections and/or cause-effect

relationships between the CVCSand the following systems:

(CFR: 41.2t041.9/45.7t045.8)
K1.01 PZR LGS .. 3.6 4.0
K1.02 PZR and RCS temperature and pressurerelationships .................. 35 3.8
K1.03 Operation, functionandcontrol of T/G ............... ... ..ot 22 2.6
K1.04 RCPS, including seal injectionflows ................................ 34 3.8
K1.05 CRDS operation in automatic modecontrol .......................... 2.7* 3.2
K1.06 Makeup systemtoVCT ... oo 31 31
K1.07 NI S L 26 29
K1.08 Interfaceof CVCSWIthPRT ... 22 24
K1.09 Relaionship between CVCSandRPIS ...t 2.2* 2.7
K1.10 Pneumaticvalvesand RHRS . ... ... ... i 2.7 29
K1.11 Expected PRT response when opening PORV during bubble

formationiNnPZR ... ... 29 32
K1.12 NItrOgEN SYStEMS ..o o 24 2.6
K1.13 Hydrogen systems ... 2.8 29
K1.14 LA S 26 28
K1.15 ECCS 3.8 4.0
K1.16 Boricacidstoragetank ............ . 3.3 35
Kl.17 PZR 34 34
K1.18 O S 29 32
K1.19 Primary gradewater supply ... 2.7 29
K1.20 L ocation of sample points for chemically sampled fluid

Y= 111 17 25
K1.21 WGBS ..ot 24 28
K1.22 B VY ST 34 3.7
K1.23 R ST 34 3.7
K1.24 RHRS . 34 39
K1.25 Interface between HPI flow path and excessletdown flow path .......... 2.7* 3.2
K1.26 Flow path from CVCS to reactor coolant drain tank and holdup tank ... ... 2.7 2.8
K1.27 Relationship between sed filter and letdown filter ..................... 2.3* 2.3
K1.28 Interface between high-activity waste tank and letdown filter drain ....... 2.1* 24*
K1.29 Effect and detection of leaking PORV or relief on PZR level and

pressure, including VCT makeup activity in automaticmode . ............ 34 4.0
K1.30 Relationship between letdown flow and RCSpressure . ................. 29 31
K1.31 Interface between CVCS and degassifier (WGDS) ..o, 2.3 25
K1.32 Minimum VCT pressureeffectonRCPseals ......................... 2.8 31
K1.33 Interface between clean waste receiver tank and seal injection filters ... .. 2.3* 2.7
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K1.34
K1.35
K1.36

K2

K2.01
K2.02
K2.03
K2.04
K2.05
K2.06
K2.07

K3

K3.01
K3.02
K3.03
K3.04
K3.05
K3.06
K3.07
K3.08

K4

K4.01
K4.02
K4.03

K4.04
K4.05

K4.06
K4.07
K4.08
K4.09

004 Chemical and Volume Control System

Interface between CV CS and reactor coolant drain tank; and PZRPCS ... ... 2.7 29

Understanding of interfacewithLRS ................................ 25 2.8

O S L 26 238

Knowledge of bus power suppliesto thefollowing:

(CFR: 41.7)

Boricacid makeup pumps . ... 29 31

MaaKEUD PUMIS oottt ettt 29 31

ChargiNg PUMPS o oottt 3.3 35

BWST tank heaters . . ... 26 2.7

MOV S 2.7 29

Control instrumentation . ... ....... ...ttt 2.6* 2.7

Heat traCing . ... 2.7 3.2

K nowledge of the effect that aloss or malfunction of the CVCSwill

have on the following:

(CFR: 41.7/45/6)

CRDS (AUtOMAELIC) ..ottt ettt e 2.5* 29

DELETED

O S L 22 24

RO PS . . 3.7 39

PZR LS . 38 4.2

RCStemperature and pressure . ....oovvvv e 34 3.6

PZRIevel and pressure ... e 3.8 4.1

RCPseal injection ... 3.6 3.8

Knowledge of CVCS design featur e(s) and/or interlock(s)

which providefor thefollowing:

(CFR: 41.7)

Oxygencontrol INRCS ... ... 2.8 3.3

Control of pH, and range of acceptability ............................ 21 2.6

Protection of ion exchangers (high letdown temperature

will isolate ion eXChangers) .. ... 2.8 29

Manual/automatic transfersof control ............. ... ..o, 32 31

Interrelationships and design basis, including fluid flow splitsin

branching networks (e.g., charging and sedl injectionflow) .............. 3.3 3.2

[SOLOPIC CONLIOL ...\ aas 2.3 2.7

Water SUPPIIES . 3.0 3.3

Hydrogencontrol iINRCS .............. i i i 2.8 3.2

High temperature limit on CVCSto protect ion exchangeresins ......... 24 31
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K4.10 Minimum temperature requirements on borated systems

(preventcrystallization) ... 3.2 3.8
K4.11 Temperature/pressure control in letdown line: prevent boiling,

lifting reliefs, hydraulic shock, piping damage, andburst................ 31 3.6
K4.12 Minimumlevel of VCT ... e 31 34
K4.13 Interlock between letdown isolation valve and flow control valve . .. ...... 3.2* 35
K4.14 Control interlocks on letdown system (letdown tank bypassvalve) ....... 2.8* 3.2
K4.15 Interlocks associated with operation of orificeisolationvalves .......... 3.0* 34
K4.16 Temperature at which the temperature control valve automatically

diverts flow from the demineralizer to the VCT; reason for this diversion . 26 3.0
K5 Knowledge of the operational implications of the following

concepts asthey apply tothe CVCS:
(CFR: 41.5/45.7)

K5.01 Importance of oxygencontrol iINRCS ....... ... 2.7 3.3
K5.02 Explosion hazard associated with hydrogen containing systems .......... 35 39
K5.03 Definition of pH, reasons for importance, range of acceptability in RCS .. 22 29
K5.04 Reason for hydrogen cover gasin VCT (oxygenscavenge) .............. 2.8 3.2
K5.05 Source of neutrons (leakage, effect of corelife) and NISindications . . ... 2.3* 2.8
K5.06 Concept of boron "worth" or inverse boron "worth" (reactivity, pcm/ppm) . 3.0 3.3
K5.07 Relationship between SUR and reactivity ............................ 2.8 3.2
K5.08 Estimation of subcritical multiplication factor (K-eff)

by means other than the 6-factor formula: relationship

of count rate changestoreactivitychanges ........................... 2.6 3.2
K5.09 Thermal shock: high component stress due to rapid temperature change . . . 3.7 4.2
K5.10 Importance of nil-ductility transition temperature in plant operations . . ... 3.2 3.7
K5.11 Thermal stress, brittle fracture, pressurized thermal shock .............. 3.6 39
K5.12 Effects of temperatureon corrosion ... 23 2.7
K5.13 Galvanicand general CorroSION . .. ..o vttt 21 2.6
K5.14 Reduction process of gas concentration in RCS: vent-

accumulated non-condensabl e gases from PZR bubble space,

depressurized during cooldown or by aternately heating

and cooling (spray) within allowed pressure band (drive

moregasout of solution) .......... ... . 25 29
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K5.15
K5.16
KS5.17
K5.18
K5.19
K5.20
K5.21
K5.22
K5.23
K5.24
K5.25
K5.26
K5.27
K5.28
K5.29
K5.30

K5.31
K5.32
K5.33
K5.34

K5.35

K5.36
K5.37
K5.38
K5.39

K5.40

K5.41
K5.42
K5.43
K5.44
K5.45
K5.46

KS5.47

004 Chemical and Volume Control System

Boron and control rod reactivity effects asthey relatetoMTC .......... 3.3 35
Source of T-ave. and T-ref. signalsto control andRPS ................. 3.2 34
Types and effects of radiation, dosimetry, and shielding-time-distance.. . . . 2.6 31
Relationship between neutron flux and reactivity ...................... 2.8 3.3
Concept Of SDM ..o 35 39
Reactivity effects of xenon, boration, and dilution..................... 3.6 3.7
Ppmandweight % forboron............... ... ... ... o i oo 22 2.7
lon bead degradation by temperature . ....... ... i 2.3 2.6
Radioactivedecay ofcrud ............... ... .o 19 24
Decontamination factors . ....... ... 19 25
Channelingof ionexchanger ............. ... o i i i it 19 24
Relationship between VCT pressure and NPSH for charging pumps ... .. .. 31 3.2
Reason for nitrogen purgeof CVCS . ... 2.6 3.2
Reason for "burping” non-condensable gasesfromVCT ................ 24 3.0
Reason for sampling for chloride, fluoride, sodium and solidsin RCS .. .. 2.6 3.3
Relationship between temperature and pressurein CVCS
componentsduring solid plantoperation . .................cooiii. .. 3.8 4.2
Purpose of flow path around boric acid storagetank ................... 3.0* 34
Purpose and control of heat tracing (prevent crystallization) ............ 31 34
Useof aboronometer ......... ..o 2.3* 26
For ion exchangers. demineralization, boration/
deboration, thermal regeneration, lithiumcontrol ..................... 24 2.8
Heat exchanger principles and the effects of flow, temperature
and other parameters . ... 25 29
Solubility of boron in water; temperatureeffect . ...................... 25 2.8
Effects of boron saturation on ion exchanger behavior ................. 2.6 31
Use of thermal well for accessibility of resistance temperature detector . . 17 19
Relationship between flow and pressure drop for fluids
passing through valvesand orifices.................. ... ..ot 24 2.7
Response of PRT during bubble formationin PZR: in-
crease in gquench tank pressure when cycling PORV shows
that complete steam bubble does not exist, that signifi-
cant noncondensablegasisstill present . ............. ...t 3.0* 34*
Solubility of gasesin solution: temperature and pressure effects......... 2.3 2.6
Solubility of boron in water: temperatureeffect ...................... 24 2.7
Saturation, subcooling, superheat in steam/water ...................... 3.6 39
Pressureresponsein PZR during in-and-outsurge . .................... 3.2 34
Resistance heating: power/current relations .......................... 18 21
Reason for going solid in PZR (collapsing steam bubble):
make sure no steam isin PRT when PORV isopenedtodran RCS ... .. .. 2.5* 29
Reason for second CCW pump when second heat exchanger islined up . . . 2.4* 29
3.1-15 NUREG-1122, Rev. 2



SYSTEM

K5.48
K5.49

K5.50
K5.51
K5.52

K5.53
K5.54
K5.55
K5.56

K6

K6.01

| K6.02
K6.03
K6.04
K6.05
| K6.06
K6.07
K6.08
K6.09
K6.10
K6.11

K6.12

K6.13
K6.14
K6.15

K6 16
K6.17
K6.18
K6.19
K6.20
K6.21
K6.22

004 Chemical and Volume Control System

Purpose of hydrogen purging and sampling processes ..................
Purpose and method of hydrogen removal from RCS before

opening system: explosion hazard, nitrogenpurge .....................
Design basis letdown system temperatures: resinintegrity ..............
Operation principle of hydrogen catalytic recombiners.................
Reason for of reducing letdown rate when filling PZR; collapse
steambubble .. ...
Reason for keeping VCT pressure aslow aspossibleduringdegas . . ... ...
Calculation of rate of boron changein RCS asfunctionflowrate ........
Factors which effect changesin letdown temperature ..................
Sources of radio iodine in RCS (hazard in filter changeout) .............

Knowledge of the effect of aloss or malfunction on thefollowing CVCS

components: (CFR: 41.7/45.7)

Spray/heater combination in PZR to assure uniform boron

CONCENLIALION ...\ttt sttt ettt e e e e e
Demineralizersandionexchangers ...
NV AVES
PUMPS .

Heat exchangersandcondensers. ...t
Breakers, relays, anddisconnects . .............o o o o
Purposeof VCT divertvalve ............. ... i i
Boric acid storage tank/boron injection tank recirculation flow path . . . ...
Recirculation valve on boric acid storage tank (why it is closed during
functional test) . ...
Principle of recirculation valve: (permit emergency flow evenif valve
isblocked by crystallized boricacid) ................................
Purpose and function of the boration/dilution batch controller...........
Recirculation path for chargingpumps . ...
Reason for venting VCT and pump casings while filling:

ventsmust CONNECt toLRS ... ...
Purpose of spray nozzlein VCT ...
Flow pathsfor emergency boration .................................
Design characteristics of boric acid transferpump ....................
Purpose of centrifugal pump miniflows (recirculation) .................
Function of demineralizer, including boron loading and temperature limits
Design and purpose of charging pump desurger .......................
Design minimum and maximum flow ratesfor letdown system. ..........
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2.7
2.6
1.9*

24
23
22
23
21

31
25
24
2.8
25
21
2.7
20
2.8
2.7

2.4*

2.6
31
2.7

2.8
23
4.4
20
23
25
2.1*
2.6

29

3.3
2.7
23

2.7
2.6
2.6
24
2.7

3.3
2.6
25
31
25
2.3
2.8
22
31
31

2.7

29
3.3
3.0

31
2.6
4.6
23
2.6
31
24
29



SYSTEM

K6.23

K6.24
K6.25
K6.26

K6.27
K6.28
K6.29
K6.30
K6.31
K6.32

K6.33
K6.34
K6.35
K6.36

K6.37
K6.38

Al

A1.01
A1.02
A1.03
A1.04
A1.05
A1.06
A1.07
A1.08
A1.09
A1.10
Al11
Al1.12

004 Chemical and Volume Control System

Capacity of boron recovery tanks: plan not to exceed by inefficient

boron movement; interface with boron recovery system ................ 2.1* 2.7
Controllersand positioners . . ... 25 2.6
Tank capacity: RCS makeup, CVCS, and boron recovery system ......... 22 2.6
Methods of pressure control of solid plant (PZR relief and water inventory) 3.8
4.1
Purpose of RHR relief and isolationvalves . .......................... 34 3.6
Interface between high-activity waste tank and letdown filter drain ....... 2.2* 25
Reason for excess letdown and itsrelationshipto CCWS ............... 2.7 31
Purpose and control of degassifier inlet and divertvalves ............... 2.3* 25
Sedl injection system and limitsonflowrange ........................ 31 35
Venting of VCT: reduce concentration of gasesin solution,
keepstressintankdown ............ . 21 25
Principlesof boronometer .............. ... ... oo 1.9* 21
Maximum allowable purgeflowrate .................. ... ... ... ... 19 22
Relationship between VCT vent rate and vent header pressure ........... 22 25
L etdown pressure control to prevent RCS coolant from
flashingto steaminletdownpiping ...t 29 31
Boron loading of demineralizerresin. ..................coiiii i 29 34
Methods of minimizing the amount of RCS coolant water
processed and reducing the amount of waste water generated . ........... 24 3.2
ABILITY
Ability to predict and/or monitor changesin parameters
(to prevent exceeding design limits) associated with
operating the CVCS controlsincluding:
(CFR: 41.5/45.5)
Activity levelsinprimary System . ... 29 3.8
T-ave and T-ref .. ... 3.4* 3.6
RCS PreSSUIE ..ot 3.8 3.8
PZRpressureandlevel ........... ... . 39 4.1
SiGpressureandlevel ... 2.9* 3.2
VT Ve . 3.0 32
Maximum specified letdownflow .................................. 2.7 31
Normal operating band for letdownflowrate ......................... 2.7 29
RCSpressureandtemperature ...t 3.6 3.8
REACIOr POWES . . . e 37 39
Letdownand chargingflows ............. ... ... ... . o oo 3.0 3.0
Rate of boron concentration reductionin RCSasa
function of letdown flow while deborating demineralizer
ISTN SBIVICE . .ttt 28 32
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A2 Ability to (a) predict theimpacts of the following
malfunctionsor operationson the CVCS; and (b) based
on those predictions, use proceduresto correct, control,
or mitigate the consequences of those malfunctions
or operations:

(CFR: 41.5/ 43/5/ 45/3 ] 45/5)

A2.01 RCSpressurealowedtoexceed limits ......................cout. 3.8 4.2
A2.02 Lossof PZR level (failuremode) ... 39 4.2
A2.03 Boundary isolationvalveleak ................ ... ... ..o 3.6 4.2
A2.04 Unplannedgasrelease ... i 3.7* 4.1
A2.05 RCPseal fallures ... ... 4.0 4.3
A2.06 Inadvertent boration/dilution .. ........... ... i i 4.2 4.3
A2.07 Isolation of letdown/makeup ... ... 34 3.7
A2.08 Lossof heattracing ...........oo i 3.0 3.7
A2.09 High primary and/or secondary activity .............................. 3.0 39
A2.10 Inadvertent boration/dilution .. ........... ... o i 39 4.2
A2.11 LOSSOf IAS .o 3.6 4.2
A2.12 CIAS SIS 4.1 4.3
A2.13 LOW R ST L 3.6 39
A2.14 Emergency boration ............ ... 3.8* 39
A2.15 Highorlow PZRIevel ........... ... . 35 3.7
A2.16 T-ave.and T-ref. deviations . ......... ..o, 32 3.6
A2.17 LOW PZR PIrESSUIE . ..ot 34 37
A2.18 HighVCT leve ... e 31 31
A2.19 High secondary and primary concentrations of chloride,

fluoride, sodiumand solids . ... 28 35
A2.20 Shifting demineralizer while divert valveislineduptoVCT ............. 2.7 2.7
A2.21 Excessive letdown flow, pressure, and temperatures on

ionexchangeresins (alSOCalISES) .. ..o v v 2.7 2.7
A2.22 Mismatch of letdown and changingflows ............................ 3.2 31
A2.23 Highfilter DIP .. o e 26 2.7
A2.24 Isolation of both letdown filters at one time: down-stream relief lifts. . ... 28 28
A2.25 Uncontrolled boration or dilution.................c .. 3.8 4.3
A2.26 LOW VCT PIrESSUIE . .ot ettt et e e e e e e aa 2.8 3.0
A2.27 Improper RWST boron concentration ............cooiiiiiiinnnnns 35 4.2
A2.28 Depressurizing of RCSwhileitishot ............................... 3.7 4.3
A2.29 Indication by increased letdown flow that demineralizersare bypassed . . . . 2.3 24
A2.30 Reduction of boron concentration in the letdown flow; its effects

ON reaCtor OPEralioN . ... ... 3.3 3.6
A2.31 Potential for RCS chemical contamination when placing

CVCSdemineralizer iNServiCe . . ... i 23 2.7
A2.32 Expected reactivity changes after valving in anew

mixed-bed demineralizer that has not been preborated. . ................ 34 39
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A2.33

A2.34

A2.35

A3

A3.01
A3.02
A3.03
A3.04
A3.05
A3.06
A3.07
A3.08
A3.09
A3.10
A3.11
A3.12

A3.13
A3.14
A3.15
A3.16
A3.17
A3.18

A4

A4.01
A4.02
A4.03

A4.04
A4.05
A4.06
A4.07
A4.08
A4.09
A4.10

004 Chemical and Volume Control System

Fact that isolating cation demineralizer stops boron

dilution and enables restoration of normal boron concentration........... 2.7 33
Fact that for very low RCS boron concentrations, deborating
demineralizers may be more cost effective than using makeup water . . . . .. 2.2* 2.3
S 0t () 1 1 3.3 3.8
Ability to monitor automatic operation of the CVCS,
including:
(CFR: 41.7/45.5)
Water and boron inventory . .............eeuiiiiiiiiiiiiiiia 35 3.7
Letdownisolation . ........ooi i 3.6 3.6
loN eXChange byPass . . .. 29 29
VCT Pressure CONIOl . . ... aens 2.8 29
RCSpressureandtemperature ...t 39 39
T-ave and T-ref . ... 39 3.8
SIGlevel andpressure ...t 3.3 3.3
REACIOr POWES . . .o e 39 39
VT Ve L 33 32
PZRIevel and pressure ... e 39 39
Charging/letdown . ... 3.6 34
Interpretation of letdown demineralizer flow-divert valve position
indicating lights ... 3.0 2.7
DELETED
Letdownand chargingflows ............. ... ... ... o oo 34 31
PZR pressureandtemperature .............cc i i 35 3.6
Interpretation of emergency borate valve positionindicating lights . ...... 3.8 4.2
Interpretation of ion exchanger statuslight ..., 2.3 24
Interpretation of letdown orificeisolation valve positionindicators ... ... 2.8 2.7
Ability to manually operate and/or monitor in the control
room:
(CFR: 41/7/45.510 45.8)
Boron and control rod reactivity effects ..................... ... ... 3.8 39
Calculation of ECP and related boration/dilution/reactivity relationships . . 3.2 39
Construction and use of 1/M plots (inverse multiplication,
criticality predictionmethod) ............ ... . 2.7 3.2
Calculation of boron concentrationchanges ...................cooo... 3.2 3.6
L etdown pressure and temperature control valves. ..................... 3.6 31
Letdown isolation and flow control valves. .. .......... ... 3.6 31
Boration/dilution ........... . 39 3.7
Charging . ....ooiii 3.8 34
PZR spray and heatercontrols ................ ... i i 35 3.3
BoriCaCid puMPS ..o 3.6 3.2
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A4.11
A4.12
A4.13
A4.14
A4.15
A4.16
A4.17
A4.18
A4.19

A4.20
A4.21

A4.22
A4.23

004 Chemical and Volume Control System

RCPseal iNjection. . ... e e
Boration/dilution batch control . ............... ..o i,
VCT level control and pressurecontrol .............cooviivnnnnn.
lon exchangersand demineralizers . .....ooovvviiiiiiiiiiiiinnn
BOron concentration ........... ...
Activity levelsof RCSandletdown .............cccviiiiinnnnn,
Deborating demineralizer ............. .. ... i i i
Emergency boratevalve ............ ...

CVCS letdown orifice isolation valve and valve control

Deborating demineralizer selector valve and selector

valvecontrol SWItCh . ... ...
Letdown demineralizer flow divert valve control switch ............
Boronometer chartrecorder .............oiiiii i

Calculation of the required volume through the deborating

demineralizer, using the appropriateequation ... ..................
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34
3.8
3.3
2.8
3.6
2.7
2.7
4.3

31
2.6
2.6
2.5*

21

3.3
3.3
29
24
3.7
35
2.7
4.1

2.8
25
23
25*

23



014

TASK:

K/A NO.

K1

K1.01
K2.02

K2

K2.01
K2.02
K2.03

K3

K3.01
K3.02

K4

K4.01
K4.02
K4.03
K4.04
K4.05
K4.06

Rod Position Indication System (RPIS)

Start up the RPIS
Shut down the RPIS
Record the primary coil voltage to verify rod position

IMPORTANCE
KNOWLEDGE RO SRO
K nowledge of the physical connections and/or cause-
effect relationships between the RPIS and the follow-
ing systems:
(CFR: 41.3t041.9/45.7t045.8)
CRD S, . 3.2* 3.6
NI S L 3.0 33
Knowledge of bus power suppliesto thefollowing:
(CFR: 41.7)
Reedswitches . ... ... 1.8 20
MEITOSCOPE . . o o ettt e e 1.9* 22
PUISE COUNLEIS .. e e 1.7 21
Knowledge of the effect that aloss or malfunction of the RPISwill
have on the following:
(CFR: 41.7/ 45.6)
CRDS . . 24 28*
Plant CompULEr ... o 25 2.8
Knowledge of RPI S design feature(s) and/or interlock(s)
which providefor the following:
(CFR: 41.5/45.7)
Upper electrical limit............ .. 0 o i 2.5* 2.7
Lower electrical limit .......... .. 2.5* 27
Rodbottom lights. ... 3.2 34*
ZonereferencelightS. ... 2.6* 29
Rod holdinterlocks . ... 31 33
Individual and group misalignment . ............cciiiiiiiiiiii 34 3.7
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K5 Knowledge of the operational implications of the following
conceptsasthey apply tothe RPIS:
(CFR: 41.5/45.7)

K5.01 Reasons for differences between RPISand stepcounter ................ 2.7

K5.02 RPISindependent of demand position ..................... ... ... ... 2.8

K5.03 Differencesin accuracy of reed switchesand pulsecounters ............ 21

K5.04 Concepts of magnetic flux and permeability of stainless steel housing . . . . 15

K6 Knowledge of the affect if aloss or malfunction on thefollowing will have
ontheRPIS:

(CFR: 41.5/45.7)

K6.01 Sensors and detectors . ..ottt e 23

K6.02 Breakers, relays, anddisconnects . .............o o o 17

K6.03 MEITOSCOPE . . o ottt 2.1*
ABILITY

Al Ability to predict and/or monitor changesin parameters

(to prevent exceeding design limits) associated with
operating the RPI S controls, including:
(CFR: 41.5/45.5)

A1.01 Metroscopereed switchdisplay ...............cooiiiii i 2.9*
A1.02 Control rod position indication on control roompanels ................ 3.2
A1.03 PDIL, PPDIL .. 3.6?
A1.04 Axid and radia power distribution . ....... ... 35
A2 Ability to (a) predict theimpacts of the following

malfunctionsor operationson the RPIS; and (b) based

on those on those predictions, use proceduresto correct, control,
or mitigate the consequences of those malfunctionsor operations:
(CFR: 41.5/43.5/45.3/45.13)

A2.01 Lossof offsitepower ... i 2.8
A2.02 Lossof powertotheRPIS. .......... ... ... i i i i 31
A2.03 Dropped rod ... ... 3.6
A2.04 Misalignedrod ... 34
A2.05 S 0t () 1 1 39
| A2.06 LOSSOf LV DT L\ttt ettt e et e 2.6%
A2.07 Lossof reed switCh .......... i 26
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SYSTEM:

A3

A4

A4.01
A4.02
A4.03
A4.04

014 Rod Position Indication System (RPIS)

Ability to monitor automatic operation of the RPIS,
including:
(CFR: 41.7/ 45.5)

None

Ability to manually operate and/or monitor in the control room:
(CFR: 41.7/45.5t045.8)

Rod selectioncontrol ............. .. . 3.3 31
Control rod mode-select switch ............ ... ... . oo i it 34 3.2
Primary coil voltagemeasurement .................. ... ..o o 2.6* 2.7
Re-zeroing of rod positionpriortostartup .................. ... 2.7 2.7
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002 Reactor Coolant System (RCS)
TASK: Perform lineups on the RCS

Vent the CRDM

Drainthe RCS

Drainthe S/IG (primary side)

Drain the refueling cavity

Fill the refueling cavity

Perform RCS water inventory balance

Add nitrogen to the PZR

Monitor the RCS

Establish natural circulation
K/A NO. KNOWLEDGE
K1 Knowledge of the physical connectionsand/or cause-effect relationships

between the RCS and the following systems:

(CFR: 41.2t041.9 /45.7t0 45.8)
K1.01 R ST
K1.02 CRDS ..
K1.03 Borated water storagetank ............. o o oo
K1.04 RCSVeNt SystemM ... ..o
K1.05 PRI e
K106 CV S
K107 Reactor vessel level indicationsystem .....................
K1.08 BCCS .
K109 PZR
K110 Reactor coolantdraintank ................ ...
K1.11 SIGS, feedwater systems . ...
K112 NS
K1.13 RCPS .
K1.14 Spent-fuel pool purification .................. ... ... ...,
K1.15 Refudingcanal ............. ...
K1.16 Refueling water purification ..............................

| K117 MTG o e

K2 Knowledge of bus power suppliesto thefollowing:

(CFR: 41.7)

None

NUREG-1122, Rev. 2 3.2-2

IMPORTANCE
RO SRO
3.7 3.9
2.9* 3.0*
3.8 3.8
2.8 3.2
3.2 34
3.7 4.0
3.5* 3.7*
4.5 4.6
4.1 4.1
2.8 31
4.1 4.2
3.5* 3.6
4.1 4.2
23 2.6
22 24
19 2.2
35 3.8



SYSTEM

K3

K3.01
K3.02
K3.03

K4

K4.01
K402
K4.03
K404
K4.05
K4.06
K4.07
K4.08
K4.09
K4.10

K5

K5.01
K5.02
K5.03

K5.04

K5.05
K5.06

K5.07
K5.08
K5.09

K5.10
K5.11

K5.12

002 Reactor Coolant System (RCS)

K nowledge of the effect that aloss or malfunction of the RCSwill have
on thefollowing:

(CFR: 41.7)

LIRS 21 26

Ul 4.2 45

CoNtaiNMENt .. ... e 4.2 4.6

Knowledge of RCS design feature(s) and/or interlock(s)

which providefor the following:

(CFR: 41.7)

FillinganddrainingtheRCS ............ ... .. o i i i, 2.7 3.0

Monitoring reactor vessel level .............. ... ... oo oo 3.5* 3.8*

VentingtheRCS ... .. 29 3.2

Filling and draining therefuelingcana .............................. 22 2.7

Detectionof RCSleakage ... i 3.8 4.2

Prevention of missilehazards ............. ..o i 21 24

Contraction and expansion during heatup and cooldown.. ............... 3.1 35

Anchoring of components--ie, loops, vessel, S/Gs, and coolant pumps . ... 19 21

Operation of loopisolationvalves. ................. ...t 3.2 3.2

Overpressure protection ...t 4.2 44

Knowledge of the operational implications of the following concepts as

they apply tothe RCS:

(CFR: 41.5/45.7)

Basicheattransferconcepts ..............oo i i 3.2 3.6

Purpose of vent flow pathwhendraining ............................. 25 29

Difference in pressure-temperature relationship between the

water/steam system and the water/nitrogensystem. ..............oovun. 2.2 2.6

Reason for requirement he plant to be in steady-state condition during

RCSwaterinventory balance . ................ ..o o i i i 3.1 34

Reason for drain tank pressure rise during water inventory operations .. .. 2.9 3.3

Pressure, temperature, and volume rel ationships of nitrogen gasin

associationwithwater ... i 2.3 26

Reactivity effects of RCS boron, pressure and temperature ............. 3.6 3.9

Why PZR level should be kept within the programmedband ............. 34 39

Relationship of pressure and temperature for water saturation

and subcoolingconditions . ... 3.7 4.2

Relationship between reactor power and RCS differential temperature. . . . 3.6 4.1

Relationship between effects of the primary coolant system and

thesecondary coolantsystem ... 4.0 4.2

Relationship of temperature average and loop differential temperature to

loop hot-let and cold-leg temperatureindications ..................... 3.7 39
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SYSTEM

| K513
| K514
K5.15
K5.16

| K517
K5.18
K5.19
K5.20

K6

K6.01

K6.02
K6.03
K6.04
K6.05

| K6.06
K6.07
K6.08
K6.09
K6.10
K6.11

| K6.12
K6.13
K6.14
| K6.15

Al

A1.01
A1.02
A1.03
A1.04
A1.05
A1.06
A1.07
A1.08
A1.09
A1.10
Al11

002 Reactor Coolant System (RCS)

Causesof circulation. ........... i
Consequences of forced circulationloss. ..................ccoii.t.
Reasons for maintaining subcooling margin during natural circulation . . ..
Reason for automatic features of the Feedwater control system during total
loss of reactor coolant flow ...
Need for monitoring in-core thermocouples during natural circulation. . ..
Brittlefracture ...... ...
Neutron embrittlement .............
Corrosion control prinCiples. ...

Knowledge of the effect or alossor malfunction on thefollowing RCS
components:
(CFR: 41.7/45.7)

RCS valves that may pose and unusually high radiological

Hazard because of trappedcrud . ...
ROP
Reactor vessel level indication ..................... oo oo
RCSVENMVAVES . . ..o
NV AlVES L e
SeNsOrsand DEtECtOrS ... ..ot
PUMPS .
Controllersand Positioners ...
MOtOrS . . e
Breakers, relays, anddisconnects . ............oo oo
Thermal Sleeves ...
CodeSafety ValVeS ... ..o
Reactor vessel andinternals ............. ..o i
COreCOMPONENTS . ..ottt e
Post-accidentsampling ............ .

ABILITY

Ability to predict and/or monitor changesin parameters (to prevent

35
3.8
4.2

35
3.8
3.3
2.6
2.3

2.2
3.6
31
25
21
25
25
24
21
2.2
2.2
3.0
2.3
2.2
TBD

exceeding design limits) associated with operating the RCS controlsincluding:

(CFR: 41.5/45.7)

Primary and secondary pressure ...
PZRand makeuptank level .............. ... ..
TeMPEraUrE . . .
Subcooling Margin . . ...
RCSTIOW . .
REACIOr POWEY . .
Reactor differential temperature . .............o o i
RCSaveragetemperature . ...t
RCST-aVE . . oo
RS T-ref o
Relative level indications in the RWST, the refueling cavity, the PZR and

the reactor vessel during preparation for refueling . ....................
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3.8
3.6
3.7
3.9
34
4.0
3.3
3.7
3.7
3.7

2.7

3.9
4.2
4.6

4.0
4.2
3.6
29
2.7

29
3.8
3.6
29
24
2.8
2.8
2.7
25
24
2.6
35
2.8
2.8
TBD

4.1
3.9
3.8
4.1
3.7
4.0
35
3.8
3.8
3.8

3.2



SYSTEM

Al1.12
A1.13

A2

A2.01
A2.02
A2.03
A2.04

A3

A3.01
A3.02
A3.03

A4

A4.01
A4.02
A4.03
A4.04
A4.05
A4.06
A4.07

A4.08

002 Reactor Coolant System (RCS)

Radioactivity level whenventingCRDS ........................oo. e 2.9*
Coreexitthermocouples . ... e 34
Ability to (a) predict theimpacts of the following malfunctions or

operationson the RCS; and (b) based on those predictions, use procedures

to correct, control, or mitigate the consequences of those malfunctions

or operations:

(CFR: 41.5/435 /45.3/45.5)

Lossof coolantinventory .............cc i 4.3
Lossof coolant pressure ... 4.2
Lossof forced circulation........ ..o 4.1
LosSOf heat SINKS . .. ... 4.3
Ability to monitor automatic operation of the RCS, including:

(CFR: 41.7/ 45.5)

Reactor coolant leak detectionsystem ..................... ... ..., 3.7
Containment sound-monitoringsystem ... 2.6*
Pressure, temperatures, andflows .............. ... ... o oo 4.4
Ability to manually operate and/or monitor in the control room:

(CFR: 41.7/45.5t045.8)

RCS leakage calculation program using thecomputer .................. 3.5*
Indications necessary to verify natural circulation from appropriate level,

flow, and temperature indications and valve positions upon loss of forced

CIFCULALION . . e 4.3
Indications and controls necessary to recognize and correct

saturation Conditions ... ... ...ttt 4.3
Thefilling/draining of LPI pumpsduringrefueling..................... 2.8
The HPI system when it isused to refill therefueling cavity . ............ 2.8*
Overflow level of the RWST ... ... e 29
Flow path linking the RWST through the RHR system to the RCS hot

legsfor gravity refilling of therefuelingcavity ....................... 2.8
Safety parameter display systems . ... 3.4*

3.2-5

3.3
4.0

4.4
4.4
43
4.6

3.9
2.8*
4.6

3.8*

4.5

4.4
26
2.7*
2.7

31
3.7*
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004 Chemical and Volume Control System (CVCYS)

TASK: Perform lineup of the CVCS
Perform boron concentration dilution (bleed) of the RCS
Perform boration (feed) for the RCS
Perform boration system flow path verification
Fill and vent the CVCS
Perform boration flow-path verification
Start upthe CVCS
Perform borated water source operability verification
What if RCS temperature startsto increase after placing demineralizer in service?
Nitrogen purge the VCT
Perform boric acid pump functional test
What if estimated critical position is not calculated properly and
reactor goes critical beforeit is expected?
Perform hydrogen purge and establish hydrogen overpressure
Shut down the CVCS
Operate the CVCS to increase the primary system pressure
Perform boron concentration change calculations
Shift to automatic feed and bleed of the RCS
Operate a mixed-bed demineralizer
Operate the cation bed demineralizer
Operate a deborating demineralizer
Perform RCS dilution using purification demineralizer in series with deborating demineralizer
Deborate to acritical condition during reactor startup
Monitor the CVCS operation
Perform excess letdown to either VCT or radwaste
Perform excess letdown to the reactor coolant drain/CV CS hol dup tank
Operate the CVCSto form a steam bubble in the PZR
Operate the CV CSto collapse the steam bubble in the PZR
Switch the letdown filters (post-demineralizer filters)
Operate letdown coolers
Operate sedl injection subsystem (auto-manual)
Vent avolume control/makeup tank (VCT)
Manual makeup to the VCT
Perform low-pressure purification using the RHRS
Degasthe RCSthrough the VCT
Adjust the charging flow rate
Adjust the letdown flow rate
Change the seal injection filters
Operate the CVCS to make up to the RWST
Degas the RCS through the PZR
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SYSTEM 004 Chemical and Volume Control System

IMPORTANCE

K/A NO. KNOWLEDGE RO SRO
K1 K nowledge of the physical connections and/or cause-effect

relationships between the CVCS and the following systems:

(CFR: 41.2t041.9/45.7t0 45.8)
K1.01 PZR LGS . 3.6 4.0
K1.02 PZR and RCS temperature and pressurerelationships .................. 35 3.8
K1.03 Operation, functionandcontrol of T/G ............... ... ..ot 22 2.6
K1.04 RCPS, including seal injectionflows ................................ 34 3.8
K1.05 CRDS operation in automatic modecontrol .......................... 2.7* 3.2
K1.06 Makeup systemtoVCT ... oo 31 31
K1.07 NS 26 29
K1.08 Interfaceof CVCSWIthPRT ... 22 24
K1.09 Relaionship between CVCSandRPIS ...t 2.2* 2.7
K1.10 Pneumaticvalvesand RHRS . ... ... ... i 2.7 29
K1.11 Expected PRT response when opening PORV during bubble

formationiNnPZR ... ... 29 32
K1.12 NItrOgEN SYStEMS ..o o 24 2.6
Kl.13 Hydrogen systems ... 2.8 29
K1.14 LA L 26 238
K1.15 BCCS i 38 4.0
K1.16 Boricacidstoragetank ............ . 3.3 35
Kl.17 PZR 34 34
K1.18 O S L 29 32
K1.19 Primary gradewater supply ... 2.7 29
K1.20 L ocation of sample pointsfor chemically sampled fluid systems ........ 17 25
K1.21 WGBS .. e 24 238
K1.22 B VST 34 3.7
K1.23 RV ST 34 3.7
K1.24 RHRS . . 34 39
K1.25 Interface between HPI flow path and excessletdown flow path .......... 2.7* 3.2*
K1.26 Flow path from CVCS to reactor coolant drain tank and holdup tank ... ... 2.7 2.8
K1.27 Relationship between sed filter and letdown filter ..................... 2.3* 2.3*
K1.28 Interface between high-activity waste tank and letdown filter drain ....... 2.1* 2.4*
K1.29 Effect and detection of leaking PORV or relief on PZR level and pressure,

including VCT makeup activity in automaticmode ..................... 34 4.0
K1.30 Relationship between letdown flow and RCSpressure . ................. 29 31
K1.31 Interface between CVCS and degassifier (WGDS) ..o, 2.3 25
K1.32 Minimum VCT pressureeffectonRCPseals ......................... 2.8 31
K1.33 Interface between clean waste receiver tank and seal injection filters ... .. 2.3* 2.7*
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SYSTEM

K1.34
K1.35
K1.36

K2

K2.01
K2.02
| K203
K2.04
K2.05
K2.06
K2.07

K3

K3.01
K3.02
K3.03
K3.04
K3.05
K3.06
K3.07
K3.08

K4

K4.01
K4.02
K4.03

K4.04
K4.05

K4.06
K4.07
K4.08
K4.09

004 Chemical and Volume Control System

Interface between CVCS and reactor coolant drain tank; and PZRPCS .. ..
Understanding of interfacewithLRS ................................
COWIS .

Knowledge of bus power suppliesto thefollowing:
(CFR: 41.7)

Boricacid makeup pumps . ...
MaaKEUD PUMIS oottt ettt
ChargiNg PUMPS o oottt
BWST tank heaters . . ...
MOV S
Control instrumentation . ... ....... ...ttt
Heat traCing . ...

K nowledge of the effect that aloss or malfunction of the CVCSwill
have on the following:
(CFR: 41.7/ 45/6)

CRDS (AUtOMAELIC) ..ottt ettt
PZR LS .

PZR LS .
RCStemperature and pressure . ....oovvvv e
PZRIevel and pressure ... e
RCPseal injection ...

Knowledge of CVCS design featur e(s) and/or interlock(s)
which providefor the following:
(CFR: 41.7)

Oxygencontrol INRCS ... ...
Control of pH, and range of acceptability ............................

Protection of ion exchangers (high letdown temperature

will isolate ion eXChangers) .. ...
Manual/automatic transfersof control ............. ...,

Interrelationships and design basis, including fluid
flow splitsin branching networks (e.g., charging and

sed injectionflow) ...
[SOLOPIC CONLIOL ...\ aas
Water SUPPIIES .
Hydrogencontrol iINRCS .............. i i i
High temperature limit on CVCSto protect ion exchangeresins .........
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2.7
25
2.6

29
29
3.3
2.6
2.7
2.6*
2.7

2.5*
3.7
22
3.7
3.8
34
3.8
3.6

2.8
21

2.8
3.2

3.3
23
3.0
2.8
24

29
2.8
2.8

31
31
35
2.7
29
2.7
3.2

29
4.1
24
3.9
4.2
3.6
4.1
3.8

3.3
2.6

29
31

3.2
2.7
3.3
3.2
31



SYSTEM

K4.10

K4.11

K4.12

K4.13
K4.14
K4.15
K4.16

K5

K5.01
K5.02
K5.03
K5.04
K5.05
K5.06
K5.07
K5.08

K5.09
K5.10
K5.11
K5.12
K5.13
K5.14

004 Chemical and Volume Control System

Minimum temperature requirements on borated systems

(preventcrystallization) ... 3.2 3.8

Temperature/pressure control in letdown line: prevent

boiling, lifting reliefs, hydraulic shock, piping damage,

AaNd DUrSE 31 3.6

Minimumlevel of VCT ... e 31 34

Interlock between letdown isolation valve and flow control valve . .. ...... 3.2* 35

Control interlocks on letdown system (letdown tank bypassvalve) ....... 2.8* 3.2

Interlocks associated with operation of orificeisolationvalves .......... 3.0* 34

Temperature at which the temperature control valve automatically

diverts flow from the demineralizer to the VCT; reason for this diversion . 26 3.0

Knowledge of the operational implications of the following

concepts asthey apply tothe CVCS:

(CFR: 41.5/45.7)

Importance of oxygencontrol iINRCS ....... ... 2.7 3.3

Explosion hazard associated with hydrogen containing systems .......... 35 39

Definition of pH, reasons for importance, range of acceptability in RCS .. 22 29

Reason for hydrogen cover gasin VCT (oxygenscavenge) .............. 2.8 3.2

Source of neutrons (leakage, effect of corelife) and NISindications . . ... 2.3* 2.8

Concept of boron "worth" or inverse boron "worth" (reactivity, pcm/ppm) . 3.0 3.3

Relationship between SUR and reactivity ............................ 2.8 3.2

Estimation of subcritical multiplication factor (K-eff) by means other

than the 6-factor formula: relationship of count rate changes to reactivity

Changes ... 2.6 3.2

Thermal shock: high component stress due to rapid temperature change . . . 3.7 4.2

Importance of nil-ductility transition temperature in plant operations . .. .. 3.2 3.7

Thermal stress, brittle fracture, pressurized thermal shock .............. 3.6 39

Effects of temperatureon corrosion ... 2.3 2.7

Galvanicand general CorroSION . .. ..o vttt 21 2.6

Reduction process of gas concentration in RCS: vent-accumul ated

non-condensable gases from PZR bubble space, depressurized during

cooldown or by alternately heating and cooling (spray) within alowed

pressure band (drive more gasout of solution) ........................ 25 29
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SYSTEM

K5.15
K5.16
KS5.17
K5.18
K5.19
K5.20
K5.21
K5.22
K5.23
K5.24
K5.25
K5.26
K5.27
K5.28
K5.29
K5.30

K5.31
K5.32
K5.33
K5.34

K5.35

K5.36
K5.37
K5.38
K5.39

K5.40

K5.41
K5.42
K5.43
K5.44
K5.45
K5.46

KS5.47

004 Chemical and Volume Control System

Boron and control rod reactivity effects asthey relatetoMTC ..........
Source of T-ave. and T-ref. signalsto control andRPS .................
Types and effects of radiation, dosimetry, and shielding-time-distance.. . . .
Relationship between neutron flux and reactivity ......................
Concept Of SDM ..o
Reactivity effects of xenon, boration, and dilution.....................
Ppmandweight % forboron............... ... ... ... o i oo
lon bead degradation by temperature . ....... ... i
Radioactivedecay ofcrud ............... ... .o
Decontamination factors . ....... ...
Channelingof ionexchanger ............. ... o i i i it
Relationship between VCT pressure and NPSH for charging pumps ... .. ..
Reason for nitrogen purgeof CVCS . ...
Reason for "burping” non-condensable gasesfromVCT ................
Reason for sampling for chloride, fluoride, sodium and solidsin RCS .. ..
Relationship between temperature and pressurein CVCS
componentsduring solid plantoperation . .................cooiii. ..
Purpose of flow path around boric acid storagetank ...................
Purpose and control of heat tracing (prevent crystallization) ............
Useof aboronometer ......... ..o
For ion exchangers. demineralization, boration/
deboration, thermal regeneration, lithiumcontrol .....................
Heat exchanger principles and the effects of flow, temperature
and other parameters . ...
Solubility of boron in water; temperatureeffect . ......................
Effects of boron saturation on ion exchanger behavior .................
Use of thermal well for accessibility of resistance temperature detector . .
Relationship between flow and pressure drop for fluids passing through
valvesand orifiCeS ... ... ..o
Response of PRT during bubble formation in PZR: increase in quench tank
pressure when cycling PORV shows that complete steam bubble does not
exist, that significant noncondensable gasisstill present ...............
Solubility of gasesin solution: temperature and pressure effects.........
Solubility of boron in water: temperatureeffect ......................
Saturation, subcooling, superheat in steam/water ......................
Pressureresponsein PZR during in-and-outsurge . ....................
Resistance heating: power/current relations ..........................
Reason for going solid in PZR (collapsing steam bubble): make sure no
steam isin PRT when PORV isopenedtodranRCS ...................
Reason for second CCW pump when second heat exchanger islined up . . .
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3.3
3.2
2.6
2.8
35
3.6
22
23
19
19
19
31
2.6
24
2.6

3.8
3.0*
31
2.3*

24

25
25
26
17

24

3.0*
23
24
3.6
3.2
18

2.5%
2.4*

35
34
31
3.3
3.9
3.7
2.7
2.6
24
25
24
3.2
3.2
3.0
3.3

4.2
34
34
2.6

2.8

29
2.8
31
19

2.7

3.4*
2.6
2.7
3.9
34
21

29
29



SYSTEM

K5.48
K5.49

K5.50
K5.51
K5.52

K5.53
K5.54
K5.55
K5.56

K6

K6.01
K6.02
K6.03
K6.04
K6.05
K6.06
K6.07
K6.08
K6.09
K6.10
K6.11

K6.12

K6.13
K6.14
K6.15

K6 16
K6.17
K6.18
K6.19
K6.20
K6.21
K6.22

004 Chemical and Volume Control System

Purpose of hydrogen purging and sampling processes .................. 22 29
Purpose and method of hydrogen removal from RCS before
opening system: explosion hazard, nitrogenpurge ..................... 2.7 3.3
Design basis letdown system temperatures: resinintegrity .............. 2.6 2.7
Operation principle of hydrogen catalytic recombiners................. 1.9* 2.3
Reason for of reducing letdown rate when filling PZR;
collapsesteambubble ......... ... . 24 2.7
Reason for keeping VCT pressure aslow aspossibleduringdegas . . ... ... 2.3 2.6
Calculation of rate of boron changein RCS asfunctionflowrate ........ 22 2.6
Factors which effect changesin letdown temperature .................. 2.3 24
Sources of radio iodine in RCS (hazard in filter changeout) ............. 21 2.7
Knowledge of the effect of aloss or malfunction on thefollowing
CVCS components. (CFR: 41.7/45.7)
Spray/heater combination in PZR to assure uniform boron concentration. . 31 3.3
Demineralizersandionexchangers ... 25 21
NV AVES 24 25
PUMPS . 2.8 31
Sensors and detectors . ...t 25 25
M OtOrS . 20 22
Heat exchangersandcondensers. ...t 2.7 2.8
Breakers, relays, anddisconnects . .............o o o o 20 22
Purposeof VCT divertvalve ............. ... i i 2.8 31
Boric acid storage tank/boron injection tank recirculation flow path . . . ... 2.7 31
Recirculation valve on boric acid storage tank (why it
isclosed during functional test) ................. ... ... o o i 2.4* 2.7
Principle of recirculation valve: (permit emergency flow
evenif valveisblocked by crystallized boricacid) ..................... 2.6? 29
Purpose and function of the boration/dilution batch controller........... 31 3.3
Recirculation path for chargingpumps . ... 2.7 3.0
Reason for venting VCT and pump casings while filling:
ventsmust CONNECt toLRS ... ... 2.8 31
Purpose of spray nozzlein VCT ... 2.3 2.6
Flow pathsfor emergency boration ................................. 4.4 4.6
Design characteristics of boric acid transferpump .................... 20 2.3
Purpose of centrifugal pump miniflows (recirculation) ................. 2.3 2.6
Function of demineralizer, including boron loading and temperature limits 25 31
Design and purpose of charging pump desurger ....................... 2.1* 24
Design minimum and maximum flow ratesfor letdown system. .......... 2.6 29
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SYSTEM 004 Chemical and Volume Control System
K6.23 Capacity of boron recovery tanks: plan not to exceed by inefficient boron

movement; interface with boron recovery system .....................
K6.24 Controllersand positioners . . ...
K6.25 Tank capacity: RCS makeup, CVCS, and boron recovery system .........
K6.26 Methods of pressure control of solid plant (PZR relief and water inventory)
K6.27 Purpose of RHR relief and isolationvalves . ..........................
K6.28 Interface between high-activity waste tank and letdown filter drain .......
K6.29 Reason for excess letdown and itsrelationshipto CCWS ...............
K6.30 Purpose and control of degassifier inlet and divertvalves ...............
K6.31 Sedl injection system and limitsonflowrange ........................
K6.32 Venting of VCT: reduce concentration of gasesin solution, keep stressin

ANK dOWN . .o e
K6.33 Principlesof boronometer .............. ... ... oo
K6.34 Maximum allowable purgeflowrate .................. ... ... ... ...
K6.35 Relationship between VCT vent rate and vent header pressure ...........
K6.36 L etdown pressure control to prevent RCS coolant from flashing to steam

INTEdOWN PIPING oo
K6.37 Boron loading of demineralizerresin. ..................coiiii i
K6.38 Methods of minimizing the amount of RCS coolant water

processed and reducing the amount of waste water generated . ...........

ABILITY
Al Ability to predict and/or monitor changesin parameters

(to prevent exceeding design limits) associated with

operating the CVCS controlsincluding:

(CFR: 41.5/45.5)
A1.01 Activity levelsinprimary System . ...
A1.02 T-ave and T-ref .. ...
A1.03 RCS PreSSUIE ..ot
A1.04 PZRpressureandlevel ........... ... .
A1.05 SiGpressureandlevel ...
A1.06 VT laVE L
A1.07 Maximum specified letdownflow ..................................
A1.08 Normal operating band for letdownflowrate .........................
A1.09 RCSpressureandtemperature ...t
A1.10 REACIOr POWES . . . e
Al111 Letdownand chargingflows ............. ... ... ... . o oo
Al12 Rate of boron concentration reduction in RCS as afunction of letdown

flow while deborating demineralizerisinservice......................
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2.1*
25
22

34
2.2*
2.7
2.3*
31

21
1.9*
19
22

29
29

24

29
3.4*
3.8
3.9
2.9*
3.0
2.7
2.7
3.6
3.7
3.0

2.8

2.7
2.6
2.6
3.8
3.6
25
31
25
35

25
21
22
25

31
34

3.2

3.8
3.6
3.8
4.1
3.2
3.2
31
29
3.8
3.9
3.0

3.2
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SYSTEM

A2

A2.01
A2.02
A2.03
A2.04
A2.05
A2.06
A2.07
A2.08
A2.09
A2.10
A2.11
A2.12
A2.13
A2.14
A2.15
A2.16
A2.17
A2.18
A2.19

A2.20
A2.21

A2.22
A2.23
A2.24
A2.25
A2.26
A2.27
A2.28
A2.29
A2.30

A231

A2.32

004 Chemical and Volume Control System

Ability to (a) predict theimpacts of the following
malfunctionsor operationson the CVCS; and (b) based
on those predictions, use proceduresto correct, control,
or mitigate the consequences of those malfunctions

or operations:

(CFR: 41.5/43/5/ 45/3 ] 45/5)

RCSpressurealowedtoexceed limits ..........................
Lossof PZR level (failuremode) .........................ooel
Boundary isolationvalveleak ...................... ... ... ...
Unplannedgasrelease ...
RCPseal fallures ... ...
Inadvertent boration/dilution .. .......... . ... o i
Isolation of letdown/makeup .. ...
Lossof heattracing ............co i
High primary and/or secondary activity ..........................
Inadvertent boration/dilution .. ........... ... o i
LOSSOf IAS Lo
ClAS SIS

LOW RW ST L
Emergency boration ............. ...
Highorlow PZRIevel ........... ... ... . . i i i,
T-ave.and T-ref. deviaions ........... ...,
LOW PZRPressure . ... e
HighVCTleve ... ...
High secondary and primary concentrations of chloride,

fluoride, sodiumand solids .......... ...
Shifting demineralizer while divert valveislined uptoVCT .........
Excessive letdown flow, pressure, and temperatures on
ionexchangeresins (alSOCalSes) . ..o
Mismatch of letdown and changingflows ........................
Highfilter DIP ... o e
Isolation of both letdown filters at one time: downstream relief lifts .
Uncontrolled boration or dilution. .............. ... ..ot
LOWVCT PrESSUIE . .ottt
Improper RWST boron concentration ...........ccoovviinnnnn.
Depressurizing of RCSwhileitishot ...........................
Indication by increased letdown flow that demineralizers are bypassed
Reduction of boron concentration in the letdown flow;

itseffectson reactor operation....................ooiiii i
Potential for RCS chemical contamination when placing
CVCSdemineralizer inService . .......c.oovuiiiiii i
Expected reactivity changes after valving in anew

mixed-bed demineralizer that has not been preborated. . ............

3.2-13

3.8
3.9
3.6
3.7*
4.0
4.2
34
3.0
3.0
3.9
3.6
4.1
3.6
3.8*
35
3.2
34
31

2.8
2.7

2.7
3.2
2.6
2.8
3.8
2.8
35
3.7
23

3.3
23

34

4.2
4.2
4.2
4.1
4.3
4.3
3.7
3.7
3.9
4.2
4.2
4.3
3.9
3.9
3.7
3.6
3.7
31

35
2.7

2.7
31
2.7
2.8
4.3
3.0
4.2
4.3
24

3.6
2.7

3.9
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SYSTEM

A2.33

A2.34

A2.35

A3

A3.01
A3.02
A3.03
A3.04
A3.05
A3.06
A3.07
A3.08
A3.09
A3.10
A3.11
A3.12

A3.13
A3.14
A3.15
A3.16
A3.17
A3.18

A4

A4.01
A4.02
A4.03

A4.04
A4.05
A4.06
A4.07
A4.08
A4.09
A4.10

004 Chemical and Volume Control System

Fact that isolating cation demineralizer stops boron

dilution and enables restoration of normal boron concentration...........
Fact that for very low RCS boron concentrations, deborating demineralizers
may be more cost effective than using makeupwater ...................
S 0t () 1 1

Ability to monitor automatic operation of the CVCS,
including:
(CFR: 41.7/ 45.5)

Water and boron inventory . .............eeuiiiiiiiiiiiiiiia
Letdownisolation . ........ooi i
loN eXChange byPass . . ..
VCT Pressure CONIOl . . ... aens
RCSpressureandtemperature ...t
T-ave and T-ref . ...
SIGlevel andpressure ...t
REACIOr POWEY . . o
VT Ve L
PZRIevel and pressure ... e
Charging/letdown . ...

Interpretation of letdown demineralizer flow-divert valve position

indicating lights ...
RCStemperature and pressure . ....oovvvve e
Letdownand chargingflows ............. ... ... ... o oo
PZR pressureandtemperature .............cc i i
Interpretation of emergency borate valve positionindicating lights . ......
Interpretation of ion exchanger statuslight ...,
Interpretation of letdown orificeisolation valve positionindicators ... ...

Ability to manually operate and/or monitor in the control
room: (CFR: 41.7/45.510 45.8)

Boron and control rod reactivity effects ..................... ... ...
Calculation of ECP and related boration/dilution/reactivity relationships . .

Construction and use of 1/M plots (inverse multiplication, criticality

predictionmethod) ............. .o
Calculation of boron concentrationchanges ...................cooo...
L etdown pressure and temperature control valves .....................
Letdown isolation and flow control valves. .. .......... ...
Boration/dilution ........... .
Charging . ....ooiii
PZR spray and heatercontrols ................ ... i i
BoriCaCid puMPS ..o
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2.7

2.2*
3.3

35
3.6
29
2.8
3.9
3.9
3.3
3.9
3.3
3.9
3.6

3.0
34
34
35
3.8
23
2.8

3.8
3.2

2.7
3.2
3.6
3.6
3.9
3.8
35
3.6

3.3

23
3.8

3.7
3.6
29
29
3.9
3.8
3.3
3.9
3.2
3.9
34

2.7
3.6
31
3.6
4.2
24
2.7

3.9
3.9

3.2
3.6
31
31
3.7
34
3.3
3.2



SYSTEM

A4.11
A4.12
A4.13
A4.14
A4.15
A4.16
A4.17
A4.18
A4.19
A4.20
A4.21
A4.22
A4.23

004 Chemical and Volume Control System

RCPseal injection ... 34 3.3
Boration/dilution batchcontrol .................. ... ... ... oo 3.8 3.3
VCT level control and pressure control . ... 3.3 29
lon exchangersand demineralizers . . ... i i 2.8 24
BOron concentration .......... ..ot 3.6 3.7
Activity levelsof RCSandletdown ..., 2.7 35
Deboratingdemineralizer ............ ... . i i 2.7 2.7
Emergency boratevalve ............ . 4.3 4.1
CVCsS letdown orificeisolation valve and valve control switches......... 31 2.8
Deborating demineralizer selector valve and selector valve control switch . 2.6 25
L etdown demineralizer flow divert valve control switch ................ 2.6 2.3
Boronometer chartrecorder .............. ... o 2.5* 2.5*
Calculation of the required volume through the deborating

demineralizer, using the appropriateequation .. ....................... 21 2.3
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006 Emergency Core Cooling System (ECCYS)

TASK: Perform ECCS pump operability checks
Fill the high-pressure SIS
Fill the accumulators/core flood tanks/safety injection tanks
Perform core flooding isol ation valves alarms actuation test
Drain the accumulators/core flood tanks/saf ety injection tanks
Perform ECCS leak rate test
Fill the boron injection tank
Perform safety injection tank outlet isolation valve test
Prepare the SIS for anormal plant startup
Fill the refueling/borated water storage tank
Perform high-head saf ety injection test and flushing of stainless steel pipe
Recal culate and/or purify the refueling/borated water storage tank
Adjust HPI flow
Prepare the high-pressure SIS for shutdown
Secure the high-pressure SIS
Drain the high-pressure SIS
Adjust accumulator/core flood tank/saf ety injection tank pressure
Vent accumulation/core flood tank/safety injection tanks
Monitor the SIS
Operate the SISin the recirculation mode
Manually initiate safety injection
What if HPI is overpressurizing the reactor?

IMPORTANCE
K/A NO. KNOWLEDGE RO SRO
K1 K nowledge of the physical connections and/or cause-
effect relationships between the ECCS and the following
systems:
(CFR: 41.2t041.9/45.7t0 45.8)
K1.01 Spentfuel coolingsystem ... 2.4* 2.8*
K1.02 B AS 4.3 4.6
K1.03 RS 4.2 4.3
K1.04 Auxiliary spray System . ... e 2.7* 2.8*
| K105 RCP seal injection and return .. ...........oouiiuninaiaienanann.. 2.8 29
K1.06 Liguid wastetank/reactor draintank ................................. 22 24
K1.07 MW Sy stem e 2.9* 3.3*
K1.08 OV S i 3.6 39
| K109 NITOGEN ettt e e 2.6 29
K1.10 Safety injectiontank heatingsystem ........... ... . o o i 2.6* 2.8*
K1.11 O S L 2.8 32
| KL12 ACCUMUIAEOr VENE SYSIBM . . .. ettt 2.4 2.6
K1.13 BSOS 3.3* 3.6*
K1.14 LA L 3.0 3.4*
K1.15 AcCUMUIEEOr draiNS . ...t e 2.2* 2.2*
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SYSTEM:

K2

K2.01
K2.02
K2.03
K2.04

K3

K3.01
K3.02
K3.03

K4

K4.01
K4.02
K4.03
K4.04
K4.05
K4.06
K4.07
K4 08
K4.09
K4.10
K4.11
K4.12
K4.13
K4.14
K4.15
K4.16
K4.17
K4.18
K4.19
K4.20
K4.21
K4.22
K4.23
K4.24
K4.25
K4.26
K4.27
K4.28
K4.29
K4.30

006 Emergency Core Cooling System (ECCS)

Knowledge of bus power suppliesto thefollowing:
(CFR: 41.7)

ECC S PUMPS . ottt 3.6 39
Valveoperatorsfor accumulators . . ... 2.5* 29
Heat traCing . ... 2.3 25
ESFAS-operatedvalves ... 3.6 3.8
Knowledge of the effect that aloss or malfunction of the ECCSwill
have on the following:
(CFR: 41.7/ 45.6)
RS 4.1* 4.2
Ul 43 44
CoNtaiNMENt .. ...t e e 4.2 44
Knowledge of ECCSdesign feature(s) and/or interlock(s)
which providefor thefollowing:
(CFR: 41.7)
Cooling of centrifugal pumpbearings .............. ... .. i it 2.6 29
Relieving shutoff head (recirculation) ....................... ... ..., 2.8 3.0
Flushing of piping following transfer of highly concentrated boric acid . . . 24 25
SYSEMVENtING ..ot 2.3 25
Autostart of HPI/LPI/SIP. ... e 4.3 44
Recirculation of minimum flow throughpumps ....................... 2.7 3.1
Norma water supply for SIS ... o 34 3.8
Recirculation flowpath of reactor buildingsump ...................... 3.4* 3.6*
Valve positioning on safety injectionsignal ... 3.9 4.2
Redundant pressure meters ... i 3.3 3.6
Reset Of SIS ... 39 4.2
HPI flowthrottling ... 4.1* 4.3*
Reset of containmentisolation ................cc i 3.8 4.1
Cross-Connectionof HPI/LPI/SIP .. ... 39 4.2
RHRpumptestflowpath............. ... ... o i i 24 2.6
Interlocksbetween RHRvalvesand RCS . ............ ..ot 32 35
Safety Injectionvalveinterlocks . ... 3.8 4.1
Vavesnormally isolated from their control power .................... 3.6* 3.7
Interlocksto storagetank makeupvalve . ... 3.0 31
Automatic closure of common drain line and fill valvesto accumulator . . . 3.2* 3.5*
Bypassing/blocking ESFchannels................... .. ... oo 4.1 4.3
Interlocks between RCP seal flow rate and standby HPl pump ........... 3.4* 3.7*
Demineralized water supply toRWST ...t 2.3* 2.5*
Water inventory CONtrol ... ... ... iiiiiiinnns 2.6 3.0
Concentrated boricacid supply toRWST ........... ...t 2.8 3.2
Parallel redundant systems ............c i 3.3 3.8
Alarm for misalignment of the accumulator isolationvalve ............. 29 34
RHR . 32 35
BIT reCirculation . ........oooii e 2.5* 2.9*
ContaiNment iSolation . .........oiiuuii i e 3.6 39
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SYSTEM:

K5

K5.01
K5.02
K5.03
K5.04
K5.05
K5.06
K5.07

K5.08
K5.09

K5.10
K5.11
K5.12

K6

K6.01
K6.02
K6.03
K6.04
K6.05
K6.06
K6.07
K6.08
K6.09
K6.10
K6.11
K6.12
K6.13
K6.14
K6.15
K6.16
K6.17
K6.18
K6.19

Al

A1.01
A1.02
A1.03

006 Emergency Core Cooling System (ECCS)

Knowledge of the operational implications of the following concepts
asthey apply to ECCS: (CFR: 41.5/45.7)

Effects of temperatures on water level indications ....................
Relationship between accumulator volumeand pressure ................
Weight percent calculation boron concentration ......................
Brittle fracture, including causes and preventative actions ..............
Effectsof pressureonasolidsystem ....................... ... ...,
Relationship between ECCSflow and RCSpressure ...................
Expected temperature levelsin various locations of the RCS due to various
plant conditions ...
Operation of pumpsinpardlel ............ ... ... i i
Thermodynamics of water and steam, including subcooled margin, .. .. ...
superheat,and Saturation ...........co it
Theory of thermal Stress . ... e
Basic heattransferequation ............. ... . i i i
Theory of fluidflow ........ ... i

Knowledge of the effect of alossor malfunction on the following
will have on the ECCS:
(CFR: 41.7/45.7)

BIT/borated Water SOUICES . . . ..o vttt e et et
Coreflood tanks (accumulators) ...,
Safety INjectionPUMPS .. ..o
Breakers, relaysand disconnects ............ ..o o oo
HPILPL coolingWater . ...t e e
[S0latioN VaAIVES . . ..
Drainandfill valves . .......... .
Accumulator and sample system . . ...
RWST purificationsystem ... i
NV AVES

Heat Exchangersandcondensers ...,
Subcooling marginindicators ............co i
HPI/LPI systems(modechange) ...,

ABILITY

Ability to predict and/or monitor changesin parameters (to prevent
exceeding design limits) associated with operating the ECCS controls
including:

(CFR: 41.5/45.5)

Avoidance of thermal and pressure stresses dueto pump startup .........
Boron concentration in accumulator, boron storagetanks. ..............
Flow ratesin BWST/BW recirculationpumps .................coouun.
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2.8
2.8
1.9
29
34
35

2.7
2.9*

3.3
25
25
24

34
34
3.6
21
3.0
2.3
17
17
18
2.6
2.3
21
2.8
24
1.8
1.8
2.2
3.6
3.7

31
3.0
24

3.3
29
22
31
3.8
3.9

3.0
3.1*

3.6
2.9*
2.4*
2.6

3.9
3.9
3.9
25
35
2.7
19
19
19
2.8
2.7
2.6
31
25
22
22
2.6
3.9
3.9

34
3.6
2.6



SYSTEM:

A1.04
A1.05

A1.06
A1.07
A1.08
A1.09
A1.10
Al11
Al1.12
A1.13
Al.14
Al1.15
A1.16
Al.17
A1.18
A1.19

A2

A2.01
A2.02
A2.03
A2.04
A2.05
A2.06
A2.07
A2.08
A2.09
A2.10
A2.11
A2.12
A2.13

A3

A3.01
A3.02
A3.03
A3.04
A3.05
A3.06
A3.07
A3.08

006 Emergency Core Cooling System (ECCS)

D/P across accumulator isolationvalve ............ ... .o 22 25
CCW flow (establish flow to RHR heat exchanger prior to
PlaCiNg N SEIVICE .o 2.9 3.3
SUbCOOIING MAIGIN ..ot 3.6 39
Pressure, highandlow ............. ... o o i i 3.3 3.6
Temperature, highmotorandbearing ...t 2.8 31
Pump amperage, including start, normal andlocked . ................... 2.8 3.2
CVCS Letdown flow . ... 24 2.7*
Boron Concentration ... ..........ueiie i 31 34
RHRheatup limits ... 2.9 34
Accumulator pressure (level, boron concentration) .................... 35 3.7
Reactor vessel level ... 3.6 3.9
RWST Level andtemperature ... 3.3 39
RCS temperature, including superheat, saturation, and subcooled ........ 4.1 4.2
ECCSTlOW rate . . ..o 4.2 4.3
PZRIevel and pressure ... 4.0 4.3
SUBCOOIING oo 4.0 4.4
Ability to (a) predict theimpacts of the following malfunctions or
operationson the ECCS; and (b) based on those predictions, use
proceduresto correct, control, or mitigate the consequences of
those malfunctions or operations:
(CFR: 41.5/45.5)
Highbearingtemperature ............ ... . i i 29 31
Lossof flowpath ... 39 4.3
System leakage .. ..o 3.3 3.7
Improper diSCharge preSsUre . ... 34 3.8
Improper amperagetothepumpmotor ... 34 35
Water hammer .. ... 33 35
Lossof heattraCing ...........oo i 2.8 31
Effect of electric power lossonvalveposition........................ 3.0 3.3
Radioactive release from venting RWST to atmosphere ................ 2.6 3.2*
Low boron concentrationin SIS ... i 34 39
Ruptureof ECCSheader .............c i 4.0 4.4
Conditionsrequiring actuationof ECCS ..................coovvvo... 4.5 4.8
Inadvertent SISactuation ...........oo i 39 4.2
Ability to monitor automatic operation of the ECCS, including:
(CFR: 41.7/45.5)
ACCUMUIALONS ... i 4.0* 39
PUMPS . e 41 41
ESFAS-operatedvalVves ............c 4.1 4.1
Coolingwater SyStemS . ... oot 3.8 3.8
Safety INjectionPUMPS .. ..o 4.2 4.3
ValVEIINEUDS . . e 3.9 4.2
RHR PUMPS . .o e 3.6* 37
Automatic transfer of ECCSflowpaths ..., 4.2 4.3
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SYSTEM:

A4

A4.01
A4.02
A4.03
| A404
A4.05
A4.06
A4.07
A4.08
A4.09
A4.10
A4.11

006 Emergency Core Cooling System (ECCS)

Ability to manually operate and/or monitor in the control room:
(CFR: 41.7/45.5t045.8)

RHRS . .
Transfer of ECCS flowpathsprior torecirculation.....................
ESFcontrol panel ........... .
ECCSpumpsandvalVeS . ...
ESF system, includingreset ............ ... .
PZRLCSandPZRPCS . ... . e
Safety parameter display system . ...
Overpressure protection System ... ...t
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41
4.0*
3.5%
3.7*
3.9
4.4
4.4
4.2
41
3.8*
4.2

3.9
3.8
3.5*
3.6
3.8
4.4
4.4
4.3
4.2
4.2*
4.3



011 Pressurizer Level Control System

(PZRLCYS)
TASK: Operate PZR level control in manual

Transfer from manual to automatic PZR level control

Monitor the PZR LCS

Place the PZR level programmer in manual

IMPORTANCE

K/A NO. KNOWLEDGE RO SRO
K1 K nowledge of the physical connections and/or cause-

effect relationships between the PZR L CS and thefol-

lowing systems:

(CFR: 41.2t041.9/45.7t0 45.8)
K1.01 OV S i 3.6 39
K1.02 RS 3.7 38
K1.03 PZR PCS . 3.7 4.0
K1.04 RPS 38 39
K1.05 Reactor regulating system ... i 34? 35?7
K2 Knowledge of bus power suppliesto thefollowing:

(CFR: 41.7)
K2.01 ChargiNg PUMPS o oottt 31 3.2
K2.02 PZRNGAES. . . oot 31 32
K2.03 Level channelsand controllers ... 2.4* 24
K3 Knowledge of the effect that aloss or malfunction of the PZR LCS

will have on the following:

(CFR: 41.7/ 45.6)
K3.01 OV S i 3.2* 34
K3.02 RS 35 3.7
K3.03 PZR PCS . 32 3.7
K4 Knowledge of PZR LCSdesign feature(s) and/or interlock(s) which provide

for thefollowing:

(CFR: 41.7)
K4.01 Operation of PZR heater cutout at low PZRlevel ...................... 3.3 3.7
K4.02 PZRlevel controller ........ .. 33 34
K4.03 Density compensation of PZRlevel ................................. 2.6 29
K4.04 PZRIevEl iNPULS .. ... 3.0 3.3
K4.05 PZRIevel inputstoRPS ............. ... 3.7* 4.1*
K4.06 Letdownisolation . ........ooo i 33 3.7
K4.07 Cold-calibrated channel . .......... .. 29 32
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SYSTEM: 011 Pressurizer Level Control System (PZR LCS)
K5 Knowledge of the operational implications of the following concepts asthey
apply tothe PZR LCS:
(CFR: 41.5/45.7)
K5.01 Theory of operation of bellows-typelevel detector ....................
K5.02 Principle of operation for the charging pump electric pneumatic flow
| CONLIOl VAIVE ..ot
K5.03 Principle of operation of the chargingflowsensor ....................
K5.04 Reasons for not allowing coolant to flash into steam in the letdown piping
K5.05 Interrelation of indicated charging flow rate with volume of water required
to bring PZR level back to programmed level hot/cold .................
K5.06 Indicated charging flow: seal flow plus actual chargingflow.............
K5.07 Definitionof flowrate .. ...
| K5.08 Relative flow rate through letdown subsystem as a function of flow control
| K5.09 Reason for manually controlling PZRlevel ...........................
K5.10 Indications of reactor vessel bubble ............. ... .ol
| K511 Reasons for selecting "manual" on letdown control valve controller .. ....
K5.12 Criteriaand purposeof PZR level program ...t
K5.13 Impact of high/low PZR level oninterrelatedsystem...................
K5.14 Sizing of the PZR for maximum insurge/outsurge .....................
K5.15 PZR level indicationwhen RCSissaturated . .........................
K6 Knowledge of the effect of aloss or malfunction on the following will have
onthePZRLCS:
(CFR: 41.7/45.7)
| K6.01 Reasons for starting charging pump whileincreasing letdown flow rate . . .
| K6.02 Relationship of makeup flow rateto throttle valve position .............
K6.03 Relationship between PZR level and PZR heater control circuit .........
K6.04 Operation of PZR level controllers ...t
K6.05 Function of PZR level gauges as postaccident monitors ................
K6.06 Correlation of demand signal indication on charging
| pump flow valve controller to thevalveposition.......................
K6.07 Correlation of demand signal indication with letdown PVC position . . . . ..
K6.08 NV AVES
K6.09 Sensor and deteCtOrsS . ...ttt
K6.10 Controllersand positioners . . ...
K6.11 PUMPS .
K6.12 M OtOrS .
K6.13 Breakers, relays, and disconnects . .............o oo e
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3.2-22

19

2.0*
17
25

2.8
29
19
23
2.6
3.7
2.5*
2.7
3.2*
19
3.6

2.8*
22
29
31
31

2.5*
24
21
24
23
19
18
19

22

2.2*
19
29

31
3.2
21
2.5*
2.7*
4.0
2.8*
3.3
34
22
4.0

3.2*
2.5*
3.3
31
3.7

2.8*
2.6
24
2.6
2.6
21
19
20



SYSTEM

Al

A1.01
A1.02
A1.03
A1.04

A2

A2.01
A2.02
A2.03
A2.04
A2.05
A2.06
A2.07
A2.08
A2.09
A2.10
A2.11
A2.12

A3

A3.01
A3.02
A3.03

A4

A4.01
A4.02
A4.03
A4.04
A4.05

011 Pressurizer Level Control System (PZR LCS)
ABILITY

Ability to predict and/or monitor changesin parameters
(to prevent exceeding design limits) associated with
operating the PZR LCS controlsincluding:

(CFR: 41.5/45.5)

PZRIevel and pressure ... e 35 3.6
Chargingand letdownflows .......... .. ..o i i i 3.3 35
VT Ve L 28 32
= V=P 31 3.3
Ability to (a) predict theimpacts of the following malfunctions or
operationson the PZR LCS; and (b) based on those predictions, use
proceduresto correct, control, or mitigate the consequences of
those malfunctions or operations:
(CFR: 41.5/43.5/45.3/45.13)
EXCeSSIVEIBtdOWN ... .. 32 31
EXcessveCchardging . ... 3.2 3.2
Lossof PZRIevel ... ... 3.8 39
Loss of one, two or threechargingpumps ..................oovio. 35 3.7
LossOf PZRheaters. . .. ..o e 33 3.7
Inadvertent PZR spray actuation ... .........c.c.uevuiniiiiinnnnns 3.7 39
Isolation of letdown ... ... ...t 3.0 33
Lossof level compensation. ..............co i i 2.6 2.8
High ambient reflux boiling temperature effect or indicated PZR level . . .. 29? 35?
Failureof PZR level instrument-high ............................... 34 3.6
Failure of PZR level instrument -low ..., 34 3.6
Operation of auxiliary Spray ..., 3.3 3.3
Ability to monitor automatic operation of the PZR LCS, including:
(CFR: 41.7/45.5)
Boration/dilution ........... . 2.8* 28
REACIOr POWES . . . e 2.6* 2.8*
Chargingandletdown . ... 3.2* 3.3
Ability to manually operate and/or monitor in the control room:
(CFR: 41.7/45.5t045.8)
Chargingpumpandflowcontrols .............. ... it 35 3.2
Movement of the pressure control valve, using manua controller ........ 34 31
PZR hEaterS. . ..o 33 31
Transfer of PZR LCS from automatic to manual control ................ 32 29
Letdown flow controller ....... ... ..o 32 29
3.2-23 NUREG-1122, Rev. 2



013 Engineered Safety Features Actuation System (ESFAYS)

TASK: Monitor the ESFAS
What if safety injection (cold-leg injection) flow is not sufficient?
Manudly initiate ESF
Perform the design basis accident sequence test
Reset the ESF
Bypassthe ESF
Perform the integrated ESF test
Perform the ESF equipment response time test
Perform the ESF equipment performance test

IMPORTANCE

K/A NO. KNOWLEDGE RO SRO
K1 K nowledge of the physical connections and/or cause effect

relationships between the ESFAS and the following systems:

(CFR: 41.2t041.9/45.7t0 45.8)
K1.01 Initiation signalsfor ESF circuit 1ogic . ... 4.2 4.4
K1.02 RO . 32 3.6
K1.03 CCS i 38 4.1
K1.04 RPSINECON ... 39?7 4.3?
K1.05 BSOS o 4.1 4.4
K1.06 BCCS oo 4.2 4.4
K1.07 AFW Sy SO . e 4.1 4.4
K1.08 O S L 3.6 38
K1.09 C RS . i 3.3* 3.7*
K1.10 CPS 2.8* 3.1*
K1.11 OV S i 33 38
K1.12 ED G o 4.1 4.4
K1.13 HY A C 2.8 31
K1.14 LA L 3.1* 3.4*
K1.15 MW Sy stem e 34 38
K1.16 MRS . . 2.9* 3.4*
K1.17 LRSS 26 3.0
K1.18 Prematurereset of ESFactuation ... 3.7 4.1
K1.19 WGBS .. e 26 3.0
K2 Knowledge of bus power suppliesto thefollowing:

(CFR: 41.7)
K2.01 ESFAS/safeguardsequipment control .............. o oo 3.6* 3.8
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SYSTEM

K3

K3.01
K3.02
K3.03

K4

K4.01
K4.02
K4.03
K4.04
K4.05
K4.06
K4.07
K4.08
K4.09
K4.10
K4.11
K4.12
K4.13
K4.14
K4.15
K4.16
K4.17
K4.18

K4.19
K4.20
K4.21

K4.22

K4.23
K4.24

K5

K5.01
K5.02

013 Engineered Safety Features Actuation System (ESFAYS)

Knowledge of the effect that a loss or malfunction of the ESFAS will
have on the following:
(CFR: 41.7/ 45.6)

Ul 44 4.7
RS 4.3 45
CoNtaiNMENt .. ... e 4.3 4.7
Knowledge of ESFAS design featur e(s) and/or inter-
lock(s) which providefor the following:
(CFR: 41.7)
SIS rESE L 39 4.3
Containment integrity systemreset ............. i 39 4.2
Main Steam Isolation System ..............c o i 39 4.4
Auxiliary feed actuationsignal ... 4.3* 4.5*
Corespray actuationsignal reset ..., 4.0* 4.2*
Recirculation actuationsystemreset ............... ... ..o 4.0* 4.3*
Power supply [0SS. .. ... 3.7 4.1
RedUNDaNCY . ... 31 34
SPUFiOUS P Protection . .. ...t 2.7 3.1*
Safeguardsequipment control reset . ... i 3.3 3.7
Vital power 1oad control ... .........uiii e 3.2 3.8
Safety injectionblock ......... .. 3.7 39
MPEW isolation/reset ....... ..o 3.7 39
Upper head injection accumulator isolation .......................... 3.7* 4.0*
CoNtiNUOUSEESIING . ..o vt e e e 2.6 3.2
AvoIdance of PTS .. ... 3.8 4.2
Reason for stopping air coolersontrainbeingtested .................. 2.9* 2.9*
Reason for jumping containment high-high-pressure signal to containment
spray pumpontrainbeingtested . .......... ... e 3.3* 3.5*
Reason for opening breaker on high-head injectionpump ............... 3.0* 3.4*
Reason for stopping CCW pump ontrainbeingtested .................. 3.1* 3.3*
Reason for starting an additional service water booster pump for train not
being tested and stopping thepump ontrainundertest.................. 3.1* 3.3*
Reason for shut safety injection pump discharge valve of train to be tested 2.9* 3.1*
Reason for disabling of ED/G during ESF sequencertest ............... 2.6* 2.9*
Reason for disabling of BIT so it will not function during ESF
SEOUENCEN 1ES . . oot 3.0* 3.1*
Knowledge of the operational implications of the following concepts
asthey apply tothe ESFAS:
(CFR: 41.5/45.7)
Definitions of safety trainand ESFchannel ........................... 2.8 3.2
Safety system logicand reliability ............. ... .. o L 29 3.3
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SYSTEM:

K6

K6.01
K6.02
K6.03
K6.04

Al

A1.01
A1.02
A1.03
A1.04
A1.05
A1.06
A1.07
A1.08
A1.09
A1.10

A2

A2.01
A2.02
A2.03
A2.04
A2.05
A2.06

A3

A3.01
A3.02
A3.03

013 Engineered Safety Features Actuation System (ESFAS)

Knowledge of the effect of aloss or malfunction on the following will have
on the ESFAS:
(CFR: 41.7/45.5t045.8)

Sensors and detectors . ...t e 2.7*
Controllersand positioners . . ... 22
Breakers, relays, and disconnects . ............o oo o 24
Tripsetpoint calculators . ...t 2.4*
ABILITY

Ability to predict and/or monitor changesin parameters (to Prevent
exceeding design limits) associated with operating the ESFAS
controlsincluding:

(CFR: 41.5/45.5)

RCSpressureandtemperature ...........coovviiiiiiiii i 4.0
Containment pressure, temperature, and humidity ..................... 39
Feedwater header differential ............. ... i, 2.6*
S G Vel 34
Main Steam PrESSUNE ..o vttt 34
RWST lavEl .. 3.6
Containment radiation . .......... ...t 3.6
Containmentsumplevel ......... ... o i 3.7
TR0t .. 34
T-C0ld .o 34

Ability to (a) predict theimpacts of the following malfunctions or operations
on the ESFAS; and (b) based Ability on those predictions, use proceduresto
correct, control, or mitigate the consequences of those malfunctions

or operations;

(CFR: 41.5/43.5/45.3/45.13)

LOCA . 4.6
Excesssteamdemand . ....... ... 43
Rapid depressurization . . ... 4.4
Lossof instrumentbus . ... i 3.6
Lossof dcecontrol power ... 3.7
Inadvertent ESFASactuation . ...t 3.7*

Ability to monitor automatic operation of the ESFASincluding:
(CFR: 41.7/ 45.5)

Input channelsand [0gIC . ... 3.7*
Operation of actuated equipment ..., 4.1
Continuoustestingfeature. . ... 2.4*
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3.1*
2.6
29
2.7*

4.2
4.2
2.6*
3.6
3.6
3.9
3.9
3.8
3.7
3.7

4.8
4.5
4.7
4.2
4.2
4.0

3.9
4.2
2.7*



SYSTEM:

A4

A4.01
A4.02
A4.03

013 Engineered Safety Features Actuation System (ESFAS)

Ability to manually operate and/or monitor in the control room:
(CFR: 41.7/45.5t045.8)

4.8
4.4
4.7

ESFAS-initiated equipment which failstoactuate ..................... 45

Reset of ESFASchannels .............. ... o i i 4.3

ESFASINItiation . ... 45
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Safety Function 3.

Reactor Pressure Control page
006 Emergency Core Cooling System 3.3-2
010 Pressurizer Pressure Control System 3.3-6
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006

TASK:

K/A NO.

K1

K1.01
K1.02
K1.03
K1.04
K1.05
K1.06
K1.07
K1.08
K1.09
K1.10
K111
K1.12
K1.13
K1.14
K1.15

Emergency Core Cooling System (ECCYS)

Perform ECCS pump operability checks

Fill the high-pressure SIS

Fill the accumulators/core flood tanks/safety injection tanks
Perform core flooding isolation valves alarms actuation test
Drain the accumulators/core flood tanks/saf ety injection tanks
Perform ECCS leak rate test

Fill the boron injection tank

Perform safety injection tank outlet isolation valve test

Prepare the SIS for anormal plant startup

Fill the refueling/borated water storage tank

Perform high-head saf ety injection test and flushing of stainless
steel pipe

Recirculate and/or purify the refueling/borated water storage tank
Adjust HPI flow

Prepare the high-pressure SIS for shutdown

Secure the high-pressure SIS

Drain the high-pressure SIS

Adjust accumulator/core flood tank/saf ety injection tank pressure
Vent accumulation/core flood tank/safety injection tanks
Monitor the SIS

Operate the SISin the recirculation mode

Manually initiate safety injection

What if HPI is overpressurizing the reactor?

IMPORTANCE
KNOWLEDGE RO SRO
K nowledge of the physical connections and/or cause-
effect relationships between the ECCS and the following systems:
(CFR: 41.2t041.9/45.7t0 45.8)
Spentfuel coolingsystem ... 2.4* 2.8*
B AS 4.3 4.6
RS 4.2 4.3
Auxiliary spray System . ... e 2.7* 2.8*
RCPsedl injectionandreturn ..............c i 2.8* 29
Liguid wastetank/reactor draintank ................................. 22 24
MW Sy stem e 2.9* 3.3*
OV S i 3.6 39
NITOgEN o 2.6 2.7
Safety injectiontank heatingsystem ........... ... . o o i 2.6* 2.8*
O S L 2.8 32
Accumulator VeNt SyStemM . ... 24 26
BSOS 3.3* 3.6*
LA L 3.0 3.4*
AcCUMUIEEOr draiNS . ...t e 2.2* 2.2*
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SYSTEM: 006 Emergency Core Cooling System (ECCS)

K2 Knowledge of bus power suppliesto thefollowing:

(CFR: 41.7)
K2.01 ECC S PUMPS . ottt 3.6 39
K2.02 Valveoperatorsfor accumulators . . ... 2.5* 29
K2.03 Heat traCing . ... 2.3 25
K2.04 ESFAS-operatedvalves ... 3.6 3.8
K3 Knowledge of the effect that aloss or malfunction of the ECCSwill

have on the following:
(CFR: 41.7/ 45.6)

K3.01 RS 4.1 4.2
K3.02 Ul 4.3 4.4
K3.03 CoNtaiNMENt .. ...t e e 4.2 44
K4 Knowledge of ECCSdesign feature(s) and/or interlock(s)

which providefor thefollowing:

(CFR: 41.7)
K4.01 Cooling of centrifugal pumpbearings .............. ... .. i it 2.6 29
K4.02 Relieving shutoff head (recirculation) ....................... ... ... 2.8 3.0
K4.03 Flushing of piping following transfer of highly concentrated boric acid . . . 24 25
K4.04 SYSEMVENtING ..ot 2.3 25
K4.05 Autostart of HPI/LPISIP... ... e 4.3 4.4
K4.06 Recirculation of minimum flow throughpumps ....................... 2.7 3.0
K4.07 Norma water supply for SIS ............. oo 3.3 3.6
K408 Recirculation flowpath of reactor buildingsump ...................... 3.2* 3.6*
K4.09 Valve positioning on safety injectionsignal ... 3.8 4.2
K4.10 Redundant pressuremeters ... i 29 3.2
K4.11 ReSEt Of SIS ..o 39 4.2
K4.12 HPI flowthrottling ... 4.1* 4.3*
K4.13 Reset of containmentisolation ................co i 3.8 4.1
K5 Knowledge of the operational implications of the following concepts as

they apply to ECCS:

(CFR: 41.5/45.7)
K5.01 Effects of temperatures on water level indications . .................... 2.8 3.3
K5.02 Relationship between accumulator volumeand pressure ................ 2.8 29
K5.03 Weight percent calculation boron concentration ...................... 19 22
K5.04 Brittle fracture, including causes and preventative actions .............. 29 31
K5.05 Effectsof pressureonasolidsystem ......................... ... 34 3.8
K5.06 Relationship between ECCSflow and RCSpressure ................... 35 39
K5.07 Expected temperature levelsin various locations of the

RCSduetovariousplant conditions . ................... ... 2.7 3.0
K5.08 Operation of pumpsinpardlel ............ ... ... . i i 2.9* 3.1*
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SYSTEM:

K6

K6.01
K6.02
K6.03
K6.04
K6.05
K6.06
K6.07
K6.08
K6.09
K6.10
K6.11
K6.12
K6.13
K6.14
K6.15
K6.16
K6.17
K6.18

Al

A1.01
A1.02
A1.03
A1.04
A1.05

A1.06
A1.07
A1.08
A1.09
A1.10
Al11
Al1.12
A1.13
Al.14
Al1.15
A1.16
Al.17
A1.18
A1.19

006 Emergency Core Cooling System (ECCS)

Knowledge of the effect of alossor malfunction on the following
will have on the ECCS:
(CFR: 41.7/45.7)

BIT/borated Water SOUICES. . ...ttt ettt e ae e
Coreflood tanks (accumulators) ...,
Safety INjectionPUMPS .. ..o
Breakers, relaysand disconnects ............. .. o oo oo
HPILPL coolingWater . ... e
[SOlatioN VaAIVES . . ..
Drainandfill valves . .......... .
Accumulator and sample system . . ...
RWST purificationsystem ... i
NV AVES
Sensors and detectors . ..ottt e
Controllersand positioners . . ... e
PUMPS . e
MOtOrS . .
IS o
Demineralizers . ... .o
Heat Exchangersandcondensers ...,
Subcooling marginindicators ............cc

ABILITY

Ability to predict and/or monitor changesin parameters
(to prevent exceeding design limits) associated with
operating the ECCS controlsincluding:

(CFR: 41.5/45.5)

Avoidance of thermal and pressure stresses dueto pump startup .........
Boron concentration in accumulator, boron storagetanks ...............
Flow ratesin BWST/BW recirculationpumps ..................oo.un.
D/P across accumulator isolationvalve ........... ... .o

CCW flow (establish flow to RHR heat exchanger prior to

PlaCing iN SEIVICE) .. vttt
SUbCOOIING MAIGIN ..ot
Pressure, highandlow ............. ... o i i
Temperature, highmotorandbearing ...t
Pump amperage, including start, normal andlocked . ...................
CVCS Letdown flow ... ...
Boron Concentration ... ..........ueeeeiiiii i
RHRheatup limits ...
Accumulator pressure (level, boron concentration) ...................
Reactor vessel level ...
RWST Level andtemperature ...
RCS temperature, including superheat, saturation, and subcooled ........
ECCSTlOW rate . . ..o
PZRIevel and pressure ...
SUBCOOIING oo
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34
34
3.6
21
3.0
23
17
17
18
22
21
21
2.6
21
18
18
21
35

31
3.0
24
22

29
3.6
3.3
2.8
2.8
24
31
29
35
35
3.3
4.1
4.2
4.0
4.0

3.9
3.9
3.9
25
35
2.7
19
19
19
24
2.6
2.6
29
24
22
22
24
3.9

34
3.6
2.6
25

3.3
3.9
3.6
31
3.2
2.7
34
34
3.7
3.8
3.9
4.2
4.3
4.3
4.4



SYSTEM:

A2

A2.01
A2.02
A2.03
A2.04
A2.05
A2.06
A2.07
A2.08
A2.09
A2.10
A2.11
A2.12
A2.13

A3

A3.01
A3.02
A3.03
A3.04
A3.05
A3.06
A3.07
A3.08

A4

A4.01
A4.02
A4.03
A4.04
A4.05
A4.06
A4.07
A4.08
A4.09
A4.10
A4.11

006 Emergency Core Cooling System (ECCS)

Ability to (a) predict theimpacts of the following malfunctions or

operationson the ECCS; and (b) based on those predictions, use

proceduresto correct, control, or mitigate the consequences of those

malfunctionsor operations:
(CFR: 41.5/45.5)

Highbearingtemperature .............. .. ...,
Lossof flowpath ........... ... o i i
Systemleakage .. ...
Improper disSCharge pressure ... ... iiiiiiinnns
Improper amperagetothepumpmotor .........................
Water hammer . ...
Lossof heattracing ............coo i
Effect of electric power losson valveposition...................
Radioactive release from venting RWST to atmosphere ...........
Low boron concentrationinSIS. . ........... .o
Ruptureof ECCSheader ...,
Conditions requiring actuationof ECCS ........................
Inadvertent SISactuation . ...........oo i

Ability to monitor automatic operation of the ECCS, including:
(CFR: 41.7/ 45.5)

ACCUMUIALOrS ... e
PUMPS ..
ESFAS-operatedvaves ............. ...
Coolingwater Systems . .. ...
Safety InjectionPUmMPs . ...
ValVelINBUPS . . .
RHRPUMPS . . e
Automatic transfer of ECCSflowpaths ...t

Ability to manually operate and/or monitor in the control room:

(CFR: 41.7/ 4550 45.8)

RHRS . .
Transfer of ECCS flowpaths prior to recirculation. ...............
ESFcontrol panel ............ .
ECCSpumpsandvalves ...
ESF system, includingreset .............. ... ... . oo oo
PZRLCSandPZRPCS ... ... e
Safety parameter display system............o oo
Overpressure protectionsystem .. ...,

3.3-5

..... 29
..... 3.9
..... 3.3
..... 34
..... 34
..... 3.3
..... 2.8
..... 3.0
..... 2.6
..... 34
..... 4.0
..... 4.5
..... 3.9

..... 4.0*
..... 4.1
..... 4.1
..... 3.8
..... 34
..... 3.9
..... 3.6
..... 4.2

..... 41
..... 4.0*
..... 3.5%
..... 3.7
..... 39
..... 4.4
..... 4.4
..... 4.2
..... 41
..... 3.8*
..... 4.2

31
4.3
3.7
3.8
35
35
31
3.3
3.2*
3.9
4.4
4.8
4.2

39
41
41
38
39
4.2
37
4.3

3.9
3.8
3.5*
3.6
3.8
44
44
4.3
4.2
4.2*
4.3
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010 Pressurizer Pressure Control System
(PZR PCYS)

TASK: Control PZR pressurein individual manual mode (using heaters or
spray manually)
Test PORV operability
Control PZR pressure in master manua model
Heat up the PZR with the PZR heaters
Perform lineup on the PZR pressure relief system
Transfer from manual to automatic pressure control
Monitor PZR pressure
Monitor the PZR pressure relief system

IMPORTANCE

K/A NO. KNOWLEDGE RO SRO
K1 Knowledge of the physical connectionsand/or cause-effect

relationships between the PZR PCS and the following systems:

(CFR: 41.2t041.9/45.7t0 45.8)
K1.01 RPS 39 4.1
K1.02 B AS 39 4.1
K1.03 RS 3.6 3.7
K1.04 N 24 2.7
K1.05 PRI S 34 3.6
K1.06 OV S i 29 31
K1.07 CoNtaiNMENt .. ... e 29 31
K1.08 PZR LS . 32 35
K2 Knowledge of bus power suppliesto thefollowing:

(CFR: 41.7)
K2.01 PZRNGAES. . . oot 3.0 34
K2.02 Controller for PZRspray valve ... 25 2.7

| K2.03 Indicator for PORV POSItION . ...ttt e e 2.8 3.0
| K2.04 Indicator for code safety poSItion. . ... 2.7* 2.9*

K3 Knowledge of the effect that aloss or malfunction of the PZR PCSwill

have on the following:

(CFR: 41.7/ 45.6)
K3.01 RS 38 39
K3.02 RPS 4.0 4.1
K3.03 B AS 4.0 4.2
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SYSTEM:

K4

K4.01
K4.02
K4.03

K5

K5.01
K5.02

K6

K6.01
K6.02
K6.03
K6.04
K6.05
K6.06
K6.07

Al

A1.01
A1.02
A1.03
A1.04
A1.05
A1.06
A1.07
A1.08
A1.09

010 Pressurizer Pressure Control System (PZR PCYS)

Knowledge of PZR PCS design feature(s) and/or inter-
lock(s) which providefor the following:
(CFR: 41.7)

Spray VaVeWarM-UD . ..o v
Prevention of uncovering PZR heaters........................
OVer pressure CoNtrol . ....ouee i i

....... 2.7
....... 3.0
....... 3.8

Knowledge of the operational implications of the following concepts as

the apply tothe PZR PCS:
(CFR: 41.5/45.7)

Determination of condition of fluid in PZR, using steam tables

Congtant enthalpy expansionthroughavalve ...................

....... 35
....... 2.6

Knowledge of the effect of alossor malfunction of the following will have

on the PZR PCS:
(CFR: 41.7/45.7)

Pressuredetectionsystems ................ ... oo oo
PZR
PZR spraysandheaters .............. ... ... . o oo
PRI
VaAVES
Sensorsand detectors ...
Controllersand positioners. ...t

ABILITY

....... 2.7
....... 3.2
....... 3.2
....... 29
....... 23
....... 23
....... 23

Ability to predict and/or monitor changesin parameters (to prevent

exceeding design limits) associated with operating the
PZR PCS controlsincluding:
(CFR: 41.5/45.5)

PZR and RCSboron concentrations . .................oove...
Spray and surgelineflowrates .................. ... ... ...
PRT pressureandtemperature ............... ...
Effects of temperature change during solid operation ...........
Pressureeffectonlevel ............. i
RCS heatup and cooldown effectonpressure ..................
RCSPIressUre .. ...
Spray NOzZZIEDT ...
Tail pipetemperature and acousticmonitors....................

3.3-7

....... 2.8
....... 24
....... 29
....... 3.6
....... 2.8
....... 31
....... 3.7
....... 3.2
....... 34

29
34
4.1

4.0
3.0*

31
35
3.6
3.2
24
24
25

2.9*
2.6*
3.2
3.8
29
3.2
3.7
3.3
3.7
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SYSTEM:

A2

A2.01
A2.02
A2.03

A3

A3.01

A3.02

A4

A4.01

A4.02
A4.03

010 Pressurizer Pressure Control System (PZR PCYS)

Ability to (a) predict theimpacts of the following

malfunctionsor operations on the PZR PCS; and (b) based

on those predictions, use proceduresto correct, control,

or mitigate the consegquences of those malfunctions or operations:
(CFR: 41.5/43.5/45.3/45.13)

Heater fallures ...
Sprayvalvefailures. ...
PORV faillures. . ...

Ability to monitor automatic operation of the PZR PCS, including:

(CFR: 41.7/45.5)

PRT temperature and pressure during PORV testing ...................
PZR PresSsUre ...

Ability to manually operate and/or monitor in the control room:
(CFR: 41.7/45.5t045.8)

PZRSpray vave ...
PZR hEatErS . . .ot
PORV andblockvalves ....... ...

NUREG-1122, Rev. 2 3.3-8

3.3
3.9
4.1

3.0
3.6

3.7
3.6
4.0

3.6
3.9
4.2

3.2
35

35
34
3.8



Safety Function 4.

Heat Removal From Reactor Core page
PRIMARY SYSTEM
002 Reactor Coolant System 3.4-2
003 Reactor Coolant Pump System 3.4-6
005 Residual Heat Removal System 3.4-10
035 Steam Generator System 34-14
SECONDARY SYSTEM
039 Main and Reheat Steam System 3.4-19
041 Steam Dump System and Turbine Bypass Control 3.4-23
045 Main Turbine Generator System 3.4-26
055 Condenser Air Removal System 3.4-33
056 Condensate System 3.4-36
059 Main Feedwater System 3.4-41
061 Auxiliary / Emergency Feedwater System 3.4-45
076 Service Water System 3.4-48

3.4-1
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002 Reactor Coolant System (RCS)
TASK: Perform lineups on the RCS

Vent the CRDM

Drainthe RCS

Drainthe S/G (primary side)

Drain the refueling cavity

Fill the refueling cavity

Perform RCS water inventory balance

Add nitrogen to the PZR

Monitor the RCS

Establish natural circulation
K/A NO. KNOWLEDGE
K1 K nowledge of the physical connections and/or cause-

effect relationships between the RCS and the following

systems:

(CFR: 41.2t041.9/45.7t0 45.8)
K1.01 R ST
K1.02 CRDS ..
K1.03 Borated water storagetank ............. o o oo
K1.04 RCSVeNt SystemM ... ..o
K1.05 PRI e
K106 CV S
K107 Reactor vessel level indicationsystem .....................
K1.08 BCCS .
K109 PZR
K110 Reactor coolantdraintank ................ ...,
K1.11 SIGS, feedwater systems . ...
K112 NS
K1.13 RCPS .
K1.14 Spent-fuel pool purification .................. ... ... ...,
K1.15 Refudingcanal ............. ...
K1.16 Refueling water purification ..............................

| K117 MTG o e

K2 Knowledge of bus power suppliesto thefollowing:

(CFR: 41.7)

| None
NUREG-1122, Rev. 2 3.4-2

IMPORTANCE
RO SRO
3.7 3.9
2.9* 3.0*
3.8 3.8
2.8 3.2
3.2 34
3.7 4.0
3.5* 3.7*
4.5 4.6
4.1 4.1
2.8 31
4.1 4.2
3.5* 3.6
4.1 4.2
23 2.6
22 24
19 2.2
35 3.8



SYSTEM

K3

K3.01
K3.02
K3.03

K4

K4.01
K402
K4.03
K404
K4.05
K4.06
K4.07
K4.08
K4.09
K4.10

K5

K5.01
K5.02
K5.03

K5.04

K5.05
K5.06

K5.07
K5.08
K5.09

K5.10
K5.11

K5.12

002 Reactor Coolant System (RCS)

Knowledge of the effect that aloss or malfunction of the RCS wil
on thefollowing:
(CFR: 41.7)

Knowledge of RCSdesign feature(s) and/or interlock(s)
which providefor thefollowing:
(CFR: 41.7)

FillinganddrainingtheRCS .............. ... ... ..ot
Monitoring reactor vessel level ................. ... ... ...
VentingtheRCS ...
Filling and draining therefuelingcana ..........................
Detectionof RCSleakage ...t
Prevention of missilehazards ............. ... oo i
Contraction and expansion during heatup and cooldown ............
Anchoring of components--ie, loops, vessal, S/Gs, and coolant pumps
Operation of loopisolationvalves ....................coovii...
OVerpressure ProteCtion . ............ovuueeiiieeniieennneannn.

| have

21
4.2
4.2

2.7
3.5*
29
22
3.8
1.9
31
15
3.2
4.2

Knowledge of the operational implications of the following concepts as

they apply tothe RCS:
(CFR: 41.5/45.7)

Basicheattransferconcepts .............. ... i i
Purpose of vent flow pathwhendraining .........................
Differencein pressure-temperature relationship between

the water/steam system and the water/nitrogensystem .............
Reason for requirement he plant to be in steady-state

condition during RCSwater inventory balance ....................

Reason for drain tank pressure rise during water inventory operations . ...

Pressure, temperature, and volume rel ationships of
nitrogen gasin associationwithwater ...........................
Reactivity effects of RCS boron, pressureand temperature .........
Why PZR level should be kept within the programmedband . .. ......
Relationship of pressure and temperature for water
at saturation and subcooling conditions ..........................

Relationship between reactor power and RCS differential temperature . . . .

Relationship between effects of the primary coolant system

and thesecondary coolantsystem. ...
Relationship of temperature average and loop

differential temperature to loop hot-let and

cold-leg temperatureindications .............. ... ..o oo

3.4-3

31
25

2.2

e 29
2.7

2.3
3.3
34

e 3.7
3.6

4.0

3.7

26
45
4.6

3.0
3.8*
3.2
2.7
4.2
22
35
18
3.2
4.4

34
29

2.6

34
3.0

2.6
3.6
3.9

4.2
41

4.2

3.9
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SYSTEM

K5.13
K5.14
K5.15
K5.16

KS5.17
K5.18
K5.19
K5.20

K6

K6.01

K6.02
K6.03
K6.04
K6.05

| K6.06
K6.07
K6.08
K6.09
K6.10
K6.11
K6.12
K6.13
K6.14

Al

A1.01
A1.02
| AL03
A1.04
A1.05
A1.06
A1.07
A1.08
| AL09
A1.10
A1.11

002 Reactor Coolant System (RCS)

Causes of CIrcUlation . ... e
Consequences of forced circulationloss.................... ...t
Reasons for maintaining subcooling margin during natural circulation . . ..
Reason for automatic features of the Feedwater control

system during total loss of reactor coolant flow.......................
Need for monitoring in-core thermocouples during natural circulation. . . .
Brittlefracture ...... ...
Neutron embrittlement .............
Corrosion control prinCiples. ...

Knowledge of the effect or aloss or malfunction on the following RCS
components:
(CFR: 41.7/45.7)

RCS vaves that may pose and unusually high radiologica
Hazard because of trappedcrud . ...
RO .

PUMPS .
Controller and poSitioner ...ttt
MOtOrS . . e
Breakers, relays, anddisconnects . ............oo oo
Thermal eeves .. ...
ModeSafety ValVeS . .. ... ..o
Reactor vessel andinternals ...
COreCOMPONENTS . ..ottt e

ABILITY

Ability to predict and/or monitor changesin parameters (to prevent

3.3
3.7
4.2

35
3.8
3.3
2.6
2.3

2.2
3.6
31
25
21
25
25
24
21
2.2
2.2
3.0
2.3
2.2

exceeding design limits) associated with operating the RCS controlsincluding:

(CFR: 41.5/45.7)

Primary and secondary pressure ...
PZRand makeuptank level .............. ... ..
TeMPEraUrE . . .
Subcooling Margin . . ...
RCSTIOW . .
REACIOr POWEY . . o
Reactor differential temperature .............. ... ... oo oo
RCSaveragetemperature . . . ...t e
RCS -V ..o
RS T-ref
Relative level indications in the RWST, the refueling cavity, the PZR and

the reactor vessel during preparation for refueling . ....................

NUREG-1122, Rev. 2 3.4-4

3.8
3.6
3.7
3.9
34
4.0
3.3
3.7
3.7
3.7

2.7

3.6
4.2
4.6

4.0
4.1
3.6
29
2.7

29
3.8
3.6
29
24
2.8
2.8
2.7
25
24
2.6
35
2.8
2.8

4.1
3.9
3.8
4.1
3.7
4.0
35
3.8
3.8
3.8

3.2



SYSTEM

Al1.12
A1.13

A2

A2.01
A2.02
A2.03
A2.04

A3

A3.01
A3.02
A3.03
A4

A4.01
A4.02
A4.03
A4.04
A4.05
A4.06
A4.07

A4.08

002 Reactor Coolant System (RCS)

Radioactivity level whenvendingCRDS ............................. 2.9 3.3

Coreexitthermocouples . ... e 34 4.0

Ability to (a) predict theimpacts of the following malfunctions or

operationson the RCS; and (b) based on those predictions, use

proceduresto correct, control, or mitigate the consequences of

those malfunctions or operations:

(CFR: 41.5/43.5/45.3/45.5)

Lossof coolantinventory .............cc i 4.3 4.4

Lossof coolant pressure ... 4.2 4.4

Lossof forced circulation........ ..o 4.1 4.3

LosSOf heat SINKS . .. ... 4.3 4.6

Ability to monitor automatic operation of the RCS, including:

(CFR: 41.7/ 45.5)

Reactor coolant leak detectionsystem ..................... ... ..., 3.7 39

Containment sound-monitoringsystem ... 2.6* 2.8

Pressure, temperatures, andflows .............. ... ..o oo 4.4 4.6

Ability to manually operate and/or monitor in the control room:

(CFR: 41.7/45.5t045.8)

RCS leakage calculation program using thecomputer .................. 3.5* 3.8*

Indications necessary to verify natural circulation from appropriate level,

flow, and temperature indications and valve positions upon loss of forced

CIFCULALION . . e 4.3 45

Indications and controls necessary to recognize and correct

saturation Conditions ... ... ...t 4.3 44

Thefilling/draining of LPI pumpsduringrefueling..................... 2.8 2.6

The HPI system when it isused to refill therefueling cavity . ............ 2.8* 2.7*

Overflow level of the RWST ... ... e 29 2.7

Flow path linking the RWST through the RHR system to

the RCS hot legsfor gravity refilling of therefueling cavity ............. 2.8 31

Safety parameter display systems . ... 3.4* 3.7*
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003 Reactor Coolant Pump System (RCPS)
TAK: Start an RCP
Monitor the operation of the RCPS
Perform anormal RCP shutdown
Vent RCP sedls
Adjust flushing flow to RCP sedls
IMPORTANCE
K/A NO. KNOWLEDGE RO SRO
K1 Knowledge of the physical connections and/or cause-effect
relationships between the RCPS and the following systems:
(CFR: 41.2t041.9/45.7t045.8)
K1.01 RCPIUDEOIl ... 26 28
K1.02 RCP motor cooling and ventilation ......................... ... 2.6 2.8
K1.03 RCPSeal SyStem .. ..o 33 3.6
K1.04 OV S i 2.6* 2.9*
| K105 01 22 2.4*
K1.06 SN S 19 21
| K107 RCP vibration monitoring ... ...........eeueeieunenaeannenaenann.. 2.4 29
K1.08 Containment iSolation . ....... ...t 2.7* 3.0*
K1.09 RCSAraintank ... ...t 20 22
K1.10 RS 3.0 32
K1.11 SoUNd MONITOMING .« .o v vttt e 2.3 25
K1.12 O S L 3.0 33
K1.13 RCPbearing liftoil pump ............c 25 25
K2 Knowledge of bus power suppliesto thefollowing:
(CFR: 41.7)
K2.01 RO PS . . 31 31
K2.02 COW PUMPS e ettt et e et e et e e e e e e e e e 2.5% 2.6*
K2.03 RCPIUbEOIl pUMPS ..o 22 22
K2.04 Containment isolation valvesfor RCP coolingwater ................... 2.3 24
K2.05 RCPbearing liftoil pump ........... ..o 21 19
K3 Knowledge of the effect that aloss or malfunction of the RCPS will have
on thefollowing:
(CFR: 41.7/ 45.6)
K3.01 RS 3.7 4.0
K3.02 S G 35 38
K3.03 Feedwater and emergency feedwater ................ ... ... ... ... 2.8 31
K3.04 RPS 39 4.2
K3.05 LCS i e 3.6* 3.7*
K3.06 MRS . . 2.2 24
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SYSTEM:

K4

K4.01
K4.02
K4.03
K4.04
K4.05
K4.06
K4.07
K4.08
K4.09
K4.10
K4.11

K5

K5.01

K5.02

K5.03

K5.04

K5.05
K5.06

K5.07

K5.08
K5.09

K6

K6.01
K6.02
K6.03
K6.04
K6.05

003 Reactor Coolant Pump System (RCPS)

Knowledge of RCPS design feature(s) and/or interlock(s)
which providefor the following:

(CFR: 41.7)

Minimizingpower peaking . ...t 21 2.3

Prevention of cold water accidentsor transients ...................... 25 2.7*

Adequatelubrication of theRCP . ... ..o 25 2.8

Adeguate cooling of RCPmotorandseals .........covvviiiiiiinnnn. 2.8 31

Prevention of reverserotation ............ ..o 2.3 2.7*

Handling axial thrust (thrustbearing) ................................ 21 24

Minimizing RCS leakage (mechanical seals) .......................... 3.2 34

Anchoring the RCP and its associated piping . ........ccovviiiiiinnnnn. 16 19

Sed and pUMPVENLING . ..o ottt 22 24

Increasing pump inertia(flywheel) ... 2.3 25

Isolation valveinterlocks .. ... ..o 3.0* 3.0*

Knowledge of the operational implications of the following concepts as

they apply tothe RCPS:

(CFR: 41.5/45.7)

The relationship between the RCPS flow rate and the nuclear reactor

core operating parameters (quadrant power tilt, imbalance, DNB rate,

local power density, differenceinloop T-hot pressure) ................ 3.3 39

Effects of RCP coastdownon RCSparameters........................ 2.8 3.2

Effects of RCP shutdown on T-ave., including the reason

for the unreliability of T-ave. inthe shutdownloop .................... 31 35

Effects of RCP shutdown on secondary parameters, such

as steam pressure, steam flow, andfeedflow ......................... 3.2 35

The dependency of RCS flow rates upon the number of operating RCPs . . . 2.8* 3.0*

Enthal py increase associated with RCPs, and its effect

upon calorimetric calculationof power ............... ... ... oo 22 2.6

The reason for "jogging" RCPs during venting or when

starting under unusua conditions . .......... o 24 2.6

RCP current or supply voltage changes and cold versus hot operation . . . . . 22 2.4*

Effects of RCP operation on ? P, especially at lower temperatures ... .... 2.3 2.6*

Knowledge of the effect of aloss or malfunction on the

following will have on the RCPS:

(CFR: 41.7/ 45/5)

RCP performance characteristics . ... 19 24

RCPsealsandseal water supply ... 2.7 31

RCPIift oil pump, lubeoil pumps ............. ... 24 2.6

Containment isolation valves affecting RCP operation ................. 2.8 31

00707 = 16 19
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SYSTEM:

K6.06
K6.07
K6.08
K6.09
K6.10
K6.11
K6.12
K6.13
K6.14

Al

A1.01
A1.02
A1.03
A1.04
A1.05
A1.06
A1.07
A1.08
A1.09
A1.10

A2

A2.01
A2.02

A2.03

A2.04
A2.05

003 Reactor Coolant Pump System (RCPS)

Thermal Darmier . ...
Thrustandradial bearing ...
Anti-reverserotation device ...ttt
RCPEleCtriCMOtOr ...
PUMPS . e
MOtOrS . .o e
SensOrsand deteCtorS . ... i it
Breakers, relays, anddisconnects . .............o oo e
Starting reqUIrEMENtS . . ...

ABILITY

Ability to predict and/or monitor changesin parameters (to prevent
exceeding design limits) associated with operating the

RCPS controlsincluding:

(CFR: 41.5/45.5)

RCPvibration . ..... ...
RCP pump and motor bearing temperatures ................. ... ...,
RCP motor stator winding temperatures ................ ...
RCPoil reservoirlevels ....... ...
RCSTIOW . .
PZRspray flow . ...
RCStemperature and pressure . .....ovvvvee i
Seal water temperature . .. ...
Seal flow and D/P .. ... o
RCPstandpipelevels ...

Ability to (a) predict theimpacts of the following malfunctions or
operationson the RCPS; and (b) based on those predictions, use
proceduresto correct, control, or mitigate the consequences of those
malfunctionsor operations:

(CFR: 41.5/43.5/ 45.3/ 45/13)

Problems with RCP seals, especially rates of seal leak-off ..............
Conditions which exist for an abnormal shutdown of an

RCP in comparison to anormal shutdownof anRCP...................
Problems associated with RCP motors, including faulty

motors and current, and winding and bearing temperature problems . .. . ...
Effects of fluctuation of VCT pressure on RCP seal injection flow. ... ...
Effects of VCT pressure on RCP sedl leakoff flows ...................

NUREG-1122, Rev. 2 3.4-8

23
18
21
19
18
1.6
17
1.6
2.6

29
29
2.6
2.6
34
29
3.4*
25
2.8
25

35
3.7
2.7

24
25

24
21
24
21
21
19
21
18
29

29
29
2.6
25
35
31
34
2.6
2.8
2.7

3.9
3.9
31

2.8
2.8



SYSTEM:

A3

A3.01
A3.02
A3.03
A3.04
A3.05

A4

A4.01
A4.02
A4.03
A4.04
A4.05
A4.06
A4.07
A4.08

003 Reactor Coolant Pump System (RCPS)

Ability to monitor automatic operation of the RCPS, including:
(CFR: 41.7/ 45.5)

Sedl injectionflow ......... ... .
MoOtOr CUMTENE ..o e e e

Ability to manually operate and/or monitor in the control room:

(CFR: 41.7/ 45,510 45.8)

Seal INJECiON ... o
RCP motor parameters . ..........ooini i
RCP |ube cil and lift pump motor controls ......................
RCP sedl differential pressure instrumentation ..................
RCP seal leakage detection instrumentation .....................
RCPparameters .. ... ..o i
RCPseal bypass ...
RCP cooling water supplies ...,

3.4-9

..... 3.3
..... 2.6
..... 3.2
..... 3.6
..... 2.7*

..... 3.3
..... 29
..... 2.8
..... 31
..... 31
..... 2.9*
..... 2.6*
..... 3.2

3.2
25
31
3.6
2.6

3.2
29
25
3.0
3.0
29
2.6
29
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005

TAXK:

K/A NO.

K1

K1.01
K1.02
K1.03
K1.04
K1.05
K1.06
K1.07
K1.08
K1.09
K1.10
K1.11
K1.12
K1.13

Residual Heat Removal System (RHRYS)

Perform lineups of the RHRS (shutdown cooling system)
Perform decay heat removal system valves automatic closure and
interlock verification

Fill and vent the RHRS

Perform shutdown cooling return header valve test

What if the RHR pump is not operating properly?

Start up the RHRS

Perform the RHRS MOV cycling test

Operate an RHRS heat exchanger

Perform operability check of core cooling system

What if the RHR cooldown rate is exceeded?

Perform purification of the RHRS during shutdown cooling
Operator RHRS with the fuel pool cooling system

Monitor the RHRS

Shut down the RHRS

Drain the RHRS

Fill the refueling cavity/transfer canal using the RHRS

Drain the refueling cavity and/or dryer-separator using the RHRS

IMPORTANCE
KNOWLEDGE RO SRO
Knowledge of the physical connections and/or cause-
effect relationships between the RHRS and the following systems:
(CFR: 41.2t041.9/45.7t045.8)
O S L 32 34
PZR 22 24
Spent fuel pool cooling ... 2.2 2.3
VS o 29 31
ROPS . 21 22
ECCS . 35 3.6
Borated water storagetank .......... . o 29 29
SN S L 2.7 2.8
RCS D . . 3.6 39
GO i 32 3.4*
R ST 35 3.6
SafEgUAId PUMPS . . o ottt 31 34
SIS e 33 35
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SYSTEM:

K2

K2.01
K2.02
K2.03

K3

K3.01
K3.02
K3.03
K3.04
K3.05
K3.06
K3.07
K3.08

K4

K4.01
K4.02
K4.03
K4.04

K4.05
K4.06
K4.07

K4.08
K4.09
K4.10
K4.11
K4.12

005 Residual Heat Removal System (RHRYS)

Knowledge of bus power suppliesto thefollowing:
(CFR: 41.7)

RHRPUMPS . ..o
Containment isolationvalves............ ... ..o,
RCS pressure boundary motor-operatedvalves . ...............

........ 3.0
........ 24
........ 2.7*

Knowledge of the effect that aloss or malfunction of the RHRS will

have on the following:
(CFR: 41.7/ 45.6)

COWS

Knowledge of RHRS design featur e(s) and/or interlock(s)
which provideor thefollowing:
(CFR: 41.7)

Overpressure mitigationsystem ...,
Modesof operation .............c i
RHR heat exchanger bypassflow control .....................

Need for contents of liquid waste holdup tanksto be

low enough beforedraining RHR system......................
Relation between RHR flowpath and refueling cavity . ...........
Function of RHR pump miniflow recirculation.................

System protection logics, including high-pressure inter-

lock, reset controls, and valveinterlocks . .....................
Lineup for "piggy-back" mode with high-pressureinjection ... ...
Vortexingwhiledraining ...
Control of RHR heat exchanger outletflow ...................

Lineup for low head recirculation mode (external and internal)

Lineup for piggyback modewithCSS.........................

3.4-11

........ 3.9
........ 21
........ 22
....... 2.1*
....... 3.7*
....... 3.1*
....... 3.2*
....... 21

....... 3.0
....... 3.2
....... 29

....... 20
....... 25
....... 2.7

....... 3.2
....... 3.1*
....... 22
....... 31
....... 3.5*
....... 3.1*

3.2
2.6
2.8*

4.0
21
24
2.2*
3.8*
3.2*
3.6*
22

3.2
3.5*
3.2

23
29
3.0

35
3.5%
25
31
3.9*
3.7*
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SYSTEM: 005 Residual Heat Removal System (RHRYS)

K5 Knowledge of the operational implications of the following concepts asthey

apply theRHRS:

(CFR: 41.5/45.7)
K5.01 Nil ductility transition temperature (brittle fracture) ................... 2.6 29
K5.02 Need for adequatesubcooling . ...........co i 34 35
K5.03 Reactivity effectsof RHRfillwater ................................. 2.9* 3.1*
K504 Calculation of heat load onthe RHR heat exchanger ................... 21 2.3*
K5 05 Plant response during "solid plant": pressure change due to the relative

incompressibilityof water ............... ... .. 2.7* 3.1*
K5.06 Special concernsregarding the use of water chemistry ................. 1.9* 2.6*
K5.07 Relationship between PZR level, VCT leve, and charging flow .......... 2.2 2.4*
K5.08 Pl S . 2.4* 2.5*
K5.09 Dilution and boration considerations ..., 32 34
K6 Knowledge of the effect of alossor malfunction on the following

will haveon the RHRS:
(CFR: 41.7/45.7)

K6.01 RHR pump performance characteristics ............................. 24 2.6
K6.02 "PaCKIESS VAIVES . .. oo 1.8* 1.9*
K6.03 RHRheatexchanger ... e 25 2.6
K6.04 NV AVES 19 21
K6.05 PUMPS . 19 21
K6.06 M OtOrS . 18 18
K6.07 Sensors and detectors . ...t 21 23
K6.08 Controllersand positioners . . ... 22 24
K6.09 Demineralizersandionexchangers .............. ... 16 19
K6.10 Breakers, relays, anddisconnects . ............. oo 17 18
K6.11 RHR heat exchanger and outlet flow control .......................... 2.3 2.7*
ABILITY
Al Ability to predict and/or monitor changesin parameters

(to prevent exceeding design limits) associated with
operating the RHRS controlsincluding:
(CFR: 41.5/45.5)

A1.01 Heatup/cooldownrates .............oo it i 35 3.6
A1.02 RHRFIOW rEe . . . oo e 33 34
A1.03 Closed cooling water flow rate and temperature .. ..................... 25 2.6
A1.04 Relationship between RWST level and level in the spent fuel poal .. ... ... 2.1* 2.3
A1.05 Detection of and response to presence of water in RHR emergency sump . 3.3* 3.3*
A1.06 Relationship (dependence) of time available to perform system isolation

surveillance test to time for decay heat to reach highlimit .............. 2.7 3.1*
A1.07 Determination of test acceptability by comparison of re-

corded valve response times with Tech-Spec requirements .. ............ 25 3.1*
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SYSTEM:

A2

A2.01

A2.02
A2.03
A2.04

A3

A4

A4.01
A4.02
A4.03
A4.04
A4.05

005 Residual Heat Removal System (RHRYS)

Ability to (a) predict theimpacts of the following malfunctions or
operationson the RHRS, and (b) based on those predictions,

use proceduresto correct, control, or mitigate the consequences of
those malfunctions or operations:

(CFR: 41.5/43.5/45.3/45.13)

Failure modes for pressure, flow, pump motor amps, motor

temperature, and tank level instrumentation .......................... 2.7 2.9*

Pressure transient protection during cold shutdown .................... 35 3.7

RHR pump/motor malfunction .................. ... ... .o oo 29 31

RHRvavemalfunction ............. i 29 29

Ability to monitor automatic operation of the RHRS, including:

(CFR: 41.7/45.5)

None

Ability to manually operate and/or monitor in the control room:

(CFR: 41.7/45.5t045.8)

Controlsandindicationfor RHRpumps ............... ...t 3.6* 34

Heat exchanger bypassflowcontrol ................................. 3.4* 31

RHR temperature, PZR heatersand flow, and nitrogen ................. 2.8* 2.7*

Controls and indication for closed coolingwater pumps ................ 3.1* 29

Position of RWST recirculation valve (locked when not

in use, continuously monitoredwheninuse). ......................... 2.8* 2.8*
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035 Steam Generator System (S/GS)

TASK: Perform lineups on the SIGS
Perform S/G hydrostatic test for leaking tubes
Fill the S/IG
Recirculate the S/G during wet lay-up
Remove S/G from wet lay-up recirculation

Add chemicalsto the S/G

Monitor S/G operation

Drain the S/G

IMPORTANCE

K/A NO. KNOWLEDGE RO SRO
K1 Knowledge of the physical connectionsand/or cause-effect

relationships between the S/IGS and the following systems:

(CFR: 41.2t041.9/45.7t0 45.8)
K1.01 MPW/IARW SYSteIMS . . ..ottt e e e e e 4.2 4.5
K1.02 MRS . . 32 34
K1.03 BlOWOWN . .. 24 26
K1.04 Condenser hotwell . ... ... 2.2* 23
K1.05 NITOgEN o 17 17
K1.06 SAMPliNg . o 17 18
K1.07 SIGrecirculation . ... 1.9 19
K1.08 Chemical addition. ... ... ... 18 22
K1.09 RS 38 4.0
K1.10 ARM SYStOM . e e 24 25
K1.11 PRM SYStem ... 31 31
K1.12 RPS 3.7 39
K1.13 Condensate SyStemM . .. ..ot 2.7 2.8
K1.14 B . 39 4.1
K2 Knowledge of bus power suppliesto thefollowing:

(CFR: 41.7)
K2.01 S/IGlevel control system ... 2.2* 23
K3 Knowledge of the effect that aloss or malfunction of the SIGS will

have on the following:

(CFR: 41.7/ 45.6)
K3.01 RS 4.4 4.6
K3.02 B S o 4.0 4.3
K3.03 SECONdarY SYSEIMS . .ot 3.0* 3.1*
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SYSTEM 035 Steam Generator System (S/GS)

K4 Knowledge of SIGS design feature(s) and/or interlock(s) which
providefor thefollowing:
(CFR: 41.7)

K4.01 SIGlevel control ... 3.6 3.8
K4.02 SGlevelindication ..........oo i 32 35
K4.03 Automatic blowdown and samplelineisolationandreset ............... 2.6* 2.8*
K4.04 Radiation high-level isolation while draining S/G secondary to

MAIN CONTBNSEY . . o oottt ettt e e e e e 2.8* 3.1*
K4.05 Amount of reservewater iNS/G . ... 29 32
K4.06 S G PrESSUNE oottt 31 34
K4.07 Pre/post-blowdown system .............o o 2.3* 2.3*
K4.08 AFW pump operation asit relatesto hydrotest ........................ 1.9* 2.1*
K4.09 Maintenance of hydrostatic pressure by throttling AFW control valve . . . .. 1.7* 1.9*
K5 K nowledge of operational implications of the following conceptsasthe

apply tothe SIGS:

(CFR: 41.5/45.7)

K5.01 Effect of secondary parameters, pressure, and temperature on reactivity . . 34 39

K5.02 Chemistry CONtrol . ... 22 2.9*
K5.03 Shrinkandswell concept ... 2.8 31
K5.04 Purpose of using nitrogen blanket inS/IG............................. 20 2.3
K5.05 Relationship between AFW pump speed and discharge pres--

sureduringhydrotest ... 1.7* 2.0*
K6 Knowledge of the effect of aloss or malfunction on the following

will have on the SIGS:
(CFR: 41.7/45.7)

K6.01 MOV S 32 3.6
K6.02 Secondary PORY ... 31 35
K6.03 SIGlevel detector . ... .o 26 3.0
K6.04 PUMPS . 1.6 19
K6.05 M OtOrS . 14 16
K6.06 NV AVES 1.9* 2.1*
K6.07 Sensors and detectors . ...t 22 22
K6.08 Controllersand positioners . . ...t 19 21
K6.09 Heat exchangersandcondensers. ...t 2.2* 2.3*
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SYSTEM

Al

A1.01

A1.02
A1.03

A2

A2.01
A2.02
A2.03
A2.04
A2.05
A2.06

A3

A3.01
A3.02
A3.03

A3.04

A4

A4.01

A4.02
A4.03
A4.04
A4.05

| A4.06
A4.07

035 Steam Generator System (S/GS)

ABILITY

Ability to predict and/or monitor changesin parameters
(to prevent exceeding design limits) associated with
operating the S/GS controlsincluding:

(CFR: 41.5/45.5)

S/G wide and narrow range level during startup, shut-

down, andnormal operations . . ...
S G PrESSUNE oottt
Feed flow/steam flow whilegoingintowet lay-up .....................

Ability to (a) predict theimpacts of the following mal-
functions or operationson the GS; and (b) based on
those predictions, use proceduresto correct, control,
or mitigate the consequences of those malfunctions or
operations:

(CFR: 41.5/43.5/45.3/45.5)

Faultedor ruptured SIGS . ...
Reactor trip/turbinetrip. ...
Pressure/level transmitter failure .............c oo
Steam flow/feed mismatch .......... ... . i
Unbalanced flowstothe5/Gs . ...t e
Smal break LOCA ..ot

Ability to monitor automatic operation of the S/G including:
(CFR: 41.7/ 45.5)

SIGwater level control . ...
MAD VAIVES . . .o

Components used to conduct a secondary side hydrostatic

test (B0, APW PUMP) ..ot
Components used to conduct S/G tube hydrostatictest .................

Ability to manually operate and/or monitor in the control room:
(CFR: 41.7/45.5t045.8)

Shift of S/G controls between manual and automatic

control, by bumplesstransfer ............. ... ... i
Fill of dry SIG . ...
Lay-uptooperatingconditions ...............c i i
Operatingtolay-upconditions ...,
Level Control to enhance natural circulation. .........................
S/Gisolation on steam leak or tuberupturefleak ......................
Adjustment of cooling water flow rate from blowdown heat exchanger . . ..
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3.6
35
22

45
4.2
34
3.6
32
45

4.0
3.7?

1.9*
19

3.7
2.7
22
22
3.8
4.5
20

3.8
3.8
23

4.6
4.4
3.6
3.8
34
4.6

3.9
3.5?

1.8*
19

3.6
2.8
23
24
4.0
4.6
20



SYSTEM 035 Steam Generator System (S/GS)

A4.08 Recognition that increasing radiation levelsin sec-

ondary systems may mean leaking and possibly ruptured S/IG tubes . ... ... 4.1 4.4
A4.09 Reason for using timed flow in filling top of S/G while

goingintowet lay-up ... 2.1* 20
A4.10 Need for frequent S/G leve verification duringwet lay-up .............. 2.0* 20
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039 Main and Reheat Steam System
(MRSS)

TASK: Perform alineup of the MRSS
Perform MSIV partial-stroke test
Warm up and pressurize main steam leads
Perform MSIV full-stroke test
Perform a moisture separator/reheater cold start
Perform a moisture separator/reheater hot start
Performan MSIV trip test
Operate high-pressure drains
Perform hydrostatic test of reheaters
Operate low-pressure drains
Monitor reheater operation
Dump steam through the atmospheric relief/dump valves

Monitor the MRSS
Shut down the MRSS
IMPORTANCE

K/A NO. KNOWLEDGE RO SRO
K1 Knowledge of the physical connectionsand/or cause-effect

relationships between the M RSS and the following systems:

(CFR: 41.2t041.9/45.7t045.8)
K1.01 S 31 32
K1.02 Atmosphericrelief dumpvalves . ... 3.3 3.3
K1.03 INStrUMENt @i . ..o 23 25
K1.04 RCS temperature monitoringand control ............................ 31 31
K1.05 TG 2.5* 2.6*
K1.06 Condenser teamdump . ...ttt 31 3.0
K1.07 N 3.4* 3.4*
K1.08 MV 2.7* 2.9*
K1.09 RM S 2.7 2.7
K2 Knowledge of bus power suppliesto thefollowing:

(CFR: 41.7)
K2.01 MRS . 15 18
K2.02 Moisture separator reheatervalves . ............... ... o oo oo 14 16
K3 Knowledge of the effect that aloss or malfunction of the MRSSwill have

on thefollowing:

(CFR: 41.7/ 45.6)
K3.01 TG 23 2.6*
K3.02 CONOENSE e e 1.8 19
K3.03 AR PUMPS . e 3.2* 3.5%
K3.04 MBW PUMPS . e e e 2.5% 2.6*
K3.05 RS 3.6 3.7
K3.06 DS 2.8* 31
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SYSTEM: 039 Main and Reheat Steam System (MRSS)

K4 Knowledge of MRSS design featur e(s) and/or interlock(s)
which providefor thefollowing:
(CFR: 41.7)
K4.01 Expected values of main steam temperature downstream of
MSIVSAUNgWaM-UP ..o 18 18
K4.02 Utilization of T-ave. program control when steam dumping
through atmospheric relief/dump valves, including T-ave. limits ......... 31 3.2
K4.03 Main condenser, including steam dump valves, operating
limits, controls, indications . . ... 23 25
K4.04 Utilization of steam pressure program control when steam
dumping through atmospheric relief/dump valves, including T-ave. limits . . 29 31
K4.05 Automatic isolation of steamline............. ... it 3.7 3.7
| K4.06 Prevent reverse steam flow on steamlinebreak ....................... 33 3.6
K4.07 Reactor buildingisolation .............. .. ... o i i 34 3.7
| K4.08 Interlockson MSIV andbypassvalves ... 3.3 34
K5 Knowledge of the operational implications of the following concepts
astheapply tothe MRSS:
(CFR: 441.5/45.7)
K5.01 Definition and causes of steam/water hammer ........................ 29 31
K5.02 Definition and causesof thermal stress .. ..., 24 2.7
K5.03 Definition of, and reason for, steam blanketing on moisture
separatorreheater . ... 19 22
K5.04 Effect of condenser vacuum on plant efficiency ....................... 21 21
| K5.05 Basesfor RCS cooldown limits ............cviiiiiiiiiinn.. 27 3.1*
| K5.06 Purpose of density compensation of mainsteamflow .................. 2.2 24
K5.07 Latent heat of condensation applied to moisture separators ............. 18 20
K5.08 Effect of steam removal onreactivity ............... ... ... ... oo 3.6 3.6
K6 Knowledge of the effect of aloss or malfunction on the following will have
on theMRSS:
(CFR: 41.7/45.7)
| K6.01 VAVES e 2.1* 2.4*
| K6.02 Sensors and ELECIONS .. ... v' ittt 2.0 21
K6.03 Controllersand positioners . . ...t 19 22
K6.04 PUMPS . 14 17
K6.05 M OtOrS . 13 15
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SYSTEM:

Al

A1.01
A1.02
A1.03

A1.04

A1.05
A1.06
A1.07
A1.08
A1.09
A1.10

A2

A2.01
A2.02
A2.03

A2.04
A2.05

A3

A3.01
A3.02

039 Main and Reheat Steam System (MRSS)

ABILITY

Ability to predict and/or monitor changesin parameters (to prevent
exceeding design limits) associated with operatingthe MRSS
controlsincluding:

(CFR: 41.5/45.5)

Moisture separator reheater, from itstemperature and pressure. . ........ 17 17

Temperature heatup rate limit for main steampiping ................... 22 2.3

Primary system temperature indications, and required values, during main

StEAM SYSIEMWAIM-UD . . oo et 2.6 2.7

L ow pressure turbine metal inlet temperature indications relative to the

opening and shutting of steam vents for moisture separator reheater . . . . .. 18 19

RCS -V ..o 3.2* 3.3

Main Steam PrESSUNE ..ottt 3.0 31

Mainsteamtemperature ...........oo i 24 2.6

Reheater steam pressure ... 18 19

Main steam lineradiationmonitors .............. .. i, 2.5* 2.7*

Argector PRM ... 2.9* 3.0*

Ability to (a) predict theimpacts of the following mal-

functionsor operationson the MRSS; and (b) based on

predictions, use proceduresto correct, control, or

mitigate the consequences of those malfunctions or opera-

tions:

(CFR: 41.5/43.5/45.3/45.13)

Flow pathsof sseamduringaLOCA ............. ..., 31 3.2

Decreasein turbine load asit relates to steam escaping from relief valves . 24 2.7*

Indications and alarms for main steam and area radiation

monitors (during SGTR) ... 34 3.7

Mafunctioningsteamdump ............ . o 34 3.7

Increasing steam demand, its relationship to increases in reactor power . .. 3.3 3.6

Ability to monitor automatic operation of the MRSS, including:

(CFR: 41.5/45.5)

Moisture separator reheater steamsupply ... 1.9* 17

Isolation of the MRSS ... ... o 31 3.5*
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SYSTEM: 039 Main and Reheat Steam System (MRSS)

A4 Ability to manually operate and/or monitor in the control
room:
(CFR: 41.7/45.5t045.8)

| A401 Mainsteam supply. ValVES .. .. ... i 29* 2.8
A4.02 Remote operatorsto auxiliary steam .............. ... oo 21 19
| A4.03 MPW pumpturbings . . ... ... 2.8 2.8
A4.04 Emergency feedwater pumpturbines ................ .. ... oo 3.8 39
A4.05 Moisture separator reheater, checking its temperatures and steam pressures
relative to heatup limitsand operating limits.......................... 18 16
A4.06 Mansteamdrains . ... ...t 1.9 18
A4.07 SEEM AUMP VAIVES. . . oo 2.8* 29

NUREG-1122, Rev. 2 3.4-22



041

TASK:

K/A NO.

K1

K1.01
K1.02
K1.03
K1.04
K1.05
K1.06

K2
K2.01
K2.02

K3

K3.01
K3.02
K3.03
K3.04

Steam Dump System (SDS) and
Turbine Bypass Control

Energizethe SDS

Shift to aternate channel (power supply) of ICS
Monitor the reactor regulating control system
Shift to and from various modes of SDS
Operate the SDS in various modes
De-energizethe SDS

Perform feedwater block valve junction testing
Perform lineups of the SDS

KNOWLEDGE

K nowledge of the Physical connections and/or cause-effect
relationships between the SDS and the following systems:

(CFR: 41.2t041.9/ 45.7 t0 45.8)

Circulating water tothecondenser ....................
SIGlevel ..
Feedpumps ...

Knowledge of bus power suppliesto thefollowing:

(CFR: 41.7)

ICS, normal and alternate power supply . ...............
ICSinverterbreakers ...

.............. 22
.............. 2.7
.............. 21
.............. 20
.............. 35
.............. 2.6

.............. 2.8*
.............. 2.8*

Knowledge of the effect that aloss or malfunction of the SDSwill have on

thefollowing:
(CFR: 41.7/ 45.6)

3.4-23

.............. 3.2*
.............. 3.8
.............. 2.2*

IMPORTANCE

RO SRO
25
29
21
20
3.6
29
2.9*
2.8*
3.3
3.9
2.4*
34

.............. 35
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SYSTEM:

K4

| Kao01
K4.02
K4.03
K4.04
K4.05
K4.06
K4.07
K4.08
K4.09
K4.10
K4.11
K4.12
K4.13
K4.14
K4.15

| K416
K4.17
K4.18

K5

K5.01

K5.02
K5.03
K5.04
| K5.05
| K5.06
K5.07

K6

K6.01
| K6.02
K6.03
K6.04
K6.05
K6.06

041 Steam Dump System (SDS)/Tur bine Bypass Control

Knowledge of SDSdesign featur e(s) and/or interlock(s)
which providefor thefollowing:
(CFR: 41.7)

RRG/ICS Sy St . ..o
CONOENSE e
Loadchange ...
OpEratioN Al POWEN . ..ottt
Plant startup ...
MW and ARW SystemS ... oo
Relationship of vacuum level to condenser availability .................
Control rod INAEX .. ..o
Relationship of low/low T-ave. setpoint in SDSto primary cooldown . . ...
PZR L CS .
T-ave/T-ref. program .. ...
Reason for maintaining S/G in saturated condition during cooldown .. . ...
Relationship of S/G pressureto steamflow ..........................
Operation of loss-of-load bistable taps upon turbineload loss ...........
"Measured variable" readings on |CS hand-automatic stations

and required action if reading is out of the acceptableband . .............
LOW Main Steam PreSSUIE ..o vttt ettt ettt
S 0t () 1 1
TUrDINELHP . e

Knowledge of the operational implications of the following concepts as
the apply to the SDS:
(CFR: 41.5/45.7)

Relationship of no-load T-ave. to saturation pressure relief setting on

VEIVES
Use of steam tables for saturation temperature and pressure ............
Flow ?Prelationforvalves . ... ...
Basisfor plant cooldownrates ............... ..o i i i
Basisfor RCSdesignpressurelimits......................oooio.t.
Effect of power changeonfud cladding .............................
Reactivity feedback effects . ............ ... ... o o

Knowledge of the effect of alossor malfunction on the following will have

on the SDS:
(CFR: 41.7/45.7)

CONOENSE
Valves, including main and bypass feedwatervalves . ...................
Controller and positioners, including ICS, S’G,CRDS .................
Main feed pumps, including effect on capacity of internal wear ..........
Sensors and detectors . ...t e
Breakers, relays, anddisconnects . ............. oo o o
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2.9*
23
23
21
24
21
24
2.3*
3.0
23
2.8
23
22
2.5*

2.9*
2.6*
3.7
34

29
25
19
24
2.6
25
3.1*

21
2.2
2.7
18
16
14

3.3*
2.6
2.6
23
2.7
24
2.7
2.6*
3.3*
2.5*
31
24
24
2.8

2.9*
2.7*
3.9
3.6

3.2
2.8
21
31
3.2*
2.8*
3.6

24
2.6*
29
19
17
17



SYSTEM:

Al

A1.01
A1.02

A2

A2.01
A2.02
A2.03

A3

A3.01
A3.02
A3.03
A3.04
A3.05

A4

A4.01
A4.02
A4.03
A4.04
A4.05
A4.06
A4.07
A4.08

041 Steam Dump System (SDS)/Tur bine Bypass Control
ABILITY

Ability to predict and/or monitor changesin parameters
(to prevent exceeding design limits) associated with
operating the SDS controlsincluding:

(CFR: 41.5/45.5)

T-ave., verification abovelow/low setpoint .....................coo... 2.9* 29

SEEAM PrESSUIE . . oottt e ettt e et 31 3.2

Ability to (a) predict theimpacts of the following malfunctions or

operationson the SDS; and (b) based on those predictionsor

mitigate the consequences of those malfunctions or operations:

(CFR: 41.5/43.5/45.3/45.13)

Unbalanced feedwater flow betweentwo MFW pumps ................. 2.1* 21

Steamvalvestuck Open . ... 3.6 39

LOSSOf IAS .o 28 31

Ability to monitor automatic operation of the SDS, including:

(CFR: 41.7/45.5)

RCS T-ave. meter (cooldownrate) ..., 3.2* 3.2

RCS pressure, RCS temperature, and reactor power .................... 33 34

Steam flOowW ... 2.7 28

CoNdENSEr VBCUUIM . . ..ottt e et et e e e et e e 22 23

Main Steam PrESSUNE ..ottt 2.9* 29

Ability to manually operate and/or monitor in the control room:

(CFR: 41.7/45.5t045.8)

ICSvoltageinVerter ... e 2.9* 3.1*

CooldoWN VaAIVES . . . .o 2.7* 2.9*

T-aVE. MOOE . . . e 2.4* 2.5*

Pressuremode ... 2.7* 2.7

Mainsteam header pressure ... 31 3.3

Atmospheric relief valvecontrollers ... 2.9* 31

Remote gagging of stuck open-reliefvalves .......................... 2.9* 3.0*

SteamdumpVvalVES .. ... 3.0* 3.1*
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045 Main Turbine Generator (MT/G)
System

TASK: Perform overspeed trip and backup overspeed trip test of the T/G
Perform turbine auto stop functional test
Perform turbine valve freedom test
Start up the T/G to rated speed
Perform generator excitation
Operate generator voltage regul ator
Synchronize the T/G with output grid at minimum load
Increase load on the T/G
Monitor the T/G
Unload the T/G electrically to minimum load
Secure generator output and excitation
Shut down the T/G
Operate the turbine turning gear
Operate the turbine bearing lift oil pumps
What if turbine failsto trip (during startup)?
What if turbine does not trip when required (during operation)?
What if auto-synchronous system out of service?
What if computer fails while performing calorimetric test?
Steam dump valvesfail to shut
Delta flux exceeds operating band
Wheat if control rods are below insertion limits?
Exciter breaker failsto open using control switch on main
control board?
T/G voltage regulator failure to respond to control switch

IMPORTANCE

K/A NO. KNOWLEDGE RO SRO
K1 K nowledge of the physical connections and/or cause-

effect relationships between the M T/G system and the

following systems:

(CFR: 41.2t041.9/45.7t0 45.8)
K1.01 MRS . . 21 22
Kl1.02 CONOENSE e 21 22
K1.03 AC distribution system . ... e 23 25
K1.04 Extractionsteamsystem ... 18 19
K1.05 GeNnerator COOlING ..ottt 19 21
K1.06 RCS, duringsteamvalvetest ................c i 2.6 2.6
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SYSTEM 045 Main Turbine Generator (MT/G) System

K1.07 Secondary systems, when testing throttle and other valves .............. 2.1* 21
K1.08 Moisture separator reheater (interface with low-pressure turbine) ....... 18 18
K1.09 MRSS and MFW system, asT/G loadisvaried ........................ 2.1* 21
K1.10 Condenser operation (vacuum, temperature flow) heater

drains, CCW and CW 0perations ..........ccovviiiiiiiiiinnnnn. 19 18
K1.11 Electrical system, including unit auxiliary transformer

and servicetransformer . ... ..o i 23 24
K1.12 Load control systemin“followingmode" ............................ 21 21
K1.13 Load control CIrCUIt . ........ i e e 20 21
K1.14 Bearingliftoill pump ... o 17 17
K1.15 TUrNING QEar OPEralioN . . ..o vttt 17 17
K1.16 Vibration and eccentricity monitoringsystem ......... ... 16 17
K1.17 Turbinelatching (reset) controls ..., 19 20
K1.18 RPS 3.6 3.7
K1.19 B AS 3.4* 3.6
K1.20 Protection system ............ . 34 3.6
K2 Knowledge of bus power suppliesto thefollowing:

(CFR: 41.7)
K2.01 T/G UMNING QAN .. v v ettt 17 17
K2.02 TIGIUbE Ol PUMPS . . oo 1.9* 21
K3 Knowledge of the effect that aloss or malfunction of the MT/G

system will have on the following:
(CFR: 41.7/ 45.6)

K3.01 Remainder of theplant ............. ... ... o i i i 2.9 3.2
K4 Knowledge of MT/G system design feature(s) and/or inter-

lock(s) which providefor the following:

(CFR: 41.7)
K4.01 Programmed controller for relationship between steam pressure at

T/Ginlet (impulse, first stage) and plant power level ................... 2.7 29
K4.02 Automatic shut of reheat stop valves aswell asmain

control valveswhen trippingturbine . ........... ... ... o oL 2.5* 2.9*
K4.03 Voltageregulation mode ... ... 18 22
K4.04 Turbineload-following mode of operation ........................... 21 2.5*
K4.05 Acceptableloadingratefor T/G . ... 17 2.2*
K4.06 Prevention of tie-in if phase difference (generator and system)

isbeyondset limit ............. . 20 2.3*
K4.07 Electrohydraulic control for responsetoloadchanges ................. 2.4* 25
K4.08 The reactor bailey station and reactor diamond station

inintegrated control CirCUitry ........... v 2.6* 3.0*
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SYSTEM
K4.09
K4.10
K4.11
K4.12
| K413
K4.14
K4.15
K4.16
K4.17
K4.18
K4.19
K4.20
K4.21

K4.22
K4.23

K4.24
K4.25

K4.26

K4.27
K4.28
K4.29

K4.30
K4.31
K4.32
K4.33

K4.34

045 Main Turbine Generator (MT/G) System

Generator capability, including power factor, VARs and

Ydrogen PreSSUre ..o
Programmed controller for T-ref. signal generation from

first stage (impulse) pressureinturbine ............. ...,
I == o (o g {1 1S
Automatic turbinerunback . ...
Overspeed pProtection . . ...ttt
Measurement of valvestroketimes .............. ... .o,
Steam blanketing (atmospheric pressure) moisture separator reheater

to drive out air and non-condensables prior to startingup ...............
Recognition of unusual sounds during startup of turbine
(Vibrationmonitoring) ..........oo i
Relationship between governor and throttlevalves . ....................
Use of T/G balance voltmeter prior to placing voltage regulator in service .
L ow-speed rotation by turbine turning gear to prevent “set" inshaft . ... ...
Quenching of steam at entrance to exhaust hood by sprays ..............
Changeover from bearing oil pump to shaft pump as turbine

SPEEA N EBSES . . v v vt vttt
Field excitation breakersingenerator .................. ...
Shift from manual to automatic voltage regulation when

within limits (bumplesstransfer) ...
Closure of motor-operated disconnects before closure of

main generator breakers. . ...
Adjustment of electrohydraulic control to maintain minimum

load on T/G when paralleled withsystem . ............................
Shifting of auxiliary buses between unit auxiliary transformer

and service transformer during loading of

main T/G (function of reactor power) .............. ...,
Cadlibrations of the nuclear instrumentation as flux shifts during

T/G load increase (permissives and administrativeholds) ...............
Chemical and health physics sampling as power isreduced . .............
L oad sharing between high-pressure and low-pressure turbine

(shiftsto low-pressure turbine as T/G load increases also affects

interface with moisture separator reheater) ..........................
Timerequiredto effect loadchanges . ............... ... ... ... . ..
Operation of auto-synchronoussystem ...................coovio...
Paralleling of generator to grid when one team of

generator breakersisclosed .......... ...
Preventing of breaker closure unless generator frequency

iswithin required amount of gridfrequency ..........................
Operation of CRDS in manual mode at T/G power below 15% . ..........
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18

24
3.6
3.3
2.6*
15
1.6
19
18
1.6
1.7
1.6

17
16

16
1.9*

2.1*

2.1*
26
1.7+

17
19
18

17

18
2.7

2.2*

2.7*
39
3.6
2.8*
17
17
21
21
18
19
16

17
17

17
21

22

23
29
23

19
21
20

19

19
29



SYSTEM

K4.35
K4.36
K4.37

K4.38
K4.39
K4.40
K4.41
K4.42
K4.43
K4.44
K4.45
K4.46
K4.47
K4.48

K5

K5.01

K5.02
K5.03
K5.04
K5.05

K5.06

K5.07

K5.08
K5.09
K5.10

K5.11
K5.12
K5.13

K5.14
K5.15
K5.16
KS5.17

K5.18
K5.19
K5.20

045 Main Turbine Generator (MT/G) System

Operation of reactor in the load-following mode above 15% power ... ... 31 3.2
T/G coastdown and connection to the turning gear at zero T/G speed. . . . .. 16 18
Automatic functions associated with turbine trip: reactor trip,
station power switched to offsite source, air to extraction
steam non-return valvesremoved .. ... ... 3.4* 3.6
Lube oil pump being on before engagement of turning-gear ............. 17 18
Load limiters/runback ........ ... .. 28 3.0
Avoidance of T/Gcritical Speeds . ... 19 2.1*
L ockout of command relay to generator breaker ...................... 16 16
Operation of SDS (turbine bypass) in event of load lossor plant trip.... ... 2.8* 3.0*
T-ave. program, inrelationto SDScontroller ......................... 2.8 3.2*
Impulse pressure mode control of steam dumps . ... 2.5* 2.8*
Operation of low-pressure steam dump to prevent T/G overspeed . ... . ... 2.3* 2.5*
Defeat of reactor trip by overspeed triptestlever ..................... 25 2.8*
TurbinetripuponreaCtortrip ... 4.0 4.3
Tripof T/Gand lubeoil pumpsby FPS. .......... ... ... ... ... ... 2.1* 2.3*
Knowledge of the operational implications of the following
conceptsasthe apply tothe MT/B System:
(CFR: 41.5/45.7)
Possible presence of explosive mixture in generator if
hydrogen purity deteriorates ..............cc i i 2.8* 3.2*
Effects of moisturein steamontheturbine ................. ... ...... 21 24
Purpose of extractionsteamsystem................. ... 18 1.9*
Basicdesignof turbineblades................ ... ... oo oo 13 15
Effect of steam reheating, feedwater heating, and condenser vacuum
onplantefficiency .........co i i 19 21
Understanding of the principle of operation of voltage
regulator null meter ... 17 18
Reasons why rotation of synchroscope must be slowingin
fast direction prior to connectiontothegrid ......................... 18 2.1*
Even heatup/cooldown of turbine ................ ... ... ... oo 18 2.1*
Maneuvering limitsfor T/G............ ... oo i i 19 22
Reasons for different proceduresin hot and cold starts
(temperature differential limits) ................. ... 17 19
Purposeof turning gear ... 17 18
Roleof field excitationingenerator .................. ... 16 17
Reason for having generator voltage dlightly higher than system voltage
whenparaleling .. ... e 16 17
Reason for reactive load adjustment after paralleling................... 16 17
Reason for paralleling both generator breaker circuits ................. 16 17
Need for heat balanceas T/G loadincreases . ..., 2.0* 2.2*
Relationship between moderator temperature coefficient
and boron concentrationin RCSasT/G load increases ................. 2.5* 2.7*
Purpose of low-power reactor trips (limited to 25% power) ............ 2.7 3.2
Reason for minimum T/G load (to cool low-pressure turbine bladetips) .. 17 1.9*
Effect of temperature on lube oil viscosity ........................... 16 17
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SYSTEM 045 Main Turbine Generator (MT/G) System

K5.21 Purpose of turbine lube oil lift pump (to hold T/G off

main bearing at low rotationspeeds) .............. ... o o oo 16 16
K5.22 Operation of synchroscope ... e 17 18
K5.23 Relationship between rod control and RCS boron concen-

tration during T/G 10ad inCreases . ... 2.7 2.8
K6 Knowledge of the effect of aloss or malfunction on the following will

have on the MT/G system components:
(CFR: 41.7/45.7)

K6.01 Generator stator cooling (turbinebuildingCCW) ..................... 20 21
K6.02 Breakers, relays, anddisconnects . ............o oo 17 19
K6.03 NV AVES 1.6 17
K6.04 Main ac electrical systemmimicbus .................. ... ... oo 20 2.3
K6.05 Hydrogen purity analyzer ............co 17 19
| K6.06 Generator amplidynebalancesystem ... 1.6* 1.8*
K6.07 Hydrogen oil seal systemongenerator .................cciiiiia. .. 17 18
K6.08 Turbinelubeodil system ... 17 18
K6.09 Steam gland seal systemonturbine ........... ... o e 16 17
K6.10 Sensors and detectors . ..ottt e 1.6 17
K6.11 Controllersand positioners . . ... 18 19
K6.12 Lubeoil puMP ..o 16 16
K6.13 MFW, cooling water, heater drains, and demineralizers
(unless automatic controls are provided, flows must be
adjusted manually during powerdecrease) . ...t 17 17
| K6.14 DELETED
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Al

K/A NO.
A1.01

A1.02
A1.03
A1.04
A1.05

A1.06

A2

A2.01
A2.02
A2.03
A2.04
A2.05
A2.06
A2.07
A2.08

A2.09
A2.10
A211

A2.12
A2.13
A2.14
A2.15
A2.16
A2.17

045 Main Turbine Generator (MT/G) System
ABILITY

Ability to predict and/or monitor changesin parameters
(to prevent exceeding design limits) associated with
operating the MT/G system controlsincluding:

(CFR: 41.5/45.5)

IMPORTANCE

ABILITY RO SRO
Normal speed, sound, vibration, temperature, pressure,
and flow characteristicSof T/G . ... e 2.1* 22
Electrical parametersforthe T/G............. ... ... .. .ot 19 21
Use of sounding rod to monitor bearings for high vibration ............. 17 17
Turbine vibration and expansion during risetofull load .. ............... 18 19
Expected response of primary plant parameters (tempera-
ture and pressure) following T/Gtrip ...t 3.8 4.1
Expected response of secondary plant parameters following T/G trip ... .. 3.3 3.7
Ability to (a) predict theimpacts of the following mal-
functions or operation on the MT/G system; and (b) based
on those predictions, use proceduresto correct, control,
or mitigate the consequences of those malfunctions or
operations:
(CFR: 41.5/43.5/45.3/45.5)
Condensate backingupindrainsandreheaters ........................ 18 19
Generator stator cooling water screen becomingclogged . .............. 19 19
Mismatch between generator output and unitdemand .................. 21 21
Improperly operating steam and turbinedrains ...................o.... 17 18
Changing extraction steamingrates ............c.covviiiiiiiinnnnnn.n. 16 16
Coldand hot Starts .. ...t 1.7 18
Unsuccessful turbinelatching ... oo 17 17
Steam dumps are not cycling properly at low load, or stick open at higher
load (isolate and use atmospheric reliefswhennecessary) .............. 2.8 3.1*
If exciter fails, tripthe T/G ... . e 2.2* 2.4*
Voltage regulator malfunction ........... ..o 18 2.1*
Control problemsin primary, e.g., axia flux imbalance;
needtoreduceloadonsecondary .................coiii i i 24 2.9*
Control rod insertion limits exceeded (stabilize secondary) ............. 25 2.8*
Opening of the steam dumpsatlow pressure. . ..., 21 2.5*
Lossof cONdenser VaCuUM ... ..ottt et aee e 21 2.4*
Turbineoverspeed . ... 2.2* 2.6*
Turbinebladefailure ........ ... i 2.3* 2.4*
Malfunction of electrohydrauliccontrol ............................. 2.7* 2.9*

3.4-31 NUREG-1122, Rev.2 |



SYSTEM 045 Main Turbine Generator (MT/G) System

A3 Ability to monitor automatic operation of the MT/G system, including:

(CFR: 41/7/45.5)
A3.01 Recognition of trendsonmain T/Goutputmeter ...................... 2.1* 19
A3.02 Interpretation of T/G output breaker indicating lights .................. 2.2* 21
A3.03 Interpretation of T/G voltageregulation indication..................... 19 19
A3.04 L7 o 34 3.6
A3.05 Electrohydrauliccontrol ............. ... .. o i i 2.6 29
A3.06 Turbine supervisory instrumentation ............... ... 21 22
A3.07 Turbine stop/governor valve closureonturbinetrip .................... 35 3.6
A3.08 Determination from throttle and governor indicators of turbinetrip: several

indications, including CRDStripalarm ......................co . 33* 3.5*
A3.09 Comparison of incoming and running voltmeters ...................... 19 20
A3.10 Voltageregulator . ... .......uuu e 19 20
A3.11 LT 0T = o g {1 TP 2.6* 2.9*
A4. Ability to manually operate and/or monitor in the control room:

(CFR: 41.7/ 45,510 45.8)

A4.01 Turbine valve indicators (throttle, governor, control,
stop, intercept), dlarms, and annunciators ... 31 29

| A4.02 T/G controls, including breakers. ... i 2.7 2.6*
A4.03 T/G speed indication for on-line and off-line operation................. 19 19
A4.04 Exhaust hood spray system for temperaturecontrol .................... 19 16
A405 Electrical (T/G) and steam system adjustments ....................... 2.2 19

| A406 TUrDINESIOPVAIVES . . ..ottt 2.8 2.7%
A4.07 Voltageregulator . ... .......uuu e 19 19
A4.08 RCS parameters (temperature and pressure), while conducting

| vave freedomtest . ...t 2.7 26
A4.09 Turbine supervisory instrumentsduring startup . . ... 18 19
A4.10 Startup T/Gonload limits ... 1.9* 22
A4.11 T/G output breaker controls; understanding of indicationsand alarms . . . . . 2.4* 2.3*
A4.12 Interpretation of electrohydraulic control indications .................. 22 2.4*
A4.13 Governorand load limits ... 21 22
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055

TASK:

K/A NO.

K1

K1.01
K1.02
K1.03
K1.04
K1.05
K1.06
K1.07
K1.08
K1.09

K2

K2.01
K2.02

K3

K3.01
K3.02
K3.03
K3.04
K3.05

Condenser Air Removal System (CARYS)

Perform lineups of the CARS
Conduct condenser air leakage check
Monitor the CARS operation

Operate the mechanical vacuum pump
Operate steam jet air gjectors

KNOWLEDGE

K nowledge of the physical connections and/or cause-
effect relationships between the CARS and the following
systems:

(CFR: 41.2t041.9/45.7t0 45.8)

Mainturbinegenerator ..............co i i
Main CoNdeNnSar ...

Knowledge of bus power suppliestothefollowing:
(CFR: 41.7)

VaCUUM PUMP(S) « « v v v ettt anns
Exhaustfan(s) ... i

K nowledge of the effect that aloss or malfunction of the CARS will

have on the following:
(CFR: 41.7/ 45.6)

3.4-33
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IMPORTANCE

RO SRO
........ 16 17
........ 20 21
........ 19 21
........ 19 20
........ 15 15
........ 26 26
........ 19 19
........ 17 16
........ 16 16
........ 16 17
........ 15 15
........ 25 2.7
........ 17 19
........ 16 19
........ 17 2.0*
........ 23 26



SYSTEM:

K4

| Kao01
| K402

K5

K5.01
K5.02
K5.03
K5.04

K6

K6.01
K6.02
K6.03
K6.04

Al

A1.01
A1.02

A2

A2.01
A2.02
A2.03
A2.04

055 Condenser Air Removal System (CARS)

Knowledge of CARS design featur e(s) and/or interlock(s)
which providefor thefollowing:

(CFR: 41.7)
TUurbiNESAMUD ..ot 19
Effluent control and monitoring .............. ... o i i 24

Knowledge of the operational implications of the following concepts
astheapply tothe CARS:
(CFR: 41.5/45.7)

Measures of pressureand vacuum ..., 16
Venturi effects ... ... 14
Relationship between pressureand temperature ....................... 16
SIG ChemMISITY . oo 16

K nowledge of the effect of aloss or malfunction of the
following will have on the CARS components:
(CFR: 41.7/45.7)

AT G ECEONS L e 17
VaCUUM PUMPBS o e ettt ettt e e e ettt e e e et e 1.6
Heat exchangers . ... 13
FlOW SBNSOIS . . .o 13
ABILITY

Ability to predict and/or monitor changesin parameters (to prevent exceeding
design limits) associated with operating the CARS controlsincluding:
(CFR: 41.5/45.5)

Condensar VaCUUM QAUGE .« .+« « v vt v v ettt ettt ettt e es 17
Pressure and temperature SENSOIS . ..o oo v v et 1.6

Ability to (a) predict theimpacts of the following malfunctions or operations
on the CARS; and (b) based on those predictions, use proceduresto correct,
control, or mitigate the consegquences of those malfunctionsor operations:
(CFR: 41.5/43.5/45.3/45.13)

Lossof circulating cooling water system ..................coi. 21
Lossof glandseal/glandexhaust ....................cooiii i, 21
Lossof air gjector coolingwater ... 1.8*
AN INTEAKAGE .. e 21
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2.3*
2.6*

17
15
16
19

17
18
14
14

2.0*
17

22
21
2.0*
22



SYSTEM: 055 Condenser Air Removal System (CARS)

A3 Ability to monitor automatic operation of the CARS, including:
(CFR: 41.7/ 45.5)

A3.01 AQrremoval PUMP ..o 18 19
A3.02 SEAM O CARS . . . 19 19
A3.03 Automatic diversion of CARSexhaust ...t 2.5* 2.7*
A4 Ability to manually operate and monitor in the control room:

(CFR: 41.7/ 4550 45.8)

A4.01 SeaAliNg StEaM ..o 18 19
A4.02 VaCUUM PUMPBS . o e ettt e et e e e e ettt e e e e et 18 19
A4.03 StEeamtoCARS ... o 18 18
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056 Condensate System

TASK: Perform lineups of the condensate system
Operate condensate pumpsin different combinations
De-aerate the condensate system prior to startup
Fill the condenser hotwell
Fill the condensate system
Place the condensate system in high pressure cleanup operation
start up the condensate system
shut down the condensate system
operate the low pressure heaters
operate the high pressure heaters
Operate the condensate booster pumpsin different combinations
Operate the hotwell pumps
Manually operate the condensate hotwell makeup and dump system
monitor condensate system operate
Operate the condensate pump and air gjector recirc subsystem
What if high water level existsin low-pressure feedwater
heater during turbine operations?

IMPORTANCE

K/A NO. KNOWLEDGE RO SRO
K1 Knowledge of the physical connections and/or cause-effect

relationships between the Condensate System and the following systems:

(CFR: 41.2t041.9/45.7t0 45.8)
K1.01 feedwater cleanup system . ... 18 18
K1.02 Mainvacuumandglandseal system .............. ... oo i 16 16
K1.03 MW 2.6* 26
K1.04 CONOENSE e e 1.7 16
K1.05 Secondary SealiNgWater .. ...t 15 15
K1.06 Heater drains . ... ..o 14 15
K1.07 Gland SEalS . ..o 15 15
K1.08 CA RS . 16 16
K1.09 EXtraction Steam . ... ... 1.6 16
K1.10 Chemical treating ..........co i 17 17
K1.11 Stator COOIING . .o vt 15 15
K1.12 Secondary plant componentcooling. ... 16 16
K1.13 N 2.4* 2.4*
K1.14 Demineralizer water makeupsystem ............ .. o o oo 17 19
K1.15 Hotwell pumps, booster pumps, and mainfeedpumps .................. 21 21
K1.16 Demineralizer bypass valve (prevent water impact on

resinbedsduringpumpstartup) ... o 19 2.1*
K1.17 Feed system, the polishing demineralizer system, and the

condensate strainer operation ... 19 2.1*
K2 Knowledge of bus power suppliesto thefollowing:

(CFR: 41.7)
K2.01 Condensate pumpsand booster pumps . ... 16 1.7*
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K3

K3.01
K3.02
K3.03
K3.04
K3.05
K3.06
K3.07
K3.08

K4

K4.01

K4.02

K4.03
K4.04
K4.05
K4.06

K4.07
K4.08
K4.09
K4.10
K4.11
K4.12
K4.13
K4.14
K4.15
K4.16
K4.17

K4.18
K4.19

K4.20
K4.21

K4.22

056 Condensate System

Knowledge of the effect that aloss or malfunction of the
Condensate System will have on the following:
(CFR: 41.7/ 45.6)

MBPW pUMPS .. e
Heater drainpumps . . ...
Extractionsteam ....... ...
Glandsteamsystem ...
Stator coolant ... ...
Hydrogencoolers. ... e

K nowledge of Condensate System design featur e(s)
and/or interlock(s) which providefor thefollowing:
(CFR: 41.7)

Feedwater heating at low, intermediate, and high

PreESSUre . ... e

Condensate demineralizer resin regenerative

PIOCESS . ettt ettt e e e e e
Restricting hotwell levelrange .............................
Moving condensate to and from storage tank and hotwell .. .....
Securing steam seals on main turbine during shutdown .........

Proper sequencing of hotwell pumps and condensate

polishing demineralzer bypassvalves ........................
Cooling condensate pumps seals, using makeup water ..........
Venting condensate pUmMpP SEalS. . oo
Feedwater pump turbine windmill protection .................
Flow control valve for the gland exhaust condenser ............
Byassof heaterstream ............... ... ..o oo i i
Condensate minimum flow recirculationvalve ................
Condensate pump runout capacity . . ...
MFEW pumpNPSH . ...
Booster pump startinginterlock ................. ... .. L
Low-level and High-level heater ............................

Adjustment of automatic setpoint and polish demineralizer

bypassvalves ........... ... o
Interlocks between booster pumps and auxiliary oil pumps. .. ...

Setpoints and trip levels for condensate pump and

booster pump operations ........... . o
Flow rate limits of condensate piping system .................

Operation of hotwell pump and air gjector recirculation

lineisolation valveto maintain header pressure ...............
Feed pump and booster pump NPSH protection ...............
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........ 2.4*
........ 16
........ 2.2*
........ 16
........ 16
........ 15
........ 17
........ 16

........ 16

........ 17
........ 17
........ 17
........ 15

........ 15
........ 15
........ 14
........ 18
........ 15
........ 17
........ 16
........ 17
........ 22
........ 19
........ 16

........ 16
........ 1.5*

........ 19
........ 16

........ 1.5*
........ 21

24
17
23
16
16
16
16
16

19

19
17
18
16

16
17
15
19
16
20
16
17
2.6*
2.1*
17

17
17

19
17

1.7+
2.4*
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K5

K5.01
K5.02
K5.03
K5.04

K5.05

K5.06
K5.07

K5.08

K5.09
| K5.10
K5.11
K5.12

K5.13
| K514
K5.15
K5.16
K5.17

K6

K6.01
K6.02
| K6.03
K6.04
K6.05
| K6.06
| K6.07
K6.08
K6.09
| K6.10
K6.11

056 Condensate System

Knowledge of the operational implications of the following concepts
asthe apply tothe Condensate system:
(CFR: 41.5/45.7)

Principleof vacuumdrag ............ ... oo
Energies associated with fluid flow (Kinetic, Potential pressure) ........
Water hammer and methods of prevention .................cccovvunn.
Function of lubricating oil and its application to pump

and motor DEariNgS ... ..o
Understanding of the working properties of water (Enthal py,

entropy, pressure, temperature, specificvolume ......................
Purpose of condensate demineralizer ................ ... ... ..o .
Purpose and principle of de-aeration, of oxygen removal

fromeondensate .. ... ...
Chemistry specs for secondary system dissolved oxygen

(COrrOSION CONEIOl .o o
Water quality requirements for demineralizer water ...................
Effects of leaks (on plant efficiency and personnel) ...................
Reasons for venting all high pointsin condensatesystem ...............
Reason and methods for breaking main condenser vacuum
beforeremovingturbineseals............... ... ... oo oo
Purpose of low-pressurecleanupvave ................. ... ... ...
Purpose of valve between upper surgetank and hotwell .................
Stabilization of piping system parameters after changesin chemistry .. ...
Limits of condensate pump ability tofeedSIG........................
Principles and mechanisms of S/G water level control .................

K nowledge of the effect of aloss or malfunction of the
following will have on the Condensate System components:
(CFR: 41.7/45.7)

CONAENSAE PUMPS oottt
BOOSter PUMPS ... e
Mainfeed pUMPS .. ..o
NV AVES
Sensors and detectors . ...t
Controllersand positioners . . ...t
Heat exchangersandcondensers. ...t
Breakers, relays, and disconnects . .............o oo e
Demineralizers . ... ..o
PUMPS .
MO OIS . .
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15
14
2.2

17

17
17

17

19
17
18
15

16
15
1.7*
16
2.0*
2.3*

17
17
21
16
14
15
16
13
17
16
14

15
16
2.6*

18

2.0*
19

19

24
20
20
17

17
16
1.7+
18
2.3*
2.3*

19
19
2.4*
16
15
16
17
15
19
17
16



SYSTEM:

Al

A1.01
A1.02
A1.03

A1.04
A1.05
A1.06

A1.07
A1.08

A2

A2.01
A2.02
A2.03
A2.04
A2.05
A2.06
A2.07
A2.08
A2.09
A2.10

A211
A2.12

A2.13
A2.14

056 Condensate System
ABILITY

Ability to predict and/or monitor changesin parameters
(to prevent exceeding design limits) associated with
operating the Condensate System controlsincluding:
(CFR: 41.5/45.5)

Pressure, flow and amps for condensate, booster, and main feed pumps . . . 2.1* 2.4*

Deleted

Normal sequence of alarms on startup of condensate

pumps, including low suction pressurealarm ......................... 16 16

Hotwell level larmsand flow indicators . ............. ..ot 1.6 17

Differential pressure indicators (Across pumps, demineralizers ......... 16 17

Heater parameters (temperature, pressure, flow level)

and their effect on condensateflow . .......... ... i 1.7 18

S/G level under transient induced by feed rate change (pumps on and off) . 21 2.3*

MPFW pump SUCtION PrESSUIE ..o v vttt 2.3 2.6*

Ability to (a) predict theimpacts of the following

malfunctions or operations on the Condensate System; and

(b) based on those predictions, use proceduresto correct,

control, or mitigate the consequences of those mal-

functionsor operations:

(CFR: 41.5/43.5/45.3/45.13)

LOSSOf CONENSEr PrESSUNE . .. oo oo ettt 18 20

Bad chemistry . ... 18 2.3*

Demineralizer DIP . .. ... 1.8 2.0*

Lossof condensate pUMPS . . ..o oo oo 2.6 2.8*

Condensertubeleakage ... 21 2.5*

Abnormal hotwell pump discharge pressure . ... 16 17

Removal of condensate demineralizer fromservice.................... 1.7 19

Feedwater heater tubeleak .............. i 1.6 18

Feedwater level highorlow.............. ... ... oo i it 16 17

Decreased effectiveness of condensate demineralizer due

toincreased flow throughit......... ... ..o i i i 15 17

Approximate time necessary to regenerate one condensate

demineralizerresinbed . .......... . 1.6 1.8*

Opening of the heater string bypassvalve ............................ 18 2.1*

Opening of the condensate recirculationvave ........................ 17 18

Opening of thecondensate spill valve ............... ... ... ... ... .. 2.0 22
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SYSTEM:

A3

A3.01
A3.02
A3.03

A3.04

A3.05
A3.06
A3.07

A3.08
A3.09
| A3.10

A4

A4.01
A4.02
A4.03
A4.04
A4.05
A4.06
A4.07
A4.08
A4.09
| A4.10
A4.11
A4.12

A4.13
A4.14
A4.15
A4.16
| A417
A4.18

056 Condensate System

Ability to monitor automatic operation of the Condensate
System including:
CFR: (CFR: 41.7/45.5)

Automatic hotwell level control .............cc i,
Hotwell and condensate storage tank level indicators ..................
Condensate flow, header pressure, pump amperage and

running indicators/ related dlarms and annunciators ...................
Verification (from multiple sources) that condensate

PUMPS @€ OPEI NG . . oo v v ettt ettt
Monitoring of steam jet air gjector airflow ..........................
Remote and local feedwater heater level indicators ....................
Determination that the differential pressure of the

condensate demineralizer iswithinlimits ............................
Flow through stator coolant and hydrogencoolers .....................
Automatic protection of MFW pump low suctionpressure .. . ............
Upper surgetank flowmeter ................. ..o o i i

Ability to manually operate and monitor in the control room:
CFR: (CFR: 41.7/ 45.5t0 45.8)

Condensate pUMpP CONtrolS ...ttt e
Condensate demineralizer bypass valve and precoat by passvave ........
Hotwell highleveldump ............. ... .o o i i
Cleanup ValVe ... ..o
Valve between upper surgetank andhotwell ..........................
Condensate demineralizer bypassvalvecontroller .....................
HOtWEl pUMPS .o
Condensate automatic makeup valvecontroller .......................
Demineralizer flow control valve .......... ... .. i,
Low-pressure and high-pressure cleanupvalves .......................
Setpoints on polish demineralizer bypassvalve controllers..............
Condensate pump, including verification of proper

startup fromparameterreadings . ...
Alarms associated with booster pump operation. ...,
Auxiliary oil pumpsfor booster pumps . ...
Turbine and feedwater pump turbine exhaust temperature during shutdown .
Heater unit controls and control valves during heater startup/shutdown . ..
Deleted

Hotwell level larmsand flow indicators . ............ ...,

NUREG-1122, Rev. 2 3.4-40

18
19

18

21
17
17

16
16
21
1.7+

19
2.0
2.1*
18
1.8*
18
17
17
1.9*
1.7*
16

17
17
16
16
15

19

18
21

17

21
1.8*
16

17
15
2.4*
1.6*

18
19
21
17
1.7+
1.8*
17
15
1.7+
1.6*
16

17
17
16
15
15

17



059

Task:

K/A NO.

K1

K1.01
K1.02

K1.03
K1.04
K1.05
K1.06
K1.07
K1.08
K1.09
K1.10

K2
K2.01
K2.02

K3

K3.01
K3.02
K3.03
K3.04

Main Feedwater (MFW) System

Perform initial lineup of the MFW system

Perform feedwater isolation valve functional test

Fill the MFW system

Perform MFW pump turbine tachometer overspeed trip test
Start up the MFW system

Operate the MFW pumps in different combinations

Operate the feedwater regulating system in manual and
automatic modes

Operate / test MFW pump lube oil pump monitor MFW system
operations

Shut down the MFW system

What if the automatic S/G water level control does not respond
properly?

KNOWLEDGE

K nowledge of the physical connections and/or cause-

effect relationships between the MFW and the following systems:

(CFR: 41.2t041.9/ 45.7 t0 45.8)

CONAENSALE . ..ottt e
APRW system . ..o

RCS

Secondary coolingWater .........ovviiiii
Extraction steam . ... ...

Knowledge of bus power suppliesto thefollowing:
(CFR: 41.7)

MPW system pumps . . ..o e
MOV S

Knowledge of the effect that aloss or malfunction of the MFW w

have on the following:
(CFR: 41.7/ 45.6)

3.4-41

IMPORTANCE

RO SRO
e 2.3* 2.3
e 3.4* 3.4
e 31 3.3
e 34 34
e 3.1* 3.2
e 1.9 21
e 3.2* 3.2*
e 1.6 16
e 1.7 18
e 1.7 17
e 2.2* 2.3*
e 2.0* 21
ill
e 18 18
e 3.6 3.7
e 35 3.7.
e 3.6 3.8
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SYSTEM:

K4

K4.01
| K4.02
K4.03
K4.04
K4.05
K4.06

K4.07
K4.08

K4.09
K4.10
K4.11
K4.12
K4.13
| K414
K4.15
K4.16
| K417
K4.18
K4.19
K4.20

K5

K5.01
K5.02
K5.03

K5.04
K5.05
K5.06

K5.07

K5.08
K5.09

K5.10
K5.11
K5.12
K5.13
K5.14

059 Main Feedwater (M FW) System

Knowledge of MFW design feature(s) and/or interlock(s)
which providefor thefollowing:
(CFR: 41.7)

MFW and startup feedwater valve combination. .......................
Automatic turbine/reactor triprunback ............. e
Adeguate condensate flow . .. ...
Heating of feedwater ............. .. .. i i
Control of speed of MFW pumpturbine .............................
Comparison of actua D/P, between main steam and MFW

pump discharge pressure, to programmed D/P when placing

MFW pumpinautomaticmode . ...
Closing MFW pump drains . ...t
Feedwater regulatory valve operation (on basis of steam

flow, feedflowmismatch) ...
Controlling MFW pump lubeoil system .................... ...t
Bearing oil signal to theturning gear start sequence ...................
Porting Oil ...
Sources of cooling water for MFW pump lube oil cooler ...............
Feedwater fill for S’Guponlossof RCPs ......................... ...
Start permissivesfor MFW pUMPS ... ..o
Automatic startsfor MFW pumps . ...
Automatic tripsfor MFW pumps . ...
Increased feedwater flow following areactortrip .....................
Automatic feedwater reductiononplanttrip ...,
Automatic feedwater isolationof MFW . ......... ... o it
Automatic feed pump recirculationflow . ...

Knowledge of the operational implications of the following concepts
astheapply tothe MFW:
(CFR: 41.5/45.7)

Variation of flow dischargepressure . ...,
Shrinkand swell . ... .
Reason for maintenance of minimum D/P between main

steam and MFW pump discharge pressure . . ...,
Definition of waterhammer ........ ... ... ... i i
Reason for balancing MFW pumploads..............................
Characteristics of level, flow, and pressure

INAICAHIONS . . . .ottt
Relationship between feedwater pump speed and feedwater

regulating valve position ........... .
Reason for matching steam flow and feedwater flow ...................
Effects of low temperature and high viscosity on il

SYStEM OPEIAiONS . . o v vttt
Theory of film-riding oil injourna bearing...........................
Definition of turbinewindmilling .................. ... ... ... oL
Increased MFW pump discharge with increased turbinespeed ...........
Reasons for monitoring feedwater pump suction flow/pressure . .........
Quadrantpower tilt . ...
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24
3.3
21
1.9
2.5*

2.2*
1.6*

25
1.7
1.7
1.8?
18
29
21
2.2*
3.1*
2.5*
2.8*
3.2
1.9

21
24

21
2.3*
2.0

18

18
24

16
14
1.6
2.2*
2.3
1.9

2.6*
35
2.3*
22
2.8*

2.4*
1.7+

2.7
18
18
1.9?
19
29
23*
2.4*
3.2*
2.8*
3.0*
34
2.2*

21
2.6*

22
2.6*
2.2*

2.1*

2.1*
2.6*

17
16
17
2.5%
2.6*
2.4*



SYSTEM:

K6

K6.01
K6.02
K6.03
K6.04
K6.05
K6.06
K6.07
K6.08
K6.09

K6.10
K6.11
K6.12

Al

A1.01

A1.02
A1.03
A1.04
A1.05
A1.06
A1.07
A1.08
A1.09
A1.10
Al11

059 Main Feedwater (M FW) System

K nowledge of the effect of aloss or malfunction of the
following will have on the M FW components:
(CFR: 41.7/45.7)

NV AVES 1.9
Sensors and detectors . ...t e 1.9
Controllersand positioners . . ... 19
PUMPS . 1.9
MOtOrS . . 17
Heat exchangersandcondensers. ... 16
Breakers, relays, and disconnects . ............. oo o 14
Breakers, relays, and disconnects . ............. oo o 16
MFW pump speed and flow regulating valves (reason for

adjusting positionof both) ........... ... ... 2.4*
Feedwater isolation valvetravel time ............ ... oo, 1.9
High and low feedwater dischargeheader pressure..................... 19
S/G controller logic for MFW regulatingvalve ....................... 2.3*
ABILITY

Ability to predict and/or monitor changesin parameters

(to prevent exceeding design limits) associated with

operating the MFW controlsincluding:

(CFR: 41.5/45.5)

Location, limits, and normal rangesfor level, pressure

flow, temperature, and RPM measurements associated with

the MW SysStem ... 2.4*
MFW pump oil temperatures and MFW pump vibrations................ 18
Power level restrictions for operation of MFW pumpsand valves. ....... 2.7*
Main Steam PrESSUNE ..o vttt 2.2*
SGlevel, comparisonwithnormal values . ........................... 2.4*
Abnormal noisesor vibrationsof MFW pump ..., 18
Feed Pump speed, including normal control speedforICS .............. 2.5*
Qil Pressureindicationsfor MFW pumps ...t 17
Feedwater pump bearing temperatures ............... ... ..o oo 17
Feedwater pump seal leakoff temperature ............................ 16
Feedwater regulatingvalveD/P . ............c o i 2.2*

3.4-43

2.1*
19
2.1*
2.1*
1.9*
18
17
18

2.6*
2.1*
2.1*
25

2.5*
19
2.9*
2.2*
2.6
20
2.6*
18
18
16
22
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SYSTEM:

A2

A2.01
A2.02
A2.03
A2.04

| A205
A2.06
A2.07
A2.08
A2.09
A2.10
A2.11

| A212
A2.13

A3

A3.01
A3.02
| A303
| A304
A3.05
A3.06
A3.07

A4

| A401
| A402
A4.03
A4.04
A4.05
A4.06
A4.07
| A408
A4.09
A4.10
A4.11
A4.12

Main Feedwater (M FW) System

Ability to (a) predict theimpacts of the following malfunctions or operations

on the MFW; and (b) based on those predictions, use proceduresto correct,
control, or mitigate the consequences of those malfunctionsor operations:

(CFR: 41.5/43.5/ 45.3/ 45.13)

Feedwater actuationof AFW system ........................
Lossof feedwater heater ..............cc i,
Ovefeedingevent .......... ...,
Feedingadry SIG ...
Rupturein MFW suction or dischargeline ...................
Lossof steamflowtoMFW system ........................
Tripping of MFW pumpturbine ............................

Extremely low MFW pump control lube oil or bearing oil pressure ......

Overspeed ONtUMING QBAI ...\ vttt
Secondary coolingwater ...........c. i
Failure of feedwater control system.........................
Failure of feedwater regulatingvalves .......................
Loss of condensate/heater drainingflow .....................

Ability to monitor automatic operation of the MFW, including:

(CFR: 41.7/45.5)

Valvetimerdisplay . ...
Programmed levelsof theS/IG .............................
Feedwater pump suctionflow pressure ......................
Turbinedrivenfeedpump ......... ... .. L
Startsand stopsonthemainfeedpumps .....................
Feedwater isolation ...t

Ability to manually operate and monitor in the control room:

(CFR: 41.7/ 4550 45.8)

MFW turbinetripindication ...............................
Null out MFW pump D/P differences .......................
Feedwater control during power increase and decrease .........
Reset MFW overspeedtrip ...
MFW pump oil cooler, cooling water outlet valve controller . . ..
MFW pump turbineresetswitch............................
Vavetimerresetpushbutton. ...
Feed regulating valvecontroller ............................
Remote determination of operating feedwater pump turning gear
[CS
Recovery from automatic feedwater isolation ................
Initiation of automatic feedwater isolation ...................
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3.4*
2.2*
2.7
2.9%
3.1*
2.7*
3.0*
19
16
17
3.0*
3.1*
2.1*

2.0*
29

25

2.5*
2.4*
3.2*
3.4*

3.1*
2.3*
2.9*
2.2*
17

2.4*
2.0*
3.0*
2.1*
3.9*
31

34

3.6*
2.5%
3.1*
3.4*
3.4*
2.9%
3.3*
2.2%
18

18

3.3*
3.4*
2.1*

2.1*
31

2.6*
2.6*
2.7*
3.3

3.5*

3.1*
2.4*
29
2.3*
18
2.3*
1.9*
2.9*
2.0*
3.8*
3.3
35



061

TASK:

K/A NO.

K1

K1.01
K1.02
K1.03
K1.04
K1.05
K1.06
K1.07
K1.08
K1.09
K1.10
K111

K2
K2.01

K2.02
K2.03

Auxiliary / Emergency Feedwater (AFW) System

Perform lineups of the AFW system

Perform AFW system operability demonstration

What if the AFW system did not operate properly automatically?
Fill and vent the AFW system

Auxiliary feed pump failure due to improper valve lineup
Start the AFW system

Perform AFW automatic actuation test

Feed steam generators with AFW system

Perform S/G auxiliary feed pump test

Operate motor driven AFW pumps

Perform S/G auxiliary feed pump flow capacity test
Operate turbine driven AFW pumps

Perform testing of AFW check valves

Shift auxiliary feed pump suction

Perform exercise of AFW MOV s test

Overspeed test the auxiliary feed pump turbine

shut down the AFW system

Drain the AFW pump turbine and steam supply header

IMPORTANCE
KNOWLEDGE RO SRO
K nowledge of the physical connections and/or cause-
effect relationships between the AFW and the following systems:
(CFR: 41.2t041.9/45.7t045.8)
S G Sy M oo 4.1 4.1
MPW System ..o 34 3.7
Main steam SyStem . . ... 35 39
RS 3.9 4.1
Condensate SyStemM . .. ..ot 2.6* 2.8*
CoOliNg WY ..ot 2.4* 2.6*
EMergency Water SOUICE . . ...ttt et eea 3.6 3.8
Chemical treatment ... i 21 2.3*
PRM S 2.6* 2.8*
Diesel fuel Oil ... ... 2.6* 2.7*
AFW turbineexhaust drains . .. ... 2.7 2.8*
Knowledge of bus power suppliesto thefollowing:
(CFR: 41.7)
APW sytem MOVS .. 3.2* 33
AFW electric drivepumps . ... 3.7* 3.7

AFW diesel drivenpump .. ... 4.0* 3.8*
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SYSTEM: 061 Auxiliary / Emergency Feedwater (AFW) System

K3 Knowledge of the effect that a loss or malfunction of the AFW will
have on the following:
(CFR: 41.7/ 45.6)

K3.01 RS 4.4 4.6
K3.02 S G 4.2 4.4
K4 Knowledge of AFW design feature(s) and/or interlock(s)

which providefor thefollowing:
(CFR: 41.7)

| K401 Water sourcesand priority of USE. . ... 4.1 4.2
K4.02 AFW automatic start upon loss of MFW pump, S/G level,
blackout, or safety injection ............. ... .. 4.5 4.6
K4.03 Automatic blowdown/sampleisolation .............ccoiiiiiiiiiiii 2.7 2.9*
K4.04 Prevention of AFW runout by limiting AFW flow ..................... 3.1 34
K4.05 Prevention of MFW swapover to AFW suction
PrESSUrE IS IOW oot 3.5* 3.7*
K4.06 AFW Startup PErMISSIVES . . . 4.0* 4.2*
K4.07 Turbinetrip, includingoverspeed ............. ... ..o i i 3.1* 3.3*
K4.08 ARW reCirculation ... ... ..o e 2.7 29
K4.09 Crossties between multi-unit station ...............oc i 37 33
K4.10 Reset of MFW reactor triplogic ...............cco i 2.6 2.9*
| K411 Automatic level Control ...........oiuiiii 2.7 2.9
| K412 Natural circulation flow . . ........oiii 35 37
K4.13 Initiation of cooling water and lube il .................ccoiiiiiinin, 2.7 29
| K414 AFW automaticisolation . ... ......oouii i 35 3T
K5 Knowledge of the operational implications of the following concepts
astheapply tothe AFW:
(CFR: 41.5/45.7)
K5.01 Relationship between AFW flow and RCSheat transfer ................. 3.6 39
K5.02 Decay heat sourcesand magnitude ............... ..o 3.2 3.6
K5.03 Pump head effectswhen control valveisshut ......................... 2.6 2.9*
| K5.04 Reason for warming up turbine prior to turbinestartup ................. 2.3 2.5*
K5.05 Feed linevoidingandwater hammer . .................... ...t 2.7 3.2
K6 K nowledge of the effect of aloss or malfunction of the

following will have on the AFW components:
(CFR: 41.7/45.7)

K6.01 Controllersand positioners . . ...t 25 2.8*
K6.02 PUMPS . 2.6 2.7
K6.03 M OtOrS . 2.0 19
K6.04 Breakers, relays, anddisconnects . ............. oo o o 17 19
K6.05 NV AVES 2.3* 2.5*
K6.06 Sensors and detectors . ...t e 21 2.4*
K6.07 Pump lube oil systemandcooling .................cccoiiiii i 2.0 22
K6.08 Bearing oil supply for turbinedrivepumps ........................... 21 2.3
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SYSTEM:

Al

A1.01
A1.02
A1.03
A1.04
A1.05
A1.06

A2

A2.01
A2.02
A2.03
A2.04
A2.05
A2.06
A2.07
A2.08

A2.09

A3

A3.01
A3.02
A3.03
A3.04
A3.05
A3.06

A4

061 Auxiliary / Emergency Feedwater (AFW) System
ABILITY

Ability to predict and/or monitor changesin parameters
(to prevent exceeding design limits) associated with
operating the AFW controlsincluding:

(CFR: 41.5/45.5)

S levE 3.9 4.2
S G PrESSUNE oottt 3.3* 3.6*
Interactions when multi unit systemsarecrosstied .................... 3.1* 3.6*
AFW sourcetank level ... ... .. 3.9 39
AFW flow/mOotor amps . ... 3.6 3.7
S/G hydrotest parameters . ...t 17 17
Ability to (a) predict theimpacts of the following malfunctions or operations
on the AFW; and (b) based on those predictions, use proceduresto correct,
control, or mitigate the consegquences of those malfunctionsor operations:
(CFR: 41.5/43.5/45.3/45.13)
Startup of MFW pump during AFW operation. .................coo... 25 2.6*
Lossof artosteamsupplyvalve ............. ... o i 3.2* 3.6*
LOSSOf dCPOWEr .. i 3.1 34
pump failure or improper operation ...............co i 34 3.8
Automatic control malfunction...............cco i, 3.1* 3.4*
Back leakage of MPW ... ... 2.7 3.0
Airor MOV fallure. . ... 34 35
Flow rates expected from various combinations of AFW
pumpdischargevalVes ............. i 2.7* 2.9*
Total lossof feedwater. ... ...t TBD TBD
Ability to monitor automatic operation of the AFW, including:
(CFR: 41.7/45.5)
AFRW gtartup and fIows . ... 4.2 4.2
RCS cooldown during AFW operations ... 4.0 4.0
AFW S/G level control onautomaticstart .............covviiiiia... 3.9 39
Automatic AFW isolation . .........ooiii 4.1 4.2
Recognition of leakage, usingsumplevel changes ..................... 25 2.5*
S/G blowdown/samplingisolation ............... ... . o i i 2.2* 2.3
Ability to manually operate and monitor in the control room:
(CFR: 41.7/45.5t045.8)
None
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076 Service Water System (SWS)

TASK: Perform lineups of the SWS
Perform the SWSvalve test
Fill and vent the SWS
Perform a service water pump test
Start up the SWS
Monitor the SWS
Operate service water pumps in various combinations
Operate heat exchangersin different combinations (two-train SWS)
I solate service water from individual components

Shut down the SWS
IMPORTANCE

K/A NO. KNOWLEDGE RO SRO
K1 Knowledge of the physical connections and/or cause- effect relationships

between the SWS and the following systems:

(CFR: 41.2t041.9/45.7t045.8)
K1.01 COW Syt BIM . .ttt e e 34 33
K1.02 Turbinelubeoil system ... 18 18
K1.03 Relationship of SWSto raw water filtration (RWF) sys-

tem and location of SWSsupply pumptoRWFsystem ................. 1.9* 1.9*
K1.04 Relationship of domestic water to lube water for SWSpumps ........... 1.8* 1.9*
K1.05 DG 3.8* 4.0*
K1.06 Switch gear room coolers ...t 2.1* 2.0*
K1.07 Secondary closed coolingwater ... 2.5* 23
K1.08 RHR Sy StemM .. 3.5* 3.5*
K1.09 Reactor building closed coolingwater ......................... ..., 3.0* 3.1*
K1.10 Turbine building closed coolingwater ...................ccoivvii... 2.1* 21
K1.11 Domesticwater and raw Water ... ... 1.7 16
K1.12 INtake SCreen SYSEEM ...\ 19 21
K1.13 LIRS 2.3* 2.3*
K1.14 Condenser Circulating Water .........ooviiiii i, 21 21
K1.15 PSS . 25 26
K1.16 B o 3.6 3.8
K1.17 PRM S 3.6* 2.7
K1.18 SWShnormal heatloads ... 21 22
K1.19 SWSemergency heatloads ... 3.6* 3.7
K1.20 N 3.4* 3.4*
K1.21 Auxiliary backUp SWS ... e 2.7* 2.9*
K1.22 Water treatment .. ... ... e 18 18

NUREG-1122, Rev. 2 3.4-48 |



SYSTEM:

K1.23
K1.24
K1.25
K1.26

K2

K2.01
K2.02
K2.03
K2.04
K2.05
K2.06

K2.07
K2.08
K2.09

K3

K3.01
K3.02
K3.03
K3.04
K3.05

K3.06
K3.07
K3.08
K3.09

K4

K4.01

K4.02
K4.03

K4.04
K4.05

K4.06

076 Service Water System (SWYS)

Spent fuel pool MaKeUP . ... 2.1* 22

Chemical addition. ... ... ... 1.8 19

Heatsinkpondmakeup .............cc i 2.4* 2.3*

Floodalarmsystem ... 2.2* 2.2*

Knowledge of bus power suppliesto thefollowing:

(CFR: 41.7)

SV R WALEN .\ttt ettt 2.7* 2.7

Closed coolingWater . ... e e 2.2* 2.2*

Secondary closed coolingwater ... 2.1* 2.0*

Reactor building closed coolingwater ........................ ... 2.5* 2.6*

Turbine building closed coolingwater ................ ...t 2.0* 2.0*

RHR components, controls, sensors, indications and

alarms, including radiationmonitors ............. ... . o oo 2.2* 2.4*

Coolingtower fans . ... 2.2* 2.1*

ESF-actuated MOVS . . ..ot e 3.1* 3.3*

TraveliNg SCrEENS . ..ot 18 2.2*

Knowledge of the effect that aloss or malfunction of the SWSwill have on

thefollowing:

(CFR: 41.7/ 45.6)

Closed coolingWater . ...t e e 3.4* 3.6

Secondary closed coolingwater ... 2.5* 2.8*

Reactor building closed coolingwater ............................... 3.5* 3.9*

Turbine building closed coolingwater ..................ccooviii... 2.2* 2.4*

RHR components, controls, sensors, indicators, and

alarms, includingrad monitors ... 3.0* 3.2*

Turbinelubeoil system ... 17 18

ESFI0a0S . ... 3.7 39

Radioactiveliquid wastedischarges ...t 2.3 2.9*

Normal processheatloads .............. ... ..o i 19 21

Knowledge of SWSdesign feature(s) and/or interlock(s)

which providefor thefollowing:

(CFR: 41/7)

Conditions initiating automatic closure of closed cool-

ing water auxiliary building header supply and returnvaves ............. 2.5* 2.9*

Automatic start features associated with SWS pump controls............ 2.9 3.2

Automatic opening features associated with SWS isolation

valvesto CCW heat eXChanges .. ..o 2.9* 3.4*

River intakewater level recorders ..., 2.2* 2.5*

Service water train flow and discharge pressure when service water flow

to heat exchanger for closed cooling water isthrottled ................. 2.3* 2.6*

Servicewater train Separation . ... 2.8 3.2
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SYSTEM:

K5

K6

K6.01
K6.02
K6.03
K6.04
K6.05
K6.06
K6.07
K6.08
K6.09
K6.10

Al

A1.01

A1.02

A2

A2.01
A2.02

A3

A3.01
A3.02

076 Service Water System (SWYS)

Knowledge of the operational implications of the following concepts
astheapply tothe SWS:
(CFR: 41.7/ 45.5)

Knowledge of the effects of a loss or malfunction of the following
will have on the SWS components:
(CFR: 41.7/45.7)

NV AVES 19
Sensors and detectors . ......ooii i e 1.7
Controllersand positioners . . ... e 19
PUMPS . 21
MOtOrS . . 17
Heat exchangersandcondensers. ... 2.2
Breakers, relays, anddisconnects . .............o o o 17
CO0liNG tOWEIS . .ot 1.7*
TraveliNg SCrEENS . ..ot 16
SIrBINEIS e 15
ABILITY

Ability to predict and/or monitor changesin parameters
(to prevent exceeding design limits) associated with
operating the SWS controlsincluding:

(CFR: 41.5/45.5)

Linelossesin SWS, by comparing SWS pump discharge and
turbinebuildinggauge ... 19
Reactor and turbine building closed cooling water temperatures. . ........ 2.6*

Ability to (a) predict theimpacts of the following mal-
functionsor operationson the SWS; and (b) based on
those predictions, use proceduresto correct, control,
or mitigate the consequences of those malfunctionsor
operations:

(CFR: 41.5/43.5/45/3/ 45/13)

LOSSOf QWS L 3.5*
Servicewater header preSsure . .. ... 2.7

Ability to monitor automatic operation of the SWS, in-
cluding:
(CFR: 41.7/ 45.5)

Normal-processheatloads .............. ... 24
Emergency heatloads ............. ... i i i 3.7
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20
19
20
2.2*
18
2.4*
19
1.8*
17
16

19
2.6*

3.7*
31

25
3.7



SYSTEM: 076 Service Water System (SWYS)

A4 Ability to manually operate and/or monitor in the control room:
(CFR: 41.7/45.5t045.8)

A4.01 S S PUMPS . . ettt e 29 29
A4.02 SIWSVEIVES . .ttt 26 26
A4.03 Normal-processheatloads .............. ... 2.3 24
A4.04 Emergency heatloads ............. ... o i i i 3.5* 35
A4.05 Travelingwater SCreensSSystem . . ... 20 21
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Safety Function 5:

Containment I ntegrity page
007 Pressurizer Relief Tank / Quench Tank System 3.5-2
022 Containment Cooling System 3.5-5
025 Ice Condenser System 3.5-8
026 Containment Spray System 3.5-10
027 Containment lodine Removal System 3.5-14
028 Hydrogen Recombiner and Purge Control System 3.5-16
103 Containment System 3.5-18

3.5-1
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007 Pressurizer Relief Tank/Quench Tank System (PRTYS)

TASK: Perform lineups of the PRT (quench tank)
Fill the PRT
Monitor the PRT
Transfer the PRT (quench tank) contents
Add nitrogen to the PRT
Vent nitrogen from the PRT
Recirculate the PRT (quench tank) with cooling pumps
Operate the PRTS to form a steam bubble in the PZR

IMPORTANCE

K/A NO. KNOWLEDGE RO SRO
K1 K nowledge of the physical connections and/or cause-

effect relationships between the PRTS and the following systems:

(CFR: 41.2t041.9/45.7t045.8)
K1.01 Containment SyStemM . .. ..ot 29 31
K1.02 WGBS ..t 23 24
K1.03 RS 30 32
K1.04 NITOgEN o 21 23
K1.05 Makeup/fill water ......... 21 22
K2 Knowledge of bus power suppliesto thefollowing:

(CFR: 41.7)

None
K3 Knowledge of the effect that aloss or malfunction of the PRT S will

have on the following:

(CFR: 41.7/ 45.6)
K3.01 CoNtaiNMENt .. ... e e 33 36
K4 Knowledge of PRT S design feature(s) and/or interlock(s)

which providefor thefollowing:

(CFR: 41.7)
K4.01 Quenchtank cooling . ...t 26 29
K4.02 Sourceof makeup/fill water .......... ... i i 22 23
K4.03 NItrOgEN COVEr GBS . ..ottt e 20 22
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SYSTEM:

K5

K5.01
K5.02
K5.03
K5.04
K5.05
K5.06

K6

K6.01
K6.02
K6.03
K6.04
K6.05

Al

A1.01

A1.02
A1.03

A2

A2.01
A2.02
A2.03
A2.04
A2.05
A2.06
A2.07

A3

A3.01

007 Pressurizer Relief Tank/Quench Tank System (PRTYS)

Knowledge of the operational implications of the following conceptsasthe
apply to PRTS:
(CFR: 41.5/45.7)

Principlesof steamquenching ............... ... ... ... . o oo 22 2.6

Method of forming asteam bubbleinthePZR ........................ 31 34

Characteristics of convection heat transfer ........................... 18 21

Properties of noncondensable gasesin contact withwater .............. 19 22

Characteristics of conduction heat transfer ........................... 18 21

Properties of condensable gasesin contact withwater ................. 19 22

Knowledge of the effect of aloss or malfunction on the following will have

on the PRTS:

(CFR: 41.7/45.7)

NV AVES 19 20

Sensors and detectors . ..ottt e 18 19

PUMPS . e 1.4* 1.7*

M OtOrS . 1.3* 1.6*

Breakers, relays, anddisconnects . .............o o o 16 18

ABILITY

Ability to predict and/or monitor changesin parameters (to prevent

exceeding design limits) associated with operating the PRTS

controlsincluding:

(CFR: 41.5/45.5)

Maintai ning quench tank water level within

IMItS 29 31

Maintaining quenchtank pressure . ... 2.7 29

Monitoring quench tank temperature ................ ... ... . oo 2.6 2.7

Ability to (a) predict theimpacts of the following malfunctions or operations

onthe P S; and (b) based on those predictions, use proceduresto correct,

control, or mitigate the consegquences of those malfunctionsor operations:

(CFR: 41.5/43.5/45.3/45.13)

Stuck-open PORV orcodesafety . ... 39 4.2

Abnormal pressureinthe PRT ... i 2.6 3.2

Overpressurizationof thePZR .......... ... ... i i i i, 3.6 39

Overpressurization of thewastegasventheader ....................... 25 29

Exceeding PRT high-pressurelimits ................................ 3.2 3.6

Bubbleformationin PZR . ......... .. 26 28

Recirculatingquenchtank .............. ... o i i i 2.3* 2.6*

Ability to monitor automatic operation of the PRTS, including:

(CFR: 41.7/45.5)

Componentswhich dischargetothe PRT ............... ... ... . ... 2.7* 29
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SYSTEM:

A4

| Ad01
A4.02
A4.03
A4.04
A4.05
A4.06
A4.07
A4.08
A4.09

A4.10

NUREG-1122, Rev. 2

007 Pressurizer Relief Tank/Quench Tank System (PRTYS)

Ability to manually operate and/or monitor
in the control room:
(CFR: 41.7/45.5t045.8)

PRT spray supply vave . ...
PRTdranVaVe .. ...
Nitrogenblockvalve ........... ... ... .
PZRvVENtVEVE ...

Converting inches (or feet) of tank level to gallons (or percent) .........
L ocation and interpretation of radioactivegasrecorder .................
Relationships between PZR level and changing levels of

thePRT andbleedholduptank ............ ... .. ... i ...
Recognition of leaking PORV/codesafety ...........................

3.5-4

2.7*
22
21
2.6*
2.4*
2.4*
16
2.2*

25
3.6

2.7*
2.2
1.9
2.6
2.2*
2.2*
1.8
2.3

2.7
3.8



022

TASK:

K/A NO.

K1

K1.01
K1.02
K1.03
K1.04

K2

K2.01
K2.02
K2.03

K3

K3.01

K3.02
K3.03

K4

K4.01
K4.02
K4.03
K4.04
K4.05
K4.06

Containment Cooling System (CCYS)

Perform lineups of the CCS

Fill and vent the CCS

Start the CCS

Monitor the CCS (air and water sides)

What if lower containment temperature cannot be controlled within

specified limits?
Shut down the CCS

IMPORTANCE
KNOWLEDGE RO SRO
K nowledge of the physical connections and/or cause-
effect relationships between the CCS and the following systems:
(CFR: 41.2t041.9/45.7t0 45.8)
SWS/CooliNg SyStem . ... 35 3.7
SEC/remote monitoring SyStems . ... 3.7? 35?
AUXITArY SEBAIM . . e 2.4* 2.3*
Chilledwater .. ... ... i e 2.9* 2.9*
Knowledge of power suppliesto thefollowing:
(CFR: 41.7)
Containmentcoolingfans .......... ..o i 3.0* 31
Chillers o 2.5* 2.4*
MOV S 2.3* 23
Knowledge of the effect that aloss or malfunction of the
CCswill haveon thefollowing:
(CFR: 41.7/ 45.6)
Containment equipment subject to damage by high or low
temperature, humidity, andpressure. ... 2.9* 3.2*
Containment instrumentationreadings .. .............ooiii i 3.0 3.3
Electrical insulation . ... 17 21
Knowledge of CCSdesign feature(s) and/or interlock(s)
which providefor thefollowing:
(CFR: 41.7)
Cooling of containment penetrations . ..., 2.5* 3.0*
Correlation of fan speed and flowpath changes with containment pressure . 3.1* 3.4*
Automatic containment isolation ............. ... oot 3.6* 4.0
Cooling of control roddrivemotors ..., 2.8 31
Containment cooling after LOCA destroysventilationducts ............ 2.6* 2.7
Containment pipechasecooling ...t 2.1* 2.4*
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SYSTEM: 022 Containment Cooling System (CCS)

K5 Knowledge of the operational implications of the following concepts

astheapply tothe CCS:

(CFR: 41.5/45.7)
K5.01 Gas laws (Boyles, Charles), to appreciate environmental conditions . . . ... 16 20
K6 Knowledge of the effect of aloss or malfunction of the following will have

on the CCS components:
(CFR: 41.7/45.7)

K6.01 NV AVES 19 21
K6.02 Sensors and detectors . ......ooii i e 21 21
K6.03 Controllersand positioners . . ... e 18 20
K6.04 PUMPS . 16 18
K6.05 M OtOrS . 17 19
K6.06 Breakers, relays, anddisconnects . ............o oo 17 19
K6.07 Computersandcalculators ... 18 19
K6.08 Heat exchangersandcondensers. ...t 19 20

ABILITY
Al Ability to predict and/or monitor changesin parameters (to prevent

exceeding design limits) associated with operating the CCS

controlsincluding:

(CFR: 415/ 45.5)

A1.01 Containment temperature . ...ttt e 3.6 3.7
A1.02 CONtai NMIENE PrESSUNE . .ttt t ettt et 3.6 3.8
A1.03 Containmenthumidity ............ i 31 34
A1.04 Coolingwater flow . ...t 3.2 3.3
A2 Ability to (a) predict theimpacts of the following malfunctions or operations

on the CCS; and (b) based on those predictions, use proceduresto correct,
control, or mitigate the consegquences of those malfunctionsor operations:
(CFR: 41.5/43.5/45.3/45.13)

A2.01 Fan motor oVer-current ... 25 2.7
A2.02 Fan motor vibration ........... . . 23 26
A2.03 Fan motor thermal overload/high-speed operation ..................... 2.6 3.0
A2.04 LOSSOf SEIVICEWELEY . ...\ttt e 2.9* 32
A2.05 Maorleak iNCCS ... ... 31 35
A2.06 LOSSOf CCSPUMD ..o 2.8* 3.2*
A3 Ability to monitor automatic operation of the CCS, including:

(CFR: 41.7/45.5)

A3.01 Initiation of safeguards mode of operation ..............ccvviiiiiiin. 4.1 4.3
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SYSTEM: 022 Containment Cooling System (CCS)

A4 Ability to manually operate and/or monitor in the control room:
(CFR: 41.7/45.5t045.8)

A4.01 Gl aNS L 3.6 3.6
A4.02 S PUMPS ottt ettt et e e e e 3.2* 3.1*
A4.03 Dampersinthe CCS ... 3.2* 3.2*
A4.04 VavesintheCCS . ... 3.1* 32
A4.05 Containment readings of temperature, pressure, and humidity system . . . .. 3.8 3.8
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SYSTEM:

TASK:

K/A NO.

K1

K1.01
K1.02
K1.03
K2

K2.01
K2.02
K2.03

K3

| K301

K4

K4.01
K4.02

K5

K501
K502
K5.03

K6

K6.01

025 I ce Condenser System

Monitor the ice condenser system

KNOWLEDGE

K nowledge of the physical connections and/or cause-
effect relationships between the ice condenser system
and thefollowing systems:

(CFR: 41.2t041.9/45.7t0 45.8)

Containment ventilation . ...
Refrigerant systems ...
Containment SUMP SYStBIM . . ..o v vt

Knowledge of bus power suppliesto thefollowing:
(CFR: 41.7)

Containment ventilation fansanddampers................. ... ..o oL
Refrigerant systems ...
[S0latioN VaAIVES . . ..

Knowledge of the effect that aloss or malfunction of theice con-
denser system will have on the following:
(CFR: 41.7/ 45.6)

CONtaINMENE . .ottt e

Knowledge of ice condenser system design feature(s) and/
or interlock(s) which providefor thefollowing:
(CFR: 41.7)

Glycol expansion tank levels and ice condenser system
containment isolationvalves ....... ...
SYStEM CONLIOl ..ot

Knowledge of operational implications of the following concepts asthey
apply totheice condenser system:
(CFR: 41.5/45.7)

Relationships between pressure and temperature ......................

Heat transfer .. ...

Knowledge of the effect of aloss or malfunction of the following will have
on the ice condenser system:
(CFR: 41.7/45.7)

Upper and lower doors of theicecondenser ..........................
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IMPORTANCE
RO SRO
2.7* 2.7*
2.7* 2.7*
3.2* 3.0*
2.2* 2.7*
2.0* 2.5*
2.0* 2.2*
3.8* 3.8*
2.2* 2.5*
2.8* 3.0*
3.0* 3.4*
2.6* 2.8*
2.4* 2.8*
3.4* 3.6*



SYSTEM:

Al

A1.01
A1.02
A1.03

A2

A2.01
A2.02
A2.03
A2.04
A2.05
A2.06

A3

A3.01
A3.02

A4

A4.01

A4.02
A4.03

025 Ice Condenser System
ABILITY

Ability to predict and/or monitor changesin parameters

associated with operating theice condenser system controlsincluding:

(CFR: 41.5/45.5)

Temperaturechartrecorders .. ...
Glycol expansiontank level ............ ... ... o i it
Glycol flow toice condenser air handlingunits ..................

Ability to (a) predict theimpacts of the following
malfunctionsor operationson theice condenser system;
correct, control, or mitigate the consequences of those
malfunctionsor operations:

(CFR: 41.5/43.5/45.3/45.13)

Trip of glycol circulaionpumps. . ...
High/low floor cooling temperature. .....................o. s
Opening of icecondenser doors . ...
Containment isolation ...........oo i
Abnormal glycol expansiontank level ....................... ...
Decreasing ice condenser temperature ...

Ability to monitor automatic operation of theice con-
denser system, including:
(CFR: 41.7/ 45.5)

Refrigerantsystem ... o i
ISOlatioNValVES . ...

Ability to manually operate and/or monitor in the control room:

(CFR: 41.7/45.5t045.8)
IcecondenserisolationVvalves. . ........oi i

Containmentventfans ...
Glycol circulation pumps ...

3.5-9

..... 3.0*
..... 2.5%
..... 2.5%

..... 2.2*
..... 2.7*
..... 3.0*
..... 3.0*
..... 2.5%
..... 2.5%

..... 3.0*
..... 3.4*

..... 3.0*
..... 2.7*
..... 2.2*

3.0*
2.2*
2.5*

2.7*
2.5%
3.2*
3.2*
2.7*
2.7*

3.0*
3.4*

2.7*
2.5%
2.2%
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026 Containment Spray System (CSS)

TASK: Perform lineup of the CSS
Monitor CSS
Fill the CSS
Perform the recircul ation spray systems valve test
Fill the containment spray chemical additive tank
Perform the recirculation spray subsystem pumps test
Recirculate a spray tank
Manually initiate containment spray
Perform the containment spray pump test
Perform postaccident recirculation
Secure containment spray

Isolate the CSS
Drainthe CSS
IMPORTANCE

K/A NO. KNOWLEDGE RO SRO
K1 K nowledge of the physical connections and/or cause-

effect relationships between the CSS and the following

systems:

(CFR: 41.2t041.9/45.7t045.8)
K1.01 BCCS . 4.2 4.2
K1.02 CoOliNg WY ..ot 4.1 4.1
K1.03 Waste water holdup tank (vent) . ... 2.1* 2.0*
K1.04 Fill/makeupwater .......... 2.2* 2.2*
K2 Knowledge of bus power suppliesto thefollowing:

(CFR: 41.7)
K2.01 ContainMment SPray PUMPS . .o v v v ettt 3.4* 3.6
K2.02 MOV S 2.7* 29
K3 Knowledge of the effect that aloss or malfunction of the CSSwill have on

thefollowing:

(CFR: 41.7/ 45.6)
K3.01 CCS o 39 4.1
K3.02 Recirculation spray System . ...t 4.2* 4.3
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SYSTEM:

K4

K4.01
K4.02

K4.03
K4.04

K4.05
K4.06
K4.07
K4.08

K4.09

K5

K5.01
K5.02
K5.03

K5.04

K6

K6.01
K6.02
K6.03
K6.04
K6.05

026 Containment Spray System (CSS)

Knowledge of CSSdesign featur e(s) and/or interlock(s)
which providefor thefollowing:

(CFR: 41.7)

Source of water for CSS, including recirculation phase after LOCA ... ... 4.2 4.3

Neutralized boric acid to reduce corrosion and remove inorganic fission

product iodine from steam (NAOH) in containment spray .............. 31 3.6

NOLUSEd ... N/A N/A

Reduction of temperature and pressure in containment

after aLOCA by condensing steam, to reduce radiological

hazard, and protect equipment from corrosion damage (spray) ........... 3.7 4.1

Prevention of material from clogging nozzles during recirculation . ... ... 2.8 3.3

lodinescavengingviathe CSS ... ... i 2.8 3.2*

Adeguate level in containment sump for suction (interlock) ............. 3.8* 4.1*

Automatic swapover to containment sump suction for

recirculation phase after LOCA (RWST low-low level dlarm) ........... 4.1* 4.3*

Prevention of path for escape of radioactivity from

containment to the outside (interlock on RWST isolation after swapover) . 3.7* 4.1*

Knowledge of operational implications of the following concepts asthey

apply tothe CSS:

(CFR: 41.5/45.7)

Water chemistry relationship to corrosion control .................... 22 2.9*

Principleof eductor flow ............ ... ... .. . 1.9* 2.2*

Stratification of liquids: concentrated NaOH solution has a higher specific

gravity than weak boric acid solution, so they must be vigorously mixed to

makean effectivespray ............ o 20 2.5*

Chemistry CONtrol . ... 20 2.7

Knowledge of the effect of aloss or malfunction of the following will have

on the CSS:

(CFR: 41.7/45.7)

NV AVES 20 21

PUMPS . 2.4* 2.4*

Sensors and detectors . ...t 2.2* 23

Controllersand positioners . . ...t 20 21

Heat exchangers . ... 21 2.2*
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SYSTEM:

Al

A1.01
A1.02
| AL03
A1.04
A1.05
A1.06

A2

A2.01

| A202
A2.03
A2.04
A2.05
A2.06

A2.07

A2.08
A2.09

A3

A3.01
A3.02

026 Containment Spray System (CSS)
ABILITY

Ability to predict and/or monitor changesin parameters
(to prevent exceeding design limits) associated with
operating the CSS controlsincluding:

(CFR: 41.5/45.5)

CONtai NMIENE PrESSUNE . .ttt t ettt
Containment temperature . ...ttt
Containmentsumplevel .......... .. o i
Containmenthumidity ........... . i
Chemical additive tank level and concentration. .......................
Containment spray pumpcooling ...

Ability to (a) predict theimpacts of the following
malfunctionsor operations on the CSS; and (b) based on
those predictions, use proceduresto correct, control,
or mitigate the consequences of those malfunctions or
operations:

(CFR: 41.5/43.5/45.3/45.13)

Reflux boiling pressure spike when first going on re-

CIFCULALION . . e
Failure of automatic recirculationtransfer ...........................
Faillureof ESF ... ...
Faillureof spray puMP . .. ..o
Failure of chemical additiontankstoinject...........................
Increase in spray flow following swapover, because of

higher pump SUCtION Pressure ... e e
L oss of containment spray pump suction when in recirculation mode,
possibly caused by clogged sump screen, pump inlet high temperature
exceeded cavitation, voiding), or sump level below cutoff (interlock) limit
Safe securing of containment spray whenitcanbedone) ...............
Radiation hazard potential of BWST ................... ...t

Ability to monitor automatic operation of the CSS, including:
(CFR: 41.7/ 45.5)

Pump starts and correct MOV positioning . ....................co. s
Verification that cooling water is supplied to the containment
spray heat exchanger ...
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3.9
3.6*
35
31
31
2.7

2.7
4.2*
41
39
3.7

22

3.6

3.2
2.5*

4.3

3.9*

4.2
3.9
35
3.3
34
3.0

30
4.4
4.4
4.2
41

2.6
3.9

3.7
2.9*

4.5

4.2*



SYSTEM: 026 Containment Spray System (CSS)

A4 Ability to manually operate and/or monitor in the control room:
(CFR: 41.7/45.5t045.8)

A4.01 CSSCONIOIS . . vttt e 45 4.3
A4.02 The remote location and use of spool pieces and other

equipment to set up portable recirculation pump for

additive tank, includingpower supply . ... i 2.3* 2.6*
A4.03 The remote location and use of the special tank needed

fordraining CSS . ... oo 2.2* 2.5*
A4.04 The remote sampling of the NaOH tank and RWST/BWST for

chemical analysis ... 2.2* 2.6*
A4.05 Containment spray reset switches. . ...t 35 35
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027 Containment | odine Removal System (CIRYS)
TASK: Operate the containment iodine removal units
Monitor the containment iodine removal units
IMPORTANCE
K/A NO. KNOWLEDGE RO SRO
K1 K nowledge of the physical connections and/or cause-
effect relationships between the CIRS and the following
systems:
(CFR: 41.2t041.9/45.7t0 45.8)
K1.01 B i 3.4* 3.7*
K2 Knowledge of bus power suppliesto thefollowing:
(CFR: 41.7)
K2.01 FaNS . 3.1* 3.4*
K3 Knowledge of the effect that aloss or malfunction of the CIRS will
have on the following:
(CFR: 41.7/ 45.6)
| None
K4 Knowledge of CIRS design feature(s) and/or interlock(s)
which providefor the following:
(CFR: 41.7)
| None
K5 Knowledge of the oper ational implications of the following concepts asthey
apply tothe CIRS:
(CFR: 41.7/45.7)
K5.01 Purpose of charcoal filters ............. ... ... ... o 3.1* 3.4*
K6 Knowledge of the effect of aloss or malfunction on the following
will have on the CIRS:
(CFR: 41.7/45.7)
| None
ABILITY
Al Ability to predict and/or monitor changesin parameters
(to prevent exceeding design limits) associated with
operating the CIRS controlsincluding:
(CFR: 41.5/45.5)
| None
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SYSTEM:

A2

A2.01

A3

A4

A4.01
A4.02
A4.03
A4.04

027 Containment | odine Removal System (CIRS)

Ability to (a) predict theimpacts of the following malfunctions or
operationson the CIRS; and (b) based on those predictions,

use Proceduresto correct, control, or mitigate the consequences
of those malfunctions or operations:

(CFR: 41.5/43.5/45.3/45.13)

Hightemperatureinthefiltersystem................................ 3.0* 3.3*

Ability to monitor automatic operation of the CIRS, including:
(CFR: 41.7/ 45.5)

None

Ability to manually operate and/or monitor in the control room:
(CFR: 41.7/45.5t045.8)

CIRS CONIOIS . . v ettt i 3.3* 3.3*
Remote operation and handling of iodinefilters....................... 2.8* 3.0*
CIRS NS . . ot 3.3* 3.2*
Filter temperature . .. ... 2.8* 2.9*
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028 Hydrogen Recombiner and Purge Control System (HRPS)

TASK: Perform lineups of the HRPS
Perform hydrogen recombiner test
Start up the hydrogen recombiners
Start up the hydrogen purge system

Monitor the HRPS

Shut down the hydrogen purge system

Operate the hydrogen anayzer

IMPORTANCE

K/A NO. KNOWLEDGE RO SRO
K1 K nowledge of the physical connections and/or cause-

effect relationships between the HRPS and the following systems:

(CFR: 41.2t041.9/45.7t045.8)
K1.01 Containment annulus ventilation system (including pressure limits) ... ... 2.5* 25
K1.02 AT SUPPIY SYSIOIM L e 2.0* 2.2*
K2 Knowledge of bus power suppliesto thefollowing:

(CFR: 41.7)
K2.01 Hydrogenrecombiners ............ .. i i 2.5* 2.8*
K3 Knowledge of the effect that aloss or malfunction of the HRPS will

have on the following:

(CFR: 41.7/ 45.6)
K3.01 Hydrogen concentrationincontainment ............................. 3.3 4.0
K4 Knowledge of HRPS design feature(s) and/or interlock(s)

which providefor thefollowing:

(CFR: 41.7)

| None

K5 Knowledge of the operational implications of the following concepts

asthey apply tothe HRPS:

(CFR: 41.5/45.7)
K5.01 Explosive hydrogen concentration ..................cccoiii . 34 39
K5.02 Flammable hydrogen concentration .....................ccivio.., 34 39
K5.03 Sources of hydrogen withincontainment ............................. 29 3.6*
K5.04 Theselectiveremoval of hydrogen. ...t 26? 327
K6 Knowledge of the effect of aloss or malfunction on the following will have

on theHRPS:

(CFR: 41.7/45.7)
K6.01 Hydrogenrecombiners ............ ... i i 2.6 31
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SYSTEM: 028 Hydrogen Recombiner and Purge Control System (HRPS)

IMPORTANCE

K/A NO. ABILITY RO SRO
Al Ability to predict and/or monitor changesin parameter

(to prevent exceeding design limits) associated with

operating the HRPS controlsincluding:

(CFR: 41.5/45.5)
A1.01 Hydrogen concentration ..............cc i 34 3.8
A1.02 CONtai NMENE PrESSUNE . oo vttt 3.4* 3.7*
A2 Malfunctions or operationson the HRPS; and (b) based

on those predictions, use proceduresto correct, control

or mitigate the consequences of those malfunctions or

operations:

(CFR: 41.5/43.5/45.3/45.13)
A2.01 Hydrogen recombiner power setting, determined by

usingplantdatabook ............ ... 3.4* 3.6*
A2.02 LOCA condition and related concern over hydrogen ................... 35 39
A2.03 The hydrogen air concentration in excess of limit flame

propagation or detonation with resulting equipment dam-

ageiNCONtANMENt ... o 34 4.0
A3 Ability to monitor automatic operation of the HRPS, including:

None
A4 Ability to manually operate and/or monitor in the control room:

(CFR: 41.7/45.5t045.8)
A4.01 HRPS CONIOlS ... e 4.0* 4.0*
A4.02 L ocation and interpretation of containment pressureindications ......... 3.7* 39
A4.03 L ocation and operation of hydrogen sampling and analysis of

containment atmosphere, including darmsand indications .............. 31 3.3
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103 Containment System

TASK: Perform cycling of manual containment isolation value surveillance
Perform containment integrity verification
Perform containment isolation valve test
Perform containment leak test
Perform trip valve timing checks and leak detection to verify
Isolation valveintegrity

IMPORTANCE

K/A NO. KNOWLEDGE RO SRO
K1 K nowledge of the physical connections and/or cause-

effect relationships between the containment system and

thefollowing systems:

(CFR: 41.2t041.9/45.7t0 45.8)
K1.01 0 3.6 3.9
K1.02 Containment isolation/containment integrity ......................... 3.9 4.1*
K1.03 Shiddbuildingventsystem ... i 3.1* 3.5*
K1.04 Electrical penetrations . ... 2.3 2.7
K1.05 Personnel access hatch and emergency accesshatch ................... 2.8* 3.0*
K1.06 Subsurfacedrain SyStem ... 2.4* 2.7*
K1.07 Containment VaCuumM System . ... ..ottt 3.5* 3.7*
K1.08 SIS, including action of safety injectionreset ......................... 3.6 3.8
K2 Knowledge of bus power suppliesto thefollowing:

(CFR: 41.7)
K3 K nowledge of the effect that alossor malfunction of the containment

system will have on the following:

(CFR: 41.7/ 45.6)
K3.01 L oss of containment integrity under shutdown conditions............... 3.3* 3.7*
K3.02 L oss of containment integrity under normal operations................. 3.8 4.2
K3.03 Loss of containment integrity under refueling operations. .............. 3.7 4.1
K4 K nowledge of containment system design featur e(s) and/or

interlock(s) which providefor the following:

(CFR: 41.7)
K4.01 Vacuum breaker protection .. ... 3.0* 3.7*
K4.02 Containment penetration cooling ... 21 2.6
K4.03 Prevention of radiation streaming . ............... ... ..o oo oo 21 2.6*
K4.04 Personnel access hatch and emergency accesshatch ................... 25 3.2
K4.05 Containment CONSLIUCHION . ... ..o i e 1.9 22
K4.06 Containmentisolationsystem........... ... i i 3.1 3.7
K5 Knowledge of operational implications of the following concepts asthey

apply to the Containment System:
(CFR: 41.5/45.7)

| None

NUREG-1122, Rev. 2 3.5-18 |



SYSTEM:

K6

K6.01
K6.02
K6.03
K6.04
K6.05
K6.06

Al

A1.01

A2

A2.01
A2.02
A203
A204
A2.05

A3

A3.01

A4

A4.01

A4.02
A4.03
A404

103 Containment System

Knowledge of the effect of aloss or malfunction on the following will have

on the containment system:
(CFR: 41.7/45.7)

NV AVES 2.1*
Controllersand positioners . . ... 19
PUMPS . e 15
Heat exchangersandcondensers. ... 15
Breakers, relays, anddisconnects . .............o oo e 15
Sensors and detectors . ......ouii i e 1.9
ABILITY

Ability to predict and/or monitor changesin parameters

(to prevent exceeding design limits) associated with

oper ating the containment system controlsincluding:

(CFR: 41.5/45.5)

Containment pressure, temperature, and humidity ..................... 3.7
Ability to (a) predict theimpacts of the following

malfunctions or operations on the containment system-

and (b) based on those predictions, use proceduresto

correct, control, or mitigate the consequences of those

malfunctionsor operations

(CFR: 41.5/43.5/45.3/45.13)

Integrated leak ratetest ... ... 2.0*
Necessary plant conditionsfor work in containment ................... 2.2
Phase A and B isolation .. ....... ..ot 3.5*
Containment evacuation (including recognition of thealarm) ............ 3.5*
Emergency containment entry . ............c i 2.9
Ability to monitor automatic operation of the contain-

ment system, including:

(CFR: 41.7/45.5)

Containment iSolation . .........oiiuui i e 3.9
Ability to manually operate and/or monitor in the control room:

(CFR: 41.7/45.5t045.8)

Flow control, pressure control, and temperature control

valves, including pneumatic valvecontroller ..., 3.2*
Excess |etdown divert valves to reactor coolant draintank .............. 2.1*
ESFdaverdays ... 2.7*
Phase Aandphase Bresats ... 3.5*

3.5-19

23
2.1*
16
17
17
21

4.1

2.6*
3.2*
3.8*
3.6*
3.9

4.2

3.3

2.2*
2.7*
3.5*
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SYSTEM: 103 Containment System

A405 PDPspeedcontroller..............o
A4.06 Operation of the containment personnel airlock door ..................
A4.07 Useof theair lock ratetestpanel ................... ...,
A4.08 Operation of refueling drain valves (for draining re-

fueling canal to lower containmentsump) ...

A4.09 Containment vacuum system

NUREG-1122, Rev. 2

3.5-20

2.4*
2.7*
2.4*

19
3.1*

2.2*
2.9*
2.5*

2.2
3.7*



Safety Function 6:

Electrical page
062 A.C. Electrical Distribution 3.6-2
063 D.C. Electrica Distribution 3.6-6
064 Emergency Diesel Generators 3.6-8
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062

TASK:

K/A NO.

K1

K1.01
K1.02
K1.03
K1.04

K2

K2.01

K3

A.C. Electrical Distribution

Line up the ac electrical distribution system

Circuit breaker tests

Operate a static inverter

Equipment/bus testing for faults

Monitor the ac electrical distribution system

De-energize amotor control center (MCC) bus

Perform transfer of power supply to 4kV unit service buses
Restore amotor control center (MCC) busto service
Perform ac breaker lineup

De-energize an engineering safeguards (4160V vital) bus
Station blackout

Restore an engineering safeguards busto service

Perform operation of circuit breakers and generator motor-operated
disconnects

Backfeed unit auxiliary transformer from main transmission
switchboard (main T/G links removed)

Rack out a480V/600V bus load breaker

Rack in a480V/600V busload bresker

Rack out an auxiliary bus breaker

Rack in an auxiliary bus breaker (4160V/6900V)

Transfer avital (120V) instrument power supply

What if normal supply breaker failed to open?

Perform ground isolation

What if normal feedbreaker to the unit board does not close?
I solate the power control breakers (PCBs)

What if the D/G does not start satisfactorily?

IMPORTANCE
KNOWLEDGE RO SRO
K nowledge of the physical connections and/or cause-
effect relationships between the ac distribution sys-
tem and thefollowing systems:
(CFR: 41.2t041.9)
CO2dEUgE .. oo 24 2.1*
ED G o 4.1 4.4
DCAistribution .. ... 35 4.0
Off-SIte POWEr SOUICES ...t v vttt e 3.7 4.2
Knowledge of bus power suppliesto thefollowing:
(CFR: 41.7)
Major systemloads ... 3.3 34

Knowledge of the effect that aloss or malfunction of the ac distribution
system will have on the following:
(CFR: 41.7/ 45.6)
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SYSTEM:
K3.01
K3.02
K3.03

K4

K4.01
K4.02
K4.03
K4.04
K4.05
K4.06
K4.07
K4.08
K4.09
K4.10

K5

K5.01
K502
K503
K5.04

K6

K6.01
K6.02

Al

A1.01
A1.02

062 AC Electrical Distribution System

Major systemloads ... 35 39

ED G 4.1 44

L@ = o o 3.7 39

Knowledge of ac distribution system design feature(s)

and/or interlock(s) which providefor thefollowing:

(CFR: 41.7)

BUSIOCKOULS . ..o oo 2.6 32

Circuit breaker automatictrips . ... 25 2.7

Interlocks between automatic bus transfer and breakers ................ 2.8* 31

Protectiverelaying ... i 2.2 29

Paralleling of ac sources (synchroscope) ... 2.7* 3.2

One-line diagram of 6.9kV distribution, including

sources of normal and alternativepower ............. ... o i 2.9* 3.3*

One-line diagram of 4kV to 480V distribution, including

sources of normal and alternativepower ............. ... o i 2.7 31

One-line diagram of 230kV system, including sources of

normal and alternative power . ... 2.3* 2.9*

One-line diagram of 120V distribution, including sources

of normal and dternativepower ........... .. i 2.4* 2.9*

Uninterruptable ac power SOUICES . .....ovvvvv e 31 35

Knowledge of the operational implications of the following concepts asthey

apply tothe ac distribution system:

(CFR: 41.5/45.7)

Basic transformer theory (tap setting) ............... ... ..ot 16 19

Definitionof opencircuit ............ ... o 16 20

Principlesinvolved with paralleling between two ac sources ............ 24 2.6

General principles of operation of astaticinverter .................... 19 25

Knowledge of the effect of alossor malfunction of the following

will have on the ac distribution system:

(CFR: 41.7/45.7)

M OtOrS . 17 18

Breakers, relays, and disconnects . .............o oo e 19 22

ABILITY

Ability to predict and/or monitor changesin parameters (to prevent

exceeding design limits) associated with operating the ac distribution

system controlsincluding:

(CFR: 41.5/45.5)

Significanceof D/Gload limits ........... ... ..o .. 34 3.8

Relationship between load and generator voltage ...................... 2.2 2.6
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SYSTEM:

A1.03

A1.04
A1.05
A1.06
A1.07

A2

A2.01

A2.02
A2.03

A2.04
A2.05
A2.06
A2.07
A2.08
A2.09
A2.10
A2.11
A2.12
A2.13

A2.14

| A215
A2.16

A3

A3.01
| A302
| A303
A3.04
A3.05

062 AC Electrical Distribution System

Effect on instrumentation and controls of switching

POWEr SUPPIIES oot 25
Effectsonloadsof energizingabus ..................... ... ... ... 24
BUSVOItagES ... o 2.3
LOBO CUITENES ..ot 22
INVErter QUIPULS . . . . ..o e 24

Ability to (a) predict theimpacts of the following malfunctions or operations
on the ac distribution system; and (b) based on those predictions, use
proceduresto correct, control, or mitigate the consequences of those
malfunctionsor operations:

(CFR: 41.5/43.5/45.3/45.13)

Types of loads that, if de-energized, would degrade or hinder

plant operation ... ... 34
Causesand significanceof grounds ........... ... ... oo i 22
Consequences of improper sequencing when transferring to

OF frOM an INVEITEr . ... o e i 29
Effect on plant of de-energizingabus ....................... ... ..., 31
Methodsfor energizingadeadbus .................. ... ... ..ol 29
Keeping the safeguards buses electrically separate .................... 3.4*
Consequences of opening adisconnectunder load . .................... 3.0*
Consequences of exceeding voltagelimitations ....................... 2.7
Consequences of exceeding current limitations ....................... 2.7
Effects of switching power supplies on instrumentsand controls ........ 3.0
Aligning standby equipment with correct emergency power source (D/G) . 3.7
Restoration of power to asystemwithafaultonit..................... 3.2
Identification and ranking of the most probable cause of

grounds, referring to electrical distributiondiagrams .................. 2.2*
Performance of ground isolation procedures: determina-

tion of their effect oninterfacesystems ............................. 2.3*
Consequence of paralleling out-of-phase/mismatchinvolts ............. 2.8
Degraded systemvoltages ... i 25

Ability to monitor automatic oper ation of the ac distribution system,
including:
(CFR: 41.7/ 45.5)

Vital @aChUSaMPEIagE . . e 3.0
Main T/G exciter current indicator .. ... ... 2.4*
Adeqguate transformer/inverter operation .......... ..o 2.3*
Operation of inverter (e.g., precharging synchronizing light, static transfer) 2.7
Safety-related indicatorsand controls ............ ..o oL 35
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2.8
2.7
24
23
2.6

3.9
2.6

34
3.4*
3.3*
3.9
3.4*
3.0*
3.0*
3.3
4.1
3.6

2.6*

2.9*
3.2
29

31
2.2*
23
29
3.6



SYSTEM:
A4

A4.01
A4.02
A4.03
A4.04
A4.05
A4.06

A4.07

062 AC Electrical Distribution System

Ability to manually operate and/or monitor in the control room:

(CFR: 41.7/45.5/t0 45.8)

All breakers (including available switchyard) ....................
Remoterackinginandout of breakers..........................
Synchroscope, including an understanding of running and
incomingvoltages. ...
Local operationof breakers ............... ... .. oo
Remote preparation of breakersfortesting......................
Remote removal and re-installation of control power

fUSES . .t
Synchronizing and paralleling of different ac supplies.............

3.6-5

..... 3.3 31
..... 25 2.8
..... 2.8 29
..... 2.6 2.7
..... 21 22
..... 23 25
..... 3.1* 3.1*
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063 D.C. Electrical Distribution

TASK: Start up and shift avital battery charger
Monitor the dc electrical distribution system
Monitor the dc electrical system for grounds
Energize dc switchboards
De-energize dc switchboards
Energize dc equipment
De-energize dc equipment

Secure a battery charger
IMPORTANCE

K/ANO. KNOWLEDGE RO SRO
K1 K nowledge of the physical connections and/or cause-

effect relationships between the DC electrical system

and thefollowing systems:

(CFR: 41.2t041.9/45.7t0 45.8)
K1.01 Ground detection system .. ... 24 29
K1.02 ACelectrical system ... ... e 2.7 3.2
K1.03 Battery chargerand battery ............. ... .o 29 35
K1.04 Battery ventilationsystem ............. o o 22 2.7
K2 Knowledge of bus power suppliesto thefollowing:

(CFR: 41.7)
K2.01 Maor DCloads ..ot 2.9* 3.1*
K2.02 Battery roomventilation ............ ... . 20 22
K3 Knowledge of the effect that aloss or malfunction of the DC electrical

system will have on the following:

(CFR: 41.7/ 45.6)
K3.01 ED G o 3.7* 4.1
K3.02 Componentsusing DC control power ..., 35 3.7
K4 Knowledge of DC electrical system design feature(s) and/

or interlock(s) which providefor thefollowing:

(CFR: 41.7)
K4.01 Manual/automatic transfersof control ............. ... ..o, 2.7 3.0*
K4.02 Breaker interlocks, permissives, bypasses and cross-ties. ............... 2.9* 3.2*
K4.03 Effect of jumperingoutcells .............. ... ... 21 24
K4.04 TS o o et 26? 29?
K5 Knowledge of the operational implications of the following conceptsasthe

apply tothe DC electrical system:

(CFR: 41.5/45.7)
K5.01 Knowledge of basic DC electrical theory ............................ 19 21
K5.02 Hydrogen generation during battery charging ......................... 22 2.6*
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SYSTEM: 063 DC Electrical Distribution System

K6 Knowledge of the effect of aloss or malfunction on the following will
have on the DC electrical system:
(CFR: 41.7/45.7)

K6.01 M OtOrS . 18 17

K6.02 Breakers, relaysand disconnects ............. .. o o oo 19 21

K6.03 TeStINSITUMENES . . ..o 15 15
ABILITY

Al Ability to predict and/or monitor changesin parameters

associated with operating the DC electrical system controlsincluding:
(CFR: 41.5/45.5)

A1.01 Battery capacity asit isaffected by dischargerate ..................... 25 3.3
A1.02 Battery capacity, givenICV values ................ ... 22 2.7*
A2 Ability to (a) predict theimpacts of the following malfunctions or

operationson the DC electrical systems; and (b) based on those
predictions, use proceduresto correct, control, or mitigatethe
consequences of those malfunctionsor operations:

(CFR: 41.5/43.5/45.3/45.13)

A2.01 GIOUNGS . . . o ettt e e e e e e e e 25 3.2*
A2.02 Loss of ventilation during battery charging ........................... 2.3 31
A3 Ability to monitor automatic operation of the DC electrical system,

including:

(CFR: 41.7/ 45.5)
A3.01 Meters, annunciators, dias, recorders, and indicating lights ............. 2.7 31

A4 Ability to manually operate and/or monitor in the control room:
(CFR: 41.7/45.5t045.8)

A4.01 Major breakersand control powerfuses .................... ... ... 2.8* 31
A4.02 Battery voltageindicator ............... .. i i 2.8* 29
A4.03 Battery dischargerate ............. ... 3.0* 31
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064 Emergency Diesel Generators (ED/G)

TASK: Perform alineup of the ED/G system
Start an ED/G
Load the ED/G
Perform ED/G load tests
Monitor the ED/G
Perform ED/G inoperative test (loss of reserve power)
Unload the ED/G
Shut down the ED/G
Operate the diesel-starting air compressor
Restart an ED/G with an automatic start signal present
What if emergency loads are not shed when time sequence starts
during emergency diesel inoperative test?
What if ED/G breaker closed at other than 12:00 position on
synchroscope?
What if ED/G load is not reduced?

IMPORTANCE

K/A NO. KNOWLEDGE RO SRO
K1 K nowledge of the physical connections and/or cause-

effect relationships between the ED/G system and

thefollowing systems:

(CFR: 41.2t041.9/45.7t0 45.8)
K1.01 AC distribution system . ... e 4.1 4.4
K1.02 D/Gcoolingwater System . ...t 31 3.6*
K1.03 Diesel fuel il supply system ............ ... oo i i i 3.6 4.0
K1.04 DCdistributionsystem ............c i 3.6 39
K1.05 Starting alr SyStem . ... 34 39
K2 Knowledge of bus power suppliesto thefollowing:

(CFR: 41.7)
K2.01 AT COMIPIESSON & v\ vttt 2.7* 31
K2.02 Fuel oil pUMPS ..o 2.8* 31
K2.03 CONtrOl POWES . .ot 3.2* 3.6
K3 K nowledge of the effect that aloss or malfunction of the ED/G

system will have on the following:

(CFR: 41.7/ 45.6)
K3.01 Systems controlled by automaticloader ............................. 3.8* 4.1
K3.02 ESFAS controlled or actuated systems ............... ..o 4.2 4.4
K3.03 ED/G(manual loads) ... 3.6 3.9*
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SYSTEM:

K4

K4.01
K4.02
K4.03
K4.04
K4.05
K4.06
K4.07
K4.08
K4.09
K4.10
K4.11

K5

K5.01
K5.02
K5.03

K6

K6.01
K6.02
K6.03
K6.04
K6.05
K6.06
K6.07
K6.08

Al

A1.01
A1.02
A1.03
A1.04
A1.05
A1.06
A1.07
A1.08

064 Emergency Diesel Generator (ED/G) System

Knowledge of ED/G system design feature(s) and/or inter-
lock(s) which providefor the following:
(CFR: 41.7)

Tripswhile loading the ED/G (frequency, voltage, speed) ........
Tripsfor ED/G while operating (normal or emergency) .........
Governor valve operation. .. ...t
Overloadratings ...t e
Incomplete-startrelay ...
Speeddroop control ...
Fieldflashing ...
ED/Gfuel isolationvalves. ...
FeldonED/G ... ..o
Automatic load sequencer: blackout .. ...,
Automatic load sequencer: safeguards .. ...

Knowledge of the operational implications of the following
conceptsas applied to the ED/G system:
(CFR: 41.5/45.7)

Definition of frequency and synchronousfrequency ............
Reactive power control (usingsetvoltage) ....................
Real power control (using set frequency) .....................

K nowledge of the effect of alossor malfunction of the
following will have on the ED/G system:
(CFR: 41.7/45.7)

VAVES o

Breakers, relays, and disconnects . ................ ..o o
AT TECEIVEIS . oo i
Fuel ol storagetanks ..............co i i

ABILITY

Ability to predict and/or monitor changesin parameters
(to prevent exceeding design limits) associated with
operating the ED/G system controlsincluding:

(CFR: 41.5/45.5)

ED/G lube oil temperatureand pressure ......................
Fuel consumptionratewithload .............................
Operating voltages, currents, and temperatures.. . ...............
Crankcasetemperature and pressure . ....ovvvvvviennnnnnn..
ED/Groomtemperature ...t
Cylinder temperature differential ............................

Deleted
Maintaining minimum load on ED/G (to prevent reverse power)

3.6-9

....... 3.8
....... 3.9
....... 25
....... 31
....... 2.8
....... 22
....... 22
....... 2.9*
....... 24
....... 35
....... 35

....... 20
....... 19
....... 19

....... 2.4*
....... 2.4*
....... 2.2
....... 21
....... 2.3*
....... 2.7
....... 3.2

....... 3.0
....... 25
....... 3.2
....... 2.8
....... 25
....... 23

....... 31

4.1
4.2
3.0
3.7
3.2
2.7
2.8
35
3.0
4.0
4.0

22
2.4*
2.4*

2.4*
2.4*
2.4*
2.3
21
2.5*
29
3.3

31
2.8
3.3
29
25
25

34
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SYSTEM:

A2

A2.01
A2.02

A2.03
A2.04
| A205
A2.06
A2.07
A2.08

A2.09
A2.10
A2.11

| A212

| A213
A2.14
A2.15
A2.16
A2.17
A2.18
A2.19
A2.20
A221
A2.22

A3

A3.01
A3.02
A3.03
A3.04
A3.05

064 Emergency Diesel Generator (ED/G) System

Ability to (a) predict theimpacts of the following malfunctions or
operationson the ED/G system; and (b) based on those predictions,
use proceduresto correct, control, or mitigate the consequences of
those malfunctions or operations:

(CFR: 41.5/43.5/45.3/45.13)

Failure modes of water, oil, andairvalves ............. ...t

Load, VARS, pressure on air compressor, speed droop,

frequency, voltage, fuel oil level, temperatures .......................
Parallel operation of ED/GS ...
Unloading prior tosecuringanED/IG .................. ...t
LoadingtheED/G . ... ...
Operating unloaded, lightly loaded, and highly loaded timelimit .........
Consequences of operating under/over-excited .......................

Consequences of opening/closing breaker between buses

(VARS, out-of-phase, voltage) ...
Synchronization of the ED/G with other electric power supplies .........
Unloading (reduction of generated power) in steps over aperiod of time . .
Conditions (minimum load) required for unloadingan ED/G ............
Lossof air-coolingfans............ ..o i
Consequences of opening auxiliary feeder bus (ED/G sub supply) ........
Effects (verification) of stopping ED/G under load onisolated bus .. .....
Water buildupincylinders. . ...
Loss of offsite power during full-load testingof ED/G .................
Consequences of not shedding loads during nonoperability test ..........
Consequences of premature opening of breaker underload .............
Consequences of highVARSonED/Gintegrity ...............ccoo.t.
Identification and analysis of loads not shed duringtest ................
Significance and interpretation of opening of ring busduringtest ........

Potential automatic safety sequences (water/CO2)and

electrical damage (100SeWIres) ...

Ability to monitor automatic oper ation of the ED/G system, including:

(CFR: 41.7/45.5)

Automatic start of compressor andED/G ...
Minimumtimeforloadpickup ............ ... ..o o i
Indicating lights, meters, and recorders . ...
Number of starts available with an air compressor .....................

Operation of the governor control of frequency and

voltage control in parallel operation. . ...
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3.1*

2.7
31
2.7
31
29
25

2.7
31
24
2.6
2.8*
2.6*
2.7
2.6
3.3
2.3*
2.6*
25
2.4*
2.6*

24

4.1
34
34
31

2.8

3.3

29
31
3.0
3.2*
3.3
2.7

31
3.3
29
29
3.1*
2.8*
29
31
3.7
2.6*
2.7
2.7
2.7*
2.9*

2.8*

4.0
3.7
3.3
35

29



SYSTEM:

A3.06
A3.07
A3.08

A3.09
A3.10
A311
A3.12
A3.13

A4

A401
A402
A4.03
A4.04
A4.05
A4.06
A4.07
A4.08
A4.09
A4.10
A4.11
A4.12

064 Emergency Diesel Generator (ED/G) System

Start and StOP . . ..o 3.3 34
Load SEQUENCING . .o oo v vttt 3.6* 3.7*
Consequences of automatic transfer to automatic position after
the ED/Gisstopped ... 37?7 40
Functions (modes) of automatic transfer switch (to astartup bank) ....... 4.0* 4.0
Function of ED/G megawatt load controller .......................... 2.8 2.8*
Need for setting offsite power breaker to automatic ................... 3.1* 2.9*
Purpose of automaticload sequencer ................coi i 3.3* 35
Rpm controller/megawatt |oad control (breaker-open/
breaker-closed effects) ............ ... o i 3.0* 29
Ability to manually operate and/or monitor in the control room:
(CFR: 41.7/45.5t045.8)
Local and remote operation of theED/G............................. 4.0 4.3
Adjustment of exciter voltage (using voltage control switch) ............ 3.3 34
SYNCNIOSCOPE ot v vttt 3.2 3.3
Remote operation of the air compressor switch (different modes) ....... 3.2* 3.2
Transfer of ED/G control between manual and automatic ............... 31 32
Manua start, loading, and stopping of theED/G ....................... 3.9 39
Transfer ED/G (withload) togrid............. ...t 34 34
Openingof theringbus .......... ... o i i i 3.2* 3.2*
Establishing power from thering bus (torelieve ED/G) ................ 3.2* 3.3*
Need for, and consequences of, manually shedding (loads) safeguards bus . 3.3 34
The setting of droop voltagetozero . ...t 2.2 24
SYNCNIOSCOPE . o v vttt 2.7* 2.6
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012 Reactor Protection System

TASK: Place an RPS channel in the tripped condition
Bypass atrip condition on areactor protection panel
Monitor the RPS
IMPORTANCE
K/A NO. KNOWLEDGE RO SRO
K1 K nowledge of the physical connections and/or cause
effect relationships between the RPS and the following
systems:
(CFR: 41.2t041.9/45.7t0 45.8)
K1.01 120V vitd/instrument power system .......... . oo o 34 3.7
K1.02 125V dC Sy SO oo 34 3.7
K1.03 CRD S .. 3.7 38
K1.04 RPIS . 3.2* 3.3*
K1.05 B AS 3.8* 39
K1.06 TG e e 3.1* 31
| K107 DS 3.2*3.2*
K1.08 MWV 2.9* 31
K2 Knowledge of bus power suppliesto thefollowing:
(CFR: 41.7)
K2.01 RPS channels, components, and interconnections ..................... 3.3 3.7
K3 Knowledge of the effect that alossor malfunction of the RPS
will have on the following:
(CFR: 41.7/ 45.6)
K3.01 CRD S .. 39 4.0
| K3.02 TG e e 3.2* 33
| K3.03 DS 3.1* 33
K3.04 B AS 3.8* 4.1*
K4 Knowledge of RPS design featur e(s) and/or interlock(s)
which providefor thefollowing:
(CFR: 41.7)
K4.01 Triplogicwhenonechannel OOCorintest ....................coo... 3.7 4.0
K4.02 Automatic reactor trip when RPS setpoints are exceeded
for each RPSfunction; basisforeach ................. ... ... .. 39 4.3
K4.03 Function generator processing and combining of detector
| SIgNAlSINRPSChannElS .. ...veii e 23 2.7%
K4.04 RedUNDaNCY . ... 31 3.3
| K405 SPUriOUS P Protection . .. ...t 2.7 29
K4 06 Automatic or manual enable/disable of RPStrips...........coovvvvnn. 3.2 35
| Ka.07 First-out indication . . ........ .ot 3.0 3.2
| K4.08 LOGIC MatriX tESHING . ..\ oe ettt et et e e 2.8% 3.3
K4.09 Separation of control and protectioncircuits ......................... 2.8 31
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SYSTEM: 012 Reactor Protection System (RPS)

K5 Knowledge of the operational implications of the following
conceptsasthe apply to the RPS:
(CFR: 41.5/45.7)

K5.01 DN B ..t 3.3* 38
K5.02 Power density ... 3.1* 3.3*
K6 K nowledge of the effect of alossor malfunction of the

following will haveon the RPS:
(CFR: 41.7/45/7)

K6.01 Bistables and bistabletest equipment .................. ... ... ... 2.8 3.3
K6.02 Redundant channels ........... .o 29 31
K6.03 THPIOQICCITCUITS . . oo e 31 35
K6.04 Bypass-block circuits. .............oo 3.3 3.6
K6.05 TESLCITCUITS . 24 28
K6.06 Sensors and detectors . ..ottt e 2.7* 28
K6.07 Coreprotection calculator ...........c.co i 2.9* 3.2*
K6.08 COL S . et 3.6* 3.7*
K6.09 L 3.6* 3.7*
K6.10 PermiSSIVE CIrCUITS . . . ..t 33 35
K6.11 Tripsetpoint calculators . ... 2.9* 29
ABILITY
Al Ability to predict and/or monitor Changesin parameters

(to prevent exceeding design limits) associated with
oper ating the RPS controlsincluding:
(CFR: 41.5/45.5)

A1.01 Tripsetpointadjustment ... i 2.9* 3.4*

A2 Ability to (a) predict theimpacts of the following
malfunctionsor operations on the RPS; and (b) based
on those predictions, use proceduresto correct, control,
or mitigate the consequences of those malfunctions or
operations:
(CFR: 41.5/43.5/45.3/45.5)

A2.01 Faulty bistableoperation ...............cc i i i 31 3.6
A2.02 Lossof instrument power ...t 3.6 39
A2.03 Incorrect channel bypassing . ... 34 3.7
A2.04 Erratic power supply operation . ............ ... oo o 31 3.2
A2.05 Faulty or erratic operation of detectors and function generators ......... 3.1* 3.2*
A2.06 Failureof RPSsignal totripthereactor ............................. 4.4 4.7
A2.07 Lossof dccontrol power ... 3.2* 3.7
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SYSTEM: 012 Reactor Protection System (RPS)

A3 Ability to monitor automatic oper ation of the RPS, including:

(CFR: 41.7/45.5)

A3.01 Individual channel . .......... . .
A3.02 Bistables . ...
A3.03 Power sUpplY . ..o
A3.04 Circuitbreaker .. ... ...
A3.05 Single and multiple channel tripindicators .................

A3.06 THPIOGIC . o et
A3.07 Tripbreakers . ...
A4 Ability to manually operate and/or monitor in the control room:

(CFR: 41.7/ 45,510 45.8)

A4.01 Manual tripbutton ............ ..

A4.02 Components for individual channels

A4.03 Channel blocksandbypasses. ... i

A4.04 Bistable, trips, reset and test switches

A4.05 Channel defeat controls . ...

A4.06 Reactortripbreakers ............. o i i
| A4.07 M/G SELDIEAKENS . ..ottt
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3.8
3.6
34
2.8*
3.6
3.7
4.0

4.5
3.3
3.6
3.3*
3.6
4.3
3.9*

3.9
3.6
35
29
3.7
3.7
4.0

4.5
34
3.6
3.3
3.6
4.3
3.9*



015

TASK:

K/A NO.

K1

K1.01
K1.02
K1.03
K1.04
K1.05
K1.06
K1.07
K1.08

K2

K2.01

K3

K3.01
K3.02
K3.03
K3.04
K3.05
K3.06

Nuclear Instrumentation System

Perform reactor power-range instrumentation calibration test
Perform axial power distribution monitoring test (alarm)
Perform calorimetric heat balance calculation

Perform hot-functional and low-power physicstests (meter refueling)
Perform source-range tests

Perform intermediate-range test

Perform power range permissives and trip test

Operate the scaler-timer

Operate the audio count-rate drawer

Perform a power imbalance calculation

Perform a quadrant-power-tilt calculation

Monitor the NIS

What if quadrant-power-tilt ratio exceeds tech-spec limits?
Perform full-core flux mapping

IMPORTANCE
KNOWLEDGE RO SRO
K nowledge of the physical connections and/or cause-
effect relationships between the NI S and the following systems:
(CFR: 41.2t041.9/45.7t0 45.8)
RPS 4.1 4.2
Vital 80 SYStEMS ... e 34 3.6
CRD S .. 3.1* 31
B . 3.5* 3.5*
LCS i 3.9* 3.9*
Reactor regulating system ... i 3.1* 3.4*
Plant CompULEr ... o 2.4* 24
RCS(pUmMp Start) ... 2.6* 2.9*
Knowledge of bus power suppliestothefollowing:
(CFR: 41.7)
NIS channels, components, and interconnections ...................... 3.3 3.7
Knowledge of the effect that alossor malfunction of the NIS
will have on the following:
(CFR: 41.7/ 45.6)
RPS 39 4.3
CRD S .. 3.3* 3.5*
Fuel handlingsystem ... 2.7 3.4*
LS. i 3.4* 4.0*
Plant CompULEr ... o 2.3* 24
Reactor regulating system ... 2.9* 3.2*
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SYSTEM:

K4

K4.01
K4.02
K4.03

K4.04
K4.05
K4.06
K4.07
K4.08
K4.09
K4.10

K5

| K501
K5.02
K5.03
K5.04
K5.05
K5.06
K5.07
| K5.08
K5.09
K5.10
K5.11
K5.12
K5.13
| K514
K5.15
K5.16
K5.17
K5.18
K5.19

015 Nuclear Instrumentation System (NI S)

Knowledge of NI S design feature(s) and/or interlock(s)
providefor thefollowing:
(CFR: 41.7)

Source-range detector power shutoff at highpowers ...................
Rod motioninhibits ........... ...
Reading of source range/intermediate range/power range

OUtSIAe CONLIOl FOOIM . .. ..t e i e
Slow responsetimeof SPNDS ...
S 0t () 1 1
Reactor tripbypasses . ...
PErMISSIVES . . .o
Automatic rod motionondemand Signals .. ...
Redundant sources of information on axia flux density distribution . . . ...
Redundant sources of informationon power level .....................

Knowledge of the operational implications of the following
conceptsasthey apply tothe NI S:;
(CFR: 41.5/45.7)

Deleted

Discriminator/compensation operation ...
Cdibrationadjustments . ... i
Factors affecting accuracy and reliability of calorimetric calibrations . . ..
Criticdlity anditsindications ............. ..o,
Subcritical multiplicationsand NISindications .......................
Effects of burningonaxial fluxdensity ..............................
Enthalpy ...
In-core detector OPeration . ... .......ueuru i
Ex-coredetector operation ...
Axia flux imbalance, including long-range effects. ....................
Quadrant power tilt, including long-range effects......................
Peaking and hot-channel factor ..................... ... ... ... ...,
Neutron flux density, definition and relation to reactor power ...........
Effects of xenon on local flux, and factors affecting xenon concentrations
Definition and calculation of quadrant tiltratio .......................
DNB and DNBR definitionand effects ............ ... ..ccooiiis.
Definition of reactor poison .............co i i
Heatbalance . ... ...
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31
3.7

3.9*
3.47?
4.3
3.9
3.7
34
2.8
3.2

2.7
2.3*
2.6
4.1
34
2.7?
20
25
2.8
3.3
3.2
31
2.8
3.3
29
35
29
29

3.3
3.9

4.0*
3.6?
4.5
4.2
3.8
3.7
3.3
35

29
2.6
31
4.4
3.7
2.9?
2.3*
29
3.0
3.7
3.6
35
31
3.7
34
3.7
3.2
3.2



SYSTEM:

K6

K6.01
K6.02
K6.03
K6.04
K6.05
K6.06
K6.07
K6.08

Al

A1.01
A1.02
A1.03
A1.04
A1.05
A1.06
A1.07
A1.08

A2

A2.01
A2.02
A2.03
A2.04

A2.05

015 Nuclear Instrumentation System (NI S)

Knowledge of the effect of alossor malfunction on the
following will have on the NI S:
(CFR: 41.7/45.7)

Sensors, detectors, and indicators ......... . 29 32

Discriminator/compensation Circuits. ...............coo .. 2.6 29

Component interconNECtionNS . ...t 2.6 3.0

Bistablesand logiccircuits ............co i 31 3.2

Audio indication, including deaf spotsin control room and containment . . . 22 2.6

SCaAlEr-tIMErS .. 21 26

Imbalanceindication ........... ... 24 2.9*

In-core detector locations, radially and axially .................coouit. 21 24

ABILITY

Ability to predict and/or monitor changesin parameters

to prevent exceeding design limits) associated with

operating the NIS controlsincluding:

(CFR: 41.5.45.5)

NIScdibrationby heatbaance ................. ... ... ..ot 35 3.8

SUR 35 3.6

NISpowerindication ............ i 3.7 3.7

Quadrantpower tiltratio ..........c i 35 3.7

Imbalance (axia Shape) .. ... e 3.7 39

FUEl bUrUD .. 2.5* 2.9*

Changesinboronconcentration ..., 3.3* 3.4*

Changesin RCSteEMpPEratUre . . . ...t 3.3* 34

Ability to (a) predict theimpacts of the following

malfunctionsor operationson the NI'S; and (b based on

those predictions, use proceduresto correct, control, or mitigate

the consequences of those malfunctions or operations:

(CFR: 41.5/43.5/45.3/45.5)

Power supply lossor erraticoperation ... 35 39

Faulty or erratic operation of detectors or compensating components . . .. 31 3.5*

Xenon osCillations . . ... 32 3.5*

Effects on axial flux density of control rod alignment and sequencing, xenon

production and decay, and boron vs. control rod reactivity changes ... .... 3.3 3.8

Corevoid formation . . ... e 33 3.8
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SYSTEM: 015 Nuclear Instrumentation System (NI S)

A3 Ability to monitor automatic operation of theNI'S, including:
(CFR: 41.7/ 45.5)

A3.01 Consoleand cabinet indications ... 3.8 3.8
A3.02 Annunciator and adlarm SignalS . . ..o 3.7 39
A3.03 Verification of proper functioning/operability ..................cout. 39 39
A3.04 Maximum disagreement allowed betweenchannels .................... 3.3 35

| A3.05 Recognition of audio output expected for agiven plant condition ........ 2.6 2.7*
A3.06 Interpretation of in-core flux density maps from in-core detectors . ... ... 2.4* 3.2*
A4 Ability to manually operate and/or monitor in the control room:

(CFR: 41.7/ 45,510 45.8)

| A401 Selection of controlling NISchannel ................... ... ... . ... 3.6* 3.6*
A4.02 NISINAICAOrS . . ..o e 39 39
A4.03 TP YPESSES . . v 3.8 39
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016 Non-Nuclear Instrumentation System (NNIYS)

TASK: Lineupthe NNIS
IMPORTANCE

K/A NO. KNOWLEDGE RO SRO
K1 K nowledge of the physical connections and/or cause-

effect relationships between the NNIS and the following systems:

(CFR: 41.2t041.9/45.7t0 45.8)
K1.01 RS 3.4* 3.4*
K1.02 PZR LS . 3.4* 3.3*
K1.03 DS 3.2* 3.2*
K1.04 MW SYStOM . . ottt e 2.7* 2.7*
K1.05 CONAENSALE . ... vttt e e e 2.1* 2.2*
K1.06 AW S oM e 3.6* 3.5*
K1.07 B S oo 3.7* 3.7*
K1.08 PZR PCS . 3.4* 3.4*
K1.09 B AS 3.7* 3.7*
K1.10 CCS i 3.1* 3.1*
K1.11 MG o 2.3* 2.2*
K1.12 S G 3.5* 3.5*
K2 Knowledge of bus power suppliesto thefollowing:

(CFR: 41.7)
K2.01 NNISchannels ... .. 2.4* 2.5*
K3 Knowledge of the effect that aloss or malfunction of the

NNISwill have on the following:

(CFR: 41.7/ 45.6)
K3.01 RS 3.4* 3.6*
K3.02 PZR LS . 3.4* 3.5*
K3.03 DS 3.0* 3.1*
K3.04 MW SYStOM . . ottt e 2.6* 2.7*
K3.05 CONAENSALE . ... vttt e e e e 1.8* 2.0*
K3.06 AW S oM e 3.5* 3.7*
K3.07 B S o 3.6* 3.7*
K3.08 PZR PCS . 3.5* 3.7*
K3.09 B AS 3.5* 3.7*
K3.10 01 3.0* 3.2*
K3.11 MG o 2.2* 2.2*
K3.12 S G 3.4* 3.6*
K4 Knowledge of NNI S design feature(s) and/or interlock(s)

which providefor thefollowing:

(CFR: 41.7)
K4.01 Reading of NNIS channel values outside control room ................. 2.8* 2.9*
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SYSTEM: 016 Non-Nuclear Instrumentation System (NNIS)

K4.02 Sensing, signal processing, display, recording, andadarms .............. 2.3* 2.7*
K4.03 INPUL t0 CONLIOl SYSEEMS ... 2.8* 2.9*
K5 K nowledge of the operational implication of the following

conceptsasthey apply tothe NNIS:
(CFR: 41.5/45.7)

K5.01 Separation of control and protectioncircuits ......................... 2.7* 2.8*
K6 K nowledge of the effect of aloss or malfunction of the

following will have on the NNI S:
(CFR: 41.7/45.7)

K6.01 Sensors and detectors . ......ooii i e 2.3* 2.5*
ABILITY
Al Ability to predict and/or monitor changesin parameters

(to prevent exceeding design limits) associated with
operating the NNI S controlsincluding:
(CFR: 41.5/45.5)

| None

A2 Ability to (a) predict theimpacts of the following
malfunctionsor operationson the NNIS; and (b) based on
those predictions, use proceduresto correct, control,
or mitigate the consequences of those malfunctions or
operations:

(CFR: 41.5/43.5/45.3/45.5)

A2.01 Detector fallure . ... 3.0* 3.1*
A2.02 Lossof power sUpplY . ..o oo 2.9* 3.2*
A2.03 Interruption of transmitted signal ........ ... 3.0 3.3*

| A2.04 Voltage to instruments, both too highandtoolow ..................... 2.5* 2.6*
A3 Ability to monitor automatic operation of the NNI'S, including:

(CFR: 41.7/45.5)

A3.01 Automatic selection of NNISinputsto control systems ................ 2.9* 2.9*
A3.02 Relationship between meter readings and actual parameter value ......... 2.9* 2.9*
A4 Ability to manually operate and/or monitor in the control room:

(CFR: 41.7/ 45510 45.8)

A4.01 NNI channel selectcontrols ............ccoi i 2.9* 2.8*
A4.02 RECOTAErS ..o i 2.7 2.6*

NUREG-1122, Rev. 2 3.7-10



017 In-Core Temperature Monitor System (ITM)

TASK: Operatethe ITM

Monitor the ITM

IMPORTANCE

K/A NO. KNOWLEDGE RO SRO
K1 K nowledge of the physical connections and/or cause-

effect relationships between the ITM system and the

following systems:

(CFR: 41.2t041.9/45.7t0 45.8)
K1.01 Plant compUter ... ... 3.2* 3.2*
K1.02 RS 33 35
K2 Knowledge of bus power suppliesto thefollowing:

(CFR: 41.5)
K2.01 ITM Sy S oM e e e 20 22
K3 Knowledge of the effect that aloss or malfunction of the

ITM system will have on the following:

(CFR: 41.7/ 45.6)
K3.01 Natural circulationindications ...............coiiiiiiiiinenniin.. 3.5* 3.7*
K4 Knowledge of ITM system design feature(s) and/or

interlock(s) which providefor the following:

(CFR: 41.7)
K4.01 Input to subcooling MONItOrS ... ... 34 3.7
K4.02 Sensing and determination of location corehotspots .................. 31 3.6
K4.03 Range of temperatureindication................ ... . o oo 31 3.3
K5 Knowledge of the operational implications of the following

conceptsasthey apply tothe | TM system:

(CFR: 41.5/45.7)
K5.01 Temperature at which claddingandfuel melt . ......................... 31 39
K5.02 Saturation and subcoolingof water ............. .o i 3.7 4.0
K5.03 Indication of superheating .. ... 3.7 4.1
K6 K nowledge of the effect of alossor malfunction of the

following ITM system components:

(CFR: 41.7/45.7)
K6.01 Sensors and detectors . ......ooii i e 2.7 3.0
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SYSTEM: 017 In-CoreTemperature Monitor (ITM) System

Al Ability to predict and/or monitor changesin parameters
(to prevent exceeding design limits) associated with
operatingthe | TM system controlsincluding:

(CFR: 41.5/45.7)

A1.01 Coreexittemperature ...ttt

A2 Ability to (a) predict theimpacts of the following
malfunctionsor operationson the | TM system; and
(b) based on those predictions, use proceduresto cor -
rect, control or mitigate the consequences of those

malfunctionsor operations:
(CFR: 41.5/43.5/45.3/45.5)

A2.01 Thermocouple open and short circuits
A2.02 GO daMAgE . . ettt
A3 Ability to monitor automatic operation of the | TM

system including:
(CFR: 41.7/45.5)

A3.01 Indications of normal, natural, and interrupted circulation of RCS
A3.02 M easurement of in-core thermocouple temperatures at
panel outsidecontrol room ........... .

A4 Ability to manually operate and/or monitor in the control room:

(CFR: 41.7/ 45,510 45.8)

A4.01 Actual in-Coretemperatures ... .........uururiiiiiiiiiiias
A4.02 Temperature values used to determine RCS/RCP operation during inadequate
core cooling (i.e., if applicable, average of five highest values)

NUREG-1122, Rev. 2

3.7-12

3.7

31
3.6

3.6*

3.4*

3.8

3.8

3.9

35
41

3.8*

3.1*

41

41



072 Area Radiation Monitoring (ARM) System

TASK: Perform lineups of the ARM system
Perform the ARM instrumentation functional test
Operate ARM monitors
Monitor ARM operation
Perform the ARM equipment check

IMPORTANCE

K/A NO. KNOWLEDGE RO SRO
K1 K nowledge of the physical connections and/or cause-

effect relationships between the ARM system and the

following systems:

(CFR: 41.2t041.9/45.7t0 45.8)
K1.01 Plant ventilationsystems ..............c i i i 3.1* 3.5*
K1.02 Containment iSolation . ....... ..ot e 35 3.9
K1.03 Fuel buildingisolation ............. .. ... o i i 3.6* 3.7*
K1.04 Control roomventilation ... 3.3* 3.5*
K1.05 MRS . . 2.8* 2.9%
K2 Knowledge of bus power suppliesto thefollowing:

(CFR: 41.7)
K2.01 Radiationmonitoringsystems . ............co i i i 2.3* 25
K3 K nowledge of the effect that aloss or malfunction of

the ARM system will have on the following:

(CFR: 41.7/ 45.6)
K3.01 Containment ventilationisolation............. ... 3.2* 3.4*
K3.02 Fuel handlingoperations .............cc i 31 35
K4 Knowledge of ARM system design featur e(s) and/or inter-

lock(s) which providefor the following:

(CFR: 41.7)
K4.01 Containment ventilationisolation............. ..o 3.3* 3.6*
K4.02 Fuel buildingisolation .............. ... o i i i 3.2* 3.4*
K4.03 Plant ventilationsystems ..............c o i i i 3.2* 3.6*
K5 Knowledge of the operational implications of the following

conceptsasthey apply tothe ARM system:

(CFR: 41.5/45.7)
K5.01 Radiation theory, including sources, types, units, and effects ............ 2.7 3.0
K5.02 Radiation intensity changes with sourcedistance ...................... 25 3.2
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SYSTEM:

K6

K6.01
K6.02

K/A NO.

Al

A1.01

A2

A2.01
A2.02
A2.03

A3

A3.01
A4
A4.01

A4.02
A4.03

072 AreaRadiation Monitoring (ARM) System

Knowledge of the effect of alossor malfunction of the
following will have on the ARM system:
(CFR: 41.7/45.5t045.8)

Sensorsand deteCtors . .....ov it e 21
N AVES o 1.6
ABILITY

Ability to predict and/or monitor changesin parameters
(to prevent exceeding design limits) associated with
operatingthe ARM system controlsincluding:

(CFR: 41.5/45.5)

Radiationlevels ... 34

Ability to (a) predict theimpacts of the following
malfunctionsor operations on the ARM system- and
(b) based on those predictions, use proceduresto cor -
rect, control, or mitigate the consequences of those
malfunctionsor operations:

(CFR: 41.5/43.5/43.3/45.13)

Erraticor failedpower supply ... 2.7
Detector fallure . ... 2.8
Blown power-supply fUSeS. . ... 2.7

Ability to monitor automatic operation of the ARM sys-
tem, including:
(CFR: 41.7/ 45.5)

Changesinventilationalignment ............. ... ... ... 2.9*

Ability to manually operate and/or monitor in the control room:
(CFR: 41.7/45.5t045.8)

Alarm and interlock setpoint checksand adjustments .................. 3.0*
M@ or COMPONENES . . ..ottt 2.5*
Check source for operability demonstration .......................... 3.1
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073 Process Radiation Monitoring (PRM) System

TASK: Perform lineups of air PRM system
Perform PRM instrumentation functional check
Operate the PRMs
Perform PRM equipment check
Monitor the PRM system

IMPORTANCE

K/A NO. KNOWLEDGE RO SRO
K1 K nowledge of the physical connections and/or cause-

effect relationships between the PRM system and the

following systems:

(CFR: 41.2t041.9/45.7t0 45.8)
K1.01 Thosesystemsservedby PRMS . ... 3.6 39
K2 Knowledge of bus power suppliesto thefollowing:

(CFR: 41.7)
K2.01 Radiation monitoringsystems . ... i i i 2.3* 2.7*
K3 K nowledge of the effect that aloss or malfunction of

the PRM system will have on the following:

(CFR: 41.7/ 45.6)
K3.01 Radioactiveeffluentreleases ... 3.6 4.2
K4 Knowledge of PRM system design featur e(s) and/or

interlock(s) which providefor the following:

(CFR: 41.7)
K4.01 Release termination when radiation exceeds setpoint .................. 4.0 4.3
K4.02 Letdown isolation on high-RCSactivity . .....................coo.t. 3.3* 3.9*
K5 Knowledge of the operational implications asthey apply to

conceptsasthey apply to the PRM system:

(CFR: 41.5/45.7)
K5.01 Radiation theory, including sources, types, units, and effects ............ 25 3.0
K5.02 Radiation intensity changes with sourcedistance ...................... 25 31
K5.03 Relationship between radiation intensity and exposurelimits ............ 2.9* 34
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SYSTEM:

K6

K6.01
K6.02
K6.03

Al

A1.01

A2

A2.01
A2.02
A2.03

A3

A4

A4.01
A4.02
A4.03

073 Process Radiation Monitoring (PRM) System

K nowledge of the effect of alossor malfunction of the
following will have on the PRM system:
(CFR: 41.7/45.7)

Sensorsand detectors . ... 22 24
Moving filters . ... 20 21
Sample blOWErS . . ... 19 20
ABILITY

Ability to predict and/or monitor changesin parameters
(to prevent exceeding design limits) associated with
operating the PRM system controlsincluding:

(CFR: 41.5/45.7)

Radiationlevels ... 3.2 35

Ability to (a) predict theimpacts of the following
malfunctions or operationson the PRM system; and
(b) based on those predictions, use proceduresto cor -
rect, control, or mitigate the consequences of those
malfunctionsor operations:

(CFR: 41.5/43.5/45.3/45.13)

Erraticor failedpower supply ... 25 2.9*
Detector failure ...........c i 2.7 3.2
Cdibrationdrift ........ ... i i 24 2.9*

Ability to monitor automatic oper ation of the PRM system, including:
(CFR: 41.7/ 45.5)

None

Ability to manually operate and/or monitor in the control room:
(CFR: 41.7/45.5t045.8)

Effluentrelease ... ... 39 39
Radiation monitoring systemcontrol panel ........................... 3.7 3.7
Check source for operability demonstration .......................... 31 3.2
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008 Component Cooling Water System (CCWS)

TASK: Perform CCWS component operability test
Perform CCWS flow path verification
Perform CCWS pump test
Perform CCW flow balance
Determine CCWS leak rate from RCS
Perform lineups of the CCWS
Fill the CCWS
Fill the OCWS components
Start up the CCWS
Shut down the CCWS
Drain the CCWS (oneloop)
Add chemical to the CCWS
Coordinate bleed and feed of component cooling
system for chemistry control
Operate CCWS pumps in different combinations
Operate CCW heat exchangersin different combinations
Monitor component cooling system operation

IMPORTANCE

K/A NO. KNOWLEDGE RO SRO
K1 Knowledge of the physical connectionsand/or cause-effect

relationships between the CCW S and the following systems:

(CFR: 41.2t041.9/45.7t045.9)
K1.01 SN S 31 31
K1.02 Loadscooledby CCWS ... .. ... e e 3.3 34
K1.03 PRM S 2.8* 3.0
K1.04 RCS, in order to determine source(s) of RCS leakage into the CCWS .. .. 3.3 3.3
K1.05 Sourcesof MaKEUPWELEY . ... ..ottt e 3.0 31
K2 Knowledge of bus power suppliesto thefollowing:

(CFR: 41.7)
K2.01 COW VAIVES . 21 22
K2.02 CCW pump, includingemergency backup ................. ..ot 3.0* 3.2*
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SYSTEM:

K3

K3.01

K3.02
K3.03

K4

K4.01
K4.02
K4.03

K4.04
K4.05

K4.06
K4.07

K4.08
K4.09

K5

K5.01
K5.02
K5.03

K5.04
K5.05
K5.06
K5.07

K5.08
K5.09

008 Component Cooling Water System (CCWYS)

Knowledge of the effect that aloss or malfunction of the CCWSwill have

on thefollowing:

Loadscooledby CCWS . ... ... 34 35
CRD S .. 29 31
RO . 4.1 4.2
Knowledge of CCW S design feature(s) and/or interlock(s) which

providefor thefollowing:

(CFR: 41.7)
Automatic start of standby pump . . ... 31 3.3
Operation of the surge tank, including the associated valves and controls . . 29 2.7
Sensing elements for the measurement of flow rates for the total CCW flow

rate and for the flow ratesto thecomponents ......................... 2.4* 2.4*
Weir design aspect of thesurgetank ..., 2.1* 2.7*
CCW pump pressure head and water inventory (capacity of CCWS

SURGETANK oottt 24 25
Auxiliary building CCWS isolation ...........ccooviiiiiiiiiiinnnns 2.3* 2.6*
Operation of the CCW swing-bus power supply and its

associated breakersand controls ............. e 2.6* 2.7*
Protection of ion exchange resins from high letdown temperature ....... 2.3 2.3
The "standby" featurefor the CCW pumps ...t 2.7 29
Knowledge of the operational implications of the following

concepts asthey apply tothe CCWS:

(CFR: 41.5/45.7)

Chemistry CONtrol . ... 18 2.3
"Water hammer" and how such might be produced inthe CCWS' ......... 2.2* 2.3*
Flow rate and velocity of aliquid and of agas, including temperature

effectsand their various unitsof measure .................. ... ...... 17 21
Purpose of venting components when filling or drainingthe CCWS ... ... 2.3 24
Theory of themeasurement of flowrate ............................. 16 18
The concentration level of achemica solution; how to change the

concentration level ... ... ... e 16 2.0*
Causes and effects of corrosion on carbon steel and stainless steel;

the effects on heat transfer through such materials .................... 16 21
Effects on corrosion rate of steels due to corrosion inhibiting chemicals . 15 2.1*
Knowledge of which chemicals are used for corrosion inhibitors

INthe COWS . e 16 21
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SYSTEM: 008 Component Cooling Water System (CCWS)

K6 Knowledge of the effect of aloss or malfunction on the following will
have on the CCW:
(CFR: 41.7/45.7)

K6.01 NV AVES 19 21
K6.02 Sensors and detectors . ...t e 19 20
K6.03 Controllersand positioners . . ... 18 20
K6.04 PUMPS . 21 2.3*
K6.05 M OtOrS . 17 18
| K6.06 Heat exchangersand condensers. . .........ooiveiii i, 2.1* 2.4*
K6.07 Breakers, relays, and disconnects . ............. oo o 18 21
ABILITY
Al Ability to predict and/or monitor changesin parameters

(to prevent exceeding design limits) associated with
operating the CCWS controlsincluding:
(CFR: 41.5/45.5)

Al.01 COWITIOW FELE . .ot e 28 29
A1.02 COW temMPEratUre . . . o oottt e e e e e e 29 31
A1.03 COW PIESSUN . . ot ettt et e e et e e e e e e e e 2.7 29
A1.04 Surgetank level . ... 31 3.2
A2 Ability to (a) predict theimpacts of the following

malfunctionsor operationson the CCWS, and (b) based
on those predictions, use proceduresto correct, con-
trol, or mitigate the consequences of those malfunc-
tionsor operations:

(CFR: 41.5/43.5/45.3/45.13)

A2.01 LOSSOf COW pUMPD oo 3.3 3.6
A2.02 High/low surgetank level ............ ... ... o i i i 3.2 35
A2.03 Highflow CCW temperature ...t 3.0 3.2
| A2.04 PRMSalarm ... 33 3.5*

A2.05 Effect of loss of instrument and control air on the

position of the CCW valvesthat areairoperated ...................... 3.3* 35
A2.06 Calculation of required recirculation time for chemical

addition . ... 1.7* 2.0*
A2.07 Consequences of high or low CCW flow rate and tempera-

ture; the flow rate at which the CCW standby pump will start ............ 2.5* 2.8*
A2.08 Effects of shutting (automatically or otherwise) the

isolation valves of theletdowncooler ............ ... i, 25 2.7*
A2.09 Results of excessive exit temperature from the letdown cooler, including the

temperature effectsonion-exchangeresins .......................... 2.3 2.8
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SYSTEM:

A3

A3.01

A3.02

A3.03

A3.04

A3.05

A3.06

A3.07
A3.08

A3.09
A3.10

A4

A4.01
A4.02

A4.03
A4.04
A4.05

A4.06

A4.07
A4.08
A4.09
A4.10
A4.11

008 Component Cooling Water System (CCWS)

Ability to monitor automatic operation of the CCWS,
including:
(CFR: 41.7/ 45.5)

Setpoints on instrument signal levelsfor normal opera-tions,
warnings, and tripsthat are applicabletothe CCWS ...............
Operation of the CCW pumps, including interlocks and

the CCW booster pump . ..o
All flow rate indications and the ability to evaluate

the performance of this closed-cyclecooling system.. ............
Requirements on and for the CCWS for different condi-

tionsof thepowerplant .......... ...,
Control of the electrically operated, automatic isolation
vavesinthe CCWS ... ..
Typica CCW pump operating conditions, including vibra-

tion and sound levelsand motor current ............... ..
Effects of recirculation withinthe CCWS .......................
Automatic actions associated with the CCWS that occur

asaresult of asafety injectionsignal .............. ... oL
Normal CRDM temperatureS ..........covvviiiiinnnn,
CCW pump instruments and their respective sensors, including flow,

pressure, oil level, and dischargetemperature. . ...................

Ability to manually operate and/or monitor in the control room:
(CFR: 41.7/ 45.5)

CCW indicationsand controls ..............viiiiniininnnnn.n.

Filling and draining operations of the CCWSincluding

the proper venting of thecomponents ...........................
Throttling of the CCW pump dischargevalve .....................
Startup of aCCW pump when the systemisshutdown. .............

Norma CCW-header total flow rate and the flow rates

to the componentscooled by the CCWS .........................

Remote operation of hand-operated throttle valvesto

regulate CCW flowrate .............co i
Control of minimum level inthe CCWSsurgetank ................
CCW pumpcontrol switch .......... ... i
CCW temperaturecontrol valve ...,
Conditionsthat require the operation of two CCW coolers .........
CCW pump recirculation valve and its three-way control switch .. ...

3.8-5

..... 3.2*

..... 3.2

..... 3.0

..... 29

..... 3.0

..... 25
..... 2.3*

..... 3.6*
..... 2.4*

2.9*

3.3

2.5%
2.7*
2.6*

2.7*

2.5%
2.9%
3.1*
3.0*
3.1*
3.0*

3.0
3.2
31
3.2
31

25
2.2*

3.7*
23

3.0

31

25
2.5*
2.6

2.5%

25
29
2.8
2.9*
31
2.9*
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029 Containment Purge System (CPS)

TASK: Perform lineups of the CPS
Start up the CPS
Shut down the CPS
Vent the containment building

Initiate a containment radiation signa

K/A NO. KNOWLEDGE

K1 K nowledge of the physical connections and/or cause-

effect relationships between t

he Containment Purge

System and the following systems:
(CFR: 41.2t041.9/45.7t0 45.8)

K1.01 Gaseous radiation release monitors . ...
K1.02 Containment radiation monitor . ............o it
K1.03 Engineered safeguards ...........
K1.04 PUrge SySteM . . .
| K1.05 Containment air cleanup and recirculationsystem .......................
K2 Knowledge of bus power suppliesto thefollowing:
(CFR: 41.7)
K2.01 Purgefans ...
K2.02 Recirculationfans ...
| K2.03 Purge exhaust radiation monitors . ...
K2.04 PUrgeVaAIVES .
K2.05 Supply arheaters . ...
K3 Knowledge of the effect that aloss or malfunction of the Containment

Purge System will have on the following:

(CFR: 41.7/45.6)

| K3.01 COoNtaiNMENt PAFAMELEIS .. ...\ttt ettt et e e ieenas
K3.02 ContainMmENt NIy ...
K4 Knowledge of design feature(s) and/or interlock(s)
which providefor thefollowing:
(CFR: 41.7)
K4.01 Useof filtersfor purgingtotheatmosphere ..........................
K4.02 Negative pressureincontainment . ...,
| K4.03 Automatic purgeisolation ... ...........ouiuiriii e
K404 Prevention of damageto fansfrom lack of flowrate ...................
K4.05 Temperature limitsondampers. . ...

NUREG-1122, Rev. 2

3.8-6

IMPORTANCE
RO SRO
34 3.7
3.3 3.6
3.6 3.8
3.0? 3.17?
2.9* 3.1*
21 2.3*
20 2.4*
2.3* 2.7*
21 23

17 19

29 31
2.9* 3.5*
24 29

29 31
3.2* 35

24 2.6
2.0* 2.1*



SYSTEM: 029 Containment Purge System (CPS)

K5 K nowledge of the operational implication of the following
conceptsasthey apply to the Containment Purge System:

(CFR: 41.5/45.7)

K5.01 Maximum concentration permissible . ................ ... ..o oo
K5.02 DIULION . ..
K6 Knowledge of the effect of aloss or malfunction on the

following will have on the Containment Purge System:

(CFR: 41.7/45.7)

K6.01 NV AVES
K6.02 Sensors and detectors . ......ooii i e
K6.03 Controllersand positioners . . ...
K6.04 PUMPS .
K6.05 M OtOrS . o
K6.06 Heat exchangersandcondensers. ...
K6.07 Breakers, relays, anddisconnects . ............. oo o
ABILITY
Al Ability to predict and/or monitor changesin parametersto prevent

exceeding design limits) associated with operating the Containment

Purge System controlsincluding:
(CFR: 41.5/45.5)

A1.01 Supply artemperature . . ...
A1.02 Radiationlevels . ... ...
A1.03 Containment pressure, temperature, and humidity .....................
A2 Ability to (a) predict theimpacts of the following malfunctions or

operationson the Containment Purge System; and (b) based on
those predictions, use proceduresto correct, control, or mitigate
the consequences of those malfunctions or operations:

(CFR: 41.5/43.5/ 45.3/ 45.13)

A2.01 Maintenance or other activity taking placeinside containment ...........
A2.02 Continuance of outdoor temperatureinversion........................
A2.03 Startup operations and the associated required valvelineups . ............
A2.04 Health physics sampling of containment atmosphere . ..................

A3 Ability to monitor automatic operation of the

Containment Purge System including:

(CFR: 41.7/45.5)

A3.01 CPSISOIation . ..ottt

3.8-7

24
2.3

19
2.1*
19
16
16
18
18

19
34
3.0*

29
2.2
2.7
2.5*

3.8
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19
19
19
19

21
34
3.3*

3.6
29
31
3.2*
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SYSTEM: 029 Containment Purge System (CPS)

A4 Ability to manually operate and/or monitor

in the control room:
(CFR: 41.7/45.5t045.8)

A4.01 Containment purgeflowrate ...
A4.02 Outside atmospheric conditions (priortopurge) ..............coov....
A4.03 Inlet filtration and heating System . . ...t
A4.04 Containment evacuationsignal ...
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35

25
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18
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033

TASK:

Operate the SFPCS between refueling pool and spent fuel pool

Spent Fuel Pool Cooling System (SFPCYS)

Fill the spent fuel pools

Perform BWST purification using filter/demineralizer
Lower refueling pool level (fuel transfer canal)
Perform decay heat removal using the SFPCS

K/ANO.

K1

K1.01
K1.02
K1.03
K1.04
K1.05
K1.06
K1.07

K2

K2.01

K3

K3.01
K3.02
K3.03

K4

K4.01
K4.02
K4.03
K4.04
K4.05

IMPORTANCE
KNOWLEDGE. RO SRO
K nowledge of the physical connections and/or cause-
effect relationships between the Spent Fuel Pool Cooling System
and thefollowing systems:
(CFR: 41.2t041.9/45.7t045.8)
RS 24 25
RHRS . . 25 2.7
SIS 24 25
B VY ST 24 24
R ST 2.7* 2.8*
Boricacidstoragetank ............ . . 2.2 23
Emergency makeupwater systems ......... 24 25
Knowledge of bus power suppliesto thefollowing:
(CFR: 41.7)
SFPCS COMPONENTS . ..ottt e e 1.9 21
Knowledge of the effect that aloss or malfunction of the
Spent Fuel Pool Cooling System will have on the following:
(CFR: 41.7/ 45.6)
Areaventilation SysStems ... ... 2.6 31
Areaand ventilation radiation monitoring Systems . ...........coiiiann 2.8 3.2
Spent fuel temperature . ... 3.0 3.3
Knowledge of design feature(s) and/or interlock(s)
which providefor thefollowing:
(CFR: 41.7)
Maintenance of spent fuel level ................. ... ... ... ... 2.9 3.2
Maintenance of spent fuel cleanliness ............................... 25 2.7
Anti-SIPhON dEVICES ...\ 2.6 29
Maintenance of spent fuel pool radiation............................. 27?7 29?
Adequate SDM (boron concentration) .. .........c.c.oeeeerriiiinnns 3.1 3.3

3.8-9
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SYSTEM: 033 Spent Fuel Pool Cooling System (SFPCS)

K5 Knowledge of the operational implication of the following conceptsas
they apply to the Spent Fuel Pool Cooling System:
(CFR: 41.5/45.7)

K5.01 PUMPthEOry . 16 19
K5.02 Heat transfer . ... ... 17 19
K5.03 D/Pdetectortheory of OPS ............. ..o i 15 16
K5.04 K- 21 2.3*
K5.05 DeCay et . ..ot 21 23
K5.06 Shieding ... 21 25
K6 Knowledge of the effect of aloss or malfunction on the

following will have on the Spent Fuel Pool Cooling System:
(CFR: 41.7/45.7)

K6.01 PUMPS . 1.7 19
K6.02 Heat exchangers . ... 18 19
K6.03 NV AVES 1.7 17
K6.04 M OtOrS . o 17 17
K6.05 Pressure and pressure detectors ... 17 17
K6.06 TEMPEratUrE SENSOIS . . . oo ettt et e e et e et e et 18 18
K6.07 Filtersand demineralizers ... 1.7 18
ABILITY
Al Ability to predict and/or monitor changesin parameters

(to prevent exceeding design limits) associated with Spent Fuel
Pool Cooling System operating the controlsincluding:
(CFR: 41.5/45.5)

A1.01 Spent fuel pool waterlevel ......... ... 2.7 3.3
A1.02 Radiation monitoringsystems . ... i i 2.8 3.3
A1.03 SFPCS controlSand SENSOrS . ..o oo v 24 2.7
A2 Ability to (a) predict theimpacts of the following malfunctions or

operationson the Spent Fuel Pool Cooling System ; and (b) based
on those predictions, use proceduresto correct, control, or mitigate
the consequences of those malfunctions or operations:

(CFR: 41.5/43.5/45.3/45.13)

A2.01 Inadequate SDIM . . ... e 3.0 35
A2.02 LOSSOf SFPCS ... 2.7 3.0
A2.03 Abnormal spent fuel pool water level or lossof water level ............. 3.1 35
A3 Ability to monitor automatic operation of the Spent Fuel Pool Cooling

System including:
(CFR: 41.7/ 45.5)

A3.01 Temperaturecontrol valves . ... 2.5* 2.7*
A3.02 Spentfuel leak orrupture ... 2.9 31
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SYSTEM:

A4

A4.01
A4.02
A4.03
A4.04
A4.05
A4.06

033 Spent Fuel Pool Cooling System (SFPCS)

Ability to manually operate and/or monitor in the control room:
(CFR: 41.7/45.5t045.8)

SFPCS PUMPS .. 24 2.9
SPEPCSVAVES ..o 24 2.8
Support systemsfor fill and transfer of SFPCSwater .................. 24 2.9
Deleted
Deleted
Deleted
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034 Fuel Handling Equipment System (FHES)

TASK: Operate the spent fuel handling machine/bridge/platform crane
Operate the new fuel elevator
Operate the refueling machine/main fuel handling bridge (fuel
element change)
Operate the control rod change machine/fuel handling bridge/reactor
building crane (control rod change)
Operate the fuel transfer system/fuel transfer carriages and upenders
Operate the auxiliary fuel handling bridge manipulator crane
Operate the auxiliary building overhead crane (general load handling)
What if a spent fuel assembly is dropped in containment?

IMPORTANCE

K/A NO. KNOWLEDGE RO SRO
K1 K nowledge of the physical connections and/or cause-

effect relationships between the Fuel Handling System

and thefollowing systems:

(CFR: 41.2t041.9/45.7t0 45.8)
K1.01 RS 25 32
K1.02 RHRS . . 25 32
K1.03 OV S i 21 2.7*
K1.04 NS 2.6 35
K105 Shutdown MONItor . ... ... 2.5* 3.4*
K106 SEPCS . 24 3.0*
K2 Knowledge of bus power suppliesto thefollowing:

(CFR: 41.7)
K2.01 All fuel handling equipment (e.g., cranes, fuel elevators, handling bridge) . 15 20
K2.02 AT SUPPIY v e 16 19
K2.03 ATEAIMONITONS . . o ottt et 19 22
K3 K nowledge of the effect that aloss or malfunction of the Fuel Handling

System will have on the following:

(CFR: 41.7/ 45.6)
K3.01 Containment ventilation . ... 2.4* 2.9*
K4 Knowledge of design feature(s) and/or interlock(s)

which providefor thefollowing:

(CFR: 41.7)
K4.01 Fuel protection from bindinganddropping ........................... 2.6 34
K4.02 Fuel movement ... ... 25 33
K4.03 Overload protection ...t e 2.6 3.3
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SYSTEM: 034 Fuel Handling Equipment System (FHES)

K5 Knowledge of the operational implication of the following
conceptsasthey apply to the Fuel Handling System:
(CFR: 41.5/45.7)

K5.01 Generd principles of mechanical lifting ............................. 17?2 217
K5.02 Limitingofload .............. i 20 2.6
K5.03 Residual heat removal; decay .............cc i 22 2.7
K6 Knowledge of the effect of aloss or malfunction on the

following will have on the Fuel Handling System :
(CFR: 41.7/45.7)

K6.01 Fuel handlingequipment ............ .. i 21 3.0

K6.02 Radiation monitoringsystems . ............co i i i 2.6 3.3
ABILITY

Al Ability to predict and/or monitor changesin parameters

(to prevent exceeding design limits) associated with operating the
Fuel Handling System controlsincluding:
(CFR: 41.5/45.5)

Al.01 Load limits .. ..o 24 32
A1.02 Water level intherefudingcanal ... 29 3.7
A2 Ability to (a) predict theimpacts of the following malfunctions or

operations on the Fuel Handling System ; and (b) based on those
predictions, use procedures to correct, control, or mitigatethe
consequences of those malfunctionsor operations:

(CFR: 41.5/43.5/45.3/45.13)

A2.01 Droppedfuel element ............. .. .. 3.6 4.4
A2.02 Dropped Cask ... 34 39
A2.03 Mispositioned fuel element ............... ... ... oo 3.3 4.0
A3 Ability to monitor automatic operation of the Fuel Handling System,

including:

(CFR: 41.7/45.5)

A3.01 Travel lIMitS ... 2.5* 31
A3.02 Load limits .. ... 2.5* 31
A3.03 Highfluxat shutdown ............c 2.9 3.3
A4 Ability to manually operate and/or monitor in the control room:

(CFR: 41.7/ 4550 45.8)

A4.01 Radiationlevels ... 33 3.7
A4.02 Neutronlevels. . ... 35 3.9
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075 Circulating Water System

TASK: Perform circulating water/service water systems test
Remove marine growth from main condenser circulating water passages
Perform lineups of the circulating water system
Start up the circulating water system
Monitor circulating water system operations
Shut down the circulating water system
Operate the water box priming subsystem
Monitor water box priming subsystem operation
Monitor condenser cleaning subsystem operation
Start up and shut down the de-icing subsystem
Operate circulating water pumpsin different combinations
Isolate awater box (salt water operations)
Restore flow to awater box
Operate the vacuum priming system on the circulating water system vacuum loop
Operate the cooling towers
Isolate awater box (fresh water)
Operate the cooling tower blowdown subsystem
Operate cooling tower makeup subsystem

IMPORTANCE

K/A NO. KNOWLEDGE RO SRO
K1 K nowledge of the physical connections and/or cause-

effect relationships between thecirculating water

system and the following systems:

(CFR: 41.2t041.9/45.7t045.8)
K1.01 SN S 25 25
K1.02 Liquidradwastedischarge ............c i 29 31
K1.03 CONOENSE e 19 19
K1.04 S 17 18
K1.05 MRSSaNd SDS . ..ot 20 19
K1.06 CooliNG tOWErS . .ot 1.9* 1.7*
K1.07 Recirculation spray System ...t 2.2* 2.1*
K1.08 Emergency/essentiadl SWS............. i 3.2* 3.2*
K1.09 VaCUUM PHIMING .« .o 15 14
K2 Knowledge of bus power suppliesto thefollowing:

(CFR: 41.7)
K2.01 Circulating Water PUMPS ..o vttt 16 17
K2.02 MOV S 17 17
K2.03 Emergency/essentiadd SWSPUMPS . ... 2.6* 2.7*
K2.04 LUbE oIl pUMPS .. o 1.4* 1.4*
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SYSTEM:

K3

K3.01
K3.02
K3.03
K3.04
K3.05
K3.06
K3.07

K4

K4.01
K4.02

K4.03

K4.04
K4.05
K4.06
K4.07

K5

K5.01
K5.02
K5.03
K5.04
K5.05
K5.06
K5.07
K5.08
K5.09
K5.10

075 Circulating Water System

Knowledge of the effect that aloss or malfunctions of the
circulating water system will have on the following:
(CFR: 41.7/ 45.6)

DS e
MG e
Recirculation spray System ...t
Plantefficiency ............ i i i
B AS

Knowledge of circulating water system design featur e(s)
and interlock(s) which providefor thefollowing:
(CFR: 41.7)

Heat SINK ..o

Interlocks between circulating water system pumps and

dischargevave ......... .. i

Interlocks between circulating water system pumps and

COOlING tOWEN PUMPS oottt ettt
Automatic pickup of backup lube oil pumps(ACandDC) .............
Operation of condenser tubecleaningsystem........................
Traveling screen operation ...ttt

Relationship between water box inlet valve position and circulating pump
logic (including switching time required to close water

boxinletvalveswitch) ............ ... ..

Knowledge of the operational implications of the following
conceptsasthey apply to thecirculating water system:
(CFR: 41.5/45.7)

Definition and unitsof measureof avacuum .. ................ ... ...
Purpose of avacuumonthemaincondenser .........................
Factorsthat affect main condenser vacuum . ............ ...
Principle of operation of themaincondenser ........................
Principle of operation of thecoolingtowers ........................
Principle of cooling by evaporation ................................
Relationship of seawater temperatureto marinegrowth ...............
Purpose of thevacuum primingsystem .............................
Relationship between circulating water conductivity and corrosion . . . . ..
Damage to piping and components from hydraulicshock ..............

3.8-15

. 2.3
. 21
. 2.3
. 19
. 2.1*
. 15
. 3.4*

. 25
. 2.0*

. 1.7+
. 1.7+
. 1.5*
. 16

. 1.7+

. 14
. 15
. 15
. 14
. 1.6*
. 14
. 1.4*
. 16
. 15
- 17
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26
24
24
21
2.3*
17
3.5%

2.8
2.1*

2.1*
19
15*
18

1.7+

15
15
16
16
1.9*
16
1.6*
16
17
18



SYSTEM:

K6

K6.01
K6.02
K6.03
K6.04
K6.05
K6.06

ABILITY

Al

A1.01
A1.02
A1.03
A1.04

A1.05
A1.06
A1.07
A1.08
A1.09

A2

A2.01
A2.02
A2.03

A2.04
A2.05

075 Circulating Water System

Knowledge of the effect of aloss or malfunction of the following will have

on thecirculating water system:
(CFR: 41.7/45.7)

N AVES o

Ability to predict and/or monitor changesin parameters
(to prevent exceeding design limits) associated with

oper ating the circulating water system controlsincluding:
(CFR: 41.5/45.5)

Cooling water temperature . .........oviiiiii e
Intake levels ...
Pump amperage (norma range and limitations) .......................
Pump oil levels and seal flows (normal range and limitations) ...........

Lube il temperature and pressure ...t
Circulating water temperature (inletandoutlet) .......................
Circulating water pump motor current and pump discharge pressure . . . . ..
Circulating water makeup pump motor current (withinlimits) ...........
Normal conditions for pump oil levelsand seal water pressure ..........

Ability to (a) predict theimpacts of the following malfunctions
or operationson the circulating water system; and (b) based on
those predictions, use proceduresto correct, control, or mitigate
the consequences of those malfunctions or operations:

(CFR: 41.5/43.5/45.3/45.13)

Lossof intakestructure ...
Lossof circulatingwater pUmMpPS . ...

Saf ety features and rel ationship between condenser

vacuum, turbinetrip, andsteamdump .. ...
Effects of extremes in ambient temperature on cooling tower operation . .

Potential damage to condenser from high discharge pressures of

CirculatingWater PUMP . . ..ottt
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15
15
15
15
15
15

18
2.2%
17
17

15
17
15
1.6*
14

3.0*
25

25
1.8*

16

16
15
15
16
15
15

20
25
17
16

16
17
15
1.6*
15

3.2
2.7

2.7*
2.1*

16



SYSTEM:

A2.06

A2.07
A2.08
A2.09

A2.10

A211

A3

A3.01
A3.02
A3.03
A3.04
A3.05

A3.06
A3.07

A4

A4.01
A4.02
A4.03

A4.04
A4.05

A4.06

A4.07
A4.08
A4.09
A4.10

075 Circulating Water System

Operating two circulating water pumps when power level

exceedsS50% of plantrating ..........co i
Potential effects of improper cooling water systemflow .............
Icebuilduponintake Structure . ..........c.c.coiiiiiiiiiiiiinnns

Operation of amertap ball collector flaps and screens

in normal, backwash, and emergency backwashmodes................
Automatic startup mode of water box priming pumps relative to specified
MINIMUMVBCUUM . . ot e e e et e et e e e e e

Time required for fill of piping by induction of water

into circulating systemusing vacuumsystem ..................... .

Ability to monitor automatic operation of the circulating
water system, including:
(CFR: 41.7/ 45.5)

Automatic isolation of circulating water valves .....................
Alternate flow pathsfor circulatingwater ...........ccooviiiiinnn.
Pump amperage (normal range and limitations). .....................
Pump oil levels and seal flows (normal range and limitations) .........

Verification that pump discharge valve closes when

circulatingwater pUMP SIOPS . .« oo v
Normal and abnormal collector flap differential pressures and setpoints . .
Makeup flow control valve controller and indicator.. .................

Ability to manually operate and/or monitor in the control room:
(CFR: 41.7/45.5t045.8)

Emergency/essentiadd SWSPUMPS . ...
CirculatingWater pUMP ..o vttt

The circulating water system, such that the correct
number of pumps are operating for al plant power

LEVEIS L
AT €dUCIOr SYSEEM . ..

The circulating water system, to maintain avacuum in

the main condenser during shutdown aslong asisnecessary . ..........

Water box vacuum priming isolation valves, control

switches, and indiCators . .. ...
Vacuum priming tank/priming compressor controller ................
Gland seal water supply system. ...
Circulating water box inlet and outletvalves . .......................
Circulating water pump and circulating pump dischargevalve ..........

3.8-17

. 1.7+
. 17

. 2.0*
. 1.7+
. 1.5*

. 1.5*

. 2.1*
. 2.3*
. 17
. 17

. 17

1.6*

. 1.7+

. 3.2*
. 2.2*

. 2.3*
. 1.8*

. 2.3*

. 1.8*
. 1.7*
. 16
. 1.9*
. 19
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1.8*
17
2.0*

1.7+
1.6*

1.6*

2.1*
2.3*
17
16

16
15*
1.6*

3.2*
23

22
1.8*

23

1.7+
1.6*
16
1.8*
18



SYSTEM: 075 Circulating Water System

A4.11 Startup and shutdown of the circulatingwaterpump ....................
A4.12 Dischargevalveinterlock system ................. ... ..o
A4.13 Cooling tower operations . ........oviiiii i
A4.14 Lube oil pumpsfor circulatingwater pump ...
A4.15 Operation of thevacuum primingsystem. ...,
A4.16 Traveling screensinmanual operation . ...
A4.17 Isolation of awater DOX . ...... ...
A4.18 Operation of the circulating water bay dluicegate ..................... .
A4.19 DeicingvalVe ...
A4.20 BloWoUL Preventers ...
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3.8-18

19
1.8*
1.8*
1.5*
14
16
15
1.6*
1.6*
1.7+

19
1.7+
1.7+
1.7+
15
16
15
1.7+
1.7+
1.8*



078

TASK:

K/A NO.

K1

K1.01
K1.02
K1.03
K1.04
K1.05

K2
K2.01
K2.02

K3

K3.01
K3.02
K3.03

K4

K4.01
K4.02
K4.03

K5

K5.01
K5.02

Instrument Air System (I1AS)

Perform lineups of the IAS
Start upthelAS

Monitor IAS

Shift instrument air compressors
Operate system air dryers
Perform testing of automatic operation of IAS

IMPORTANCE
KNOWLEDGE RO SRO
Knowledge of the physical connectionsand/or cause-effect relationships
between the |AS and the following systems:
(CFR: 41.2t041.9/45.7t045.8)
SENSOF BIF ettt et e e 2.8* 2.7*
STV G AT ot 2.7* 28
ContaiNMENL @I . ..o et e 3.3* 3.4*
Cooling Water t0 COMPIESSOr .. oottt ettt 2.6 29
MSIV A 3.4* 3.5*
Knowledge of bus power suppliesto thefollowing:
(CFR: 41.7)
INStrUMENt @ir COMPIESSOT . .« v v v eens 2.7 29
Emergency air COmMPreSSor . ..oovvet et 3.3* 3.5%
K nowledge of the effect that aloss or malfunction of
the lASwill have on the following:
(CFR: 41.7/ 45.6)
Containment air SyStemM ... ..ottt 3.1* 3.4*
Systems having pneumatic valvesand controls ........................ 34 3.6
Crosstied UNitS ... 3.0 34
Knowledge of |ASdesign feature(s) and/or interlock(s)
which providefor thefollowing:
(CFR: 41.7)
Manual/automatic transfersof control ............. ... ..o, 2.7 29
Cross-overtootherair systems ... 3.2 35
Securing of SASupon lossof coolingwater .................coii... 3.1* 3.3*
Knowledge of the operational implications of following concepts
asthey apply tothe |AS:
(CFR: 41.5/45.7)
GaS NS . . o 15 17
Diesel effect . ... ..o 17 18

3.8-19
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SYSTEM:

K6

K6.01
K6.02
K6.03
K6.04
K6.05
K6.06
K6.07
K6.08
K6.09
K6.10
K6.11
K6.12
K6.13

Al

A2

A2.01

A3

A3.01

A3.02

A4

A4.01

078 Instrument Air System (IAS)

Knowledge of the effect of alossor malfunction on the following
will haveon thel AS:
(CFR: 41.7/45.7)

AT COMPIESSOIS & v v vttt ettt
Pressure galges ... .ot
Temperature indiCators . ...t
Servicearrefusal valve . ...
AT Ny OIS e
CrosstieVvalVe . ...
NV AVES
Sensors and detectors . ......ouii i e
Controllersand positioners . . ...
MOtOrS . .
Heat exchangersandcondensers. ...t
Breakers, relays, anddisconnects . .............o o o
NS o

ABILITY

Ability to predict and/or monitor changesin parameters
(to prevent exceeding design limits) associated with
operating the lAS controlsincluding:

(CFR: 41.5/45.5)

None

Ability to (a) predict theimpacts of the following mal-
functionsor operationson thelAS; and (b) based on
those predictions, use proceduresto correct, control,
or mitigate the consegquences of those malfunctions or
operations:

(CFR: 41.5/43.5/45.3/45.13)

Air dryer and filter malfunctions ...

Ability to monitor automatic operation of the | AS, including:
(CFR: 41.7/ 45.5)

AT PEESSUNE . v vttt e
AT OMPEraUNE . L . e

Ability to manually operate and/or monitor in the control room:
(CFR: 41.7/45.5t045.8)

Pressure galges ... .o e
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24
19
18
2.2*
21
21
17
17
17
15
16
15
16

24

31
23

31

26
21
21
2.4*
22
24
19
19
21
17
17
18
19

29

3.2
23

31
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TASK:

K/A NO.

K1

K1.01
K1.02

K2

K2.01

K3

K3.01

K4

K4.01
K4.02

K5

K5.01
K5.02

K6

K6.01
K6.02
K6.03
K6.04
K6.05
K6.06
K6.07

Station Air System (SAYS)

Perform lineups of SAS

Start up a station air compressor
Monitor SAS operation

Shut down the SAS
KNOWLEDGE

K nowledge of the physical connections and/or cause-

effect relationships between the SAS and the following systems:

(CFR: 41.2t041.9/ 45.7 t0 45.8)

Knowledge of bus power suppliesto thefollowing:
(CFR: 41.7)

Station @ir COMPIrESSOIS . . oottt vttt

Knowledge of the effect that aloss or malfunction of the SAS will

have on the following:
(CFR: 41.7/ 45.6)

Ventilation SyStem ... ... e

Knowledge of SAS design feature(s) and/or interlock(s)
which providefor thefollowing:
(CFR: 41.7)

Cross-connect With TAS ...
Automatic control of stationair pressure . ..........coeeviiiiiiiin

Knowledge of the operational implication of the following concepts asthey

apply tothe SAS:
(CFR: 41.5/45.7)

Knowledge of the effect of aloss or malfunction on the
following will have on the SAS:
(CFR: 41.7/45.7)

VAVES
Sensorsand detectors ...ttt e
Controllersand positioners. . ...
MOtOrS . .
Heat exchangersandcondensers. ...t
Breakers, relays, anddisconnects . ............. ... o oo
IS o e

3.8-21

14
15

16
14
17
13
13
14
15
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IMPORTANCE

RO SRO
e 3.0 31
e 2.2 22
e 2.3 2.3
e 17 19
e 29 3.2
e 2.2 24

16
17

17
15
18
14
14
14
16



SYSTEM:

Al

A2

A2.01

A3

A3.01

A3.02

A3.03

A4

A4.01
A4.02

079 Station Air System (SAS)

Ability to predict and/or monitor changesin parameters
(to prevent exceeding design limits) associated with
operating the SAS controlsincluding:

(CFR: 41.5/45.5)

None

Ability to (a) predict theimpacts of the following malfunctions or operations
on the SAS; and (b) based on those predictions, use proceduresto correct,
control, or mitigate the consegquences of those malfunctionsor operations:
(CFR: 41.5/43.5/45.3/45.13)

Cross-connectionWith TAS .. ... e 29

Ability to monitor automatic operation of the SASincluding:
(CFR: 41.7/ 45.5)

Normal Operating PreSSUre ..ot 2.0*
Normal operating temperature .............cc i 18
Automatic start of the COmpPressor .. ... 19

Ability to manually operate and/or monitor in the control room:
(CFR: 41.7/45.5t045.8)

CrosstievaVvesWith IAS . ... 2.7
Reductionof loads off SAS ... ... o 21

NUREG-1122, Rev. 2 3.8-22

3.2

2.1*
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086

TASK:

K/A NO.

K1

K1.01
K1.02
K1.03

K2

K3

K3.01

K4

K4.01
K4.02
K4.03
K4.04
K4.05
K4.06
K4.07

K5

K5.01
K5.02
K5.03
K5.04

Fire Protection System (FPS)

Perform lineup of the FPS
Place the FPSin standby
Shut down the FPS

IMPORTANCE
SRO

KNOWLEDGE RO

K nowledge of the physical connections and/or cause-
effect relationships between the Fire Protection System
and thefollowing systems:

(CFR: 41.2t041.9/45.7t0 45.8)

High-pressureservicewater ..., 3.0*
RaW SEIVICEWALEY . . o 2.7*
ARW Sy St 3.4*

Knowledge of bus power suppliesto thefollowing:
(CFR: 41.7)

None
Knowledge of the effect that a loss or malfunction of the Fire Protection System

will have on the following:
(CFR: 41.7/ 45.6)

Shutdown capability with redundant equipment ........................ 2.7 3.2

Knowledge of design feature(s) and/or interlock(s)

which providefor thefollowing:

(CFR: 41.7)

Adequate supply of water for FPS. . ... ... oo 31 3.7

Maintenance of fireheaderpressure ................ ... ... ... ... 3.0 34

Detection and locationof fires ... 31 3.7

Personnel safety ... 3.1* 34

Halon . ..o 3.0* 3.4*

0 3.0 33

MT/Gand T/Gprotection ............co i, 25 2.8

Knowledge of the operational implication of the following concepts asthey

apply tothe Fire Protection System:

(CFR: 41.5/45.7)

Effect of CO,0onfire ... 22 2.6

Effect of halononfire ......... ... 22 26

Effect of water spray on electrical components ....................... 31 34

Hazards to personnel as aresult of fire type and methods of protection . .. 29 3.5*
3.8-23 NUREG-1122, Rev. 2
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SYSTEM:

K6

K6.01
K6.02
K6.03
K6.04

Al

A1.01
A1.02
A1.03
A1.04
A1.05

A2

A2.01
A2.02
A2.03
A2.04

A3

A3.01
A3.02
A3.03

A4

A4.01
A4.02
A4.03
| A404
A4.05
| A4.06

086 FireProtection System (FPS)

Knowledge of the effect of aloss or malfunction on the
Fire Protection System following will have on the:
(CFR: 41.7/45.7)

PUMPS . 21
VaAVES i 19
MOtOrS . .o e 1.7
Fire,smoke, andheat detectors. . ... 2.6

Ability to predict and/or monitor changesin parameters
(to prevent exceeding design limits) associated with

Fire Protection System operating the controlsincluding:
(CFR: 41.5/45.5)

Fireheader pressure . ... 29
Firewater storagetank level ............ ... ... . 3.0*
FIrEdOOrS ..ot 2.7
Firedampers ... 2.7
FPSIiNEUPS ..o o 29

Ability to (a) predict theimpacts of the following mal-
functions or operations on the Fire Protection System;

and (b) based on those predictions, use proceduresto correct,
control, or mitigate the consequences of those malfunctions or
operations:

(CFR: 41.5/43.5/45.3/45.13)

Manua shutdownof the FPS . ... . ... 29
Low FPSheader pressure ... 3.0
Inadvertent actuation of the FPS dueto circuit failureor welding ........ 2.7
Failure to actuate the FPS when required, resulting in firedamage . ... .. .. 3.3

Ability to monitor automatic oper ation of the Fire Protection System including:
(CFR: 41.7/ 45.5)

Starting mechanisms of firewater pumps ............. ... 29
Actuation of the FPS ... .. 2.9
Actuation of firedetectors ...t 2.9

Ability to manually operate and/or monitor in the control room:
(CFR: 41.7/45.5t045.8)

Fir e Water PUMIPS oo 3.3
Firedetectionpanels ............co i i 35
Firealarm switCh . ... i 35
Fire water storagetank makeup pumps ... 3.4*
DeaUgeVAVES ... 3.0
Halonsystem ... 3.2
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23
19
19
29

3.3
3.2*
3.2*
3.3
31

31
3.3
29
3.9

3.3
3.3
3.3

3.3
35
34
3.3*
35
3.2*



Safety Function 9.

Radioactivity Release page
068 Liquid Radwaste System (LRYS) 3.9-2
071 Waste Gas Disposal System (WGDYS) 3.9-5 |
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068 Liquid Radwaste System (LRYS)

TASK: Perform lineups of the reactor coolant waste (RCW) system (clean radwaste system)
Perform transfer operations from an RCW holdup/receiver tank
Perform transfer operations from areactor coolant monitor tank
Perform transfer operations from reactor coolant drain/pressurizer relief tank
Monitor the RCW/boron recovery system
Start up the RCW/boron evaporator
Transfer waste/boron recovery evaporator concentrates
Shut down the RCW/boron recovery evaporator
Recirculate distillate through the polishing demineralizer
Perform transfer of distillate to primary water storage tank

IMPORTANCE

K/A NO. KNOWLEDGE RO SRO
K1 K nowledge of the physical connectionsand/or cause effect relationships

between the Liquid Radwaste System and the following systems:

(CFR: 41.2t041.9/45.7t045.8)
K1.01 RCSaNd CVCS .. 24 26
K1.02 Wastegasventheader ..........c..uiiiiiiiiiiiiiiiiiiiinns 25 2.6
K1.03 PRI 22 23
K1.04 Reactor draintank ... ... o 2.4* 2.5*
K1.05 CW SO S L 23 26
K1.06 Boron recovery equipment . ... 2.1* 2.3*
K1.07 Sourcesof liquidwastesfor LRS ............ ... i i i 2.7 29
K1.08 AUXITArY SEEAM . . e 1.9* 2.2*
K2 Knowledge of bus power suppliesto thefollowing:

(CFR: 41.7)
K2.01 TraNS O PUMID oot 1.7* 19
K2.02 AutomaticisolationValves. .. ... 1.9 21
K2.03 Radiation Monitors . . ... 21 22
K3 Knowledge of the effect that aloss or malfunction of the Liquid Radwaste

System will have on the following:

(CFR: 41.7/ 45.6)
K3.01 OV S 22 24
K3.02 WGBS .. 21 24
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SYSTEM: 068 Liquid Radwaste System (LRYS)

K4 Knowledge of design feature(s) and/or interlock(s)

which providefor thefollowing:

(CFR: 41.7)
K4.01 Safety and environmental precautions for handling hot,

acidic, and radioactiveliquids .............cc i i 34 4.1
K5 Knowledge of the operational implication of the following conceptsasthey

apply tothe Liquid Radwaste System:
(CFR: 41.5/45.7)

K5.01 Thermal stressonequipment . ... 17 2.2*
K5.02 Relationships between temperature and pressure of awater-based fluid . . . 15 19
K5.03 Unitsof radiation, dose, anddoserate ............cooviiiiinanninnn.. 2.6 26
K5.04 Biological hazards of radiation and the resulting goal of ALARA ......... 3.2 35
K5.05 Relationship between evaporator reboiler steam pressure

andtheheatuprate ... 17 19
K5.06 Evaporation-condensation cycle of distillingunits..................... 1.6* 1.8*
K6 Knowledge of the effect of aloss or malfunction on the

following will have on the Liquid Radwaste System :
(CFR: 41.7/45.7)

K6.01 NS o 17 19
K6.02 Demineralizersandionexchangers ... 19 20
K6.03 BOron recovery evaporator . ... ... ...t 19 19
K6.04 NV AVES 18 19
K6.05 PUMPS . 17 18
K6.06 Controllersand positioners . . ...t 17 17
K6.07 Sensors and detectors . ...t 19 19
K6.08 Breakers, relays, anddisconnects . ............. oo 16 17
K6.09 Miscellaneous liquid radiation waste drain tanks and waste holdup tanks . . . 19 21
K6.10 Radiation Mmonitors . . ... 25 29
K6.11 WaSte eVapOralors ... ...t 18 21
ABILITY
Al Ability to predict and/or monitor changesin parameters (to prevent

exceeding design limits) associated with Liquid Radwaste System operating
the controlsincluding:
(CFR: 41.5/45.5)

A1.01 Waste coolant monitor tank .. ...........eiiiiiiiiiiiiiiiiia 2.2* 2.5*
A1.02 Evaporator pressurecontrol .......... . 2.2* 2.3*
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SYSTEM:

A2

A2.01
A2.02
A2.03
A2.04

A3

A3.01

A3.02

A4

A4.01

A4.02

A4.03
A4.04

068 Liquid Radwaste System (LRYS)

Ability to (a) predict theimpacts of the following malfunctions or
operationson the Liquid Radwaste System ; and (b) based on those
predictions, use proceduresto correct, control, or mitigatethe
consequences of those malfunctionsor operations:

(CFR: 41.5/43.5/45.3/45.13)

A boric-acid "freeze” .. ... . 2.3?
Lack of tank recirculation priortorelease ........................... 2.7*
Insufficient sampling frequency of the boric acid in the evaporator bottoms 2.5*
Failure of automaticisolation ..., 33

Ability to monitor automatic operation of the Liquid Radwaste System including:
(CFR: 41.7/ 45.5)

Evaporator pressurecontrol .......... . o 2.5%
Automaticisolation ........ ... 3.6

Ability to manually operate and/or monitor in the control room:
(CFR: 41.7/45.5t045.8)

Control board for boronrecovery ... 2.7*
Remoteradwasterelease . ... 3.2*
Stoppage of release if limitsexceeded ........... ... L 3.9
Automaticisolation ........ ... 3.8
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071

TASK:

K/A NO.

K1

K1.01
K1.02
K1.03
K1.04
K1.05
K1.06
K1.07
K1.08
K1.09

K2

K2.01
K2.02
K2.03

K3

K3.01
K3.02
K3.03
K3.04
K3.05

Waste Gas Disposal System (WGDYS)

Perform lineups of the WGDS

Start up the WGDS

Shift WGDS compressors

Shift waste gas decay tanks

Return gas to the CY CS holdup tank
Conduct authorized waste gas release

Monitor WGDS operation
Purge the waste gas surge tank and compressors
Sample the waste gas decay tanks

Recover from automatic termination of gasrelease dueto PRMS system alarm
Shut down the WGDS

IMPORTANCE
KNOWLEDGE RO SRO
K nowledge of the physical connections and/or cause-
effect relationships between the Waste Gas Disposal
System and the following systems:
(CFR: 41.2t041.9/45.7t0 45.8)
NN gaS ..o oot 21 21
SEAliNG WY . ..o 2.2 22
LRSS 21 21
Stationventilation. . ... 2.7 28
Meteorological towWer ...ttt 2.7 2.8
ARM and PRM SYstemS . ... 3.1* 31
RS 21 21
OV S i 2.2 22
Plant samplingsystem ............ o i 21 22
Knowledge of bus power suppliesto thefollowing:
(CFR: 41.7)
WGBS .. e 19 21
[sOlationValve . . ... 2.0* 20
ARM and PRM SYstemS . ... 2.1* 23

Knowledge of the effect that aloss or malfunction of the Waste Gas Disposal
System will have on the following:
(CFR: 41.7/ 45.6)

LRSS 20 23
OV S i 21 21
RS i 22 21
Ventilation SyStem ... ... e 2.7 29
ARM and PRM SYystemS . ... 3.2 3.2
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SYSTEM: 071 Waste Gas Disposal System (WGDYS)

K4 Knowledge of design feature(s) and/or interlock(s)
which providefor thefollowing:
(CFR: 41.7)

K4.01 Pressure capability of thewastegasdecaytank ....................... 2.6 3.0
K4.02 Sealing water around the shaft of thegascompressor .................. 2.5* 2.5*
K4.03 TanKl00P SEaAlS . . oo 2.5* 2.6*
K4.04 Isolation of waste gasreleasetanks ........ ..o 2.9 34
K4.05 Pointof release ... ... 2.7 3.0
K4.06 Sampling and monitoring of waste gasreleasetanks ................... 2.7* 3.5*
K5 Knowledge of the operational implication of the following conceptsasthey

apply tothe Waste Gas Disposal System:
(CFR: 41.5/45.7)

K5.01 Relative pressure measurementS. .. ... 17 21
K5.02 Relationships and measurements of gas temperature,

pressure, andflowrate ........... .. o 17 19
K5.03 Sources of hydrogen that could accumulateinthedecay tank ............ 2.3 29
K5.04 Relationship of hydrogen/oxygen concentrations to flammability ........ 25 31
K5.05 Methods of measuring hydrogen gas concentration .................... 21 2.7
K5.06 Radioactivedecay ...t 2.3 24
K6 K nowledge of the effect of alossor malfunction on the Waste Gas Disposal

System following will have on the:
(CFR: 41.7/45.7)

K6.01 NV AVES 19 21
K6.02 Sensors and detectors . ...t 19 19
K6.03 Controllersand positioners . . ...t 18 19
K6.04 PUMPS . 16 17
K6.05 M OtOrS . 16 17
K6.06 Breakers, relays, anddisconnects . ............. oo 17 18
K6.07 COMPIESS0S . . v it ettt et e e et e e e e e 19 21
K6.08 Rupturedisks ... ..o 22 25
K6.09 Wastegasheader ...........uuiiiiiii i 2.3 25
K6.10 Surgeanddecay tanks. ... 2.3 25
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SYSTEM:

Al

A1.01
A1.02
A1.03
A1.04
A1.05
A1.06
A1.07

A2

A2.01

A2.02
A2.03
A2.04
A2.05
A2.06
A2.07
A2.08
A2.09

A3

A3.01
A3.02
A3.03

071 Waste Gas Disposal System (WGDYS)

Ability to predict and/or monitor changesin parameter s(to prevent exceeding
design limits) associated with Waste Gas Disposal System operating the

controlsincluding:
(CFR: 41.5/45.5)

Time response of radiation levelsto release of waste gas

Nitrogen additiontothedecay tank ..................
Holdup tank pressureandlevel ......................
Waste gas header pressure vs. compressor operation. . . .
Decay tank pressurevs. liquidlevels .................
Ventilationsystem . ...
Surgetank pressureandlevel ............. ... ... ..

............... 22
............... 20
............... 23
............... 23
............... 20
............... 25
............... 20

Ability to (a) predict theimpacts of the following malfunctions or
operationson the Waste Gas Disposal System ; and (b) based on those
predictions, use proceduresto correct, control, or mitigate the consequences

of those malfunctions or operations:
(CFR: 41.5/43.5/45.3/45.13)

Use of WGDSto prevent entry of oxygen into holdup

tanksduring liquidtransfers .......... ... i 2.3?
Use of waste gas release monitors, radiation, gas flow rate, and totalizer . . 3.3
Rupturedisk failures ............ .. o i 2.7*
LOSSOf COVEIr gas .. ..ot 2.3*
Power failluretothe ARM and PRM Systems ......................... 2.5*
Supply faluretotheisolationvalve ................. ... .. .ot 24
Lossof meteorological tower ..............c 25
Meteorological changes ..............c i i i 25
Stuck-openreiefvalve ... 3.0*
Ability to monitor automatic operation of the Waste Gas Disposal System
including:

(CFR: 41.7/ 45.5)

HRPS . 2.6*
Pressure-regulating system for wastegasventheader .................. 2.8
Radiation monitoring system alarm and actuating signals ............... 3.6

3.9-7
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29
23
24
25
21
2.8
22

2.8?
3.6
3.3*
2.7*
2.6
25
29
2.8*
3.5*

2.7*
2.8
3.8



SYSTEM: 071 Waste Gas Disposal System (WGDYS)

A4 Ability to manually operate and/or monitor in the control room:
(CFR: 41.7/45.5t045.8)

A4.01 Valveto put the holdup tank into service; indications

of valvepositionsandtank pressure . ... 2.7* 2.2*
A4.02 Waste-gas compressor, including control switch, un-

loadingvave anddrainvave ............. ... .. o o 2.5* 2.3*
A4.03 Vaves and indications for sealing water to the gas-

compressor shaft ... ... 2.6* 2.2*
A4.04 Radwasteliquid transfer pumps . ... 24 2.1*
A4.05 Gas decay tanks, including valves, indicators, and sampleline ........... 2.6* 2.6*
A4.06 Meteorological charts and recorders, along with the

stop-timeand waste-gasreleasenumber ........... oo e 2.8 3.3
A4.07 Wastegasreleaseflowmeter ... 3.0* 3.0*
A4.08 Nitrogengasaddition.............. ... .. o i i i 2.3* 2.0*
A4.09 Wastegasrelease rad monitors . ..., 3.3 35
A4.10 WGDS SaMPliNG ... e 2.5* 2.4*
A4.11 WGDS startupand shutdown .. ... 2.5* 2.3*
A4.12 Air purge of WGDS releaseradiation monitors ............covvvvnnn. 2.3* 2.4*
A4.13 Recovery from automatic termination of gas release due

tOPRM systemalarm. . ...t 3.0 31
A4.14 WDGSSAUSA@IMS . ..o e 2.8 3.0
A4.15 Procedure for putting the waste gas compressor in

serviceand for removingitfromservice ............ ... ... oo oL 2.4* 2.3*
A4.16 Wastegasdecay tank shifts . ... 2.5* 2.2*
A4.17 Stopping transfer of radioactive liquidsto WGDSdecay tank ............ 2.6* 2.5*
A4.18 Operation of radwaste liquid transferpumps .......................... 2.2* 2.0*
A4.19 Bringing an empty WDGS decay tank on line and shutting

downafull tank .. ... ... 2.5* 2.2*
A4.20 Placing WGDS gas compressors in automatic operation................ 2.5* 2.2*
A4.21 Valve lineup for returning gas to the CV CS holdup tank

fromawastegasdecaytank . ..........coo i 2.4* 2.1*
A4.22 Useof recyclegasheader ............... ..o i, 2.3* 2.2*
A4.23 Procedure for regulating pressurein CVCSholduptanks ............... 2.3* 2.1*
A4.24 The double verification required beforewaste gasrelease .............. 2.9* 3.4*
A4.25 Setting of process radiation monitor alarms, automatic

functions, and adjustment of setpoints . ............. ... ... o ool 3.2* 3.2
A4.26 Authorized waste gas rel ease, conducted in compliance

with radioactive gasdischargepermit. ..., 3.1 39
A4.27 Opening and closing of the decay tank discharge control valve ........... 3.0* 2.7*
A4.28 Nitrogen additions to the decay tank, and knowledge of limits ........... 2.4* 24
A4.29 Sampling oxygen, hydrogen and nitrogen concentrations

in WDGS decay tank; knowledge of limits ........................... 3.0* 3.6*
A4.30 Water drainage fromtheWGOSdecay tanks ..........ccooviivnnnnn. 2.9* 2.6*
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EPE: 007 Reactor Trip

IMPORTANCE

K/A NO. KNOWLEDGE RO SRO
EK1 Knowledge of the operational implications of the following concepts as

they apply tothereactor trip:

(CFR41.8/41.10/ 45.3)
EK1.01 Principles of neutron detection .................... .. i i, 24 29
EK1.02 SNUtdOWN MEANGIN ..o 34 3.8
EK1.03 Reasons for closing the main turbine governor valve

and the main turbine stop valve after areactor trip ..................... 37 4.0
EK1.04 Decreasein reactor power following reactor trip (prompt

dropandsubsequentdecay) ........ccoiii i e 3.6 39
EK1.05 Decay power asafunctionoftime .................. ..., 33 3.8
EK1.06 Relationship of emergency feedwater flow to S/G and

decay heat removal following reactortrip .....................oounn. 37 41
EK2 Knowledge of the interrelations between areactor trip and the following:

(CFR41.7/45.7)
EK2.01 Sensorsand detectors ... ..ot 23 23
EK?2.02 Breakers, relaysand disconnects ............. ..o 2.6 2.8
EK?2.03 Reactor trip statuspanel ... 35 3.6
EK2.04 Controllersand positioners . ......ooooit i e 2.3 24
EK3 Knowledge of thereasonsfor the following asthe apply to areactor trip:

(CFR41.5/41.10/ 45.6/ 45.13)
EK3.01 Actions contained in EOPfor reactortrip ... ... ... 4.0 4.6

ABILITY
EAL Ability to operate and monitor thefollowing asthey apply to areactor trip:

(CFR41.7/ 45.5/ 45.6)
EA1.01 TIGCONIOIS oottt 3.7 34
EA1.02 MW Sy S M oo 38 3.7
EA1.03 RCSpressureandtemperature ..........ccovviiiiinnneriiinnnennnns 4.2 41
EA1.04 RCPoperationandflowrates ... 3.6 37
EA1.05 Nuclear instrumentation ...............c i 4.0 41
EA1.06 Reactor trip (scram): verification that the control

and safety rodsareinafterthetrip ............o i 44 45
EA1.07 MT/G trip; verification that the MT/G hasbeentripped ................. 4.3 4.3
EA1.08 AW Sy SlaIM L e 44 4.3
EA1.09 VS . 32 33
EA1.10 S G PrESSUIE . vt ittt 37 37
EA2 Ability to determineor interpret the following asthey apply to areactor trip:

(CFR41.7/ 45.5/ 45.6)
EA2.01 Decreasing power level, from availableindications .................... 41 4.3
EA2.02 Proper actions to be taken if the automatic safety func-

tionshavenottakenplace ........... ..o 4.3 4.6
EA2.03 Reactor trip breaker position ............. .. i i 4.2 44
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EPE: 007 Reactor Trip

EA2.04 If reactor should have tripped but has not done so,

manually trip the reactor and carry out actionsin

ATWSEOP . e 4.4 4.6
EA2.05 Reactor trip first-out indication .................. ... ..o o oo 34 39
EA2.06 Occurrenceof areactortrip ..., 4.3 45
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EPE: 009 Small Break LOCA

IMPORTANCE

K/A NO. KNOWLEDGE RO SRO
EK1 Knowledge of the operational implications of the following concepts as

they apply tothe small break LOCA:

(CFR41.8/41.10/ 45.3)
EK1.01 Natural circulation and cooling, including reflux

BOIING .. o 4.2 4.7
EK1.02 Useof steamtables ........... .o 35 4.2
EK2 Knowledge of theinterrelations between the small break LOCA and

thefollowing:

(CFR 41.7/45.7)
EK2.01 NV AVES 22 23
EK?2.02 PUMPS . 23 2.6*
EK2.03 SIS it 3.0 3.3*
EK2.04 Sensors and detectors . ......ooii i e 23 26
EK3 Knowledge of thereasonsfor thefollowing responses asthe apply to the

small break LOCA:

(CFR41.5/41.10/ 45.6/ 45.13)
EK3.01 CCW System automatic isolation on high delta flow/

temperatureto RCPthermal barrier ............ ... ... .. ... .. ..., 3.1* 3.6*
EK3.02 Opening excessletdownisolationvave ..................... ..ot 2.8* 3.2*
EK3.03 Reactor trip and safety initiation................. ... ... ..o oo 4.1 4.4
EK3.04 Starting additional chargingpumps ............ .o i i 4.1 4.3
EK3.05 CCWSradiationalarm .. ... e 34 3.8
EK3.06 RCSinventory balance . ... 39 4.0
EK3.07 Increasing indication on CCWS process monitor: indicates

in-leakage of radioactiveliquids ................. ... ... . o oo 3.3 3.6
EK3.08 PTSIlimitson RCS pressure and temperature- NCandFC .............. 3.6 4.1
EK3.09 Closing CCW surgetank vent ...t 3.1* 3.4*
EK3.10 Observationof PZRIevel ... ... . 34 3.6
EK3.11 Dangers associated with inadequate corecooling ...................... 4.4 45
EK3.12 Letdownisolation . ... 34 3.7
EK3.13 Stoppingtheaffected RCP ... 34 3.7
EK3.14 Monitoring RCPlowerbearings ...t 31 3.2
EK3.15 Closing of RCPthermal barrier outletvalves ......................... 3.2 3.2
EK3.16 Containment temperature, pressure, humidity and level limits ........... 3.8 4.1
EK3.17 Automatic isolation of containment ............ ... 40 4.3
EK3.18 Monitoring containment radiationlevels ..................... ... ..., 39 4.3
EK3.19 Operator initiation of containment vent isolation/indication............. 3.6? 3.9?
EK3.20 Tech-Specleakage limitsS. ... 35 4.3
EK3.21 Actions contained in EOP for small break LOCA/leak .................. 4.2 45
EK3.22 Maintenanceof heat SinK . ...... ... 44 45
EK3.23 RCPtripping requirements . ...t 4.2 4.3
EK3.24 ECCSthrottling or termination criteria . ............................. 4.1 4.6
EK3.25 Monitoring of in-coreT-cold ............ ... ..o i 3.6 39
EK3.26 Maintenance of RCSsubcooling . ... 4.4 45
EK3.27 Manual depressurization or HPI recirculation for sustained high pressure . 3.6 3.8
EK3.28 Manua ESFASInitiationrequirements ................ ... 45 45

NUREG-1122, Rev. 2 4.1-4



EPE:

EA1.01
EA1.02
EA1.03
EA1.04
EA1.05
EA1.06
EA1.07
EA1.08
EA1.09
EA1.10
EA1.11
EA1.12
EA1.13
EA1.14
EA1.15
EA1.16
EA1.17
EA1.18
EA1.19

EA2

EA2.01

EA2.02
EA2.03
EA2.04
EA2.05

EA2.06
EA2.07
EA2.08
EA2.09
EA2.10
EA2.11
EA2.12
EA2.13
EA2.14
EA2.15
EA2.16
EA2.17
EA2.18
EA2.19
EA2.20
EA2.21
EA2.22
EA2.23

009 Small Break LOCA
ABILITY

Ability to operate and monitor the following asthey apply to a
small break LOCA:

(CFR41.7/ 45,5/ 45.6)

RCSpressureandtemperature ...
RBsumpleve ... ...
Low-pressure SWS activity monitor ................. ... ... ..
OV S i
O S L
Plant compuUter ... ...
CCS i
Containment isolationsystem........... .. ..o i
RO
Safety parameter display system . ... i
APWIMBW
RPS
B AS
Secondary pressure control . ...
PORV and PORV blockvalve .......... ... ..o,
Subcoolingmarginmonitors .. ...
PR e
Balancing of HPI loopflows .............. ... ... it
LIRS

Ability to determineor interpret thefollowing asthey apply toa
small break LOCA:
(CFR43.5/45.13)

Actionsto be taken, based on RCS temperature and

pressure, saturated and superheated ... oo
Possibleleak paths ............ ... i
CCWShigh-radiationadarm............ ...ttt
PZRIevEl . ..

Thetime available for action before PZR is empty, given the rate of

decreaseof PZRlevel ... ...
Whether PZR water inventory lossisimminent .....................
CCWS surgetank vent isolation valveindication ....................
Letdown isolation valve positionindication ........................
Low-pressure SWS activity monitor ................... ... ...
ArbornNe aCtiVity . ...
Containment temperature, pressure, and humidity ...................
Charging pump ammeter . ...ttt e
Charging pump flow indication ............. ... ..o it
Actionsto betaken if PTSlimitsareviolated .......................
RCSparameters . ... ..o
CCW SUCLION PreSSUrE QUBGE .+ v v vt v vt vttt ettt eeeees
Total flowmeter .. ... ...
CCW temperature indication for RCPoil coolers ...................
Containment air cooler runindication ................ ... ool
Containment vent damper positionindicator ........................
Containment radiation trend recorder ...t
Chargingflowtrendrecorder ............ ...,
RCP operating parametersand limits ..............................

4.1-5

. 4.4
. 3.8
. 3.2*
. 3.7*
. 3.4*
. 3.0*
. 3.7
. 4.0
. 3.6
. 3.8*
. 4.1
. 4.2
. 4.4
. 34
. 3.9
. 4.2
. 34
. 3.4*
. 23

. 4.2
. 35
. 34
. 3.8

. 3.4*
. 3.8
. 2.7*
. 2.9*
. 2.8*
. 31
. 3.8
. 2.8
. 34
. 3.8
. 3.3
. 2.3*
. 3.3?
. 23
. 2.7
. 2.6
. 34
. 3.0*
. 2.8
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4.3
3.8
3.2*
35
34
3.3
3.9
4.1
3.6
3.9*
4.1
4.2
4.4
34
4.1
4.2
34
3.2*
24

4.8
3.8
3.8
4.0

3.9
4.3
3.1*
2.9*
3.3*
3.7
4.1
2.7
3.6
44
34
24
3.9?
2.6*
31
29
3.9
3.3*
3.3




EPE: 009 Small Break LOCA

EA2.24 RCPtemperature setpoints ...
EA2.25 Reactor trip SetpointS . ... ..o
EA2.26 Activity wastetank level gauges .. ...
EA2.27 Activity wastetank trend recorder ...........c.coiiiiiiiiii
EA2.28 Leak rate, from change in reactor coolant draintank level ...............
EA2.29 CVCS pump indicating lights for determining pump status ..............
EA2.30 Tech-Spec limits for plant operation with lessthan four loops ..........
EA2.31 Tech-Spec limitsfor plant operation withanidleloop..................
EA2.32 SO .
EA2.33 RCS water inventory balance and Tech-Speclimits ....................
EA2.34 Conditionsfor throttling or stoppingHPl ............................
EA2.35 Conditions for throttling or stopping reflux boilingspray ...............
EA2.36 Difference between overcooling and LOCA indications ................
EA2.37 Existence of adequate natural circulation ............................
EA2.38 Existenceof headbubble .......... ... .
EA2.39 Adequate Core COOlING ...t
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2.6
3.9
2.1*
2.1*
2.8
3.2
2.5*
2.5*
3.2*
3.3
3.6
3.4*
4.2
4.2
3.9
4.3

29
41
2.5%
2.4*
3.1*
34
3.5%
3.5%
3.6*
3.8
4.2
4.1*
4.6
4.5
4.3
4.7



EPE:
K/A NO.

EK1

EK1.01

EK2

EK2.01
EK2.02

EK3

EK3.01
EK3.02
EK3.03
EK3.04
EK3.05
EK3.06
EK3.07
EK3.08
EK3.09
EK3.10
EK3.11
EK3.12
EK3.13
EK3.14
EK3.15

EA1.01

EA1.02
EA1.03
EA1.04
EA1.05

EA106
EA1.07
EA1.08
EA1.09
EA1.10
EA1.11
EA1.12

011 LargeBreak LOCA

IMPORTANCE

KNOWLEDGE RO

SRO

Knowledge of the operational implications of the following concepts as
they apply tothe Large Break LOCA :
(CFR41.8/41.10/ 45.3)

Natural circulation and cooling, including reflux

BOIiNg. ... 4.1 4.4
Knowledge of theinterrelations between the and thefollowing
LargeBreak LOCA:
(CFR 41.7/45.7)
NV AVES 24 24
PUMPS . 2.6* 2.7*
Knowledge of thereasonsfor thefollowing responses asthe apply to the
LargeBreak LOCA:
(CFR41.5/41.10/ 45.6/ 45.13)
Verifying main steam isolation valve position. . ...............ooounn. 3.4* 3.5*
Feedwater iSolation . ........ ..ot 3.5* 3.7*
Starting auxiliary feed pumps and flow, ED/G, and service water pumps . . . 4.1 4.3
Placing containment fan cooler damper in accident position ............ 4.0* 4.3
Injectioninto Coldleg ... ... 4.0* 4.1
Actuation of Phase A and B during LOCA initiation.................... 4.3* 4.3*
Stopping charging pump bypassflow ................ ... ... ... ... 3.5* 3.6*
Flowpath for sumprecirculation.................. ... ..o 39 4.1
Maintaining D/Gs availableto provide standby power .................. 4.2 45
PTSlimitson RCSpressureand temperature ......................... 3.7 39
NCaNd PC ... 33?7 347
Actions contained in EOP for emergency LOCA (largebreak) ........... 4.4 4.6
Hot-leginjection/recirculation............... ... 3.8 4.2
RCPtripping requirement ...t 4.1 4.2
Criteriafor shiftingtorecirculationmode ........................... 4.3 4.4
Ability to operate and monitor the following asthey apply to a
LargeBreak LOCA:
(CFR 41.7/ 45.5/ 45.6)
Control of RCS pressure and temperature to avoid viol at-
INgPTSIMItS ... 3.7* 3.8*
Reflux boiling sump level indicators ........................ ... ..., 3.8 4.1
Securing Of RCPS .. ... 4.0 4.0
ESF actuation systeminmanual .............. ... oo oo 4.4 4.4
Manual and/or automatic transfer of suction of charging
pumMpsSto borated SOUrCE . ... 4.3 39
DS . o 4.2 4.2
Containmentisolationsystem........... ... i i i 4.4 4.4
Valvesto prevent water hammer . ... 2.7* 2.6*
Coreflood tank initiation ......... ... i 4.3 4.3
AFW and SWS PUMPS .« .o 4.1 3.8
Long-termcoolingof core ........... ... i i 4.2 4.2
Long-term containment of radioactivity ..................... ... ..., 4.1 4.4
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EPE: 011 LargeBreak LOCA

EA1.13 Safety injection COmMPoONENtS . ... ..ottt e e 4.1* 4.2
EA1.14 Subcooling mMarginmonitors .. ...t 39 4.1
EA1.15 RCStemperature and pressure . .....oovvvv et 4.2 4.2
EA1.16 Balancing of HPI loopflows ............ .. ... o i 3.5* 3.5*
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EA2.01 Actionsto be taken, based on RCS temperature and
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EA2.04 Significanceof PZRreadings ........... ... i i 3.7 39
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