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ABSTRACT

This volume of a five.volume series summarizes those data currently
resident in the first release of the Nuclear Computerized Library for
Assessing Reactor Rellabi1ity (NUCLARR) data base. The raw human error
probabi1ity (MEP) and hardware component fallure data (MCFD) contained
herein are accompanied by a glossary of terms and the HEP and hardware
taxonomies used to structure the data. Instructions are presented on how
the user may navigate through the NUCLARR data management system to find
anchor values to assist in solving risk-related problems.

Volume ¥: Data Manua) wil) be updated on a perlodic basis so that

risk analysts without access to a computer may have access to the latest
NUCLARR data. Those users wishing (o learn more regarding the

computer -based Interactive search and report-generation capabilities of the
NUCLARR system are referred to the other volumes In the NUREG/CR-4639

serfes, e.g., Volume 1: Summary Description or Volume IV: User's Guide.

FIN No. A6BS4 . -Nuclear Computerized Library for
Assessing Reactor Rellabiiity (NUCLARR)



EXECUTIVE SUMMARY

Volume V: Data Manua) of NUREG/CR-4639, EGG-2458, Vs comprised of

four individual parts. Part 1: “.mmary Description Introduces aspects of
the NUCLARR dats base management system and prepares the reader for

reviewing data presented \n Parts 2, 3, and 4. Part 2: Human frror

Probability (HEP) Estimates contains detalled Information on the HEP data
In the NUCLARR system on the task, cell, and functional group summary

level. Part 3: Mardware Component fallure Data (HCiD) presents HCFD
contained in NUCLARR; and Part 4: Summary Aggregations offers NUCLARR HEP

and HCFD summary aggregations.

A human and hardware rellabi)ity analysis group (HHRAG) has been
established for the purpose of preparing and processing HEP and NCFD. An
externdl review committee meets at least three times per year to provide
technical directlon, quality assurance, and make recommendations for
upgrades to the NUCLARR systom,

The NUCLARR Data Clearinghouse, the primary Interface for users of the
system, 1s responsible for the distribution of Volume V and perlodic
updates of the data which are Yssued as change pages. The NUCLARR Data
Clearinghouse also acts as a resource to answer questions, offer
supplementa) advice to users, and distribute NUCLARR software.

This report reviews NUCLARR coding systems and data processing
procedures. It also highlights the manner in which users can employ th:
vartous parts of this volume directly or to establish anchor values for use
In addressing generic safety Yssues. Parts 2, 3, and 4 each begin with an
overview and are followed by & task flow and deta)led examples on how to
use NUCLARR data in order to Ydentify MLP and HCFD rates.
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NUCLEAK COMPUTERIZED LIBRARY FOR ASSESSING
REACTOR RELIABILITY (NUCLARR)
VOLUME V: DATA MANUAL
PART 1: SUMMARY DESCRIPTION

1. INTRODUCTION

The Nuclear Computerized Library for Assessing Reactor Rellabiiity
(NUCLARR) 15 & computer -basea data management system used to process,
store, and retrieve human error probab)1ity (MEP) and bardware component
fatlure data (WCFD) in a ready-to-use format. The NUCLARR data management
system was spontored and developed by the U.S. Nuclear Regulatory
Commission (NRC) to provide the risk analysis community a repository of
rel1ab)iity data that can be used to support a variety of existing and
developing techniques for performing reactor risk assec<sment. A special
function, the NUCLARR Data Clearing“ouse, has heen established at the Idaho
Nationa) Engineering Laboratory (INEL) to assist in providing users of the
data management system and data manual with adequate documentation, NUCLARR
computer software, expert assistance, data processing, and quality
assurance functions,

The NUCLARR system 's documented 'n a serles of five volumes
(NUREG/CR-4639, £66-2458). "% volume 1: Susmary and Description’

presents & genera)l Introduction to the NUCLARR system. In ih)s document,
key Information regarding the organization of the NUCLARR system,
structural taxonomy for the WEP and HCFD side, and on-1ine search and
retrieva) capabilities of the NUCLARR system software are presented.
FaVlure modes, actions, plant codes, document retrieval capab)iity, data
or\gin and survey perlod are also defined for the reader. In addition,
specifications for the hardware and software configuration necessary to run
the NUCLARR system are discussed in detal)l. Points of contact for problems
encountered when attempting to use the data base or when attempting to
forward new data to the NUCLARR Data Clearinghouse are also included.

Volume 11: Ptggggg!gg;i_ﬁglygz provides information necessary for
maintaining the software programs resident in the NUCLARR system. This




Includes modules for adding new equipment or actions to the taxonomy .
matrices and software for converting raw human and hardware performance

data Into processed fallure rate estimates with the appropriate confidence
bounds and error factors. Also Included are procedures for maintaining and
modifying help screens, equipment and plant codes, log plot programs, and
computational aggregation algorithms contained 'n NUCLARK,

Yolume 111: gement Guide for Processing Dats and
Revising the Data Manual™ provides the Ynput procedures used by the
NUCLARR Data Clearinghouse for extracting suitable data from candidate
source documents and entering this Information inlo the NUTLARR system.

Yolume 1V: User's ﬁgjgg"‘ provides users with step-by-step

procedures for locating, reviewing, And combining data extracted from the
NUCLARR system. This volume also provides ad-hoc search strategles and
examples of where the analyst may or may not wish ta use the aggregation
routines offered by the NUCLARR system.

Yolume V: Data Manua) s the Fifth volume of & five.volume set and 1s

meant to serve the needs of and accommodate those who do not have access to
personal computers; V't provides those users the means to review a1l data
avallable In the NUCLARR system. Volume V \s divided Into four parts.

Part 1: Summe-y Description provides the user with a top-level review of
the type of data, both HEP and HCFL, resident in the NUCLARR data
management system. Readers may supplement the information contained in
Part ) of Volume V by addressing Parts 2, 3, and 4 in the serles:

Part 2: Wuman frror Probabiiity (WEP) Data; Part 3. Mardware Component
Fadlere Data (HCFD); and Part 4: Susmary Aggregations. Volume V has been

designed to be & stand-alone cocument. For analysts ‘nterested in WEP,

Volume V, Part 2, provides 16 two-dimensiona) matrices used to determing

equipment and human action codes. The analyst searches for data Ytems by

combining equipment characteristics and human actlons. These codes are

used Lo “ocate al) related data In the data appendices assoclated with

Part 2. Definitions for a)) equipment are also presented in Part ..

Similarly, the coding sequences presented In Part 3 for the HCFD taxonomy

section of the Data Manua) may be used to ‘dentify al) relevant HCFD for a .




‘ particular component. Part 4 presents summary aggregations across
equipment groups for HEP and HCFD.

Subscribers to the NUCLARR data base managemen! system will recelve a
series of diskettes, allowing them to use the system at thelr own
location. Minimum utility specifications rrquire the analyst to have an
lBH-compat\blea personal computer with math co-processor, 20-megabyte
hard disk, 640K of random access memory, and no autc load, sys.cache file,
or virtual disk commands which reduce the 640K ~eeded to run NUCLARR.

Any reader desiring coples of the Individual volumes listed in the
et series or a copy of NUCLARR software should contact the NUCLARR
.edaringhouse at the address 1isted below:

David 1. Gertman
NUCLARR Data Clearinghouse
Idaho National Engincering Laboratory
P. 0. Box 1625
. Idaho Falls, 1D 83415 USA
Telephone: FTS 583-0652; commercial 208-526-0652

Questions regarding the NUCLARR program mey be directed to the address
1isted above or to the NRC Technical Monitor:

Thomas G. Ryan
U.S. Nuciear Reyulatory Commission
Office of Nuclear Regulatory Research
5620 NY holson Lane, NL/N-316
Rockville, MD 20852 USA
Telephone: FTS 492-3550; ~ommercial 301-492-355C

a. Mention of specific produ 's and/or manufacturers in this document
implies nelther endorsement o, preference nor disapproval by the U.S.
Government, any of Vts agencles, or tG&G ldaho, Inc., of the use of a

. specific product for any purpose.



2. ORGANTZATION

Part 1 of Volume V of NUREG/CR-4639 s organized to familiarize
potential users with ihe NUCLARR data base managemeni sysiem, provide
orfen*ation for data base usage without the ald of a computer, inform users
on how "5 Ydentify and retrieve the data which will meet ti~ir needs, and
Instruct them on how to access the two types of data, HEP and HCFD,
currently residing in the system. A11 the ta). omic Information needed In
order to understand huw the NUCLARR system is orcanized has been provided
17 *his overview.

HE< data are organized in matrices by human 2ctlor; eguipwent being
monitored, used, tested or callorated; whether errors comnitted are errors
of comnission or omission; and whether or not the data source specifies if
recovery actions have been considered In tho calculation of the HEP point
estimate

HCFD are organized by equipment (component) type and fallure mode.
Additional coding exists, such as plant codes, nurma) operatfng state, and
SUrvev perio-J.a Listings of a1l the HEP and HCC sources for data
currently entered in NUCLARR mey be found in Section 3.3 of this report.

The appendices to Parts 2, 3, and 4 of Volume V present HE®, HCFD and
summary aggregatior data, respectively. As pa-t of an ongoing effort,
other data sources will be 1dentified, processed, and, where appropriate,
entered Into the NUCLARR data base management system,

a. ‘ror readers wishing to broaden thelr understanding of HLFD, the
following references are avaliable from the NUCLARR Data Clearinghouse:
EGG-RTQ-7775, Agqgregation Methods for Component Fa‘'lur in the Nuclear

;gggutgr%zgg_ \brary for A | or Rellability; EGG-R£067742.
equirements fo- the Entry éf E;ﬁg;ﬁ:ﬁf fallure Data in NUCLARR,® and
“UCLARR Yoluwe IV: User's Guide.*-




3. DATA QUALIFICATION

A number of parameters can be used to describe and define error
probability and rate-based dzta. Popular examples for HEP include
performance shaping factors (PSFs), task performance time, the quality of
procedures, whether the errors committed where those of omission or
commission, and whether there was opportunity for reccvery from the error.
Likewise, hardware fatlure rate descriptors may Include such parameters as
survey period, plant Ydentification, component application, and
distribution type (e.g., lognormal, gamma, Poisson). All events contained
in the HCFID side of the NUCLARR system concern component fallures, and all
components are treated equally. The hierarchical structure merely serves
to organize data.

Authors of documents reviewed to date tcnd to differ in what they
select as descriptive characteristics of the task, equipment, and work
environment and the method by which data were collected. In all cases,
then, 1t iy the user who must he the ultimate arbiter as to the quality of
data and which documents should be Included in a data search.

A serles of stringent criteria have been Introduced to ensure that
data contained in the NUCLARR sy<tem are of the highest quality. Prior to
the current implemeniation, detalled set(s) of screen.ng procedures were
developed which would a)low al) reasonable, quant’'fied data a place within
the NUCLARR system. The results of this effort are diicussed below for
both the HEP and HCFD sides of the NUCLARR data management system.
Likewise, the aggregation meihods and algorithms used in NUCLARR are
sophisticated and have, over the past few years, undergone extensive review
by ¢ tside consultants who were knowledgeable in probabilistic risk
asse;sment (PRA) and human rellability analysis techniques.

3.1 The NUCLARR Data Clearinghouse and Quality Control

The NUCLARR Data Clearinghouse includes human factors, risk analys's,
and software personne’ who are responsible for al) contact with users of



the NUCLARR system anc ror providing documentation and suprsit services for ‘
software ma‘ntenance. MNUCLARR Data Clearinghouse personnel are further

responsible for the distribution of user documentailon, including training

course documentation, and dickettes containing <JrLARR software. They also

review updated verslons ind revised data pages for Velume V: Data Manual.

A 1ibrary has been esteblished at the Clearinghouse wharein coples of
all five volumes of tha NUCLARR series are maintained and kept up to cate.
Clearinghouse personne) also track requests for documents and ensure that
requestors receive NUCLARR materials in a timely fashion. A small, personal-
computer -based management system which keeps account of each new transaction
has been implemented in dBaselll+ software expressly for this purpose.

The human und hardware rellabi1ity analysis group (HHR™ ) plays a major
role in the NUCLARR data management process, distinct from the NUCLARR Data
Clearinghouse function. The HHRAG reviews data sources for suitab)lity and
then processes *hose data which are qualified for iInclusion in the NUCLARR
system. The personne) who make up the HHRAG are experienced in one or more
of the following disciplines: nuclear power nlant operations, human
rellabi1ity analys)s, probabilistic risk analysis, system reliability, and
generic safety issues. An external review committee, composed of members
Internal and external to the NUCLARR project team, meets three times per
year to process and perform quality assurance checks of the data resident in
the system. Review committee members are selected with approval of the NRC
Technical Monitor, <nd menbers serve on a rotating basis. They make
suggestions as to urces of new, meaningfu'! HEP and HCFD. To assist the
review members in their qualification of d.ta, equipment and human actions
have been operclionally defined and are presented as Appendices A and B of
this report.

The externa) review committee also takes under consideration
recommeidations for cnenges or upgrades to the NULLARR data mana_ aent
system, iIncluding additions to data base taxonomies which will result in
more efficlent processing, coding, and retrieval of data. One such recom-
mendation recently implemenied in NUCLARR calls for the addition of a log ‘
plot capability for both HEP and HCID sides of the data management system.




3.2 Plant (Ut11ity) Ident)fication Codes

Codes for al)l plants in the United States which are used to fdentify
data for both HEP and HCFD are 1isted in Parts 2, 3, and & of Volume V.

3.3 Data Sources

A variety of sources are eligible for Inclusion in NUCLARR. With the
exception of PRA sources, most data sources (e.g., documents or data bases)
presen’ either HEP or HCFD. An example of an HEP data source would be
NUREG CR-1278, Handbook of Human Reliability with Emphasis on Nuclear Power
Plant Applications. ™ A HCFD source could be any raw, plant-specific data
contained in a PRA. HCFD sources could also include generic data rates,
such as those contained in 1EEE STD 500, *Guide of the Collection and
Presentation of Electrical, Eiectronic, Sensing Component, and Mechanical
Equipment Rellability Data for Nuclear Power Generator Stat\stics."o or
NASH 1400, Reactor Safety Study: An Assessment of Acclident Risks n U.S.
Commercial Nuclear Power P\ants.n The sections below 1ist some of the
sources and potential sources entered to date. Readers are encouragyed to
submit any raw or processed HEP or HCFD directly to the NUCLARR Data
Clearinghous2 by sending Yt to the address specified on page 3 of this
report.

3.3.1 HEP Sources

Sources of MEP data eniered to date are 1isted in Table 1. In
addition, part of the HERAS data base, a collection of the HEP portion of
19 plant PRAs, has also been entered. Raw HEP data from these various
sources are found in appendices to Part 2 of Volume V.

3.3.2 MHCFD Sources

Sources of HCFD entered to date are 1isted in Table 2. Raw failure
rate data from these various sources ai: found \n appendices to Part 3 of
volume V.



TABLE 1. HUMAN ERROR PROBABILITY REERENCES LISTED BY DOCUMENT NUMBER
Document
_Number Reference

1-62 S. J. Munger, . W. Smith, and D. rayne, An Index of Electronic
Equipment Operability: Data Store, AIR-C43-1/62/RP(1), January
1962.

1775 U.S. Nuclear Regulatory Commission, Reactor aafg;x_%ngxé_gg
Assessment of Accident Risks in U.S. rcial Nuclear Power
Plants, WASH-1400, NUREG-75/014, October 1975.

1-81 D. D. Carlson, Reactor agfegx Study Hettho)ch Aggltcgtign;
Program: Sequoyah #) Power Piant, NUK‘G/CR-1659, February
1981,

1-82 D. A. Topmiller et al., Human Rellability Data Bank for Nuclear
Power Plant Operations VO% 1: A Review of Ex)sting Human
Rellabiiity Data Banks, NUREG/CR-2744, December 1982.

1-83 A. D. Swaln and H. E. Guttman, Handbook of Human Reljability
Analysis with Emphasis on Nuclear Power Plant Applications,
NUREG/CR-1278, August 1983,

1/84 A. N. Beare et al., A Simulator Based Study cf Human Errors in
Nuclear Power Plant Contro) Kocm Tasks, NU%EG/CR-335§. January
1984,

2/84 K. Comer, D. Seaver, W. St11lwell, and C. Giddy, Calculatin
Human Rellability Estimates Using Expert Juigement,

-3688, Vol. 2, November ‘

3-84 W. R. Sugnet, G. J. Boyd, and S. R. Lewls, Oconee PRA, NSAC-60,
Vol. 1, June 1984,

4/84 A. C. Payne et al., Interim Rellability gwglggéion Pr*gr;n:
Analysis of the Calvert C11ffs Unit | Nuclear Power Plant,
NUREG/CR-3511, Vols. 1 and 2, August 1984,

1/85% Luckas, 0'Brien, Perline, and Spettell, Ogerator Actions in
Anticipated Transient With Scram 1ATH§-!§) Sequence for Peach
Bottom Plant, October 1985,

2/85 J. N. 0'Brien and Spettell, yggg of Human Rellabiitty Analysis
Pr 119stic Risk e nt PlWL to Resolve Person

rformanc d ect Safety, NUREG/CR- '
March 1985.
2/86

R. C. Bertuclo et a1., Analysis of re ¢ fre fr
Interna) Events: Surrey, Unzt 1, iﬁETE/QS-%EEG. Vo‘. §. 1585.




TABLE 1 (CONTINUED)
Document
_Number Reference
3/86 Kolaczkowsk) et al., Analys)s of Core Damage freguency from
Interna) Events: Peach Bottom, Untt 2, NUREG/CR-4550, Vol. 4,
fOctober 1986,
1/817 M. T. Drouin et al., Analysis of Core Damage freguency from
Internal Events: Grand lef, Unit T, nuﬁtcacn-xsgﬁ. Vol. ®,
April 1987.
2/81 R. C. Bertuclo et al., Analysis of Core Damage Frequency from

Internal Events: Sequoyah, Unit 1, NUREG/CR-4550, Vol. 5,
February 1987.




TABLE 2. HARDWAR: COMPONENT FAILURE DATA REFERENCES LISTED BY
COCUMENT NUMBER

Document
Number Reference

200-81 Big Rock Point Probabilistic Risk Assessment, Consumer Power
Company, March 1981,

205-86 Connecticut Yankee Probabiiistic Safety Study, NUSCO 149,
February 1986,

209-82 Indian Point Probabilistic Risk Assessment, Pickard, Lowe, and
Garrick, Inc., December 1982.

211.85 Millstone Probabilistic Risk Assessment, Northern Utilities,
July 1985.

212-8) Electric Power Research Institute (Nuclear Safety Analysis
Center), A Probabilistic Risk Assessment of Oconee Un't 3,
NSAL-60, Vols. 1-4, June 1984,

213-81 Zion Probabi)ist'c Ri.k Assessment, Pickard, Lowe, and Garrick,
Inc., September 1981,

54.75 Reactor §afetg Study, Appendix I11.-Fadlure Data, WASH-1400,
NUREG-75/7014, U.S. Nuclear Regulatory Commission, 1975 - data

under review, some entry

53-83 IEEE Standard 500, Nuclear Power Engineering Committee, IEEE
Power Engineering Soclety, 1964,

63-82 NUREG/CR-1205, Data Summaries of Pumps at U.S. Nuclear Power

Plants, Rev. 1, January 1980.

36-85 NUREG/CR-3831, The In-PM‘n% Reliabi)ity Da se for Nucleir
\p : In m or Diese nerators,
: ] §, January 1985,

133-86 Electric Power Research Institute, - Rellabi ) f rgen

lesel Generator n A lear Power Plants, ‘
eptember 1986,

10



4. CRITERIA FOR DATA INCLUSION

The following sections describe the specific criteria used to qualify
data sources for entry into the NUCLARR system. Only those data that have
met the criteria specified in Sections 4.1 and 4.2 are Included in the raw
data appendices of Parts 2 and 3 of Volume V and summarized in Part 4

4.1 HP Side

Data entered in the HEP side of the NUCLARR system must meet three
criteria:

1. They must specify a human action;
X They must specify a plece of equipment or a system; and,

3. They must be quantitative in nature. The most preferable data
are in the form ¥ an HEP statement with upper and lower
confidence bounds. Data presented as median values with errors,
or simply as error observed over the number of opportunities for
error, are also acceptable.

If data obtalned from a studv meet the criteria specifled above but
are lacking In sclentific merit, they may be excluded from the data base by
the HHRAG review group. Excluston, although possible, 1s the exception
rather than the rule. The NUCLARR user Vs expected to be relatively
sophisticated and able to select those documents germane to the problem
under investigation.

Data reported in one source which are simply repeated In a second
source are also not Included. Ffor example, once data from HASH-\OOO“
have been entered in NUCLARR, a review article which merely repeats those
data would not be sultable for inclusion Yn NUCLARR. 1f the origin of data
Ys other than in the document being reviewed and data have been modified by

expert judgment or task analysis methods, the transformed data are
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avallable for the analyst'c review and the original source 1s referenced.
These data are not aggregated. This procedure helps prevent the
possibility of over-representation of data within the data base.

4.2 HCFD Side

Data requirements for the HCFD side of the NUCLARR system are 1imited
to time- and demand-based es;timates and do not, at the present time
Include other types of data, such as unavallability or common-cause.
Losses of function are not Included, as they are confounded with function
losses due to human intervention, Y.e., error. What s included, then, are
events where components were In need of repalr, replacement, or adjustment.

Furthermore, components selected for iInclusion in the NUCLARR system
are those that are typically involved in basic events in fault-tree models
of nuclear power plant systems. They also tend to be those types of
components most often found In safety systems.

HCFD entries have been restricted to fadlures within specified
component boundaries. Secondary fallures have been excluded; 1.e.,
fatlures due to conditions ex'isiing outside the boundary that produce
conditions exceeding the design basis of the ccmponent. Thus, closely
aisoclated equipment that Vs physically coupled Vs included, and fa'lures
caused by common-support systems are not.

Ideal fallure rate data, therefore, depend upon the component and 1ts
immediate environment and application.

In summary, HCFD accepted for Incluston into the NUCLARR system must
have:

0 A description of component and fallure mode; and

0 A prodabiitty value; V.e., number of fallures and number of
operating hours or demands, or the rate Vtself,
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‘ When avallable, an account of plant operating conditions or the state
\n which the fallures occurred Ys also preserved 'n the data base.

Finally, raw data are preferred over rates which have made use of Bayesian

updates
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5. AGGREGATION FEATURES

The sections which follow present the aggregation features of the
NUCLARR system for both HEP and HCFD. For in-depth iInformation regarding
the aggregation features and corresponding alqgorithms resident in the

NUCLARR system, the reader 1s referred to Section 3.3 of Volume IV: User's
Guide, Part 3: NUCLARR System Descript\on.6

5.1 HEP Data Treatment

The NUCLARR system automatically makes a number of calculations for
each HEP source data point. Depending on the degree of detal) avallable
when data are first entered, the NUCLARR system will compute upper
confidence bounds (UCBs), lower confidence bounds (LCBs), error factors,
medians, means, errors, and opportunities for error. Al)l of these data are
present for the reader's review. Separate aggregation algorithms are
applied to compute task statement HEPs, cell HEPs, and functional group
HEPs. These aggregations are computed for each of the three levels of the
the NUCLARR system taxonomy. Figure 1 presents this HEP configuration with
each of the aggregations being nested in each of the equipment taxonomy
levels. Aggregation values are derived in the following manner.

For computing task statement HEP aggregations, raw source data are
compared for consistency using a homogeneity test based upon the binomial
distribution. Statistically consistent HEP; are pooled; the task MEP s
the total number of errors divided by the total number of opportunities.
Based upon binomial distribution characteristics, the UCB and LCB Yimits
are computed,

For computing cel) HEP aggregations, HEPS from functionally related
tasks are gathered together and are assumed to be lognormally distributed.
Therefore, the sum of the logs of the HEPS for a given cel) 1s divided by
the number of W'Ps, and the antilogarithm Vs calculated to determine the
cell HEP. Calculation of the error factor for the cel) HEP s based on
taking the root mean square of the log ratios of task statement UCBs to
LCBs.
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The functiona!l group summary 1s the highest level of HEP dala «1lowed .
in the NUCLARR system. For computing functional group HEP aggregations,
calculations are based on task leve) HEPs, Just as they are iIn the cel)
aggregation calculations. In this case, the aggregation employs task HEPs
functionally grouped not for ore cel) but taken across a set of cells.

This distribution of HEPs 1s assumed to be logncrmal. Again, the sum of
the logs of the HEPs for these tasks comprising the funcilonal group 1s
divided by the number of HEPs, and the antilogaritim 1s calculated to
determine the functional group HEP. Calculaticn of the error factor for
the functional group HEP s based on taking the root mean square of the log
ratios of task statement UCBs to LCBs.

Those readers wishing to sample raw data from Part 2 of Volume V and
manually compute task, cell, and functional group HEPs are referred to
Volume IV in this series for procedures outlining manual calculation

methods.

5.2 HCFD Treatment

There are two sets of aggregations within the HCFD side of the NUCLARR
system. The first set 1s performed automatically when data are first
entered. The second set is only applied when the user performs custom
aggregations with the computer -based version of the NUCLARR system.
Although time-consuming, 't would be possible to perform these same
aggregations manually. The methods used in the NUCLARR system recognize
two types of data heside raw data-.-tolerance interval information and
confidence Intervals. Generic data are acceptable Input; e.g.,

WASH 1400“ data are avallable for review by the analyst using the
NUCLARR system, but are not as preferred by the system as are raw data.

The automatically executed algorithms are driven by the nature of the
da‘a themselves. Acceptable combinations Include homogeneous/raw;
homogeneous/tolerance information avallable; homogeneous/no tolerance

Information avallable; preaggregated data/tolerance Information avallable;
and preaggregated data/no tolerance Information avallable. Homogeneous ‘
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data by definition are from equipment having a constant fa)iure rate; raw
data are the number of fallures and the associated demand, or exposure
time. Detalis regarding different Bayes procedures, raw data conversion,
and welghted and unwelighted fits to lognormal distribut’ons are contained
In Volume 1V of this series.

The aggregation procedure computes fallure probabilities at the
follewing five separate event levels: (a) component/fallure mode group;
(b) component/fallure mode; (c) component/design/faltlure mode group;

(d) component/design/fallure mode; and (e) component/design/fallure
mode/normal state. Basic NUCLARR system output Vs a point estimate and
tolerance bound, with supporting information about the rumber of records or
raw data points in the aggregation, normal operating condition (state),
Fallure mode, component, and design. Supporting Information Ys avallable
regarding each raw data point contributing to the aggregated value. Aside
from those categories cited above, this information includes component
application, aggregation type, survey/period, origin of fallure and
exposure data, plant identificatiun code, and systems and subsystem
information.

Additionally, the NUCLARR system calculates median, mean, error
factor, and upper tolerance bounds for each data point. The treatment of

data in these calculations for raw data 1s described 'n more detad) in
Yolume 1V of this serles.
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6. DATA STRUCTURE

The sections which follow describe briefly the data structure for both
the HEP and HCFD contained In the NUCLARR system.

6.1 Matrix Schema for HEP Data

A hierarchical approach Vs used in the HEP side of the NUCLARR system;
this supports the level of detal) appropriate to the needs of the risk
analyst. Data are nested under equipment categories. For example, Level )
refers to equipment systems, such as the emergency core cooling system and
\s further Vdentifled by nuclear steam supply system vendor. Level 2
refers to equipment components, such as pumps and valves. Level 3 refers
te Individual controls or displays, such as a meter or CRT. Action verbs
keyed distinctly to each of the three levels are recorded as well, For
Levels 1 and 2, these action verbs are specified for each of three types of
personnel: control room operators, equipment or aux)llary operators, and
maintenance technicians.

The reader 1s referred to Part 2, Appendix B, where equipment
characteristics are 1)sted by rows and human 2ctions are listed by column
for each matrix. The Intersection of an equipment characteristic
(Ydentifler) with a human action characteristic (Ydentifier) within a
particular matrix constitutes a cell. There 1s a unique numeric Ydentifier
assoclated with each cell. In addition, there are functional group summary
cells that contaln data combined from lower cells. For example, the
functional group summary cell for valves iIncludes globe valves, needle
valves, gate valves, etc. f[ach of the functiona) group summary cells also
has a unique Ydentifier.

Ind\vidua)l data records also contain a host of Information not
specified by the matrix. These are addressable on-1ine when using the
ad-hoc search mode of the NUCLARR system and include plant code,
performance shaping factors, time avallable to the operator or crew, mode
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(omission or commission), whether recovery was considered, plant/sequence,
source document used, and data origin, e.qg., expert judgment, laboratory,
or fleld data.

6.2 Matrix Schema for HCFD

Contained within Volume V, Part 3, are fallure data rfor components
typlcally used at nuclear power plants. A1l plant codes, component codes,
distribution codes, application codes, and fallure mode codes defined In
£66-REQ-7742° have been \mplemented.

Data are stiuctured first by event. There are five basic event lcvels:

1. Component category.

2. Component type (or Just component).

3. Component design.

4. Fallure mode.

5. Normal state.

In addition, data are organized by:

0 Application (environment or other parameters);

0 Plant Vdentifier;

0 Safety grade or not,

0 Document 10;

0 Reference 1D,

0 Whether or not conirol circults are Included;

19



Severity of fallure,
Fatlure data origin (expert judgment, plant experience, etc.);

fxpesure data origin and data record type (log books, utility
hase records, cycle cuunters, and tota) operating hours): and

Fallure data themselves, where fallure data may take the form of
median fallure rate or probabylity, mean fallure rate or
probability, units - demand or per hour, confidence interval,
tolerance interval, error factor, variance, Bayesian update flag,
and the data distribution.

20




7. HOW 70 USE THE DATA MANUAL

Prior to attempting to extract meaningfu) data from the Data Manual,
1t Vs best to become acquainted with Yts varlous parts. Figure 2 presents
a serles of steps depicting the flow of actions related to use of the
various parts of the Data Manual. FEach part of Volume V contains within
‘tself a task flow and example of how to use the data found therein.

In Figure 2, Step 1.0, calls for establishing PRA data requirements.
In the case of obtaining HEP data requirements, this requires that the
analyst construct a problem statement of sufficient detall tu Indicate the
\nvoivement of contro) room operators, auxillary operators, or maintenance
personnel and the equipment or systems they would use in meeting such a
problem. In the case of obtaining HCFD, the analyst would want to
determine the components of interest for a particular plant sequence, the

normal operating conditions of that plece of equipment, and the fallure
mode(s) Ynvolved.

Step 2.0 requires that the analyst review Volume 1: Summary
Description (NUREG/CR-4639) to get an overview of the capabilities and
types of data resident in the NUCLARR system. Users may review this volume
to find out about other documents in the NUCLARR series or to find a point
of contact at the NUCLARR Data Clearinghouse for assistance in determining
whether or not the NUCLARR system 1s appropriate to their needs.

Step 3.0 calls for the analyst to review in-house resources. The
NUCLARR system may be addressed by use of elther computer facilities or by
following procecures outlined in Volume V. If the user has access to a
personal compuler with the capab))ity to accept the NUCLARR system, then
the analyst should acquire the NUCLARR computerized data base (see
Step 3.1). Volume IV: User's Guide should be consulted for the procedures

Involved in carrying cut descriptive or ad-hoc searches.

Steps 3.2 and 3.2.)1 \ndicate that the analyst who has no perscnal
computer or of NUCLARR software should consult Part 1 of Volume V.
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Step 4.0 requires that the analyst determine more precisely his or her
data needs and whether these needs might be best met by going to detalled
or summary HEP and/or MCFD information. Ffor example, 1f detailed HEP data
are desired (see Step 4.1), then the analyst may address data located in
Part 2 such as *...Contro) room operator fails to manually activate the
consequence 1imiting contro) system (CLCS) at Surry, Unit 1, data from
NUREG CR -4550."

1f Part 2: HEP Estimates has been selected (see Step 4.1.1), the
analyst will use the procedures outlined in that document to go to the
correct cells (Step 4.1.2), review data including factors which may 1imit
the utility of particular data poi~ts to the analysis in question, and,

finally, obtain data points appropriate to the data analysis at hand
(Step 4.1.3).

If only a subset of rates in Part 2 are acceptsble to the analyst,
then he or she may wish to perform a manual aggregation (Step 4.1.4) or
select the anchor value most appropriate to the preblem at hand. Such
might be the case \f, for example, the analyst were only interasted in
rates for crew errors committed at Babcock & Wilcox plants during
loss-of-offsite power sequences. 1f a broader scope of aggregation is
desired due either to the nature of the problem at hand or to lack of
specific data being avallable 'n the open 1iterature, the user may w'sh to
go to Part 4: Summary Aggregations (see Step 4.1.5). For example, the
user may want to determine a median HEP estimate for all occaslons where
contro)l room crews have attempted to initlate high pressure injection in
the presence of various plant transients.

1f detalled HCID are desired (see Step 4.2), then the analyst may
address data located in Part 3: Hardware Component Fallure Data, such as
*fallure for diese)l generator with diesel engine driver, normally in
standby, fails to start, raw data « 6 fatlures over 1340 demands, data
collection period 1974 through 1983, at Zion Station.®
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If Part 3 has been selected (see Step 4.2.1), the analyst will use the
procedures outlined therein to go to the correct cells (Step 4.2.3); review
data, iIncluding factors related to the component rates which may 1imit
their utility to the analysis in question; and, finally, manually select
those data points most appropriate (Step 4.2.4). Once these data points
are selected, the user may wish to aggregate the data (4.2.4) or select the
anchor value most appropriate to the problem at hand. If only a genera)
screening value s needed or 1f a very large number of HCFD rates are
observed, the analyst may wish to review Part 4: Summary Aggregations (see
Step 4.2.5)

If a generic anchor value (e.g., HEP or HCFD rate) is all that 1s
required, then the analyst may wish to access directly summary aggregation
Information contained in Part 4: Summary Aggregations (see Steps 4.3 and
4.3.1). Summary aggregations For the HCFD side of the NUCLARR system are
addressed as part of Step 4.3.2 and Ynclude component fa'lure rate: In the
form “"check valves, falls to operate group, design equals all.* Note that
demand and hourly aggregations are 1isted separately. Furthermore,
aggregations are collapsed across plant, survey period, and reference
document. If a user requires dat2 on the survey perlod and plant, then
Part 3 should be used as a reference nstead.

Representative data to be reviewed as part of Figure 2, Step 4.3.3,
Include detalled summary aggregations across HEP functional cells, such as
those contained in cell 0429001, the summary of main steam systems, where
rates and bounds are presented along with classification by error type
(omission or commission) and by virtue of the extent to which recovery
actlons are represenied In the calculations. Note that these aggregations
are collapsed across performance shaping factors and nuclear power plant.
Users requiring information on the time necessary for a crew to respond to
plant/transient conditions should refer Instead to Part 2,
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8 SUMMARY

The NUCLARR data management system 1s an NRC-sponscred respository fo
probabl1istic data that s currently dedicated to human error probability
and hardware component fallure rates. This report provides the means for
the analyst who Vs without access to computer resources to use the appended

raw data in investiqgating risk-related i1ssues

Volume V: Data Manual, Parts 1 through 4, of NUREG/CR-4639 is
important source of rate-based Information for the analyst and 1s a 1iving
document which will be updated on a pericdic basis These updates will be
avallable to all users in the form of change pages which can be added to
Parts 2 and 3 in the Volume V serfes. Pari 4 Summnary Aggregations will
al50 be updated in Its entirety to revlect any addition of HEP and HCFD

based data to the NUCLARR data management system

effort at the INEL \ﬂvu]v\!-n) tne NUCLARR system is

red efforts In the area of risk mandgemer

)

]
and Risk Assessment (SARA) = and Integrated Reacto

it System (IRRAS) ~ programs

volume which complements the computerized NUCLARR data
mandgement system are encouraged to submit HEP and/or HCFD dire tly to thi
NUCLARR Data Clearinghouse at the INE| These data may be sent to the
address specified In Sesitun 1 of this report Instrusilons regarding the

Appropriate formatting o* these data may be found n EGG-REQ. 7732,

specification for the Submission of Raw Human Error Probab)lity Data to the

A

)
NUCLARR Clear inghouse, and EGG-rrE0-7742, quu\r.-nwroti. for lntr, of
Lomponent Fallure Data In the NUCLARR System
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APPENDIX A

DEFINITIONS OF EQUIPMENT CHARACTERISTICS AND HUMAN ACTIONS
FOR CLASSIFYING HUMAN ERROR PROBABILITY (MEP) DATA
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APPENDIX A

DEFINITIONS OF EQUIPMENT CHARACTERISTICS AND HUMAN ACTIONS
FOR CLASSIFYING HUMAN ERROR PROBABILITY 'HE™) DATA

DEFINIVIONS OF EQUIPMENT CHARACTERISTICS

Equipment chararteristics on all three levels of the HEP data taxonomy
are defined \n this apgsndix. The definitions are organized as follows:

0 Level | (systems)
Genera) Electric syctems
Westinghouse systems

. Combustion Engineering systems
- Babcock & Wilcox systems

0 Level 2 (components)

0 Level 3 (displays/instruments/controls)
Within each of the above categories, the definitions are 1isted \n the
order that the equipment characiaristics appear cn the matrices,

Leve) 1.-Genera) Electric Systemsd

LAl t

Air systems provide the proper type and pressure of alr to operate
necessary instrumentation and equipment \n the plant. The alr systems
Include service air and Instrument alr systems.

]nsivg%gng AVr §11§*g--1ho Instrument alr system provides a continuous
supply of clean, ary, oll-free compressed air for use by plant
instrumentation, various air-operated valves, and centrol devices,

Service Air System--The service alr system provides a continuous
supply of compressed air, without drying or filtration, for such Functions

a5 backwashing, mixing, and agitat! - as well as general plant use. Soce
plants ut)1ize service alr as a backup to Instrument air.

Annyncliator Systems

Annunclator systems are hardwired systems that provide the operator
with the audio and visua) alarm Information required for wnit operation,

a. An asterisk Indicates ‘hat this definition of a General Electric system
s based on the Nuclear Plant Rellabi)ity Data System (NPRIS).
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Leve)l ).-Genera)l Electric

startup, and shutdown. These systems are independent of the plant computer
system and Include the controls necessary to acknowledge, s)lence, and
reset alarms.

Communication Systems

Communications systems provide rallable and convenient communications
among onsite personnel and between on-site and off-site locations. These
systems Inclu.e an Intraplant public address systom, a private telephone
system to permit plant-to-off-site communication on a coniinuous basis, and
4 ‘wo-way radio communication system,

Compressed Gas Systems

Compressed gas cystems store and distribute as required the necessary
gases used to operate and maintain the plant. Typical gases are hydrogen,
oxygen, C0p, argon, and acetylene.

Condensate Systems*

Cundensate systems deliver condensate from the main condenser hotwel)
to the suction of the reactor feed pumps (reedwater system) that supply the
water to the readc'or vessel for conversion into steam. The hotwel) pumps,
arrange in parallel, take condensate from the condenser hotwell and pump 1t
through an offgas condenser, a gland steam condenser, and two steam Jet air
elector iIntercondensers In which the condensate can galn additional energy
prior to entering the feedwater system. The condensate booster pumps drive
the condensate through parallel component ari:ngements, each consisting of
4 feedwater heater draln cooler and feedwater heaters. After exiting the
feedwater heaters, the condensate enters the feedwater system by way of the
reactor feed pumps.

The boundary of the systems 1s at the outlet of the condenser;
however, the condensate storage tank Vs considered part of these systems
because of 1ts safety functions.

%gngen;ato g\ggngs --The condensate cleanup system removes
dissoived and suspended Impurities from the condensate. The system
consists of paralle) operating demineralizers. External ~esin regeneration
Fact1ities are considered part of thic system,

Condenser Alr Removal System--The ronderser alr removal system
maintains & vacuum In the main condenser sectlo’s during normal plant
operation by removing noncondensible ,.ses with stcam )Jet alr ejectors.
This system, ut)il1zing mechanical vacuum pumps, will also establ'sh the
Inti'al vacuum when steam pressure Vs 1nadequate to operate the ' 'eam jet
alr e)ector units. The condenser alr remova) system exhausts to tne offgas
system,
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Level | Genera) Flectr ¢
Containment Systems

Containment systems ser s 4 pressure boundary and shieiding for the
reactor \F there s release o adloactivity from the reactor Thi
containment systems include the containment atmosphere cooling, contalnment
combustible gas control, containment penetration/isolation, containment
spray, standby gas treatment, and suppression pool support systems

Containment Atmosphere Cooling System*.-The containment atmosphere
cooling system removes heat enerqgy from the drywel)l atmosphere n order to
maintain the contatnment atmospheric pressure below design pressure The
containment atmosphere cooling system consists of one or mre cooling fans
and cooling colls Heat 15 usually via the reactor bullding closed cooling
water system, bul other cooling methods may be used,

Contalnment Combustible Gas Control System*.-The containment
combustible gas control system Vs one of two types the dilution type or
the recombine” type The dilution subsystem provides the means by which
the ntainment atmosphere 1s diluted with clean air and ventev to the
atmosohere The Yv’d'm)»“ recombiner \"‘Jtt‘f\' maintains the h,AHHq"(-
concentration Lbelow 4% Dy volume 1o the cuntainment fn'rluu“\q a
design-basis LOCA without rellance on purging The system basically
cons

\

ts of & skid-mounted thermal recombiner unit with assoclated valves,
“”"'J. ".\'tw“'"ﬂt‘\’-. and controls

(ontainment Penetration/lsolation System*--The containment
penetration/isolation system comprises all primary containment penetrations
and all accesse regardlecs of shze [‘,]u\pﬂ'h’rv! and per: nnel access
hatches ard fuel transfer tubes are considered components A1) assoclated
Instruments, monitors, etc,, are considered plece parts of the acress or
penetration This system Inciudes maintenance hatches and al) electrical,
mechanical, L"l"‘"‘l- and instrumentation penetrations

Lontairment Spray System*..The contatnment spray system, a subsystem
of the residual heat removal (RHR) system, alds ‘n reducing drywe))
pressure foll~rwing a LOCA. With the RHR system in the containment spray
mode ¢f operation, the RMR pumps transfer wacer from the suppression poo)
througt (he restdual heat exchangers, where heat s rcmoved by the RHR
service water The cooled water s diverted to tw0 redundant Sprdy headers
embedded 'n and protected by the primary shield wal) locatled in the
drywe !l oome ofF this water may be diverted to a h.ader suspended above
the suppression pool, as well as to 4 1ine that directs fFinow to the lower
portion of the suppression chamber

'\\ar,\?[n, udsS 17ed iment ‘_.,!\‘(‘nll' The \[.qr\\![\, gas treatment \,\(r'ﬂz
maintains & small necative pressure 'n the reactor butlding under Ysolation

naittions and prevents ground level escape of alrborne radloactivity
Fiiters are provided 'n the system to remove radloactive particulates, and

har | absorbers are provided to remove radloactive halogens that may be

re ) n oncentrat'ons ,‘»j“ 1P1cant with re pr\{ o environmenta! dose




Level 1--Genera) Electric

The system Vs sized to provide one alr change per day in the reactor
bullding. Two separate filter absorber/fan units are provided, and both
fan units automatically start on a standby gas treatment system Initiate
signal. Both units recelve power from emergency electrical supply.

§yggr%;{|og Poo) Support §¥§ggg'--7ho suppression poo) support system
consists o ree subsystems: e makeup subsystem, the tmporaturo-y
-on\tortn? subsystem, and the cleanup subsystem. The cleanup suosystem
removes sludge, corrosion products, and Yodine remaining in the pool after
blowdown from the reactor vessel. The temperature-monitoring subsystem
consists of a number of temperature detectors located around the
suppression pool that monitor the water temperature and iInitlate alarms \f
the techalcal specification 1imit is approached or exceeded. The makeup
subsystem provides additiona) water to the suppression pool to maintain the
minimum top vent coverage while the emergency core coolant pumps are
operating during the Init1a) phase of a LOCA.

Control Rod Drive Systems

Control rod drive systems comprise the “ydraulic supply subsystem, the
hydraulic control units, the scram discharye olume, the control rod drive
housing, and the control rods. These systems provide shaping of the
neutron Flux across the fuel and scram the reactor. The redundant supply
pumps develop pressure over the nitrogen accumulators located in the
Individual rod drive hydraulic control units. A reactor scram signa)
releases pressuiized water In the 1ines charged by these accumulators to
drive the control rods into the reactor. The water that is displaced by
this action ‘s exhausted \nto the scram discharge volume.

Although hydraulic control units are not control rod Arive mechanisms,
they are considered to be \n the same category.

Electrical Distribution Systems

Electrical distribution systems provide a means of recelving off-site
power and a means of transmitting site-generated power. These systems
5upnly power to those auxillarles needed for power generation by the
plant. The electrical distribution systems iInclude the ac instrument
power, dc power, and plant ac distribution systems.

fg ]n;grg%g?t Power *..The ac instrument power system provides
an uninterruptible source of power for Instruments and contro) circulits
under all plant conditions. Any load circult breakers that may supply
several loads are considered part of the ac instrument power system.

Breakers that supply a s'ngle system are considered r v * of the system

supplted. Al ac power that feeds Instruments or orts a safety
function s coi .Ydered part of this system.

dc P?!f[ §!s§en'r-1he dc power system supplies electric power to both
safety-related and non-safety-related dc loads under any plant conditions.
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The dc power can be supplied by elther a battery or batterv charger Any
de circult breakers that may supply several loads (to different systems),
such at severa) solencid valve controls or contro)l power for an ac
switrhgear, are considered part of the dc power system, The three dc
distribut on systems used in GE plants are all considered part of this
system,

Plant ac Distridbution System® The plant distribution system provides
electric power to both safety related and non-safety-relatad loads during
norma) plant operation. Electric power s supplied at virious voltage
levels that are connected in a hierarchical fashion

Emergency Core Cooling Systems

Emergency core cooling systems are designed to mitigate the
consequences of postulated emergency situations that could otherwise 12ad
to core damage and release of fission products to the environmenti The
emergency core cocling systems include the high-pressure coolant Injection,
high-pressure core spray, low-pressure core spray, and residual heat
removal/pressure coolant Injection systems,

High-Pressure Coolant Injec*ion System*--The high-pressure coolant
injection system is used in Marks 1-5 to ensure that the reactor 1s
adequately cooled, 1imiting the fue)l cladding temperature. It s initiated
in the event of a smal)l break In the nuclear steam system and loss of
coolant that does not result Yn rapid depressurization cf the reactor
vesse) The high-pressure coolant Injection system permits the plant to be
shut down while maintaining sufficient reactor vessel water inventory unti]
the reactor vesse) 1s depressurized. The high-pressure coolant inject'on
system continues to operate unt)) the reactor vessel pressure 1s below the
gpressure at which low-pressure coolant Injection operation or core spray
system operation can maintaln core cooling

Migh-Pressure Core Sprav System®--The high-pressure core spray system
's typical of Mark & design It operates in the event of a LOLA Dy
spraying makeup water on the reactor core, thus depressurizing the reactor
vessel and preventing fuel damage In the event of & low water level In
the reactor vesse)l, makeup water s pumped to the reactor vassel and
discharged through spray nozzles onto the reactor core The primary source
of makeup water to the system 's the condensate storage tank, with the
suppression pool serving as a secondary source

The high-pressure core spray actuation controls are considered 4 part
of the system. Some plants may use 4 keep-fill sysiem

Low-Pressure Core Spray System*-.The low-pressure core spray system
helps prevent nuclear fuel damage In the event a LOCA occurs that might
uncover (.e reactor core Water 1s spravec on the core to maintalin the
temperature at 3 safe level The system goes Into operation after the




Level 1.-Genera) ¢lectric .
reactor vessel pressure has been reduced and only Vf other safety systems
provo‘inadoquato In maintaining the necessary water level in the reactor
vessel,

The low-pressure core spray actuation controls are considered a part
of the system. The number of pumps and loops wil) vary with design. Some
plants may use a keep-f11i system Instead of a head tank.

g_q_*_q_gu_g_gm angm,g! P[g;*u[g g@m Injection 5;;“!'--"..
residual heat removal system 1s a closed-Toop system of piping, water

pumps, and heat exchangers for decay heat remova) under both operational
and accident conditions. This removal Ys accomplished by several related
but Independent modes of operation:

-P <«The low-pressure coc.ant
Injection mode o eat removal system operates to restore and
maintain, Vf necessary, ihe water level in the reactor vesse) after a
LOCA. Low-pressure coolant injection also provides protect'on for sma))
breaks ‘n which the contro) rod drive water pumps, reactor core Ysolation
cooling, and high-pressure coolant injection are unable to maintain water
Tevel and the automatic depressurization system has operated to lower
reactor pressure. The low-pressure coolant Injection actuation controls
are also a part of the residual heat remova) system,

suppression Pool Cooling--This mode of residual heat removal 1s
Initiated manually as soon as possible after Ysolation of the primary

system from the condenser. Its functlon Vs to coo) the suppression pool so

that pool temperatures do not exceed 170°F after a blowdown.

Shutdown Cooling: The shutdown cooling mode of the residua) heat
removal sysiem provices for the removal of decay heat and sensible heat
from the primary system during shutdowns for refueling or servicing.

Fire Protection Systems

Fire prol “Yon systems furnish water or fire extinguishing chemicals
to areas throu,ivut the station to minimize the adverse effects of fire on
station structures, equipment, ind personne).

ner r

Generator systems convert i(he roteting mechanical energy of the
turbines into elec.rica) energy. Generator systems \nclude the generarvor
excitation system, generator Hy cooling/C0p purge system, generator
sea) o)) system, and generator stator water cooling system.

nerator fxcitat) --The generator excitation system provides
a4 requlated, controllable :zaurce of magnetizing power to the rotating
generator fleld winding, which contro's generator output voltage. The
generator excitation system consists of the alternator exciter, exciter ‘
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fleld breaker and rectifier, voltage regulators, and all assoclated
controls and ‘nstrumentation.

Generator M Coo\\nqlcoz Purge System--The generator H2 cool\nq/coz

purge system keeps (he generator adequalely covoled by maintaining proper
generator hydrogen pressure, temperature, and purity. The system consists of
hydrogen coolers, storage cylinders, regulatory valves, a hydrogen control
panel, and associated piping and instruments. The carbon dioxide supply used
to purge the generator comes from a COp storage tank. The generator gas
monitoring subsystem s included 'n this system.

Generator Seal 011 System--The generator seal o) system contains the
hydrogen within the generator casing, preventing \ecta?e of hydrogen out of
the generator and leakage of air Into the generator. This system supplies
seal o)) under pressure to the generator hydrogen shaft seals. This system
consists of vartous seal oil pumps, vacuum tank, oil filters, pressure
regulators, and assoclated Instruments. Sedl ol1 Vs supplied by the lurbine
lube o)1 system,

nerator r Water \\n? §;§gen‘-1ht generator stator water
cooling system cools generator stator dars, the generator terminal box In
the lower frame extension, and the exciter rectifiers, This Ys a closed

system that consists of cooling oumps, water coolers, delonizer and filter
regulatory valves, and assorted piping and instruments.

Heating, Ventilatlon, and Air Conditioning (HVAC) Sv°tems

Meating, ventilation, and air conditioning systems provide an
environment with controlled temperatures, humidities, and air flow patterns
to maintain an atmosphere that ensures the comfort and safety of personne)

and the operability of equipment located in the contalnment, drywell, and
other small areas.

High-Pr r r r HP \ ] nerator .

High-pressure core spray diesel generator systems supply electric
power to the HPCS during abnormal plant conditions such as & plant blackout
or LOCA. DYese) start and generator breaker closing control circults are
considered a part of HPCS dlesel gensrator systems. The ground Fault
breakers and exciter are considered plece parts of the diesel. The
sequencer and load-shedding relays and the starting clircult breaker are
considered part of the systems,

n\gh-Prgggur{ Core Sgrgg (HPCS) Cooling %*ggr Systems -The WPCS
c00)\ng water system provides adequate water flow to remove heat from the
diese) engine during operation. A jackel heating loop also 1s provided to
prevent therma)l shock when the diecel Vs started.

High-Pr r r r HP fuel 0V) Storg¥v and Tr*n;f;r
System*--The ue)l oi) storage and transfer system supplies fuel to run
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the dlesel engine 'n the HPCS diesel generator ,ystem and stores enough
fuel for several days' continuous operation. Fuel supplied from the day
tank may be pumped Into the diesel, or a gravity feed may be used.

Vigh-Pr r r r HP _Lgp*_gll_gfllg’:--Tho HPCS lube o)
sysiem provides ol to lubricate the moving parts of the diesel engine in
the HPCS dlese)l generator system, thus protecting 1t from excessive wear

and overheating. Adequate lube o)) pressure 1s usually a permissive signa)
In the dlese) generator starting circult., During dlese) operation, the
Tube 011 Vs normally circulated by engine-driven o)) pumps that are
considered plece parts of the diese) engine. Prior to the diese) start, a
motor -driven o)) pump supplies ol pressure.

High-Pressure ;*;g Spray gﬂscii §g’r11ng Alr *..The HPCS
starting atr system \s designed to provide compressed alr to assist in the

rapid starting of the dlesel engine in the HPCS diese) generator system.

lﬂS!fﬂ!ﬂ!!“gﬂ and Control iliﬁﬂ!

Instrumentation and contro! systems provide timely operation of
equipment needed for proper plant operation and the necessary indication of
plant parameters and equipment conditions.

Area R*giaglgn ngn\tgr\ng_jxglg?--Tho area radlation monitoring system
Indicates alarms and records abnorma) radiation levels in areas where
radioactive mater'a) may be present, stored, handled, or Inadvertently

Introduced. The system consists of & number of radiation monitors and the
assoclated Instrumentation,

A Ic Dggr%;;*rtggt\?n E:;gfg--The dutomatic depressurization
system, in the event of a sma reak 'n the reactor coolant pressure
boundary concurrent with a fatlure of the high-pressure emergency core
cooling system to adequately coo)l the reactor core, depressurizes the
reactor vessel and thus «llows the low pressure emergency cure cooling

systems to flood the core and prevent fuel cladding damage.

The automatic depressur'zation system consists of redundant signal
logics arranged In iwo separate channels that control separate valves on
each safety reltef valve that has been assigned the automatic
depressurization system function,

Containment Atmosphere Monitor \ng 51131?.-1h0 containment atmosphere
monitoring system provides a means of measuring the drywell and conta)nment
hydrogen gas concentrations and radiation levels following 4 LOCA.

g\gc;_gh§grggl\g ;*ggrg\ ‘Tgrh\n* g?ngrgl! ;1131%--Tho
electrohydraulic zontrol (turbine control) system controls the speed and
acceleration of the main turbine, operates the steam bypass system to keep
reactor pressure within 1imits and avold pressui e/power transients, and

controls main turbine inlet pressure. The electrohydrauliic control

A-10



(turbine control) system a
f"’-Ju\fr‘ﬂh'T‘t" dur ‘f‘u.; iytomat)

Feedwater Contr
water level In the
modes of plant oper
of vesse) water ley

Leak Detectior
annunciates the escape
coolant pressuyre {\\,,’J;',
capable of determining the
systems that are leaking at
nuclear frel from damage tf

Main Steam lsolation Va
leakage control s { ntr
[:IHAJ"\ that «
directing the
ytandby gas tr
atmosphere

Neutro

r

1solated reliably
the penetrating

Cor 1dered )

(€.9., waste )

l\i"bl’ "l)‘l""

Process Radlation nitn
vystem monitors radiatior ev
throughout the nuclear power p
system assists In controllis

legally prescribed 1imit AN




Level 1--Gerera) Electric ’
%*!Sl!%ss%ﬂ*§£1122_§1111%1'""' reactor protection system detects
conditions reaten the fuel or reactor coolant pressure boundary and
Inttiates an automatic reactor shutdown (scram; when monitored system
parameters exceed predctermined 1imits. This action prevents fuel damage

and damage to the reactor coolant pressure boundary and 1imits uncontrolled
releases of radloactive material.

Remote.-mounted instrumentation and Interfaces with selected systems
feed Information to the reactor protection system logic circultry. When
threshold values are exceeded, actuator logic generates a signa) that
deenerqg'zes the scram pilot valves, which In turn open the inlet and outlet
alr-operated scram valves, allowing the primary contro) rod drive hydraulic
pressure or accumylator pressure to scram the control rods. Once the
system 15 actuated, the scram goes to completion unless a deliberate action
Is taken by the plant operator. In addition to automatic operation, a
manual mode Vs provided.

Any Instrumentation Vs considered part of the reactor protection
system \F 1t provides Input into the reactor protection system.

gg!glg_igglgggg_ iem--The remote shutdown system provides a reactor
plant shutdown capabiiity Jocated outside the contro) room for situations
when Lthe contro’ room may have to be evacuated. The remote shutdown system

provides all the controls and \ndicaiton necessary to shut down the reactor
as well as to provide subsequent reactor plant stabilization and cooldown, .

R ntrol and Information System--The rod contro) and Information
system | ) provides a means of making changes 'n the reactor core
reactivity so that reactor power level and pcwer (neutron flux)
distribution can be controlled. This function 1s performed by providing
the controls necessary to permit operator execution of control rod
movements 1n the reactur core. The RCIS also functions to 1imit the worth
of any contro) rod to reduce the effects from a rod drop accident or a rod
withdrawal error by enforcing adherence to predetermined control rod
patterns through the use of control rod blocks. The RCIS consists of the
electronic circultry, switches, Indicators, and alarm devices necessary for
the manipulation of control rods. Some GE plants refer to this system as
the reactor manual control system or roJ sequence control system.

ng!ggllg?Tﬁn;§¥£g_5£g¥g_§*11!?--Tho traversing in.core probe system
serves as a calibration device for the local power range monitoring (LPRM)
s{ston. The traversing in-core probe system Vs capable of sensing neutron
Flux 'n the \mmedlate vicinity of the permanently installed LPRN fission
chambers. The flux signal Vs used to perform LPRM channe) calibracions,

compenzate for changes in detector sensitivity, and provide 1ine plots of
the actual flux distribution.

Pr 1\n m
Process sampling systems monitor the operation of plant equipment and
provide Information needed to make operat'onal decistons. These systems
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provide remote sampling facilities and the capab)iity for sampling flulds
of various process systems during normal plant power operation and shutdown
conditions.

Radwaste Systems

Radwaste systems collect, process, monitor, store, and dispose of all
radloactive wastes. The radwaste systems Include the 11quid radwaste,
offgas, and so))d radwaste systems,

ngglg_gggggilg_gxllg?--Ihe 11quid radwaste system collects,
processes, stores, and monitors, for reuse or disposal, all potentially
radioactive )iquid wastes. The 11quid radwaste system consists of one or
more subsystems designed to handle specific types of 11quid wastes, such as

water, chemical solutions from the demineralizer resin regeneration
process, and evaporatos distillate.

0ffgas System--The offgas system recelves alr and noncondensible gases
from the condenser alr remova) system and processes the effluent for decay

and/or removal of gaseous and particulate radioactive isotopes before
release to the environment.

11d R { -~Tre so011d radwaste system collects, processes,
packages, and temporarily stores, prior to off-site shippino, such wastes
as spent resins, evaporator concentrates, and chemical dra o tank
effluents. Liquid-bearing wastes are dewatered and solidifled.

Contaminated solVds such as filters, rags, paper, clothing, and tools are
compacted.

Reactor Coolant System and Connected Systems

The reactor coolant system includes the reictor pressure vessel, the
reactor recirculation system, and the main feedwater system extending to
and ‘ncluding the outermost contalnment Ysolation valves,

Systems are connected to 'he reactor coolant system to perform the
following functions: (a) provide makeup water to the reactor, (b) remove
solids and dissolved impurities from the reactor coolant, and (c) provide
emercency react'vity control. Ffunctions such as residua) heat removal and
emergency core cooling are not considered part of these systems,

Fe r tem* - -The feedwater system provides feedwater Lo the
reactor to maintain a constant reactor water level. It takes suction from
the condensate system and dellvers water to the reactor vessel at an
elevated pressure and temperdature.

1solation Condenser System*--The 1solation condenser system provides a
heat sink for the reactor \f the reaclor 1s 1solated from Yts main
condenser or \f a1l feedwater s lost. The 1solation condenser system
operates by natural circulation without the need to place the system In
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operation. The condenser consists of two tube bundles \mmersed in a large
water storage tank, When the 1solation condenser Vs in operation, steam
flows from the reactor through the tubes of the heat exchanger; after
condensing, 't returns by gravity to the reactor. The Ysolation condenser
's located high in the reactor bullding to facilitate natural circulation.

React e lation Cool'n *..The RCIC system
provides makeup water to the reactor vessel during shutdown and 1solation
of the reactor vesse) from the main condense:. The RCIC system consists of
a steam-driven turbine pump unit ang assoclated valves and plping capable
of dellvering makeup water to the reactor vessel.

The steam supply to the RCIC pump turbine comes from the main steam
system. The steam exhausted from the turbine dumps to the suppression
pool. The pump can take suction from the demineralized water In elther the
condensate storage tank or from the supgrossion pool. The pump discharges
either tc the feedwater 1ine o1 to a Full-flow return test 1ine running to
the condensate storage tanks via the high-pressure coolant Injection test
Tine. A minimum flow bypass 1ine to the suppression pool via the residua)
heat removal test line provides pump protection. The makeup water 1s
delivered Into the reactor vesse)l through a connection to the feedwater
Iine, where 1t Vs distributed within the reactor vessel through the
feedwater sparger.

g{ggtog_ﬂec\rc!\gtign §1§§§!'--Tho reactor recirculation system
consists of two oops external to the reactor vessel, each loop containing
a recirculation pump and metor, suction and discharge valves, a discharge
bypass valve, and connecting piping to the reactor vessel.

Flow Path (BWR 3 through 6)--The Jet pump recirculation system
provides forced circulation flow through the BWR core. The recirculation
pumps take suction from the downward flow 'n the annulus between the core
and the vessel wall, and the pressure s Increased to provide the driving
farce for the )Jet pump. This driving flow Vs discharged 'n the Jet pump
nozzle, inducing the remainder of the downcomer flow. In the Jet pumps,
these flows mix, dV\ffuse, and discharge Into the lower core plenum.

fl rol n --A varlable-speed pump motor s
supplied from a varlable-frequency motor -generator set, The motor.
gererator set Ys located outside the drywell.

flow Control (BWR 5 and *l--!ho flow control valve 1s * bal) type
with electrohydraulic activator. The bypass valve 1s used for plant

startup (low-flow) conditions.

Reaclor Water Clo;ggp_§**lg%--!ho reactor water cleanup (RWCU) system
maintains recctor water quality by removing fisston products, corrosion

products, and other soluble 2nd Insoluble Ympurities.




Level 1--Genera) Electric

The flow path of the RWIU system includes high-pressure flow through
RWCU pumps, regenerative and nonregenerative heat exchangers with lines
provided for system water sampling, and the required instrumentation for
effluent speration.

Flow can be routed through the RWCU demineralizer subsystem, which
consists of Filter/demineralizers and support equipment such as pumps and
tanks.

Stand 1qu! ntrol em*--The standby Yiquid control system Vs a
redundant, independent control system for use 'n the unlikely event that
the control rod system becomes inuperable. The system wil) shut down and
hold the reactor subcritical as the reactor cools and xenon decays,

f in

Refueling systems provide a safe and effective means for transporting
and handling fuel from the time Yt reaches the plant unt)) 1t leaves the
plant. The refueling systems include the fuel hand)ing and fuel poo)
cooling and cleanup systems.

f¥g] ggngltng %g*}g?--Tho fuel handling system consists of the
mechanical and electrical components required to manipulate nuclear fuel
through the various movements and operations undergone while \n the reactor

bullding. Reactor vessel servicing equipment Vs provided to support fue)
handling as well as the nonroutine remova) of reactor vesse) equipsant,

Fuel Poo) CQoling_%gg glegg¥g 51;3%§-.Th¢ fuel pool cooling and
cleanup system removes ecay heat from the fuel and maintains acceptable
pool water level, water quality, and radiation levels. The Ffue) pool

cooling and cleanup demineralizer subsystem removes dissolved and suspended
solids from the water.

Standby Dlese) Generator Systems*

Standby dlesel generator systems supply electric power to vita)
safety-related loads during abnorma) plant conditions, such as a plant
blackout or LOCA, These systems typically have two to four diesel
generator units. The dlese) start, load-shedding, generator breaker

closing, and sequencing contro) circults are considered part of the standby
diesel generator systems.

Sequencer and load-shedding relays and the starting circult breaker
dre considered part of these systems, Some units may use gas or hydraulic

turbines tc supply emergency power. These components are considered part
of these systems,

The high-pressure core spray diesel g verator system \s cons\dered :
separats system,
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\ n r iin tem*--The standby diese)
enerator cooling water system provides adequate water flow to remove heat
rom the diese)l engine during operation. A Jacket heating loop Vs also

provided to prevent therma)l shock when the diesel is started,

and Transfer *.-The

standby dlece) generator storage and transfer system supplies fuel

to run the dlesel engine and stores enough fuel for severa)l days'

stntigucus operation. Fuel supplied from the day tank may be pumped to the
esel,

| r \ * . .The standby clese)
generator lube o)l system provides o o Tubricate the moving parts of the
diese) engines, thus protecting them from excessive wear and overheating.
Adequate lube oY) pressure Vs usually a permissive signal in the diese)
generator starting circuit. During diesel operation, the lube oil Vs
normally circulated by engine-driven o)) pumps that are considered plece
parts of the dlese) engine. Prior to the dlese) start, a motor-driven o)l
pump iupplies ol pressure.

n fesel Generatos reing Air System* .-The standby diese)
generator star n? air system s des ?nod to provide compressed air to
45815t In the rapid starting of the clesel engines In the standby diesel
generator system,

Steam Systems

The steam systems are used to generate and/or transfer steam to the
ma'n turbine and other auxillaries during varlous modes of plant operation,

Agllli‘r! §3¥gu_§*11!g--1ho auxillary steam system provides a rellable
source of clean steam to various plant components when the main steam
system 's not avallsble.

Main §tg%m System*.-The main steam system transports steam from the
reactor vessel to the turbine-generator. The scope of the main steam
system ‘ncluces the four main steam Yines and their components from the
1aterface with the reactor pressure vessel to the ma'n turbine stop
valves. Also Included 1s the automatic depressurization system comprised
of safety rellef valves, 1ines, and quencher/d)\ffusers located In the
suppression pool and the turbine steam bypass equipment.

Turbine Systems

Turbine systems convert the thermodynamic energy of steam to drive the
main gererator for the production of electricity, Turbine systems are
composed of turbines, the extraction steam system, turbine lube o)) system,
and turbine sed)l steam system,
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[{35151%gn_§111._§1111g--Yhe extraction steam system provides heating
steam to such components as feedwater heaters for condensate and fecduater
heating, seal steam evaporators, and radwaste steam generators. The

extraction steam system takes steam from the high-pressure turbine and
low-pressure turbine exiraction points and from the moisture separators.

Turbine L!h* 011 §x§%gg--lht turbine lube o)) system continuously
supplies cool, clean lubricating o)) to the turbine-generator and exciter
bearings. The turbine lube o)l system comprises lube o)) reservoirs, lube

o)) pumps and coolers, and assoclated stralners, piping, and
Instrumentation.

IML!191.%!!1.%1!!!_§1ﬁ1!!"T"' turbine seal steam system prevents the
entrance of alr and noncondensible gases Into the maln condenser and the
leakage of radioactive steam to the atmosphere. Clean sealing steam \s

supplied to the turbine shaft glands and valve stems. Condensed sealing
steam s returned to the main condenser,

Water Systems

Water systems provide the needed cool\n, and makeup water throughout
the plant for safe and efficient operation of water-cooled components., The
water systems include the circulating water, eme-gency (RMR) service water,
essential service water, reactor butlding closed cooling water, turbine
building closed cooling water, and station service water systems.

‘rcylatin ter tem--The circulating water system Vs a
closed-loop system that removes the excess heat from the turbine exhaust
steam and turbine bypass steam by continuously supplying cooling water from

the cooling tower basin to the main condenser and returning the heated
water to the cooling tower for cooling.

;ggrfgngg (RHR) §grv1ig Water %g;;g?--the emerjency (KHR) service
water system removes heat from safety.related coolers and heat :xchangers
that are required for a safe reactor shutdown or for mitigation of the
consequences of postulated accidents. It also serves those nonsafety-
related cooling corls and heat exchangers that, because of plant

rellabi ity considerations, are serviced when the normally operating
statlon service water Vs unavallable. This system may provide the
capability to flood the reactor vessel, dryuo!l. and conta'inment during the

post-LOCA period and to provide makeup water to the spent fuel pool under
emergency conditions.

ntial Serv) er *.-The essentia) service water system
provides the Final heat sink for waste heat loads. Water from the ultimate
heat sink (river, ocean, bay, lake, etc.) s pumped through various heat
exchangers and provides cooling both directly to heat loads, such as the
residua) heat remova) S{sto.. and to Intermediate, closed water systems,
SUCh as the reactor bullding closed cooling water system, Only piping and
valves assoclated with essent)a) loads (e.g., resctur bullding closed
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cooling water heat exchangers, emergency service waler system heat
exchangers, motor-generator o)l coolers) are considered part of the
system. Nonessential loads are not considered part of the system, except
for the valves that ‘solate these loads. If dedicated cooling pumps for
systems such as dlese) cooling are used, they are considered part of the
essential service water system,

| 1 1 *..The reactur bullding
closed cooling water system removes waste heat from components of various
systems that may conta'n potentially radioactive material. Heat )s
absorbed by the system's circulating water at various coolers and heat
exchangers of reactor-assoclated systems and then rejected to the essentla)
service water system at the closed cooling water heat exchangers. The
system thus provides a closed cooling water loop between the possibly
contaminated (radloactive) systems and the essentlal service water system.

The system consists primarily of circulating pumps, heat exchangers,
circult breakers, expansion tank, alr separator, piping, valves,
Instrumentation, and controls.

Turbine Bullding Closed Cooling Water (TBCCW) System--The TBCCW system

's & closed-loop system that provides cocling water to nonessential systems
that are potentially radioactive. The system consists of pumps, heat
exchangers, tanks, piping, valves, controls, and Instrumentation. Ihe
TBCCW pumps are used to evaluate the cooling water through the TBCCW heat
exchangers and the components cooled b, the TBCCW system. Heat \s relected
from the TBCCW heat exchangers to the Final heat sink for waste heat loads.

fon Servize Water 515’35--The station service water system

provides a continuous supply of cooling water to the aux)llary mechanica)
equipment associated with the power conversion systems and other auxililary
systems. This system also supplies cooling water Lo numerous emergency
service water hezt loads during normal plant operation.

Leve) 1. -Westinghouse Systews?

Alr_Systems

Alr systems provide the proper type and pressure of alr to operate
necessary Instrumentation and equipment 'n the plant. The air systems
Include the Instrument 2)r and service alr systems.

;g;;rg%gnt A\r -~The Instrument alr system provides 4 continuous
supply of clean, dry, o)l free compressed alr for use by plant

Instrumentalion, vartous air-operated valves, and contro) devices.

———

4. An asterisk Indicates that this definition of a Westinghouse system 1s .
based n the NPRDS.
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i!!;!i! Alr S!a!!¥..7no service alr system provides a continuous
supply cf compressed alr, without drying or filtration, for such functions
as backwashing, mixing, and agitation as well as genera) plant use. Some
plants utilize service alr as a backup to Instrument air.

Annunciaior §!1$u1

Annun.lator systems arc hardwired S{stons that pr vide the operator
#ith the audlo and visual alarm information required fu.  unit operation,
startup, end shutdown., These systems are iIndependent of the plant computer
system and ‘nclude the controls necessary to acknowledge, silence, and
reset alarms.

Communication Systems

Communication systems provide reliadle and convenient communications
among on-site personnel and between on-site and off-site lecations. f[hese
systems Include an Intraplant public address system, a private telephone
system to permit plant-to-off-site communication on a continuous basis, and
4 two-way radio communication system,

Compressed Gas Systems

Compressed gas systems store and distribute as required the necessary
gases used to operate and maintain the plant. Typica) gases are hydrogen,
oxygen, COp, drgon, and acetylene.

ndensate M

Condensate systems provide continuous condensate flow froa the
condense. holwell: to the maln feedwater pumps, which In turn nrovide
feedwater 10 the steam generators at the required pressures and
tempera ures under all anticipated steady-state and transient conditions.
Condensate systems consist of two or more paralle), interconnected trains.
These tuke condensate frum the condenser hotwells and discharge 't into the
low-pressure feedwater heaters, which 'n turn supply tue feedwater pumps.

;*ngg%;!gg ;\*gnan ;;**gg--?ho condensate demineralizer system
maintains the required pur of the rondensate and feedwater by using

nrecoat filters and demineralizers.
Cry inment Systems

Containment systems serve as & pressure boundary and shielding for the
reactor I'n the event there 's release of ra .oactivity from the reactor.
Containment systems include the annulus vent lation, combustible gas
control, co~tainment/reactor bullding penetration, containment fan cooling,

contatnmen, Ysolatien, containment spray, containment ventilation, and ‘ce
condenser iystems.
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containment atmosphere following a LOCA by spraying cool, treated water
Into the containment. Initially, water s taken from the refueling water
storage tank., When (his water source 1s depleted to a certain
predetermined level, cooling s continued by recirculation from the reactor

building sump. Spray additives such as NaOH may be used to scavenge the
lodine.

;gg;g\gggn; !*ng\lggi n em--The containment ventilation system
consists of several subsystems, each of which has separate design
objectives. The systems are designed around objectives relating to norma)
ope-ation, personne) access, contalnment protection and accident conditions.

The containment air cooling subsystem )s designed to maintain an
acceptable temperature within the containment upper and lower compartments,
reactor well, contro)l rod driv: mechanism shroud, and instrument room for

the protect on of equipment and controls during normal reactor operation
and normal shutdown.

The containment pu-qe subsystem \s designed to maintain the
environment In the primary and secondary containment within acceptable
1imits for equipment operation and personne) access and to 1imit the
release of radioactivity to the environment,

The vacuum rellef subsystem protects the contalnment vesse) from an
excessive external force.

The alr return fan subsystem enhances the \ce congenser and
containment spray heat removal operation by circulating air from the upper
compariment to the lower compartment, throuyh the \ce condenser, and back
to the upper compartment. This subsystem Yimits the hydrogen concentration

In potentially stagnant reglons by ensuring a flow of air from these
reqlons.

*gg Egnggn;cg System.-The \ce condenser system )s a static system that
rapidly absorbs the energy release resulting from a pipe rupture. The ice
condenser 1s a completely enclosed, refrigerated, annular compartment
formed between the crane wall and the containment shell., The refrigeration
system that prevents melting and sublimation and the Instrumentation that

monitors and controls the refrigeration system are considered part of the
Ice condenier system,

rol R r *

Contro) rod drive systems position the shutdown and coniro) rod
cluster contro: assemblies upon commands from the operatonr or the automat ¢
rod control system, thus conirolling reactor temperature and power
distribution within the core. Power to contro) rod drive mecha.isms Vs
Supplied by two motor.generator sets operating from two separate 480-v,

three-phase buses. The generators, driven by motors, are paralleled
through circult breakers.

A-21
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The power s distributed to the power cabinets through the two serles-
connected reactor trip ureakers. Bypass breakers can oe connected In
parallel with the reactor trip breakers to facilitate on-1ine testing of
the protective system. The power cabinets contain the solid-state
electronics necessary to control power to the control rod drive
mechanisms. The control rod drive mechanism s a magnetic, Jacking-type
device that moves the rod control cluster assemblies within the core.

‘cal r fon

Electrica) distribution systems provide a means of recelving off-site
power and a means of iransmitting site-generated power. These systems
supply power to those auxiliaries needed for power generation by the
plant. The electrical distribution systems Inciude the ac iInstrument
power, dc power, and plant ac power systems.

ac ]gggrg$gn3 Power System* --The AC iInstrument power system provides
an uninterruptible source of power for instruments and control circults
under all plant conditions. Any load circult breakers that supply severa)
components are considered part of the ac Instrument power system. Circult
breakers that supply & single system or component are considered part of
the system supplied. The unique breaker and controls supplying the load to
a component are considered part of the system that contains the component.
Not a1l plants have \nverters. Other components that provide this function
are considered part of the ac Instrument power system.

dc_Power 513’1%'--Th0 dc power system supplies electric power to both
safety. and nonsafely-related dc loads under any plani condition. The dc
power can be supplied by either a battery or battery charger. Any dc
circult breakers that may supply several loads, such as several solenold
valve controls or contro) power for an ac switchgear, are consldered part
of the dc power system. Those that supply a single component are
considered part of the system that contains the component.

Plant ac Power System*.-The plant ac power system provides electric
power to both safety- and nonsafety-related loads during normal plant
operation. [lectric power Vs supplied at various valtage levels in a
hierarchical fashion,

{mergency Core Cooling Systems

Emergency core cooling systems are designed to mitigate the
consequences of postulated emergency situatlions that could otherwise lead
to core damage and release of fission products to the environment. The
emergency core cooling systems include the high-pressuie safety Injection,
resicua) heat remova)l/low-pressure safety Injection, and upper head
injection systems,

N\,Q-Prg*;grg Safely lnlgii\gg §lt3gg'--lho n'‘gh-pressure safely
Injection system ensures tha e reactor Vs cooled adequately to 1imit
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Diese) r llpe !‘gfr §¥*ggg'--Tho dlese) generator cooling
watsr system provides adequate water flow to remove heat from the diese)
engine during operation. A jacket heating loop 15 also provided to prevent
thermal shock when the diesel )s started,

Q*g;g%_ﬁ*gg%*lg% Fuel 01 *.-The dlese)
generator fuel o)l storage and transfer system supplies fuel to run the

diese) engine and stores enough fuel for severa) days' continuous

operation, Fue) supplied from the day tank may be e\ther pumped or gravily
fed to the diese),

Diese) ggng[g¥g[ L¥Qg 011 System*--The diesel generator lube o!)
system provides o)l to lubricate the moving parts of the diesel engines,

thus protecting them from excessive wear and overheating. Adequate lube
o\ pressure Vs usually a permissive signal In the diesel generator
starting circutt. Ouring dlesel operation, the lube oY) 1s normally
circulated by engine-driven o)) pumps that are considered plece parts of
the dlesel engine. Prior to the diese) start, a motor-driven ol pump
supplies ol) pressure.

Q\{ggl ggn%rgtgr Starting Alr %y;;:g'--!ho diese! generator starting
alr system provides compressed alr to assist \n the rapid starting of the
diesel engine.

Feedwater Systems

Feedwater systems provide a continuous supply of preheated water to
the steam generators through al) power operation modes of the plant,

Aux)ldary f *.-The aux\llary feedwater system supplies
feedwaler e steam generators following transient or accident
conditions when the main feedwater system is not avatlable. The system \s
4150 used during normal plant startup, shutdown, and hot standby
conditions. The most common arrangement 15 the three-pump arrangement.
Cther arrangements contain similar components. When the auxillary
feedwater actuation logic Vs uniquely Ydentiflable, Yt Vs considered part
of the auxillary feedwater system. [Emergency feedwiter pump(s) may be
driven by a diesel engine, which 15 considered part of the auxillary
feedwater system.

\ [ggg|‘111_§1113¥:--1h0 main feedwater system provides feedwater
to the steam generators at the required pressures and temperatures under
al) anticipated steady-state and transient conditions.

Fire Protection Systems
Fire protection systems furnish water or fire extinguishing chemicals

to eress throughout the statton to minimize the adverse effects of fire on
statlon structures, equipment, and personnel.
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nerator t

Generator systems convert the rotating mechanical energy of the
turbines Into electrical enerqgy. Generator systems Include the generator,
generator excitation system, generator Hp cooling/C0p purge system,
generator seal o)l system, and generator stator water cooling system,

Generator Excitation System--The generator excitation system provides
a requlated, controllable source of magnetizing power to the rotating
generator fleld winding. 1h)s winding controls generator output voltage.
The generator excitation system consists of the alternator exciter, exciter
fleid breaker and rect\fler, voltage regulators, and all assoclated
controls and Instrumentation.

Generator H, Coo)ing/CO, Purge System--The generator H, cooling/C0

2 2 2 2
purge system keeps the generalor adequalely cool by maintaining proper

generator hydrogen pressure, temperature, and puilty. The system consists
of hydrogen coolers, storage cylinders, requlating valves, a hydrogen
control panel, and assoclated piping and Instruments. The carbon dioxide
supply used to puige the generator comes from a C0» storage tank., The
generator gas monitoring subsystem Vs Included in (h\s system,

Generator Seal 011 System--The generator seal o)l system contains the
hydrogen within the generator casing, preventing 1eaka?e of hydrogen out of
the generator “nd leakage of alr Into the generator. Th)c system supplies
seal o)) under | essure to the generator hydrogen shaft seals. This system
consists of varlous seal o)) pumps, a vacuum tank, ol filters, pressure
requlators, and assoclated iInstruments. Sea) o)) is supplied by the
turbine lube o)) system.

Generator Stator Water Cooling Syttem--The generator stator water
cooling system cools the generator stator hars, the generator terminal box
In the lower frame extenslion, and the exciter rectifiers. This s a closed
system that consists of cooling pumps, water coolers, delonizer and filter
regulating valves, and assorted piping and iInstruments.

Heating, Ventilation, and Air Conditioning Systems

Heating, ventilation, and alr conditioning systems provice an
environment with contralled temperatures, humidities, and air flow patterns
to maintain an atmosphere that ensures the comfort and safety of personnel

and the operability of equipment located In the containment, drywel), and
other small areas.

fenetration R9 entilation tem* -.The penetration roum ventilation
system collects an frs any gases that may leak through containment
penetrations duiing accident conditions. For this reason, the system \s
used to keep the penetration room at s)ightly negative pressure. The
penetration room ventilation system Vs designe” to be used only under
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accident conditions. This system concept has a number of varlations and
nomenc lature. At some stations, the penetration room ventilation system
function Vs performed by the auxillary wullding standby gas treatment
system or the auxillary bullding emergency exhaust system. Such systems
would also be Included In this system.

n \ n ntrol t

Instrumentation and control systems provide timely operation of
equipment needed for proper plant operation and the necessary Indication of
plant parameters and equipment conditlons,

[11g1£gh¥ggggj\g Control (Turbine Control) System--The
electrohydraulic contrui (turbine control) system controls the speed and
acceleration of the main turbine and turbine load by controlling steam flow

to the turbine.

r r n an tem*--The engineered
safequards actuation and logic system senses plant parameters to determine
the need for engineered safety features actuation and operation. This
system -a{ cougr\so either relays or solid-state logic. The system
Includes the elements in the signa) path from sensors or from the output of
the reactor protection system isolation amplifiers through the engineered
safequards actuation and logic system signa) processors, logic circuits,
relay circults, and output controller circults that are directly involved
In the that system's functions. Outputs from the engineered safeguards
actuation and logic system that are used to trip the reactor are part of
the reactor protection system.

-core Nuclear Instrumen n System--The ex-core nuclear
instrumentation system protects the reactor by monitoring the neutre- flux
and qgenerating appropriate trips and alarm siqnals for various phases “f
reactor operating and shutdown conditlons. The ex.core nuclear
Instrumentation system consists of eight Independent channels: two source
range, two Intermedlate range, and four power range. In addition, there
are four aux\llary channels: the audlovisual count rate channel, the
comparator channel, the startup rate channe), and the flux deviation
channe?!,

- nstrumentat'on em--The In-core Instrumentation cystem
provides iInformation on the neutron flux distribution and fuel assembly
outlet tomperatures at selected core locatlons. The system consists of
thermocouples, In-core flux thimbles to permit \nsertion of movable fission
detectors, detector drive units and assoclated components, gas purge and
leak detection components, and contro) and readout eq “went.

Leak Detection System--The leak detection system detects and
annunciates the escape of potentially radloactive materia) from the reactor
coolant pressure boundary. In addition, the leak detection system )s
capable of determining the rate of leakage and \nitlating action to isolate ‘
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systems that are leaking at a substantial rate in order to protect the
nuclear fue)l from damage that may be caused by the loss of coolant,

Pressurizer Level Control System--The pressurizer level control system
maintains pressurizer level during expansion and contraction of the reactor
coolant volume due to temperature changes. Reactor coolant average
temperature 1s used to develop a programmed level setpoint. Water
Inventory Vs maintained by controlling the balance between water leaving
the system, via the letdown flow to the chemical and volume contro)l system,
and water entering the system from the charging pumps.

Pressurizer Pressure Contro) System--The pressurizer pressure control
svstem controls the pressure of the reactor coolant system at or near a
rixed setpoint during both steady-state and design tranzient conditions,
The system consists of a combination of heater banks, spray valves, and
rellef valves actuated at the proper times by a pressure controller with
proportional, rate, and reset adjustments. The system components operate
at varlous fixed pressure deviation points from the controller setpoint.

Radlation Monitoring System.-The radiation monitoring system
Indicates, alarms and records abnormal radiation levels in areas where
radioactive materia)l may be present, stored, handaled, or inadvertently
introduced.

Reactor Protection System -The reactor protection system prevents
damage to the fuel and to the reactor coolant pressure boundary. The
system monitors the plant for abnormal conditions that might be indicative
of an approaching unsafe operating state. When such deviations in
operating conditions are detected, the reactor protection system's
redundant actuator logic generates .ignals that deenergize a dc
undervoltage col) on each reactor trip breaker. The circult breakers open,
power 1s Interrupted to the control rod drive power supply, and the contro)
rods fall into the core under gravity, causing reactor shutdown. The
signal that deenergizes the dc undervoltage colls also Initlates a primary
coolant trip. In addition to automatic operation, manual Inttiation Vs
also provided. The elemerts in the signal path from the sensor through
signal processor circults, relay circults, and output controller circuits
that 4re part of the reactor protection functions are considered part of
the reactor protection system. Any outputs from an Ysolation amplifier or
‘solation circult that feeds the engineered safeqguards actuation and logic
svstem are part of that system. The reactor trip breakers are cons\dered
part of the control rod drive system.

Remote Shutdown System- -The remote shutdown system provides a reactor
plant shutdown capability located outside the contro) room for situations
when the control room may have to be evacuated. The remote shutdown system
provides all the controls and indication necessary to shut down the reactor
a4s well as to provide subssquent reactor plant stabilization and coo)down.
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!ggrgggng%_ixi*gg--TNQ rod control sysiem maintains a programmed
average temperature in the reactor coolant system by regulating the
reactivity In the core and shapes the ax'al flux profile of the core. The
rod control system consists of the electronic circultry, switches,

1n:1cators. and alarm devices necessary for the manipulation of the contro)
rods.

Pesit) ndicat) --The rod position Indication system,
composed of two subsystems, continuously senses and displays rod position
Information for each control rod. he Individual rod pcsition Indication
subsystem measure« the actual rod position and displays 1t on the main
control board. The demand position subsystem counts the number of steps
demanded by the rod contro) system to move the rods up or down. This
Information 1s displayed by step counters located on the main control board.

The system consists of fileld-mounted detectors, rack-mounted
electronic equipment, and control-bcard-mounted equipment.

§!5!! ;ggg ggntrg\ ig;tfg--lho steam dump control system reduces the

magnitude of nuclear system transients foldowing a i1arge turbine load

reduction or reactor trip by dumping throttle steam directly to the main

condenser, thereby creating an artificlal) load on the reactur and

preventing the 11fting of steam generator safety valves. The system

comprises several banks of valves located downstream of the main steam stop

valves and al) assoclated circultry and controls, .

Sleam Q*ngratog_!;;er Level Contro) System--The steam generator water

leve! control system provides eich steam generator with a three-element
feedwater controller (feedwater flow, steam flow, and water level) that
maintains a programmed water level on the secondary side of the steam
generator during normal plant operation. This controller, continuously
compares measured feedwater flow with steam flow, and a compensated steam
generator downcomer water level signal with a water level setpoint to
requlate the main feedwater valve position,

Main Steam Systems*

Maln steam systems contain and transport the satur2ted steam to the
turbines, where 1t Vs utilized 'n the production of electricity. Maln
steam systems also provide the means of removing heat when the turbinas are
not avallable through the use of steam dumps and atmospheric rellef valves.

Process Sampling Systems

Process sampling systems monitor the operation of plant equipment and
provide Information needed to make operational decistons. These systems
provide remote sampling facilities and the capability for sampling flulds
of various process systems during norma) plant operation and shutdown

conditions. .
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0 Provide sea) water flow for the reactor coolant pump shaft seals.

0 Maintain the proper :oncentration of corroston-inhibiting
chemicals 'n the reactor coolant.

0 Reduce the quantity of Ffisslon and corrosion products and
matintain the reactor coolant chemistry to withir design 1imits,

0 Provide cooling to 1imit fue) cladding temperature 'n the event
of a smal) break and during LOCAs that do not result n rapid
depressurization of the reactor vessel.

Refueling Systems

Refueling systems provide a safe and effective means for transporting
and handling fuel from the time Yt reaches the plant unti] 1t leaves the
plant. The refueling systems include the fuel handling and spent fuel pit
cooling systems,

Fuel Handling System--The fuel handling system consists of the
mechanical and electrical components required to manipulate nuclear fue)
through the varlous movements and operations undergone while in the reactor
bullding. Reactor vesse) servicing equipment 1s provided to support fuel
handling as well as the nonroutine removal of reactor vessel equipment.

Spent fuel Pit Cooling System--The spent Ffue) pit cooling system
consists of two cooling trains, a purification loop, and a skimmer loop. It
remcves decay heat from the spent fue)l pit water, provides adequate
purification to permit unrestricted access to the spert fuel storage areq,
and maintains optical clarity of the spent fuel pit water.

Turbine Systems

Turbine systems convert the thermodynamic energy of the steam to drive
the main generator for the production of electricity. Turbine systems
Include the turbines, extraction steam system, iurbine lube o)) system, and
turbine seal steam system,

xtraction Sieam §‘1&15~-1h0 extraction steam system provides heating
steam to such components as feedwater heaters for condensate and feedwater
hea'ing, seal steam evaporators, and radwaste steam generators. The
extractlon steam system takes steam from the high-pressure turbine and
low-pressure turbine extraction points and from the molsture separators.

furbine ngf 011 §E!ggg.-1ho turbine lube oY) system continuously
supplies cool, clean lubricating ol) to the turbine-generator and exciter
bearings. The turbine lube o)) system comprises lube oY) reservoirs, lube

o)) pumps and coolers, and assoclated stralners, piping, and
Instrumentation.
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l!L!l?!_%lll ..The turbine seal steam system prevents the
entrance of air and noncondensible gases into the maln condenser and
prevents the leakage of radloactive steam to the atmosphere. Clean sealing

steam s supplied to the turbine shaft glands and valve stems.
Condensed.sealing steam s returned to the maln condenser.

Mater Systems

Water systems provide the needed cooling and makeup throughoul the
plant for safe and efficient operation of water-cooled components. The
water system: include the c\rculal\n? water, component cooling water,
essent1ad) raw cooling water, and nuclear service water systems,

Ql&sula&ln*.ln**z.ixz&ss--Yho circulating water system 1s a
closed-loop system that removes the excuss heat from the turbine exhaust

steam and turbine bypass steam by continuously supplying cooling water from
the cool\n? tower basin to the main condenser and returning the heat water
to the cooling tower for cooling.

;gEggng*&_;**l%gg_li**L_§111*$:-.Yhe component cooling water system s
a closed system thal supplies cooling water to various plant components
dur ing norma) operations, removes residual heat from the reactor coolant

system during the second phase of plant cooldown, and supplies coolant to
safequard equipment loads during and after an accident.

g;aon;\gl R, olin r--The essential rav cooling water system 1s
designed to supply cooling waler directly from the main river channel

{lake) to vartous primary and secondary systems and components necessary
for plant safety during norma)l and accident conditions.

!gg!ggg Service Mater System*..The nuclear service water system acts
as the final heat sink for waste heat loads. Typically, 't uses the same
water and sink os the turbine condenser (river, lake, etc.). It supplies

cooling water to equipment essentlal to the safe shutdewn of the reactor
under both normal and emergency conditions.

Level 1.-Combustion Engineering Systems?
Alr Systems
Adr systems provide the proper type and pressure of alr to operate

necessary instrumentation and equipment in the plent. The air systems
include the Instrument air and service alr systems.

a. An asterisk Indicates that this definition of a Combustion Engineering
system Vs based on the NPRDS (Ref. 23).
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lp;*gg!gnl_A%L_ixll*g—-Tho Instrument alr system provides a continuous
supply of clean, dry, oll-free compressed air for use by plant
Instrumentation, various air-.operated valves, and contro) devices.

§1£%151_51;_§1%1!|--Th¢ service alr systuem provides a continuous
supply of compressed alr, without drying or filtration, for such functions
4s backwashiny, mixing, and agitation, as well as genera) plant use. Some
plants uti)ize service a'r as a backup to Instrument air.

Annunciator Systems

Annunciastor systems are hardwired systems that provide the operator
with the audio and visual alarm Information required for unit operatien,
startup, and shutdown. These systems are Independent of the plant computer
system and Include the controls necessary to acknuwledge, silence, and
reset alarms,

Commynication Systems

Communication systems provide rellable and convenient communications
among on-site personnel and between on-site and off-site locations. These
systems Include an Intraplant public address sysiem, a private telephone
system to permit plani-to-off-site communication on a continuous basis, and
4 two-wady radlo communication system,

Compressed Gas Systems

Compressed gas systems store and distiribute as required the necessary
gases used ‘o operate and maintain the plant. Typical gaces are hydrogen,
oxygen, COp, argon, and acetylene.

Condensate Systems.

Condensate systems provide continuous condensate flow from the
condenser hotwells to the main feedwater pumps, which In turn provice
feedwater to the zteam generators at the required pressures and
temperatures under al) anticipated steady-state and transient conditions.
Condensate systems consist of parallel, interconnected trains. These take
condensate from the condenser hotwells and O\schc:?o 1t Into the
low-nressure feedwater heaters, which in turn supply the feedwater pumps.

The demineralizers and their Inlet, ovtlet, rellef valves, ano valve
operators are considered part of the dem\niralizer beds. The remainder of
the items assoclated with demineralizer beds (pumps, blowers, etc.) are
considered plece parts of the deminecalizers.

ndensate Stor --The condensate storage system provides the
primary supply of water for the maintenance of concenser water level in the
condenser hotwell, the control rod 4rive system, and the reactor core
‘solation cooling system. It also supplies makeup for other plant systems
as required. ‘
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"II’ Containment Systems

Containment systems serve 4s 4 pressure bounddr{ and shielding for the
reactor in the event there Vs release of radloactivity from the reactor.
The containwent systems include the containment/reactor bullding
penetration system, containment cooling s{ston. combustible gas contro)
system, containment isolation system, contalnment spray system, and
cuntainment ventilation system,

Containment/R r Bullding Penetrat) *..The
containment/reactor bullding penetration system comprises all primary
containment penetrations and all accesses. A1l penetrations are considered
part of this system, ([quipment and personnel access hatches and fyel
transfer tubes are components of the system. A1) assoc'ated Instruments,
monitors, etc., are considered plece parts of the access penetration, The
system includes maintenance hatches and all electrical, mechanical, piping,
and Instrumentation penetrations.

Containment Cooling System* -The containment cooling system removes
sufficient heat enerqgy from the containment atmosphere following a LOCA or
a main steam 1ine break in order to maintalr the containment atmospheric
pressure below design pressure. The containment cooling system typically
consists of cooling units with a vane ax‘a) type fan and twe sets of
cooling colls. There are several varlations to the design of this system.

. Combystible Gas Control System--The combustible gas control system \s
one of two types: the dilution type or the hydrogen recombiner type. The
dYlution system maintains the hydrogen concentration in the containment at
an acceptable level by Introduction of atmospheric alr. The hydrogen
recombiner system maintains the hydrogen .oncentration below 4% by volume
In the contalnment following a design-basis LOCA without rellance on
purging and without release of radioactive material to the environment.
The system basically consists of a skid-mounted thermal recombiner unit
with assoctated valves, plping, Instrumentation, and controls. Designs
will vary.

Containment lsolation tem* - -The containment Ysolatlon system
provides a double barrier to the escape of radloactive materta) at each
flutd penetration through the containment liner plate. This system
consists of any Ysolation valves (both Inside and oulside containment) not
already ‘ncluded 'n other systems. Examples of valves 'n this system are

fsolation valves In the waste systems and check Ysolation valves in the
nitrogen system.

Containment Spray il!*%i. -The containment spray system reduces the
pressure and temperature v n the contatnment bullding following a LOCA
and maintains them at acceptable levels., The containment spray system has
two Independent loops, each consisting of a containment spray pump and a

heat exchanger. During the Injection pyhase, the pumps take suction from
' the refueling water tank. During the recirculation phase, the pumps take
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suctton from the containment ~ecirculation sump, If the heat exchangers
are shared with the shutdown cooling system, they are considered part of
the shutdown cooling system.

nt Vet em--The containment vent'lation system
comprises several subsystems, each of which has separate design
objectives. The systems are designed around objectives reiating to norma)
operation, personnel access, containment protection, and accdent
conditions,

The containment air cooling .ubsystem 1s designed to maintain an
acceptable temperature within the containment upper and lower compartments,
reactor well, control rod drive mechanism shroud, And Instrument room for
the orotection of equipment and controls dur'ng norma) reactor operation
and normal shu.down,

he containment purge subsystem 1s designed to maintain the
environment In ihe piiadry and secondary contalnment within acceptahle
1imits for equipment operation and for personne)l access, and to 1imit
release of radioactivity to the environment.

ihe vacuum rellef subsystem protects the contalnment vessel fiom an
excessive external force.

The alr return fan subsystem enhances the ice condenser and .
containment spray heat removal operation by circulating air from the upper
compariment to the lower compartment, through the ice condenser, and back

to the upper compartment. This subsystem 1imit. the hydrogen concentration

In potentially stagnant reglons by ensuring a flow of alr from these

regions.

rol [lement Assembly Systems*

Control element assembly systems coitro) the reactivity of the reactor
core ang consist of the redundant reactor requlating system, the contro)
element drive system, the contro) element assemblies, and their contro)
element drive mechanisms. There are typically 12 groups of contro)l element
assemblies, divided as follows:

Shuidown - two groups
. Regulating - elght groups
Part-length - two groups

The contro) rod drive mechanisms are magnetic -operation drives. Each

control element drive mechanism s capable of withdrawing, Inserting,

holding, or tripping the contro) element asseisly; however, components n

these systems used only for reactor regulation are not considered part of

the system. The control signal 15 provided by the contro) element drive

system. Electrica) power to the contro)l element drive mechanism \s

provided by two motor -generator sets through the reactor protection tystem

trip breakers. ‘
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. Electricai D):

flectrical distribution systems provide a means of recelving off-site
power and a means of transmitting site generated power. These systems
supply power ‘o those auxiliaries needed for power generation by the
plant. The electrical distribullon systems Include the ac instrument
power , dc power, and plant ac power systems.

f; Ini!'*%%?‘ Power 51’313'.-fh0 ac Instrument power system provides
an uninterrup e source of power for instruments and control circuits
under a1l plant conditions. Any load circult breakers that may supply
suvera) loads are considered part of the AC instrument power System.

i&.ﬁ!!!&.illl%!i-"“' DC cower system supplies electric power to bolh
safety- and non-safety-related dc loads under an{ plant condition. The dc
power can be supplied by either a battery or battery charger. Any dc
circult breakers that may supply severa)l loads, such as several solenold

valve controls or controi power for ac switchgear, are considered part of
the dc pasar system,

Plant Power *..The plant ac power system provides electric
power to both safety- and nonsafety-related loads during normal plant
operations. Electric power 1s supplied at various voltage levels that are
connected 'n a hierarchical fashion,

‘ Emergency Core Cooling Systems

Emergency core cooling systems are designed to mitigate the
consequences of postulated emergency situations that could otherwise lead
to core damage and release of fission products to the envirorment. The
emergency core cooling systems include the high-pressure safety Injectinn
and the low-pressure safety iInjection/shutdown cooling systems.

High-Pr r f n \on *..The high-pressure safety
injection system must function to supply core cooling during a LOCA, The
safety injection system s treated as an Integrated system contisting of
three complementary systems: high-pressure safety injection, low-pressure
safety injection, and safety Injection tanks,

The high-pressure system \s capable of delivering cnlr?cncy coolant at
discharge pressures of up to 1205 psig. Two high-pressure inlection pumps
take suction from two Independent suction headers. These headers are
Inttially supplied with boratec <ater from the refueling water tank and
after exhaustion are supplied irom the recirculation sump of the
containment. I1f the high-pressure safety Injection pumps are shared with
the chemical and volume control system, these pumps and assoclated valves
and piping are considered part of the high.pressure safety Injection system.

-Pr r f n fon/ 1in *..The
low-pressure safety \n%cc*\on/siui3o~n cooling system Vs actually two
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systems that share common p\plng. The shutdcwn cooling portion Vs used to
provide core cooling during cold shutdown. Piping connectlons draw from
the reactor coolant system piping and return to four inlet nozzles on the
reactor coolant system cold legs. The low-pressure injection portion
operates during accldent conditions. It has two modes of operation., The
first mode 15 the injection mode. ourin? this mode, borated water \s drawn
from the refueling water tank (RWT) and injected into the reactor coolant
system piping through the ‘nlet nozzles. When the water leve)l on the RWT
falls to a predetermined level, low-pressure injection suction 1s
transferred to the emergency sump Inside the reactor building. This mode
of operation 15 called the recirculation mode.

rgency Power .

imergency power systems supply electric power to vital safety-related
loads during abnormal plant conditions such as plant blackouts or LOCAs.
Emergency power systems are typically a diese)l jenerator-powered system
with two to four dlesel generator units. The diese) start, load-shedding,
generator breaker closing, and sequencing control circulis are considered a
part of the emergency power system. Some units may use gas or
hydroetectric turbines to supply emergency power.

‘esel Generator 11 r_System*--The diese) generator cooling
water system provides adequate water flow Lo remove heat from the dlese)
engine during operation. A Jacket heating loop Vs also provided to prevent
thermal shock when the diesel 15 started.

Diesel Generator fuel 01) r nd Transfer *..The dlese!
generator fuel o)l storage and transfer system supplies fuel to run the
dlese) engine an? stores enough fuel for severa) days' continuous
operation. Fuel supplied from the day tank may be either pumped or gravity
fed to the dlesel.

\ese)l Generator i) *..The dlese! generator lube ol
system provides o)l to lubricace the moving part of the diese) engines.
Adequate lube o)) pressure s usually a permissive signal in the diese)
generator starting circult, During dlese) operation, the lube il 1s
normally circulated by engine-driven o)) pumps that are considered plece
parts of the diese) engine. Prior to the dlesel start, a motor-driven ol)
pump supplies o)l pressure.

lesel Generator rting Air *..The dlese) generator starting
alr sysiem provides compressed alr to assist In the rapid starting of the
diesel engines.
f er

Feedwater s{stous provide a4 continuous supply of preheated water to
the steam generators through al)l power operation modes of the plant,
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Alllllllll!l‘i!!ﬂ *..The aux)liary/emergency
feedwater system \s designed to provide steam generator makeup for the

remova)l of aecay heat from the reactor coolant system during both norma)
and emergency cooldowns. The auxillary emergency feedwater system consists
primarily of the following: emergency feedwater pumps, valves, and
Instrumentation,

r *..The main feedwater system provides feedwaler
to the steam generators at the required pressures and temperatures under
1) an*\c'pated steady-itate and transient conditions.

Fire P \

Fire protection systems furnish water or fire extinguisiiing chen'cals
to areas throughout the station to minimize the adverse effects of fh » on
statton structures, equipment, and personnel,

Generator uystems

Generator systems convert the rotating mechanica) energy of the
turbines into electrical energy. wenerator systems include the generator,
generator excitation system, generator Hp cooling/C0 purge system,
generdator seal ol)l system, and generator stator water cooling system,

Generator gxg\tggign System--The generator excitation system provides
a requlated, controllable source of magnetizing power to the rotating
enerator fleld winding. This winding controls generator ouiput voitage.
he gene-ator excitation system consists of the alternator exciter, exciter

fleld breaker and rectifier, volta . regulators, and all assoclated
controls and instrumentation,

Generator H27Coo\\ng/C0lAPurqo System.-The generator "2 coo\\ng/CO2

purge s;stem keeps the generator adequately cool by maintaining proper
generator nydrogen pressure, temperature, and purity. The system consists
of hydrogen coolers storage cylinders, ro?uiat\nq valves, & hydrogen
control panel, and assoclated piping and instruments, The carbon dloxide
supply used to purge the generator comes from a COp storage tank, The
generator gas monitoring subsystem 1s Included in fh\s system,

" 0)) System--The generator seal o)) system contains the
hydrogen within the generator casing, preventing leaka,: of hydrogen out of
the generator and leaxage of alr Intn the generator, ?his system supplies
sea)l o)) under pressure to the generator nydrogen shaft seals. This system
consists of vartous seal oY) pumps, a4 vacuum tank, o)l Filters, pressure
requlators, and as nclated Instruments. Sea) o)) Vs supplied by the
turbine lube o1 system.

Generator §3g‘gr Water Cooling %g;g!!--lnv generator siator water
cooling system cools the generator stator bars, the generator terminal box
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In the lower frame extension, and (he exciter rectifiers, This Vs a closed
system thyt consists of cooling pumps water coolers, delonizer and filter
requlating valves, and assorted piping and Instruments.

fiath nd Air Condit) (HYAC) Systems

MVAC systems provide an environment with controlled temperatures,
humidities, and a'r flow patterns to maintain an atmosphere that ensures
the comrort and safety of personnel and the operabiiity of equipment
located 'n the containment, drywell, and other small areas.

zgnglg*l%gg_%gfg_!en’!lgslg% §¥;gggg~-1ho peneiration room ventilation
system consists of fans, er trains, and du.t work, The system

minimizes en Yronmental activity levels by collecting and processing
rost-LOCA corti'nment leakage.

Instrumentation and Contro) Systems

Instrumentation and control systems provide timely operation of
equipment needed for proper plant operation and the necessary ‘ndication of
plant p.rameters and equioment conditions.

§§53r91 flement A 1y Position Monitorir --Contro)l element
assembly position monitoring Vs provided by two diverse and \ndependent

Indication systems. One system consists of reed switch assemblles attached
to the control element drive mechanisms. The reed switches are operated by
4 magnet providing a4 signal proportiona) to position for display. The
second system uses the plant computer to count ralse-lower pulses to the
control element drive mechanism power programmers. rosition 15 displayed
for group or Individual control element assemblles,

glgggrgg§¥r¢gllg g?ngrga (Tyrbine ;geargl} 5515 -~The
electrohydraulic control system controls the speed and acceleration of the

main turbine and turbine load by controlling steam 'low to the turbine.

ngineere f f r | *..The engineered safely
features actuation system consists o e sensors  logic, and
actuation circults that monitor selected plant parameters. It also
provides an actuation signal to each actuated component in the engineered
safety features ([SF) system Vf the selected plant parameters reach
predctermined setpoints. There 1s one actuation system for each of the [SF
systems,

The ESFAS Includes the sensors that monitor selected plant vartables.
Wheén the moniiored vartables reach levels InZicative of conditions that
require protective action, the ESFAS generates the following
sigrals: containment Ysolatlon actuation; contalnment spray actuation;
main steam Ysolation; safety Injection actuatton; recirculation actuation;
and emergency feedwater actuation. This system Includes the elements In
the signal path from sensors or from the output of the reactor protection .
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system Ysolation amplifiers through the ESFAS signal processors, \o?ic
circuits, relay circuits, and output controller circults that are directly
\nvolved in ESFAS functions. Outputs from the ESFAS that are used to trip
the reactor are part of the reactor protection system, The control
circuitry for the components provides the sequencing necessary to provide
proper ESF system operation.

-cor 1 nstrumen 1. .The e -core nuclear
\nstrumentation system protects the reactor by mon)'oring the neutron flux
and generating appropriate trips and alarm signals for various phases of
reactor operating and shutdown conditions. The ex-core nuclear
Instrumentation system consists of eight Independent channels: two startup
channels, two control channels, and four safety crannels. This system also
provides readout and audio count Information and rate of change of power
Information,

15;;3;’_1&111!ggnlgiigg_ixllg!--Yno in-core instrumentation system
provides information on iie neutron flux distribution and fue)l assembly

outlet temperatures at selected core locations. The system consists of
thermocouples, in-core flux thimbles to permit \nsertion of movable fission
detectors, detector drive units and assoclated components, gas purge and
leak detection componants, and contro) and readout equipment.

L*g% Qg&*gg\gn 5]1159--Tno leak detection system dete.'s and
annunciates the escape of potentially radioactive matertal fron the reactor
coolant pressure boundary. In addition, the leak detection systen )s
capable of GQtrrn\n\n? the rate of leaka?o and \n\t!at\n? action to ‘solate
systems that are leaking at a substantial rate in order to protect the

nuclear fuel from damage that may be caused by the loss of coolant,

Pressurizer Level Contro) .~The press’ izer level control system
maintains pressurizer level during expansion 4nd contraction of the reactor
coolant volume due to temperature changes. Reactor coolant average
temperature 's used to devel p a programmed level setpoint, generated In
the reactor regulating system., Water inventory s maintained by
controlling the balance between water leaving the system, via the letdown
flow to the chemical and volume control system, and water entering the
system from the charging pump ' .

rizer Pr r rol ~-«The pressurizer pressure contro)
system controls pressure of the reactor coolant system at or near a
fixed setpoint during both stoadl-s!ato and design transient conditions.
The system consists of a combination of heater banks, spray valves, and
rellef valves actuated 4t the proper times by a pressure controller with
proportional, rate, and reset adjustments. The system components operate
at vartous fixed pressure deviation points from the controller setpoint.

2%351*1,!¥51*91\n? §¥§gg?.-1ho process monitoring system monitors the
radlation levels In selected 1iquid and gaseous process streams \n order to
provide the required readouts and records of these levels. When radiation
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levels exceed predetermined setpoints, alarms and Ysolation signals are
dctivated to contro) the release of radioactivity to the environment.

!{g1‘11%n_ggn11951n1_§1%1!!-.rho radlation noﬂ\torln? system
Indicates, alarms, and records abnormal radlation levels \n areas where

radioactive material may be present, stored, handled, or Inadvertently
Introduced,

!l!S!!‘ ggg*ggg\g? i*iten:--Tho reactor protection system consists of
sensors, calculators, loglic, and other equipment necessary to monitor
selected nuclear steam supply system conditions and to effect rap\d reactor
shutdown (reactor trip) 1f any one or 4 combination of the monitored
conditions approaches specified safety system settings. Four measurement
channe s with electrical and physica) separation are provided for each
parameter used \n the dire.. generation of trip signals, with the exception
of control element asc.mbly position. A coincidence of two )ike trip
signals Vs required to generate a reactor trip signal. The fourth channe)
Is provided as a spare and allows bypassing of one channel while
maintaining 3 two-out-of -three system. The reactor *rip signal coonorglaos
the control element drive mechanism codls, allowing all contro) elemen
assemblies to drop 'nto the core.

The elements In the signal path from the sensor through signa)
processor circults, logic circuits, relay circults, and output controller
circults that are part of the reactor protection functions are included in
the reactor protection system, Any output from an i1solation amplifier or
1solation circult that feeds the engineered safety features actuatlon
system \s part of that system.

!*gg;gi Regulator §lggg!--7ho reactor regulator system automatical)
controls reactor temperature, and thus soconagry prcsszro. by pos\t\on\nz
requlating control element assemblies. This system keeps adverage coolant
temperature within a programmed hand to maintaln des.gn steam conditions.
This system also operates In conjunction with the steam bypass centro)
system and the pressurizer level contro) system. The reactor regulator
s{sto. consists of the electronic circultry, switches, iIndicators, and
dlarm devices necessary for the manipulation of contro) element assemb)ies.

!g*l*’;esg111121§{*31?--Yac remote shutdown system provides a reactor
plant shy capa y located outside the control room far situations
when the contro) room may have to be evacuated. The remo'e shutdown system

provides al) the controls and Indication necessary to shut down the reactor
4% well as Lo provide subsequent reactor plant s*abilization and cooldown.

331,' a;gg’; Control §l*ggg--!ho steam b{pass contro) system reduces
the magnitude of nuclear system transients following a large turbine load
reduction or reactor trip by dumping throttle steam directly to the main
condenser, thereby creating an artificia) load on the reactor and
preventing the 1)1fting of steam generator safety valves. The system

comprises several banks of valves, located downstream of the main steam .

stop valves, and a)) assoclated circu'try and controls,
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ntrol .-The steam generator water
Jevel control system provides each sieam generator with a three-element
feedwater controler (feedwater flow, steam flow, and water level) that
maintains a programmed water level on the secondary side of the steam
generator during normal plant operation. This controller continuously
compares measured feedwater flow with steam flow and a compensated steam
generator downcomer water level signal with a water leve)l setpoint to
regulate the main feedwater valve position,

Main Steam systems®

Main steam systems consist of: main steam 1solation valves, main
steam safety valves, power -operated atmospheric dump valves, condenser dump
valves, and assoclated piping. Main steam systems deliver steam from the
stean generators to the turbine-generator, dissipate heat from the nuclear

steam supply system when the turbine-generator 1s not available, and
provide steam for various auxillary systems,

Process Sampling Systems

Ine process sampling systems monitor the operation of plant equipment
2ad provide information needed to make operational decisions. These
yystems provide remote sampling faci1ities and the capability for sampling
Flutds of various process systems during normal plant power operation and
shutdown conditions,

Radwaste Systems

Radwaste systems collect, process, monitor, store, and dispose of all
radioactive wastes. The radwaste systems Include the gaseous radwaste,
11quid radwaste, and solld radwaste systems.

5*11**1_!“!‘111_;1111g--lho 30;000; radwaste system processes and
controls Lhe release of gaseous radioactive wastes to the site environs,
The gaseous radwaste system typically consists of waste gas compressor

packages, gas decay tanks, and assoclated piping, valves, and
Instrumentation,

Lllll!.!l!llll!iillll?'-7"' 11quid radwaste system collects,
processes, stores, and monitors, for reuse or disposal, all potentially
radioactive 11quid wastes. The 11quid radwaste systea consists of one or
more subsystems desired to handle specific t{pos of 1iquid wastes, such as

water, chemical solutions from the demineralizer resin regeneration
process, and evaporator distillate.

i!ll!.%i!f!ll!.il**&!--‘"' s011d radwaste system collects, processes,
packages, & emporarily stores, prior to off-site shipping, such wastes
as spent resins, evaporator concentrates, and chemica) drain ta.k
effluents. Liguid-bearing wastes are dewatered and soligifiad.
Contaminated solids such as Filters, rags, paper, clothing, and tools are

compactied.
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Reactor Coolant Systews*

Reactor coolant systems remove heat from the reactor core and
Internals and transfer 't to the secondary (steam) system. These systems
consist of two loops connected to the reactor vessel. Each loop contains
one steam generator, two reactor coolant pumps, and ronnecting piping.
Coolant system pressure Vs maintained by a pressurizer connected to one of
the loops. A)) temperature, pressure, and flow transducers that provide
signals to the reactor protection system are considered part of the reactor
protection systems,

1cal ] r *..The functions of the chemica) and
volume control system are to:

0 Raintain the chemistry and purity of the reactor coolant;
0 Maintain the required volume of water in the reactor;

0 Provide a controlled path for water discharge;

0 Control boron concentration;

0 Provide aux\)lary spray;

0 Inject boric ac'd 'nto the reactor coolant system upon a safety
InJection actuation signal; and

0 Contro) reactor coolant pump seal Injection flow,

The system consists of charging pumps, heat exchangers, purification
subsystem, borlc acid makeup capability, volume control tank, chemica)
addition subsystem, and & process radiation system, If the high-pressure
safety njection pumps are shared with the chenica)l and volume control
system, these pumps and directly assoctated valves and piping are
considered part of the high-pressure safety iInjection system.

Refueling Systems

Refueling systems provide a safe and effective means for transporting
and handling fuel from the time it reaches the plant unti) Yt leaves the
plant. The refueling systems include the fuel handling and spent fue) poo)
cooling and purification systems.

fue) !gng]\?g %l*!!‘-°‘”' fuel handling system consists of the
mechanical and electrical components required {o manipulate nuclear fue
through the various movements and operations undergone while In the reactor
bullding. Reactor vesse)l servicing equipment \s provided to support fue)

hand)ing as well as the nonroutine remova) of reactor vesse) equipment.
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;.gn*zL]ng;¥ng*ggllng and zurQ:QS’ﬁ*ga ;;13§g--1ho spent fuel poo)
co01ing and purification system removes the decay heat from spent fuel

stored 'n the spent fuel pool. It also maintains the clarity and purity of
the water In the spent fue) poor, fue) transfer canal, rerueling water
pool, and refueling water tank.

Turbine Systems

Turbine systems convert the thermodynamic energy of the steam to drive
the main generator for the production of electricity. Turbine systems
include the turbines, extraction steam system, turdine lube o)) system, and
turbine seal steam system.

Extraction Steam System--The extraction steam system provides heating
steam Lo such components as feedwater heaters for condensate and feedwater
heating, seal steam evaporators, and radwaste steam generators. The
extraction steam system takes steam from the high-pressure turbine and
low-pressure turbine extraction points and from the moisture separators.

}!Lllﬂ!TL!!*_ﬂll %vggfg--Tht turbine lube o)) system continuously
suppiies cool, clean, Tubricating oi) to the turbine-generator and exciter
bearings. The turbine lube oi) system comprises Tube o)) reservoirs, lube

o)1 pumps and coolers, and assoclated stralners, piping, and
Instrumentation.

Turbine Sea) Steam System--The turbine sedl steam system prevents the
entrance of alr and noncondensible gases into the main condenser and the
leakage of radioactive steam to the atmosphere. Clean sealing steam \s
supplied to the turbine shaft glands and veaive stems, Condensed sealing
steam Vs returned to the maln condenser.

Water Systems

Water systems provide the needed cooling ..d makeup throughout the
plant for safe and efficient operation of water-.cooled components. The
water systems ‘nclude the circulating water, component cooling water, and
nuclear service water systems,

.51*£]1g313*_!g**%T§11139--tho circulating water system Vs a
closed-loop system removes the excess heat from (he turbine exhaust
steam and turbine bypass steam by coniinuously supplying cooling water from

the cooling tower basin to the main condenser and returning the heated
water 1o the cooling tower for cooling.

ﬁ!’l!ﬂ!%l.ﬁ*ﬁ%%ﬂl.ll&!L.ill*!!'"“‘ component cooling water system 1§
4 closed system removes waste heat from essentia) and nonessential
equipment during normal plant operation. The component cooling water

system provides a barrier between equipment conlaining potentially
radloactive Fluld and the nuclear service water system,

A4}



Level )..Babcock & Wilcox

!"7*"9‘*'5*1£' *.-The nuclear service water system acts
4s the final heat sink for waste heat loads. The heat loads are usuall
transferred from the point of heat generation to the nuclear service uc{or
system by & closed loop (via heat exchangers anc alr handling units). The

nuclear service water system typically uses the same water and heat sink as
the turbine condenser (river, lake, ocean, etc.).

Level 1--Combustion Engineering .

hevel ) Definitions.-Babcock & Wilcox Systems?
Alr Systems

Afr systems provide the proper type and pressure of air to operate
necessary Instrumentation and equipment In the plant. The a'r systems
Include the Instrument alr and service alr systems,

1n;’gy*gnl_gig_§xi**g--1»0 Instrument air system provides a continuous
supply of clean, dry, oll-free compressed air for use by plant
Instrumentation, vartous alr-operated valves, and contro) devices.

;g;;\;g Alr §¥a;g,--1ho service alr system provides a continuous
supply of compressed alr, without drying or Filtration, for such functions
as backwashing, mixing, and agitation as well as genera) plant use. Some
plants utilize service alr as a backup to iInstrument air.

Annunclatoer Systems

Annunciatar systems are hardwired S{tl'ﬂl that provide the operator
with the audio and visua) alarm Information required for unit operation,
startup, and shutdown. These systems are Independent of the plant computer
system and Include the controls necessary to acknowledge, s)lence, and
reset alarms.

n f,

Communication systems provide rellable and convenlent communications
among on-site personnel and between on-site and off-site locations. These
systems Include an \ntraplant public address system, & private telephone
system to permit plant.to-off.site communication on & continuous basts, and
& twu-wdy radio communication system

Compressed Gas Systems

Compressed gas systems store and distribute as required the necessary
gases used to operate and maintain the plant. Typica) gases are hydrogen,
oxygen, C0p, argon, and acetylene.

8. An aster)sk \ndicates that this definition of & Babcock & Wilcox system .
's based on the NPRDS.
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Condensate Systems*

Condensate systems collect water from the hotwell in the conienser,
use 1t to coo) other loads, purify Yt, and then ratse Vts pressure before
discharging 't to the feedwater system. There are many configurations of
condensate systems. The number and typa of cooling loads may vary
greatly. The particular configurations and numbers of demineralizers,
pumps, and heaters also may vary considerably,

g*ggg%1;11_91515%1111*15_5{1%;,-.Iho condensate demineralizer system
maintains the required purity of the condensate and feedwater by using

precoat filters and demineralizers.

Containment Systems

Containment systems serve as a pressure houndar{ ar4 shielding for the
redctor \n the event there \s release of radloactivity rrom the reactor.
The containment systems include the combustible gas control,
containment/reactor bullding penetration, containment 1solation,
contatnment ventilation, reactor bullding cooling, and reactor bullding
spray systems,

ib) ontrol ¢ .The combustible gas control system 13
of two types. the dilution type and the hydroyen recombiner type. The
d\lution system maintains the hydrogen concentration in containment at an
acceptable level by introduction of atmospheric alr. The hydrogen
recombiner system maintains the hydrogen concentration below &% b* volume
'n the containment (during a4 LOCA) without rellance on purging. The system
basically consists of a shid.mounted therma)l recombiner unit with
assoctated valves, piping, Instrumentation, ang controls,

;gngg\gg*n]/lggg§gr *g\lg\g* gg?g][giagg 5;.;1*'--1h0 containment/
reactor bu'laing penefration system Vs made up of all the penetrations of
the reactor butlding pressure boundary. A1l penetrations are considered

pait of this system, regardless of s'ze. One penetration can have severa)
pipes passing through It

fquipment and personne)l access hatches and fuel transfer tubes are
components of the system. A)) assoc'ated Instruments, monitors, etc., are
considered plece parts of the access or penetration. Tie system includes
maintenance hatches and ali electrical, mechanical, piping, and
Instrumentation penetrations.

;%ﬁjg\gggng Isolation §¥;ggg:--1h¢ containment Y30lation system
consists of those valves thal have not been Included 'n one of the other
systems and are used to Vsolate the rcactor bullding in the event of an
accident . The valves may be active (motor-.operated) or passive (check
valves or manually closed valves). The operation of the motor-operated
valves 15 Inttiated by the safety features actuation system. lsolatlon

valves In the Yiguid and gaseous waste systems are examples of valves
considered part of this system,
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*gn1g1n..anxgegijg*lgn_ixllgg--tbo containment ventilation system
comprises several subsystems, each of which has separate design

objectives. The systems are designed around oblectives relating to norma)
ooor:::on. personne) access, containment protection, and accident
conditions.

The contatnment alr cooling subsysten Vs designed to maintain an
acceptable temperature within the containment upper and lower compariments,
reactor well contro) rod drive mechanism shroud, and Instrument room for
the protection of equipment and contrnls during normal reactor operation
and norma) shutdown,

The containment purge subsystem \s designed to maintain the
environment \n the primiry aud secondary containment within acceptable
1imits for equipment operation and for personne) access, and to 1ialt the
release of radloactivity to the environmert,

The vacuum rellef subsystem protects the containment vesse) from an
pxcessive external force

The air return fan subsystem enhances the ice condenser and
Jentainment spray heat remova) operation by circulating adr from the upper
compartment to the lower compartiment, lnrou?h the ice condenser, and back
to the upper compartment. This subsystem Vimits the hydrogen concentration
In potentially stagnant reglons by ensuring 4 flow of alr from these
reglons.

Igg;!gr_!y\\'\n* ;g%l\gg ;ltggg'--lho reactor butlding cooling system
reduces pressure inside the reactor bullding by cooling and condensing the
steam created by an accident, During normal operation, the system can be
vsed to cool the reactor bullding atmosphere, thus making the working
environment more comfortable. The emergency operation of Lhe reactor

butlaing cooling system 15 actuated by the safety features actuation system,

Reactor l!‘1*12*_3l111_3111§l1'°7“' reactor bullding spray system
reduces pressure inside the roactor bullding by spraying walter to condense
steam that might be released 'n an accident. C(hemicals are 2d0~d to the
spray to hel, reduce the Yodine roncentration of the containment air. Thig

system s used only during #n eccident sVtuation,
Control Rod Drive Systems®

Control rod drive systems control the reactivily of the reactor core,
There are eight groupings of contro) rods. Groups -4 are safely rods and
are used Lo scram the reactor, VFf necessary. Groups 5-8 are used for
reactor regulation and power shaping. There are 69 contro) rods 'n contre)
rod drive systems. Group 8 has eight contro) rods. The number of rods in
al) other groups will vary with core configuration, The average number 1y
eight rods for groups -4 and eight to twelve rods for groups 5.7, Reactor
trip breakers are considered part of contro) rod drive systems.
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Electrical distribution systems provide a means of receiving off-site
power and a means of transmitting site.generated power. These systems
supply power to those auriiiaries needed for power generation by the
plant. The electrical distribution systems include the ac Insirument
power, d¢ power, énd plant ac power systems.

*5T1511L¥$§?1_ggggg_§1*12|:--tbo ac \nstrument power sys.em provides
an uninterrup e source of power for instruments and contro) clrculty

under 31) plant conditions. Any load circult breakers that may supply
severa) loads are considered part of the ac Instrument power systea,
Circult breakers that supply @ single system are considered part of the
system supplied.

gg_ggggL_gxlifg--lho dc power system supplies electric power to both
safety. and non-safety-related dc loads under any plant condition. The d¢
power can be supplied by e\ther a battery or battery charger. Any dc
circult breakers that may supply severa)l loads, such as several solenold
valve controls or control power for ac switchgear, are considered part of

the dc power system. Those that supply 4 single component are considered
part of the system that contains the component.

Plant ac Power *..The plant ac power system provides electric
power to both safety- and non-safety-related loads during normal plant
operation. flectric power Vs supplied at varlous voltage levels in 4
herarchical fashion.

(mergency Core Cooling Systems

[mergency core cooling systems are designed to l\!\?‘l' the
consequences of postulated emergency sttuations that would otherwise lead
to core damage and release of fisston products to the environment, The
emergency core cooling systems 'nclude the decay heat removal/cort flooding
syitem, decay heat remova)l/low-pressure safety Injection system, and
high-pressure safety Injection systems.

s_%1gg1QJLL*LQ_%%*gglgg_jfgxgeg--!nc decay heat removal/core
Flooding system Y5 4 passive uge system that maintains & sufficient

water \nventory Lo keep the reactor core covered during the period between
high-pressure Injection system actuation and low-pressure ‘njection system
actuation following & LOCA. The system \njects boraled water ‘nto the
reactor vessel through the low-pressure njection Inlet nozzles.

Qggg,an*\_l 1/low-P r f !%Sl*q_iflll!l"‘“’ decay
heat remova)/ low-pressure Injection system Vs actud wo systems that
share common piping. The decay heat removal portion 1s ysed to provide
core coal\n? during cold shutdown., Piping connections draw from the
reactor coolant system piping and return to two nlet nozzles on the
reactor vessel. The low-pressure injection pertion operates during

A
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accident conditiont and has two modes of o, iatlon, The First mode s e
Injection mode. During this mode, boratel water \s drawn from the borated
water storage tank and Injected Into the vessel through the inlet nozzles.
When the water level on the borated water storage tank falls to 3
predetermined leve), low-pressure Injection suction Vs transferred to the
enerqge nc‘.su-p ’ns\do the reactor byuliding. This mode of operation Vs
called recirculation mode.

. * .The high-pressure safety
\n]oc!lon systol 'ﬂi.tlt F‘%*-prossurO. gora\od. reactor-quality water into
the reactor coolant system during small LOCAs to flood and coo) the reactor
core. This system consists of at lezst two redundant, full.capacity
InJection trains and associated valves, piping, and ‘nstrumentation. for
those cases n which the high.pressure safety injection pump function s
performed by the letdown, purification, and makeup charging pumps, the
components common Lo both systems are considered part of the high-pressure
InJection system,

Emergency Power Systems*

Emergency npower systems supply electric power to vital safety-related
loads during abnorma) plant conditions such as loss of off-site power or
LOCAs, Emergency power systems are typically diesel generator -powered
systems with two to four dlese qenerator units. The dlesel start,
load-shedding, generator break r closing, and sequencing contro) chreutts
are considered part of emergen. y power systems.

\ n r 'n ‘or * -The dlese) generator cooling
water system provides adequate waier flow to remove heat from the digse)
engine during operation, A Jacket heating loop s also provided to prevent

therma)l shock when the dlese) 15 started.

t;gg «The dlese)
generator stolage a ransfer system suppiies fuel to run the
dlese) tnqino and stores enough fuel for severa) days' continuous

operation. Fuel suppllied from the day tank may be elther pumped or gravity
fed to the diesel,

Il!l!lT’!ﬂllf*!l_k*!f,elltil**lsi ~The diese) generator lube o))
System provides o)l tn lubricate the moving parts of dlese) engines, thys
"Ol.(t'h' them from excessive weai and overheating. Adeguate lube o))
pressure 15 usudlly & permissive signal In the diese) generator starting
circutt. During dlese) operation, the lube V1 15 normally circulated by
engine-driven o)) pumps that are considered plece parts of the dlese)
engine. Prior 1o the dlesel start, a motor-driven o)) pump supplies ol
pressure.

\ rater riing Alr *..The diese) generatoi starting
d\r system provides compressed air .0 ass'ist 'n the rapid starting of the
dlesel eng'ines.
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feedwater Systems

Feedwater systems provide 4 continuous supply of preheated water to
the steam generators through all power operation modes of the plant,

u|ggggngx_Lgfgggfo_illggg:.-Yho emergency feedwatrr system supplies
cooling water to the steam generators in the event of anv of severa)
transient conditions In which main feedwater 135 lost. The emergency
feedwater system usually draws from two to four water sources and uses both

motor -driven and steam turbine-driven pumps. Steam 1ines leading to the
pump turbines are considered part of the emergency feedwater system.

!llg‘%llll’lllrix**znz'~750 main feedwater system supplies
high-quatity water to the shell side of the steam generators. Feedwater

suction s taken from the condensate system., Feedwater pumps are typically
turbine driven, although electric motors occastonally are used as drivers,
The startup regulating valve 's used unt)) the unit reaches about 15% power.

fire Protection Systems

Fire protection systems furnish water or Fire-extinguishing chemicals
Lo areas throughout the station to minimize the adverse effects of fire on
station structures, equipment, and personnel,

ner r e

Generator systems convert the rotating mechanical energy of the
turbines iInto electrical energy. Generator systems \nclude the generator,
generator excitatlon system, generator Ny coo Ing/C0p purge system,
generator seal o)) system, and generator stator water cooling system,

n r \ 101 tefe--The generator excitation system provides
4 requlated, controilable source of magnetizing power to the rotating
qenerator fleld winding, which controls generator output voltage, The
generator excitation system consists of the alternator exciter, exciter
Field breaker and rectifier, voltage regulators, and all assoclated
controls and ‘nstrumentation.

Generator M Coo\inglcoerurgo System--The generator N’ cooling/CO

H
purge sysiem keeps the generator adequately coo) by maintaining proper
generator hydrogen pressure, temperature, and purity. The system consists
of hydrogen coolers, storage cylinders, regulatory valves, a hydrogen
control pane), and assoclate piping and ‘nstruments. The carbon dioxide
SUpply used to purge the generator comes from a COp storage tank. The
generator gas monttoring subsystem 's included \n {h\s System,

Generator Ses) 0)) System--The generator sea) o)) system contains the
hydrogen within the generator casing, preventing \octa,o of hydrogen out of
the generator and leakage of alr into the generator. This system supplies
seal o)) under pressure to the generator hydrogen shaft seals. This system

Ay



Level 1.-Babcock & Wilcox

consists of vartous sea) o)) pumps, & vacuum tank, o)) Ffilters, pressure
requlators, and assoclated Instiuments. Sea) o)1 \s supplied by the
turbine lube o!) system.

hmumﬂapr._!mun{.m_gpu--m generator stator water
cooling system cools the generator stator bars, the rator termina) box

in the lower frame extension, and the exciter rectifier. Thls 1s 4 closed
system that consists of cooling pumps, water coolers, delonizer and filter
regulating valves, and assorted piping and ‘nsiruments.

Heallng, Yentllatlon, and Alr Congitioning Systems

Heating, venlilation, and air conditioning s{ltoos provide an
environment with controlled temperatures, humidities, and alr flow patterns
to maintain an atmosphere that ensures the comfort and safety of personne
and the operabi )ity of equipment located 'n the containment, drywell, and
other smal) areas,

P *..The penetration room ventilation
system coilects an ers any gases that may leak through containment
penetrations during accident conditions. For this reason, the system \s
used to keep the penelration room at s1ightly negative pressure. The
penetration room ventilation system 13 designed to be used only under
accident conditions. This system also Includes pressurization and
penetration cooling components.

nstrumentation ntro)

Instromentation and control systems provide timely operation of
equipment needed for proper plant operation and the necessary indication of
plant parameters and equipment conditions,

lectr raul) | ‘Tgrggnf gg*g;!]! ig;;g* -«The
o\octr;*yiroo"t KOHEIO‘ iiur ne contr systeam controls the speed and

acceleration of the main turbine and turbine load by controlling steam flow
to the turbine,

u.-sﬁvmm‘.nqug_mn--m ex-core nuclear
Insirumentation system protects reactor by monitoring the nevutron flux

and generating appropriate trips and alarm signals for vartous phases of
reactor operating and shutdown conditions, The ex-core nuclear
Instrumentation system conststs of elght Independent channels: two source
range, two Intermediate range, and four power range. In add'tton, there
are four auntllary chaanels: the audlovisua) count rate channel, the
comparator channel, the startup rate channel, and the Flux deviation
channe .

!g-g¥r’ lﬂl*%y!!g&‘l%gﬂ_}x*l!!~-Yht In-core ‘nstrumentation system
provides nformation on the neutron flux distribution and fye) assoub\{

outlet temperatures at selected core locations. The system consists o
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thermocouples, in.core flux thimbles to permit insertion of movable fission
detectors, detector drive units and assoclated components, gas purge and
leak detection components, and contro) and readout equipment.

1333,;;*!1_ggg1%31_511%!s:..th' Integrated control system monitors
various plant parameters and actuates equipment to keep unit demand,
feedwater flow, and reactor power \n the proper relationship. The
Integrated control system \s made up of four subsysiems: the unit 1oad
demand subsy.tem, the integrated master control subsystem, the feedwater
control subsystem, and the reactor control subsystem. Under turbine trip
conditions, the Integrated cr-trol system controls steam generator water
level to help establish conditions conducive to mnatura) circulation,

L*A*.ﬂ:**&llnn.ixx&,n--‘ho leak detection system detects and
annunciates the escape of potentially radioactive material from the reactor

coolant pressure boundary. In addition, the leak detection systen Vs
capable of dc\orn\n!n? the rate of \OCiO'Q and Intthating action to Ysolate
systems thal are leaking at a substantial rate in urder to protect the
nuclear fuel from damage that may be caused by the loss of coolant,

W‘Qﬂ%‘%ﬂ-‘ﬂ-}”""’ min steam
System steam 1ine break contro) system minim)zes release of steam Lo

the containment following a breach of the main steam piping or the steam
generator. This system performs 1ts function by monitoring main steam )ine
pressure and/or steam generator pressure, When these parameters reach
predetermined setpoints, the loglc circultry dutomatically closes ‘he main
steam stop valves and 'solates the feedwater supply 1o the steam

generator. Some plants also monitor steam generator water level and
feedwater system status to effect this functton.

Prgg;gr\131_*11111ggn§£§1_*1111!-.!ho pressurizer level control system
maintaing pressurizer Tevel during expanston and contraction of the reactor
coolant volume due to temperature changes. Reactor coolamnt average
temperature 15 used to develop a programmed level setpoint, generated In
the reactor requlating system. Water \nventory 's maintained by
controlling the balance between water leaving the system, via the letdown
flow to the chemical and volume contro) system, and water entering the
System From the charging pumps.

ng;;';\*gg EE!lllL!.ﬁlﬂl‘ﬁ%‘glllll'"”’ pressurizer pressure contro)
System controly pressure o reactor coolant system at or near a
fixed setpoint during both stooC{-llclo and des\gn transient conditions.
Ihe system consists of & combination of heater banks, spray valves, and
rellel valves actuated at the proper {imes b{ & pressure controller with
proporitonal, rate, and reset adjustments. The system ¢ ents operate
at varlous fixed pressure deviation points from the contro)ler setpoint.

Prggg’; Q?ggigr\n’ i‘li!".'“' process monitoring system monitors the
radtation Tevels n selected 1iquid and gaseous process steams in order to
provide the required readouts and records of these levels. When radiation
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levels exceed predetermined setpoints, alarms and Vsolation signals are
dctivated Lo cuntrol the release of radloactivity to the environment.

~«The radlation aon\torln’ system
Indicates, alarms, records bnhormal radiation levels In areas where
rod!::ct::o materia) may be present, stored, handled, or nadvertently
Introduced.

Qgg;lg;_z;’13§11¥g_1111!?:--lno reactor protection system (RPS)
monitors severdl plant parameters (core flux; reactor coolant flow,

pressure, and temperature; reactor coolant pump operation; and reactor
bullding pressure) and Initiates a4 reactor shutdown 1f any of the

parameters are out of 1imits. The RPS 15 made up of four o\oc!r'ca\lf
Independent redundant channels, Twr Wf.four (2/4) coincident logic s
required tu 'nittate a reactor shut' A manua) shutdown (trip) switch

is als0 provided,

Any Irstrumentation that performs a safety or control function related
to reactor coolant pump operation Vs considered part of the RPS. Reactor
trip breakers are considered part of the rod drive system. Transmitters
used \n the engineered safeguards actuation and logic system ~* in contro)
circults are cons'dered part of the RPS 1Ff they perform an Rf “tion,

W-JM remote shutdown system provide, o reactor
plant shutdown capa y located outside the contro) room for situations
In which the contro) room may have Lo be evacuated. The remote shutdown
system provides al) the controls and Indication necessary to shut down the

reactor as well as to provide subsequent reactor plant stabilization and
coo)down.

gggrggglgg%_ixl*gg.-th rod control system maintaing 4 programmed
avera emperature 'n the reactor coolant system by regulating the
reactivity In the core and shapes the axtal Flux profile of the core. The
rod contro) system consists of the electronic circultry, switches,

Indicators, and alarm devices necessary for the manipulation of the contro)
rods.

4 ! L -«The rod position Indication system
continuously senses & splays rod position Information for each cuntrol
rod. This system consists of two subsystems: the absolute position
Indication subsystem and the relative position indicetion subsystem., The
absolute position Indication subsystem consists of reed switch assead)ies.
The reed seitches sre operated by a magnet mechanically connecied to the
rod. The relative position Indication subsystem utilVzes 4 stopping motor
to contro) the output of 4 potentiometer, which provides 4 voltage
Inalogous to the control rod position

;11111_11‘*3111_gg111%lgg_%lllggg <The safely features actuition
system senses plant parameters (e.9., reactor coolant pressure, both steam

generator pressures, and reactor bullding pressure) 1o determine the need .
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for engineered safety systems operation. Three analog subsystems monitor
the parameters and feed ‘nto a 2/3 drgital) logic subsystem. When 2/3 of
the analog subsystems indicate a parameter 1s above or below its threshold,
the appropriate 2/3 digita) subsystems are activated, which In turn
activate one or more ~f the following:

0 High-pressure injection
0 Low-pressure injection
0 Building spray
Reactor bullding cooling and Ysolation
0 Emergency power
0 Main steam Ysolation valves
0 Aux)ilary feedwater

A1l comporients from Lhe sensors through the iogic to the opercited
device are conslidered part of the safety features actuation system, Steam
generator levei and aux)lilary feedwater controls should be considered part
of this system \f they are not in the Integrated control system. Any
switches or iInstrumentation in auxiliary shutdown panels, frum sensors to
Indicators, are considered contre) circults in this system.

Steam Dump Control System--The steam dump control system reduces the
magnitude of nuclear system transients following a large turbine load
reduction or reactor trip by dumping throttle steam directly to the main
condenser, thereby creating an artifictal load on the reactor and
preventing the 11fting of steam generator safety valves. The systom
comprises several banks of valves located downstream of the main steam stop
valves, and all assoclated circultry and cont:a's,

Process Sampling Systems

Process sampling systems monitor the operation of plant equipment and
provid. information needed to make operational Jdecisions. These systems
provide remote sumpling facilities and the capability for sampling fluids

of varlous process systems during normal plant power operation and shutdown
conditions.

Radwaste S»  ems

Radwas.e systems coliect, process, monitor, store, and dispose of all
radloactive wastes. The radwaste systems Incliude the gaseous racwaste,
11quid radwactte, and solld radwaste systems.
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eous Radwaste System--The gaseous radwaste system processes and
controls the release of gaseous radloactive wastes to the site environs.
Tne gaseous radwaste system typically consists of waste gas compressor
packages, gas decay tanks, and the assoclated piping, valves, and
instrumentation.

Liquid Radwaste System.-The 1iquid radwaste system collects,
processes, stores, and monitors, for reuse or disposal, all potentially
radioactive 1iquid wastes. The 1iquid radwaste system consists of one or
more subsystems designed to handle specific types of 11quid wastes, such as
water, chemical solutions from the demineralizer resin regeneration
process, and evaporator distillate.

S011d Radwaste System--The solid radwaste system collects, processes,
packages, and temporarily stores, prior to off-site shipping, such wastes
as spent resins, evaporator concentrates, and chemical drain tank
effluents. Liquid-bearing wastes are dewatered and solidified.
Contaminated solids, such as filters, rags, paper, clothing, and tools, are
compacted.

Reactor Coolant Systems*

Reactor coolant systems transport heat from the reactor core to the
steam generators, where it produces the steam that drives the turbine
generators. Reactor coolant systems also define the primary pressure
boundary.

Boron Therma) Regeneration System--The boron thermal regeneration
system Vs designed to allow treatment of al) or part of the reactor coolant
system letdown flow when boron concentration changes are desired for load
following. Storage and release of boron during load-following operation is
det2rmined by the temperature of the fluld entering the therma)
regeneration demineralizers. A chiller unit and a group of heat exchangers
are employed to provide the desired fluld temperature at the demineralizer
Inlets.

Chemical and Volume Control System--The chemical and volume control
system regulates reactor coolant chemistry for reactivity and corrosion
control and maintains the water level In the pressurizer of the reactor
coolant system.

Letdown, Purification, and Makeup System*.-The letdown, purification,
and makeup system performs the following major functions:

0 Maintains the required water inventory in the reactor coolant
system during norma)l operations through a feed-and-bleed process.

0 Controls reactor ccolant system water chemistry conditions
through chemical addition, removal, and coolant purification,
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0 Provides for seal water Injection flow and discharge from the
reactor coolant pump seals.

0 Interfaces with and, in some cases, provides common component
support for the high-pressure safety Injection system functions.

0 Provides water for the pressurizer spray line.
If the charging pumps also supply the high-pressure iInjection system (no
separate safety injection pumps), then the charging pumps and directly
assoclated valves and piping are considered part of the high-pressure
injection system.

Refueling Systems

Refueling systems provide a safe and effective means for transporting
and hand)ling fuel from the time 't reaches the plant until 1t leaves the
plant. The refueling systems are composed of the fuel handling and fue)
pool cooling and cleanup systems.

fuel Handling System--Th¢ fuel handling system consists of the
mechanical and electrical components required to manipulate nuclear fue
through the various movements and operations undergone while in the reactor
building. Reactor vesse) servicing equipment s provided to support fuel
hand1ing as well as the nonroutine removal of reactor vessel equipment.

Spent Fuel Poo) Cooling System--The spent fuel pool cooling system
circulates spent fuel pool water to remove the decay heat from spent fue)
stored In the pools. This system also purifies the spent fuel poo)l water,
the fuel transfer cana) water, and the borated water storage tank water.
It maintains clarity for fuel hand)ing operations and fi1ls and drains the
fuel transfer canal and tast loading pit.

Steam Systems

The steam systems are used to generate and/or transfer steam to the
main turbine and other auxillaries during various modes of plant operation,

Auxiliary Boller/Steam System--The auxiliary bo)ler/steam system
provides steam to various components within the plant. These components
cannot use main steam beciuse elther non-radioactive steam Vs required by

the component or the component operation Vs required when main steam s not
avallable.

Main Steam System*--The main steam system transports the steam created
In the steam generators to the main turbine. The boundary is up to, but
not Yncluding, the turbine stop valve.




Level 1--Babcock & Wilcox ‘

Turbine systems convert the thermodynamic energy of the steam to drive
the main generator for the production of electricity. Turbine systems
Include the turbines, extraction steam svstem, turbine lube oY1 system, and
turbine seal steam system.

Turbine tem

Extraction Steam System--The extraction steam system provides
heating steam to such components as feedwater heaters for condensate and
feedwater heating, seal steam evaporators, and radwaste steam generators.
The extraction steam system takes steam from the high-pressure turbine and
low-pressure turbine extraction points and from the moisture separators.

Turbine Lube 011 System--The turbine lube o)1 system continuously
supplies cool, clean lubricating o)1 to the turbine-generator and exciter
bearings. The turbine lube ol] system comprises lube o1 reservoirs, lube
oY) pumps and coolers, and assoclated stralners, piping, and
Instrumentation.

Turbine Seal Steam System--The turbine seal steam system prevents the
entrance of alr and noncondensible gases Into the main condenser and the
leakage of radloactive stexm to the atmosphere. Clean sealing steam s
supplied to the turbine shaft glands and valve stems. Condensed sealing
steam 1s returned to the main condenser,

Water Systems

Water systems provide the needed cooling and makeup throuahout the
plant for safe and efficient operation of water-cooled components. The
water systems include the circulating water, component cooling water, and
low-pressure service water systems,

Circulating Water System--The circulatine water system 1s a
closed-loop system that removes the excess heat from the turbine exhaust
steam and turbine bypass steam by continuously supplying cooling water from
the cooling tower basin to the main condenser and returning the heated
water to the tower for cooling.

nent Coolin r tem*.-The component coolln? water system 15
an Intermediate, closed-loop system that provides conling for various loads
Inside the reactor bullding. Designs w.1] vary.

Low-Pressure Service Water Sxitg!'--The low-pressure service water
system supplies raw cooling water to a number of loads In both the reactor

and auxiliary bulldings. Pump suction Vs normally taken from a service
water pond or the condenser circulating water system and then returned to
the same source after providing cooling to the loads. The number of loads
and their piping confiqgurations will vary with design.
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Level 2 Definitions --Components?
Accumulators--devices 'n which pressurized fluid s stored and used later
to drive an actuator, converting fluld pressure energy into mechanical
energy.

Gas Accumulator--a device that stores potential energy by accumulating
a quantity of pressurized gas 'n a sultable enclosed vessel.
Pressurized 1iquid or gas aciing against an actuator converts gas

pressure energy into mechanical energy.

Liquid Accumulator --a device that stores potentilal energy by
arcumu1dt\ng a quantity of pressurized 1iquid 'n a sultable enclosed
vessel, Pressurized 1iquid or gas acting against an actuator converts
11quid pressure energy Into mechanical energy.

Air/Gas Dryers--devices that remove water or moisturc from an alr or gas
system to ensure proper operation of supplied components.

Batteries --devices for producing an electromotive force (emf) by chemica)
means. When such a source of emf s connected to a closed electric
circult, chemical energy 1s transformed Into electrical energy.

Battery Chargers --devices with sufficient capacity to restore a battery
from Yts design minimum charge to its fully charged state while supplying
normal and postaccident loads

Circult Llusurv,/lnterrupters switching devices capahle of making,
carrying, and/or breaking current

Circult Breaker --a switching device designed to open a
current-carrying circult under abnormal condiiions without injury to
Vtself. 1t s ad)usted to iInterrupt the current upon the occurrence
of an overload of specified magnitude and must be capable of
Interrupting short-circult currents

Contactor--a device for repeatedly establishing and interrupting an
electric power circuit.*

Disconnect--a manually operated device that provides positive
fsolation of assoclated circult breakers.

a. Level 2 definitions marked with an asterisk (*) are taken from the IEEE
Standard Dictlonary of Electrical and Electronics Terms. Level 2 e
definitions marked with a double asterisk (**) are taken from the
McGraw-Hi1) Dictionary of Sclentific and Technical Terms
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Motor/Load Controller--a device or group of devices that serves to

govern, in ome predetermined manner, the electric power delivered to
the motor or groups of motors to which 1t 1s connected.*

ftch--a device for making, breaking, or changing connections in an
electric circult under condVtions of load for which 1t s rated. it
Is not designed for Interruption of a circult under short-circult
conditions.

§!iggh?g!r--a type of design in which all the equipment rejuired to
control an ‘ndividual circult, Including bus, circult breaker,

disconnecting devices, current and voltage transformers, controls,
Instruments, and relays s assembled in a single, compartmented
structure with the circuit breaker provided with means for ready
removal,

Computers --programmable electronic devices used to store, retrieve,
process, and display data.

ntrol Instruments--components that monitor, display Information about,
and automatically contro) a process,

Flow Control Instrument--an instrument that controls flow rate.

Flux Control Instrument --an instrument used to control the neutron
population or reactions In a nuclear reactor.

Level Contro) Instrument --an instrument that controls 1iquld levels.

Position Control Instrument - an instrument used to determine and
control position (e.q., of valves or contro) rods).

Pr%iigrg Contro) Instrument --an instrument that controls the
difference between atmospheric pressure and the pressure in a pipe or
vessel,

RPM Control Instrument--instrument used to contro) the revolutlons per
minute of 3 rotating plece of machinery, such as a turbine.

) § ratur ntrol Instrument --an Instrument used to control
emperature and temperature Gifferences.

1tage Contro) Instrument--an Instrument used to contro) the voltage
rom a genrerator, both ac and dc.

gggjggl_gggi-.rods used to control the reactivity of a nuclear reactor; may
e 4 fuel rod or part of the moderator; 'n a thermal reactor, commonly a
neutron absorber **




Level 2--Components

Contro) Rod Drive Mechanisms--mechanisms normally located zbove or below
the reactor vesse) that serve to position a contro) rod assembly within the
core.

Demineralizers--vessels containing anion and cation resin beads that are
used to clarify impure water.

fductors--ejector)ike devices for mixing two fluids.**

Jet Pump--a pump in which an accelerating Jet entrains a second fluld
to deliver 1t at elevated pressure. **

Steam Jet Air [lector--a device 1ike a jet pump that removes alr and
noncondensible gases from a condenser or low-pressure area.

flectrica) Conductors --materials, usually in the form of wire, cable, or
bus bai, sultable for carrying an electric current.*

Insulated Cable--a cable enclosed 'n a <" eath or suitable jJacket to
prevent the infiltration of moisture and the loss of ol), gas, or

impregnate, and to provide protection against corrosion and
electrolysis.

Shielded Cable--a cable In which the Insulated conductor or conductors
are enclosed in a conducting envelope(s), so constructed that
substantially every point on the surface of the insulation s 2%
ground potent al or at some predetermined potential with respect to
ground.

Electrica) Equipment --any component that amplifies, modulates, converts,
changes the voltage of, or regulates electric current.

Amplifier --a component used to chanye the amplitude of an electric
signal.

Converter --a machine or device for changing alternating-current power
to direct-current power or vice versa, or from une frequency to
another.*

Inverter -a machine, device, or system that provides an
uninterrupiible source of ac power by converiing plant dc voltage into
an ac source of power.*

Rectifier --a device for converting alternating current to direct
current . *

Transformer --an apparatus for converting electric power in an ac
system at one voliage and current into elactric power at some other
voltage and current without the use of rotating parts.
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Voltage Regulator--a device used to adjust the voltage output from the
generator for varying load conditions.

Electric Generators--machines that transform mechanica) power into electr i
power . *

Alternator--a mechanical, electrical, or electromechanical vice that
supplies alternating current. **

Amplidyne--a rotating magnetic amplifier having specia) windings and
brush connections so that small changes In power input to the fleld

colls produce large changes in power output. **

Generator --turbine-driven device used to transform rotating mechanica)
energy nto electric energy.

Electric Heaters--components that convert electric energy Into sensible
heat to maintaln or Increase the temperature of a system.

Equipment -Nonspecific --a component in use in commercial nuclear power
plants that cannot be classifled in any other category.

fans/Vent)lators --devices for producing and regulating currents to
circulate, exhaust, or deliver large volumes of alr or gas.**

filters/Strainers--porous or screen mediums used to f)lter out harmfu)
s0l1d obJects and particles from a Fluld stream. **

Heat Exchangers--devices that transfer heat from one fluld to another or to
the environment **

Boller--a water heater for generating steam. **

Condenser --a device used for one or more of the following functions
(a) to produce a vacuum of desired backpressure in a system by
condensation of a vapor; (b) tu condense a vapor for reuse in a closed
cycle,

Cooler--a device within which a substance or pracess stream s cooled
when 1ts heat Vs transferred, via a temperature drop, to solid,
11quid, or gaseous media that are naturally or artificially colder,
thelr lower temperature stemming from radiative, sensible, or latent
heat physica) effects or encothermic chemica) or thermoelectric
effects.

Motors--machines that tran:sform input power into mechanica)l power . **

Electric AC Motor--a machine thet transforms alternating-current power
Into mechanical power.
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Electric DC Motor --a machine that transforms direct-current power Into

mechanical power

Hydraulic Motor -a motor activated by water or other 1iquid under
pressure. **

Pneumatic Motor --a motor ectivated by alr under pressure.

Pipes --tubes made of metal, plastic, or concrete used to conduct a fluid,
gas, or finely divided solid.**

E1bow--a fitting that connects two pipes at an angli, often 90°, **
Nozzle--a tubelike device, usually streamlined, for accelerating and
directing @ Fluld, the pressure of which decreases ¢s 1t leaves the

nozzle, **

Reducer/Orifice --device placed In a pipe arrangement to reduce flow or
pressure

Rupture D)aphragm--a device that relleves pressure In condensers or
turbine casinqgs by rupturing at preset pressiies

‘ Tee--a fitting that connects pipes at right angles, forming a T.*

Pumps --a machine that draws a fFluld into Ytself through an entrance port
and forces the fluld through an exhaust port, **

Centrifugal Pump --positive displacement machine in which the 11quid Vs
Forced, by atmospheric or other pressure, into a set of rotating vanes
that constitute an Impeller discharging the 1iquid at a higher
pressure ard a higher veiocity at \ts periphery Velocity enerqgy 1s
converted to pressure energy by means of a volute or by a set of
stationary diffuser vanes surrounding the impeller periphery.

Reciprocating Pump --positive displacement machine that, at constant
speed, delivers essentially the same capacity at any pressure within
the capabiiity of the driver and the strength of the pump This pump
provides pulsating flow,

Rotary Pump--potitive displacement machine consisting of a fixed
casing containing gears, vanes, pistons, cams, screws, etc., operating
with minimum clearance Instead of *throwing® the 1iquid 4s in a
centrifugal pump, a rotary pump traps Vt, pushing 1t around the closed
casing much like the piston of a reciprocating pump but discharging a
smooth flow

vacuum Pump -any pump operated to reduce the pressure of gas in a

chamber vacuum pumps typically entraln alr and noncondensible gas,
‘ compress the gas, and discharge 1t
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Recombiners--devices that reduce the hydrogen concuntration in the
containment atmosphere by combining free hydrogen and oxygen to form water

Catalytic Recombiner --a device that reduces the hydrogen concentration
In the containment atmosphere by combining free hydrogen and oxygen to
form water and that uses a noble meta) catalyst bed to promote
recombination at relatively low temperatures

flame Recombiner --a device that reduces the hydrogen corcentration In
the containment atmosphere by combining free hydrogen and oxygen to
form water and that depends on a self maintaining, exotherm'
combustion process to Inittate the recombination reaction

Thermal Recombiner --a device that reduces the hydrogen concentration
In the containment atmosphere by combining free hydrogen and oxygen to
form water ind that uses radiant heat to bring about recombination

sensors--devices that respond to a stimulus and transmit a4 signal for
measurement, recordinq, or operating a control, etq

Lonductivity Sensor --a device used to measure the resistance of a
Fluld Yn microohm/cm

Current Sensor --a device used to medsure the curren wiput from
generator or Input into a motor

Flow Sensor .-a device that measu
'-j':.x"‘ﬂ" r compone t

frequency Sensor --a device used
generator or Input into a C omy

Flux Sensor --a device used to me
in 4 reactor

Humidity Sensor --a device used
area 'n a power plant

Level Sensor--a device used to
contaner, tank, or system

Position Sensor--a device used to ‘ ' pos f a plece of
equipment, e.q., valve or contro)

Pressure Sensor --a device used to meas e pressure of a system or
component

Radlation Sensor --a device used to measure radlation levels within
systems and areas \r a power plant
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RPM Sensor --a device used to measure the revolutions per minute of a
rotating plece of equipment.

T$ggerature Sensor --a device used to measure the temperature of a
plece of equipment or area in the plant.

Velocity Sensor -a device used to measure the velocity of a component
or fluld within a system.

Vibratlon Sensor --a device used to measure the vibration of a plece of
rotating equipment, €.g., turbine, jump, or motor.

Voltage Sensor--a device uscd to measure the voltage out of 2
generator or into an electrical motor.

Steam Generators --components that take the energy from primary coolant
water at iaigh temperature and pressure and convert that energy to secondary
coolant to geveratc nonradioactive steam.

Turbines -fluid acceleration machines for generating rotary mechonical
power from energy in 4 stream of Fluld.**

Valves--devices used to regulate the flow of fluids 'n piping systems and
machinery. **

Angle Valve--a manually operated valve with its outlet opening
oriented at right angles to Yts iInlet opening.**

Ball Valve--A valve in which the fluld flow s regulated by a ball
moving relative to a spherica) socket as a result of Fluld pressure
and the weight of the ball.**

Check Valve --automatic valve that opens with forward flow and closes
with reverse flow,

Diaphragm Valve--a valve in which body flexibiiity Vs provided by a
diaphragm.

four -Way Valve--a multiport plug valve.

Gate Valve--a valve 'n which a gatelike closure member 1s moved across
the flow passage.

Globe Valve -a closing-down valve in which the closure member 15 moved
squarely on and off the seat.

Needle Valve --a slender, pointed rod fitting 'n a hole or circular or
conical seat.**
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Plug Valve--a rotary valve In which a plug-shaped closure member 1s ‘
rotated through Y crements of 90° to engage or disengage a port hole
or holes In the plug with the parts in the valve body.

Rellef Valve--pressure-relieving device that autometicaliy relleves a
pressure system of excess pressure when abnormal operating conditions
cause the pressure to exceed a set 1imit and recloses when the
abnormal pressure recedes below the set 1imit,

Three-Way Valve--a multiport plug valve.

Vqlvg O?Qrators--devices that are used to position a valve either open or
closed In a co trolled manner,

Electric Motor - AC Valve Operator--an ac-driven valve operator.

Electric Motor - D Valve Operater--a dc-driven valve operator.

xplosive Squib Valv erator --a valve operatrs, that has an explosive
Charge that causes the valve to reposition. “his valve operator 1s
used In the standby 1iquid contro) system.

Hydraulic Valve Operator --a valve operator that 1s ope: dted by water
or some other 1iquid under pressure.

Pneumatic Valve Operator --a valve operatcr that Vs operated by air
pressure,

sulenold - DOC Valve Operator--a valve operator that has an electric
dc solenoid valve that allows alr pressure to reposition the valve.

Vessels/fanks--contalners or structural envelopes in which materials are
processed, treated, or stored.**

Pressure Vessel --metal container, generally cylindrical or spheroid,
capable of withstanding bursting pressure, **

I%nk--a large container used for holding, stering, or transporting a
uld. *
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Level 3-.Displays/Instruments/Controls

alitative Displays --devices used to present information without the use
of numbers.

Annunciator --a signaling apparatus that operates electromagnetically
ano serves to indicate visually, or visually and audibly, the
existence or termination of an abnormal condition.

Computer Alarm Printer--de«ice used to display computer output In a
paper format (versus a CRT format); programmed to procuce an audible
sound under specific conditions.

CRT Text . --wiitten words displayed on a fluorescent screen, usually a

computer monitor.

Indicator Light --a 1ight the on-off condition of which Vs used to
convey Information.

Legend Light--a 1ighted tile or panel containing printed words or
symbols and the on-off condition of which 1s used to convey
Information,

Quantitative Displays--arrangements of devices that produce Information of
’ an exact or specified amount or measure.

Chart Recorder -4 recorder In which a dependent variable )s plotted
against an \ndependent variable by an ink-filled pen moving on plain
paper, a heated stylus on teat-sensitive paper, a 11ght beam or
electron beam on photosensitive paper, or an electrode on
electrosensitive paper. The plot may be 'inear or curviiinear on a
strip chart recorder, or po ar on 4 circular chart recorder.

C~mputer Printer ..a computer output mechanism that prints characters
one at a time or one 1ine at a time.*

Counter - Digita) Rg!ggy’--a device capable of changing from one to
the next of a sequence of distinguishable states upon recelpt of an
input signal. It produces one output pulse each time 1t recelves some
predetermined number of Ynput pulses.**

a. Llevel 3 definitions marked with an asterisk (*) are taken from the
McGraw-H11) Dictionary of fentific and Technical Terms. Level 3
doSS%Ti ons marked with a double asterls are *aion from the 1EEE
Standard Dictionary of Electrical and Electronics Terms.
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Level 3.-Displays/Instruments/Contrels .

RT numer | Isplay--an electron tuve in which a beam of
electrons can be focused to a smal) area and varied 'n position and
Intensity on a surface. The display uses all characters used by a
computer, Including letters, numerals, punctuation marks, etc.*

EQT Graphic Dizplay--an electron tube 'n which a beam of electrons can
e focused to a small area and varied in position and Intensity on a
surface. The display has tne form of charts, drawings, or apnropriate
pictoria) representation.*

Meter--a device for measuring the value of a quantity under

observation; the term is usually applied to an indicating instrument
alone.*

Printing R*ggr?gr--an electromechanical recording device that accepts
electric signal Impulses from transmitting circults and converts them
to a printed record of the signal recelved. **

Tgﬁ-PS;itign Switches --switches having two discretc positions, usually *ON*
an .

Keylock--a switch that can be operated only by Inserting and turning a
key such as that used in ordinary locks.*

Knob --a component that s placed on a contro) shaft to facilitate
manual rotation of the shaft; 1t sometimes has a pointer or markings
to Indicate shaft position.* A knob has only two possible positions,

Multifunction Push-button Matrix--a unit assembly of one or more
externally operable push-button switches in which the function of the
switches may be changed.

Push-button (l[lygﬁng}gg_ggggggl--a switch that s operated by finger

pressure at the end of an operating button.* The switch title or
2xplanation 1s printed on the button and Vs 11luminated by an Interna)
iamp when the switch 1s activated.

Py;h-:yggsg (Other) --a switch that Vs operated by finger pressure at
the end of an operating button.* The assoclated title or explanation
's not lighted.

Rggkfg--a rocking or oscillating arm or lever rotating with a moving
shaft or pivoted on a stationary shaft,

ng?\g §¥\;;h(;!g-ngtgl%?--a small switch that 1s operated by
manipulation of a projecting lever that 15 combined with a spring to
provide a snap action for opening or closing a circuit quickly. The
circult holds elfther of two states unt)) changed.*
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Level 3--Displays/Instruments/Controls

Tools--devices or Instruments for the performance of a manua) operation.

f

gl%¥?ggi--nch¢nical or electrical toois that are used for clipping or
cutting; commonly referred to as shears.

Fuse Puller --tongs provided with an insulating handle and Jaws; used
to Insert a fuse unit Into a fuse support or to remove 1t from the

support, ¢

Impact wrench--a compressed air or electrically operated wrench that
gives a rapid succession of sudden torques.*

P11 --a small instrument witn two handles and two grasping Jaws,
usually long and roughened, working on a pivot; used for holding smal)
obJects and cutting, bending, and shaping wire..

Ratchet and Pocket--a wrench with a socket to fit the head of a bolt
Ar a nut that consists of a wheel, usually toothed, operating with a
catch or @ pawl so as to rotate n only a single direction.~
Screwdriver --a too) for turning and driviig screws In place; a thin

wedge-shaped or fluted end enters the slot or recess In the head of
the screw.*

Shorting Probe--a probe with an Insulated handle and cable used to
remove electric potentia’ from a circuit,

Torch--a gas burner used for brazing, cutting, or welding.*

Torque Wrench--a hand or power too) used to turn a nut on a bolt that
can go aaiusfto to deliver a predetermined amount of force to the bolt
when tightening the nut.

Welding Rod--fi1ler metal in the form of a rod or heavy wire.*
Wianch--a manual or power too)l with fixed or ddjustable Jaws or
sockets, elther at the end or between the ends of a lever, for holding
or turning a bolt, pipe, or other object.*

n vl \ -~devices used to ralse scmething upward or to some

other position at the same level,

grgng--a holsting machine with a power-operated Ync)ined or horizonta)
oom and 11fting tackle for moving loads vertically and horizontelly.*

Qg**fglgg¥--a lever -operated chain or wire-rope hoist for 11fting or
pulling at any angle which has a reversible ratchet mechanism in the

lever, permitting short-stroke operation for both tons\on\n? and
felaa'ng, ani which holds the loads with a Weston-type friction brake
or a releass’le ratchet.*
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Level 3.-Displays/Instruments/Controls

Hoist--a power unit for & holsting machine, designed to 11ft from a
position directly above the load and therefore mounted to fFacllitate
mobile service.*

Jack --a portable device for 11fting heavy loads through a short
distance, operated by a lever, screw, orf hydraulic press.*

S1ing--a length of rope, wire rope, or chain used for attaching a load
to a4 crane hook.*

Wire Rope--a rope formed of twisted strands of wire.*

Electrical Test fquipment --equipment used to assess or evaluate the
performance, capablliities, or present status of any system involving
electricity.

Amprobe --a device for measuring the flow of current through a
conductor by «eans of Inductance, e.g., 4 clamp-on ammeter

Decade Box--an assembly of precision resistors, colls, or capacitors,
the Individual values of which vary in submultiples and multiples of
10; the decade box can be set to any desired value within 1ts range Dy
appropriately setting a 10-position selector switch for each section,

)1qital Meter--a device r measuring the value of electrical
juantitie ndicated In directly readable numer

Multimeter 3 test nstrument ?1,‘v;
easuring .\|H1-)u' current, and resistar

_4\‘“1',"\‘»!" a test Instrument that uses a ithode-ray tuybe Lo make
visible on a Fluorescent screen the Instantaneous valuye INgd wave
forms of electrical quantities that are rapidly varying as a function
of time cr another quantity.*

Hrg\,(dn<v’lmppdjﬁnw Hr\dq¢ d resistance bridge (also known as
wWheatstone bridge) 's & four-arm bridge circult, all arms of which are
predominantly resistive; used to measure the electrical resistance of
an unknown resistor by compar \rn) 't with 4 known standard resistance
An 1"1‘4‘1‘,”1!1’ br 1",;" 's & device sImYlar to 4 Mheatstone Dr H‘,x}" that s
used to compare Ympedances that md y contaln Inductance, capacitance,
ing resistance

Signal Generator an electronic test Instrument that delivers a
yinusoldal output at an accurately calibrated frequency that may be
anywhere From the sudio Lo the microwave range the freguent y and




Level 3--Displays

amplitude are adjustable over a wide range, and the
amplitude -modulated or frequency-modulated.*
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Level 3--Displays/Instruments/Cintrols

ume in which operating data are recorded
a written procedure to assist personnel 1In

or preventive maintenance on plant equipment

a written procedure to assist operating personnel
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DEFINITIONS OF HUMAN ACTIONS

The human action verbs used In the data bank taxonomy are defined iIn
this appendix. They are organized as follows

0 Level )

Control Room Operator dutles
Equipment Operator duties
Maintenance Techniclan duties

Leve) 2

Control Room Operator tasks
tquipment Operator tasks
Maintenance Technician tasks

Level 5 (task elements)

The definitions are 1isted In the order 1n v Nhich the human actions dppear
on the matrices

Lontrol Room Operator

Dlagnose [ @ rmation derived
the naty { duse d cond] n
Uperate to

',,’\1\‘15\\1“~\‘ system

Monitor to observe the status of a ystem and its
oxtended perlods

lest --to execute a procedure or routine that will provide evidence

to the funi tioning of a system or component

Equipment Operator

()V,qgr..»--p to use Information derived from plant systems to determine
the nature or cause of a condition

X!.,‘n‘(' to examine for the purpose of dete t‘,'\q an abnorma) condition

Maintain Lo keep 4 iystem or component n an operational state or
lel"r‘(ﬂ\.iy;’ :)pq‘!.i(\ul\.q]

Uperate --to cause to function or to sustain and requlate the ongoing
Oun‘t\nnung of 4 system




Test--to execute a procedure or routine that will provide evidence as
‘ to the functioning of a system or component.

intenance Technician

heck--to examine for the purpose of verifying the satisfactory
condition, safety, or performance of a system.

nggg%lg--to use Information derived from plant systems or components
to determine the nature or cause of a malfunction.

?{snggin--to work on & system or component to repair it or to protect
against fallure or decline.

Tg;*--to execute a procedure or routine that will provide evidence as
to the functioning of a system or component.

Level 2

ntro) erator

Elgggg%!--to use information derived from plant components to
etermine the nature or cause of a condition,

F111/0rain--to raise or deplete the leve)l of a substance (operated

. from contro) room).

Monitor --to observe the status of plant components over extended
perlods.

Open/Close--to position a4 mechanical component to allow or to block
the passage of fluld or electricity (operated from control room).

Operate --to sustain and regulate the ongoing functioning of plant
components from the control room,

Start/Stop--to Initiate or terminate the action of a component
(operated from control room).

£quipment Operator

31*339*1--(0 use Information derived from plant components to
etermine the nature or cause of a condition,

F111/0rain --to ratse or deplete the level of a substance.

?ﬁgllgg--to observe the status of components from plant areas outside
e control room.

%ggg[;lglg--to position a mechanical component to allow or to block
e

‘ passage of fluld or energy.



Operate--to sustain and requlate the ongolng functioning of plant
components not operated from the control room.

Start/Stop--to Initlate or terminate the action of a component,
Maintenance Technician

Calibrate--to determine, check, or correct the graduation of any
component providing quantitative measurements.

31{352*1--10 use Information derived from plant components teo
etermine the nature or cause of a malfunction.

Maintain--to perform work on a component to protect 1t against fatlure
or decline.

Repair --to restore a component to a functiona) state by the
replacement or mendin; of worn or damaged parts.

Tg;%--to execute a procedure or routine that will provide evidence as
to the functioning of a component,

Level 3
Adjust--to operate a continuous control.
1cul --to determ.ne by mathematica) processes.

ggl\%r%tg--to determine, check, or correct the graduation of any instrument
providing quantitative measurements.

%tgggg%g--to use Information derived from plant Instruments to determine
e nature or cause of a condition,

‘ggq*1f¥--to detect and class\fy obJects or indications according to
mplicit or predetermined characteristics.,

Maintain--to keep an Instrument or contro) in an operational state or a
potentially operational state.

ni <<10 observe characteristics of Instruments and/or dVsplays over
extended periods.

Position--to operate a coniro)l that has discrete states.
Read--to visually examine symbolic information.
Recelve -to be given written or verba) Information.

Remember --to retain \nformation or retrieve nformation from memor y .

A4




Select--to choose equipment, tools, or Job performance alds after
consideration of alternatives.

Use--to employ equipment, tools, or Job performance alds (other than
discrete or continuous controls).

Verify--to confirm Information concerning the condition or state cf
equipment. Includes check reading.

Write--to reproduce symbolic Information manually.
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APPENDIX B
TASK STATEMENT STRUCTURE

INTRODUCTION

The task statement s a sentence describing the activity for which
human error probabi1ity (HEP) data are provided. To ensure conslistency and
allow for systematic data categorization and retrieval, the task statement
consists of a serles of standardized terms or phrases. The structure and
format of the task statement for each taxonumy level are described below.
Note that words rather than codes are used 'n the task statements.

TASK STATEMENT STRUCTURE LEVEL 1

Level 1 Task Statement: ‘Job classification 2ggrb the J;zgton

‘stgtg given: sstgndgrd. 6;ondniqn. 6conditiqn...

J lassification
Job classification refers to the Individua) performing the task. The

classifications of Control Room Operator (CRO), Equipment Operator (£0), or
Ma'‘ntenance Techniclan (MT) may be specified.

verd

This s the verb that best describes the duty area involved in
performing the task., The verbs applicable to each Job classification are
defined 'n Appendix A,
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System

Refers to the system Involved (see Appendix A).

State

Refers to the operating mode or condition of a system during or
resulting from the human action. The state entry s optional and is used
to specify a system configuration that makes the steps necessary to
accomplish the task different than those for other similar tasks involving
the same system. In the case where & system has several modes of operation
that are not procedurally defined, the purpose of the sy.tem operation may
be entered as ts state (e.g., operate the chemica) and volume contro)
system to control coolant Inventory).

standard

The standard Vs the criterton for successful task performance that was
not achleved. The standard entry )s used to \dentify different types or
degrees of task errors. Based on the Information provided in the data
source document, & short phrase that describes the criterion used to
\dent\fy errors s entered (e.g., level not ma‘ntained withir 1imits, test
not performed).

ndit)

Conditions Include the Initiating cv 1ant conditions, and abnorma)
environmenta) or system constraints that may affect the di\fficulty of the
human action or the probability of error. The condition entries a'e in the
form of phrases that speci\fy performance shaping factors (PSFs) affecting
the human action that differ from the eight PSFs tracked separately for
each source data ‘tem, If avallable, 'nformation Vs provided on whether
the action was loca) or remote, what nuclear power plant probabilistic risk
assessment (PRA) sequence (e.g., TP, loss of offsite power) relates to the
event, and whatl human reliabi ity analysis (HRA) method (e.g., SLIM) was .
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used to derive the HEP. There is no 1'mit to the number of condition entries
that may Le used. However, each condition entry must apply to all the error
opportunities as well as the error events.

TASK STATEMENT STRUCTURE LEVEL 2

2 3

vel 21 tatement : ‘)ob classification “verb the “component

‘gtggg given: 5;tandjrg. bcongj}ion. bCOGQlL’QQ. agggglllgg chs

Job Classification
Refers to the Individunl performing the task. The classirications of

Contro) Room Operator (CRO), Equipment Operator (E0), or Maintenance
Techniclan (NT) may be specified.

verb

This Vs the verb that Lest describes the effecls of the human action
on the component. Definitions of verbs used \n Level 2 tasks for each Job
classification are provided \n Appendix A,

Component

Refers to the plece of equipment ‘nvolved \n the task (see Appendix A).

2late

Refers to the condition of the component at the completinn of the
task. The state entry Vs optiona) and Vs used to specify the component
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status VF 1L affects the type of human action required to accomplish the ‘
task (e.9., EO operates the valve throttled ...).

standard

The standard s the criterton for successful task performance that was
not achleved. The standard entry Vs used to identify different types or
degrees of task errors. Based on the Information provided In the data
source document, a short phrase describing the criterion used to ‘dentify
errors 1s entered (e.g., not completely closed, wrong component, deviant
condition not detected).

Conditions

Conditions include the initiating cue, plant ronditions, and abnormal
environmental or system constraints that may affect the difficulty of the
human action or the probability of error. The condition entries are in the
form of phrases thal spec\fy performance shaping factors (PSFs) affecting
the human action that differ from the eight PSFs tracked separately for
each source data ‘tem. There Vs no 1imit to the number of condition
entries that may be used. MHowever, each conditlon entry must apply to all
the error opportunities as well as the error evenls,

In addition to the Visting of PSFs, a number of key facltors related to

plant conditions and the use of procedures have been coded nto the NUCLARR
system. By convention, the following plant iransients have been designated:

Anticipated transient without scram ATWS
Transtent Inttiated sequence with a loss of

feedwater and emergency coolant injection (BWk)  TQUV/TQUX
Transtent Inttiated sequence with a loss of

feedwater and emergency coolant Injection (PWR)  TML.D

Loss of offsite power LOSP or TP
Smal) LOCAs §2 or §3
Large LOCA A
Long-term fatlure of containment heat removal ™




Operator actyu's are aiso defined In terms of their proximity to the
control room and .\re designated as eVther loca)l or remote. Events are
classified «s elthe* Ynitlating, preinitiating, or post-initiating.
Operators actions are classified as planned (poa), e.9., those actions

specified by procedure, or as recovery (rop) actionc taken outside of
procedures.

TASK STATEMENT STRUCTURE LEVEL 3

Level 3 Task Statement: The personnel ]vgrQ the 2;;151 gliven:

! *stanarg, ‘condition, ‘condition, ‘condition ...

Verd

This s the verb that best duscribes the human action of the

personnel. Definitions of verbs used \n Level 3 tasks are listed in
Appendix A,

Heans

Refers to the display, Instrument, or contio) device with which the
subject Interfaces (see Appendix A).

Standard

This 15 the criterion for successful task performance that was not
achleved. The standard entry s used to \dent\fy different types or
degrees of task errors. Based on the Information provided in the data
source documenl, 2 short phrase describing the criterton used to fdentify

errors 1s entered (e.g., operated \n wrong direction, wrong control,
Incorrect reading, deviant condition not detected).
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Conditions

Conditions include the initiating cue, plant conditions, and abnormal
environmenta) or system constraints that may affect the difficulty of the
human action or the probability of error. The condition entries are in the
form of phrases that spec\fy performance shaping factors (PSFs) affecting
the human actior that ditfer from the eight PSFs tracked separately for
each source data Ytem. There is no 1imit to the number of condition
entries that may be used. Mowever, each condition entry must apply to al)
the error opportunities as well as the error events,

In addition to the Visting Jf PSFs, a number of key factors related to
plant conditions and the use of procedures have been coded into the NUCLARR
system. By convention, the following plant transients have been designated:

Anticipated transient without scram ATWS
Transient initiated sequence with a loss of

feedwater and emergency coolant injection (BWR)  TQUV/TQUX
Transient Initiated sequence with a leoss of

feedwater and emergency coolant injection (PWR) TML-D

Loss of offsite power LOSP or TP
Small LOCAs $2 or §3
Large LOCA A
Long-term fatlure of containment heat removal \C

Operator actions are also defined in terms of their proximity to the
contro) room and are designated as elther loca) or remo .. fEvents are
classified as efther Intttating, preinitiating, or post-initiating.
Operators actlons are classifled as planned (poa), e.g., those actions
specified by procedure, or as recovery (rop) actions taken outside of
procedures.
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