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1. INTRODUCTION

The staff of the Nuclear Regulatory Commissions (NRC) Human Factors Assessment
Branch (LHFB)is reviewing the human factors elements of the General Electoc (GE) Advanced
Boiting Water Reactor (ABWR) Standard Safety Analysis Report (SSAR). Based upon the review
of this material, the staff will prepare input for the NRC final safety evaluation report (FSER).
Brookhaven National Laboratory (BNL) assisted the staff by producing a Techr leal Evaluation
Report (TER) which was used in the preparation of the draft safety evaluatiori report (DSER)
which was completed on July 2,1991. Many outt,tanding issues were identifiad in the DSER.
Each of these outstanding issues will be addressed prior to completion of the FSER.

One issue to emerge from the initial review is that detailed human system interface
(HSI) design information will not be available for staff review prior to design certification. To

'

,

address this issue, the NRC is considering issuing a design certification based partially on the
approvat of a written design implementation process plan. GE has submitted a Design and
implementation P'ocess Plan (D&lPP) describing the major design and implementation process
activities for the ABWR human factoro engineering (HFE) effort. The D&lPP is characterized in
GE's Figure 18E.11 and Table 1BL11 of the SSAR submitind to the :,taff in October 1991. The
first part of the plan presents the plant and system design definition stago which will be
completed prior to design certification, and the second part outlines the minimum activities that
must be conducted by a referencing applicant. The DalPP will contain (1) derenptions of all
terquired activities in the design, development and impbmentation of the ABWR human syr,tsm

*

interfaces, (2) Identifiestion of predetermined NRC r,onformance review points, and t.3) design
acceptance criteria (DAC) and inspection, Test, Analysis and Acceptanca Criteria (ITAAC) for
the conformance reviews. '

To review the GE's ABWR D&lPP, it is necessory to (1) assass whether ell the
appropriate human factors engineering elements are included in the plaa, (2) identify which
HFE elements require NRC review, and (3) evaluate 'ho proposed DAC/ITAAC to be utilized by
the NRC to verify each of the review e!ementa. Whsra GE's D&lPP is found by the staff to be
lackirt appropriate elements and DAC/ITAAC must be deve cped,

,

The objective of the effort described in this report was to develop a technical basis for
the review of the D&lPP. Since a design precess review has not been conducted previously oy
the NRC as part of reactor licensing and is not addressed in the presently available guidance,
i.e., Nt) REG 0800, a firm technical basis for auch a review is lacking. Thus, it is importsnt to
identify what elements of such a plan are required to assure that safety goals are achieved and to
identify the review criteria by whbh each element can be assessed. This element identification
should be accomplished independently from that provided by GE in order to assure that GE's plan

'

reficcts currently acceptable human factors engineering practices and that it is a thorough,
complete, and workable plan. Whilo it is likely that such guidance will be developed under the

; proposed update to the Standard Rev6w Plan, that the guidance will not be available in a time
frame consistent with the GE review.

,
-

i The specitic objectives of this effort were:
l

1. To develop a model of the HFE design process which can serve as a technical basis for the
review of the M.lPP proposed for certification by GE. The model should be: (1) based upon!

currently accepted practices, (2) well dsfined, and (3) validated through experience with the
development of complex, high reliability systems.

~
'
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2. To identify necessary HFC elements in a system development, design, and evaluation process
that are requisites to successfulintegration of the human component in complex systems.

3. To identify which of the HFE eterr9nts are the key and require review to monitor the process.-

4. To specify the design acceptar* . .:riteria by which key HFE elements can be evaluated.>
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2. METHODOLOGY

A technical review of current HFE guidance and practices was conducted to identify
important human factors program plan elements relevant to a design process review . Sources
reviewed included a wide range of nuclear industry and non nuclear industry documents,
including those currently under development as part of the DoD MANPRINT program. From this
review a generic sys'am development, design, and evaluation process was defined. Once
specified, key HFE elements were identified and criteria by which they are assessed (based upon
a review of current literature and accepted practices in the field of human factors engineering) '

were developed.

A Generic HFE Program Model was devebped based largely on applied general systems
theory and the Department of Defense (DoD) system development process which is rooted in
systems theory. Applied general systems theory provides a broad approach to system design
and development, based on a series of clearly defined develcpmental steps, each with clearly
defined and attainable goals, and with specific management processes to attain them. Kockler et. -

sl. define system engineering as ? . . the management function which controls the total systern
development effort for the purpose of achieving an optimum balance of all system elements. It
is a process which transforms an operational need into a description of system parameters and
integrates those parameters to optimize the overall system effectieness. (Kockler, F.,
Withers. T., Podiack, J., & Gierman, M.,1990).

Utilization of the DoD system development as an input to the devebpment of the Generic
HFE Program Model was based on several factors. Department of Defense (DoD) policy
identifies the human as an element of the total system (DoD,19904). A system approach
implies that eil system components (hardware, software, personnel, support, procedures, and
training) are given adequate consideratior in the developmental process. A basic assumption is
that the personnel element receives serious consideration from the very beginning of the design
procesa. In addition, the military has applied HFE for the longest period of time (as opposed to
industrial. commere!al or other stors), thus the process is highty evolved and formalized and
represents the most highly developed model available. Finally, since mit,tary system
development and acquisition is tightly regulated by federal, DoD, and military branch laws,
regulations, requiremento, and standards, the model provides the most finety grained,
specifically cefined process available.

Within the DoD system, the development of a complex system begins with the mission or
purpose of the system, and the capability requirements needed to satisfy mission objectives.
Systems engineering is essentialin the earliest planning period to develop the system concept
and to define the system requirements. During the detailed design of the system, systems
engineering assures:t

balanced influence of all required design specialties;*

,
resolution of interface problems;*

| * the effective conduct of trade off anafyses;
! the effective conduct of design reviews*

the verification of system performance.*

!

Systems engineering ensures the effective integration of HFE considerations into the design by
providing a structured approach to system development and a management structure which
details the nature of that inclusion into the overall process. The systems approach is iterative,
integrative, interdisciplinary and requirements driven.

.
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The systems engirieering approach was expanded to develop a Generic HFE Program Mode! !

to be used for advanced through the inclusion of NRC regulatory requirements and acceptance
criteria specific to the ABWR certification process.
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3. R3SULTS |
2

3.1 HFE Frogram Requirementa

A Genetic HFE Program Model has been developed to serve as the basis for review of the
GE ABWR HFE program. The generic model contains to elements which include:

* Element A Human Factors Engineering Prograal Management
* Element B Predecessor System Review
* Element C HFE lssues Tracking
* Element D Human Reliability Analysis
* Element E System Functional Requirements Analysis
* Element F Allocation of Function
* Element G Task Analysts
* Element H Human System interface Design
* Element ! Plant and Emergency Operating Procedure Development
* Element J Human Factors Verification and Validation.

.

1he elements and their interrelationships are illustrated in Figure 1. Also illestrated
are the minimal set of items submitted to the NRC for review of the COL's HFE efforts. All NRC
review items are identified as falling into one of the five review stages:

* HF Management Planning Review
* Implementation Plan Review
* Analysis ReLits Review

-

* HSI Results Review.

* Human Factors Verification & Validation.

The insterials reviewed at each stage are shown in Figure 2.

The specification for the NRC review materials and the acceptance criteria to be used for
their evaluation are identified in the draft ITAAC/DAC which fo!!ow.

1
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Si2 Draft il A AC/DAC Structure

A brief dos,cription of Jie generic structure of the draft ITAAC/DAC are briefly is
provided in this section. The draft ITAAC/DAC are contained in Appendix A. For the present /
dreh, one ITAAC/DAC has been prepared foi each element andag.gi.sjinch9n.ha!Lhen magie_ ,/between Tiers 1.and 2. Each urait ITAAC/DAC is divided into three sections: Design

' Commitment, inspection / Test / Analysis, and Design Acceptance Criteria.

. Desigq CotDdtment

A concise and general statement as to the MFE objective of the Element is provided in this
'

sectson.

Inseect_lon/ Test /Annivsis

A specificahon of the inep&ctions, itsis, analysis, or other actions (i.e., some action that is
recuired but which is nJt a specific inspection, test. or analysis, such as development of a
program plan) taken by the COL to ech' eve the objective Generally these ore divided into three
activites: planning, ' analysis *, and review, This sechon also defines those minimal set of
inaterials to be provided to the NRC for review of the elvmont

Qbbn AcetataDat Cst (dia
This section is typically divided into four sections: General Criteria, implementation Plan,
Analysis Report, and HFE Design Team Review Report. The General Criteria represent the
major statement of design acceptanee criteria. These ara the criteria the ITAAC are required to
meet and which shoulf govern the implementation olan, Analysis Report, and HFE Design Team
Review Report deve!opment. The general criteria are derivod from three sources:

1. Regulatory Reguimments - theSe are the HFE r91ated seqCrements stated in 10CFR.
Since regulatory requirements generally apply to sr.om the one HFE Program element, they are
con:aJned in a table (Table Y, at the eno of the documenf; and are referenced as the first general
criteria in ; ach section.11 rnust be emphasirod that this represents a ' coarse screening * of
incorporation of regulatory requirements leto ITAAC/DAC and further refinement is needed.

E Ar;septarf HFE Fractices thsoe are the criteria derived from the HFE model'

development ami HFE liteteture and current practices review. Important points are listed in
the acceptance criteria and applicable documents aru referenced in a table (Table X), This table /is not contained in the attached paclage and is currently under dovebpment. #

3. ABWR Specific Criferia - Up to this point, the model end criteria are generic and can
be applied to any advanced reactor. In addition o the generic criterb, the certification process
provides commitmonts that arn specific to the deaign. In th;s case, these include the list of key
HS1 elements and the results of the inventory davelopment. Where appropriate, these criteria
ata Ested in the draft ITAAC/DAC and are put ir, italics for easy identiScation.

l'

i

I
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Draft ITAAC/DAC
Element- A - Human Factors Engineering Program Management

DESIGN COMMITMENT:
Helaan system interfaces (HSI) shall be provided for the operation, maintenance, test, and
inspection of the ABWR t:ut reflect ' state of the art human factors orinciples' (10 CFR
50.34(f)(2)(iii)) as- required by 10 CFR 52.47(a)(1)(ii). All aspects of HSI shall be
developed, designed, and evaluated based upon a structured top down system analysis using
accepted human facters engineering (HFE) principics based upon current HFE practices. HS1 is
used here in the very broad sense and shall include all operations, maintenance, test, and
inspection interfaces, procedures, and training materials.

INSPE CTION/ TEST /AN ALYSIS: -

To msurv the integration of HFE mto system development, a HSI Dasign Team and a HFE Program
Plan shaii be estabbshed to assure the proper develcpment, execution, oversight, and
documentation of the human factors engineenng progrren. The plan sha!! be submitted to the
NRC for review and approval.

DESIGt! ACCEPTANCE CRITERIA:
. thr n ertL._Gdit.r.ta
!

1. Trte primsry gnal of the HFE program shall be to develop;ag an HSI whk:h makes possible
safe, effscient, and reliable operator performance and which satisfy all regulatory

- requirements as stated in 10 CFR as identified in Table Y. The general objectives of this
program shall be stated in ' operator-centered' termt which, as the hFE program develops,
snall be objectively GPEned .anc shall serve as criteria for test and evaluation activities.
Examples of such general ' operator-centered * HFE design goals hx:lude:

* The operHng team can accomplish all assined tasks within system defined
time and performance criteria.

J

* The system and at;ocation of functions will provide ac.ce,-table workioad levels
to assure vigilance and to assure no operator overload.

I
= The system ela support a high degree of operating c' row *shuation awareness.'

* Signai detee'.non and event recognition requiiements will be kept within the
. operators- information processing limits and will minin.i:'e the need for
operators to mentally trancform data in order to be usable.

,

a The system will minimize operator memory load.

* The operator interfacea v'ill minimize operator arror. '

L

The system will be error tolerant and will provide for error detection and
'

recovery capsbility.

!

i ..

! 2. An HFE Design Team shad be establisned.
|

|L
~
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3. The MFE Design Tearn shall be gov 7med by an HFE team and management plan which defines
procedures to:

* Define the scope of the Team's authority within the broadei scope of the Nganization
responsible for plant construction. Included within this scope shall be ine authority to suspend
from delivery, instaliatinn, or operatio, ar.y equipment which is determiried by the Team to be

-

deteient in regard to estaclished heman factors design practices bnd eva!uation criteria.

* Define the process through which the Team will execute its ie;ponsibilities,
,

a Define the piocecses through which findings of the Team are resolved and how
equipment design changas that may be riecessary for re:,olution a's incorporated irito the actual
equipment ult.'mately usa.' in the plant.

,

4

* Estab!ish the process through which the Team activities wi;I be awgned to individual
team members, the responsibilities of each team member and the procedures that will govern
the intama! raanagement of the team.

::. The HFE team and managernentplan sh211 be developed to be fully compliant to the Design
implementation Pic ess as oetinedby the SSAR and FSER.

HFE Deslon Team
1. An HFE Design Team r:iall have the responsibility, authority and placement within the .

organizr. tion to ensure that the design commitment is achieted.

2. Th+ toern shall be responsible for (1) the development o1 all HFE plans and procedures; (2)
the oversight and review of all HFE design, developtr.ent, test, end evaluation activities: (3) the

'

initiation, recommendation, and provision of solutiors through designated channels for
problems identified in ;he implementation of the HFE activities; (4) verification of
impbmentation of team racommendations, (5) essurance that all HFE activities compty to the '

HFE plans and procedures, and (7) scheduling of activities and milestones.

x. The scope of the Team's responsibility shall include:*

* Control and instrumentaGon equipment-
* all op9 rations, maintenance, test, and insportion interfaces and facilities both within

and ottside the controd roorn,
* prcx:edures
* training development.

3. The Team shall have the authority and organizational freacom to ensure that all its creas'of
responsibility are accomplish 9d and to identify problems in the implementation of the HSI
desig,.. The te6m shall have the authority to determine where its input is required, access work
arear., design documentation. The Team shall have the autho,ity to assure that further
processing, delivery,_ installation or use of HF2/HSI products is controlled until proper
disposition of a non-conformance, defbency or unsatisfactory condition has been achieved.

4. The HFE Team shall be plPned at the leVal in the COi, organization required to execute its
responsibilities and authorities. The team shall report to a level c4 management such that
required authority and organizational freedom are provide.1, including sufficient independence

Draft HFE ITAAC/DAC @Yarch 19, 1992) Page 14
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from cost and schedule considerations.

- 5. The HFE Team shall work on an interactive and timely basis with t'ie NSSS and BOP designers
and contractors engaged in HFE design related activities.

6. The HFE design team shallinclude the following expertise:
(Insert specific GE's Table 18,E.2.1 Part 11 to olaborata on below)
* Tochnical Project Management

_

* Systerr.s_ Engineering_

a Nuclear Engineenng
* Control and instrumentation Engineering

. C Architect Engineering '

* Human Factus' <

* Clant Operations
Computer Systems Engineering -4

a * Flant Procedure Development
Personnel Training*

Safety Engineering
_

* '

*y Paliabilby/ Availability / Maintainability /inspectability (RAMI.' Engineering

,

dFE POMlfAm.Jd._MADtatEent Plan
?1, The Plan shan be developed to describe hew the human fachrs program shall be

.

- accornplished.' The plan'shall describe the HFE TeamV cigardz2 tion and composition and which
lays out tha effort to be ur:dertaken and provides a technical apprcach, uchedule, st;d :

*

management control structure and technical interfeces to achieva the HFE progcam objectives.
The plan is th# single docu nent which Sk. scribes the desigaar's entire HF5 program, identifiess

;

its c'emuts, and explains how the elements will be managed. The plan chall be based upon
accepted HFE piactices at the time of its devebpment. The plan shall be besed upon a review and

; identification of current practices and literatuis, int,luding those &cuments under Element A in
6 able X :

^

% The HFE Program Management Plan shall address the following:
1. Purpose and organirstion of the phn
2. Uferature and current practicas raview

* Descrios the technical basis for the plan.-
. i _ Overa!! HFE program goals and objectives
~ 41 The relationship between the PlFE program 'and the cytrail pf ant design program

(organizatbn and schedule).
5. HFE Tearn .

- - * OrganizationLwithin the HFE program -

- ;dentr;y sad describe the pritasty HrE ' organization of function within the
crgt.nization of the total program, including charts to show organizatlanal and.

' ~

functional relationships, r6portireg relatbaships, and lines' of cotamunication
* Functions and internal structure of tho HFE Organization

Oescribe the responsibhity, authority and accountability e# the HE,

vrganization
L - Identify the organizational unit responsible for each H."E tesk
!~
' ~

- Descri'e the precess thmugh which management decisima will be
- made regarding'HFE : :

:

Oraft HFE ITAAC/DAC (March 19, 199.2) Page 15
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Describe the process through wnich design decisions will be made regarding
HFE

Descrioe all tools and techniques (e.g., review forms, documentation) to be
utilized by the Team to ensure they fulfill their responsibilities '

* Staffing
Describe tha sta#ing of the HFE Team
Provide job descriptions of persorinol of the HFE Tearn

- Indicate the assignrrier.t of key personnel and provide their
qualifications with regard to the areas of expertise indicated ateve

6. HFE requirements

= identify and describe the HFE requirements imposed on the design
process

* List the standards and spe Jfications which are sources of HfE requirements
7. HFE program

Identify and describ? HFE participation in the development of implementation plans,
analyses, and evaluation / verification of:
* Predecessor System Review
* HFE issues Tracking
* Human Reliability Analysia
e System Functional Requirements Development
* Allocation of Function
* Task Analysis
* Interface Design
* Plant and Emergency Operating Procedure Development
* HF Vorification and Validation

8. HFE program mi!cstones
* Identify MFE milestoncs. so that evaluations of the efiactiveness of the HFE effort can

be made at critical check points and show the relationship to the plant oesign
schedule

* Provide a program schedule of HFE tasks showmg:
- compliance to the process implementation plan

stcrt and completion datas,
- . reporta
- reviews

* Identify integrated design activities applicable to the HFE program but coecified in
other steos

9. HFE Doctrmentation
* Identify and bdefly describe each required HFE documented item
* Identify additional HTE data and describe proceiares for accessibility and

rotontion.
* Identify and briefly describe all HFE reports and data to be submitteo for tJAC review.
* Describe the supporting do:umentation and its audit trail maintaincG for NRC audits

10. HFE in r,ubcontractor efforts
* Provide a copy of the HFE requirements proposed for belusk in each subcontract

Describs tht. manner la which the designer proposes to monitor the subcontractor *s$

. complianes 'ulth HF3 requirements-

Draft HFE ITAAC/DAC (March 19, 1992) Page 16
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'"

Element B < Predecessor . System Review
!

'

DESIGN COMMITMENT:
Prnblems and issues encountered in similar systems of previous designs shall be identified and
e.nalyzed so that special attention may be ghen to those problems and issues in the devebpment
of the' current systern in order to avoid their repetition, or in tne case of positive features to

,

ensure their retention.
'

'

INSPECTION / TEST / ANALYSIS:
"

4 A Predecenor System Review Implementatior Plan shall be devebped to assure 1 hat the ,

enalysis is conducted according to accepted HFE principles.

+ An analysis of pcedecessor systems shall be cunducted in accordance with the plan and the
findings will be' dor.mented in an Analysis Results Report.

* Tne analyses shall be reviewed by the HFE Design Team and shall be documented in an
EvatusSon Report.

+ The Predecessor System Review ImplementaSon Plan, Analysis Results Report, and HFE
Design Team Evaluation Report shall be submitted to the NRC for review and approval.

DESIGN ' ACCEPTANCE CRITERIA:
'

h.tu1L_ Criteria'

*

1,:The analysis shal meet all 10CFR regulatory requirements as specified under Element 8 in
Tab's Y.1

2, Prob!ams and issues encountered in similar systems of previous designs shall be ivantified
,

and analyzed:
Human pedormance issues, problems and non ces of human error shall be*

identifisd :.
Design elementt which support and er,hanco human performance shall be*

identified.
*

.

i . The r? view shall include both a review of litercurs pertainmg the humen factors issues3
related to shnitar systems and operator interviews.

[ 4.The following sources both indust'y wide and plant or rubsystem relevant should be
' investigated at a minimum:

' * - ' Governrent and indus;ry Studies of Similar Systems
'

,

. Licensee Event Reports*

Outage Analysis Reports
.

.

*

. Final Safety Analysis Reports and Safety Evoluation Repens
' ~1

,

. Human Engineering Deficiencies identGed in NRDAs. ,

Mcdif, cations of Jhe Technical Spec;ficationc for Operwan* ,

Intemal Memorands/ Reports as Availabio*

;- ,

,

:
Drs!! HFE ITAAC/DAC (March 13, 1992) Page 17
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ScThe following topics should be included in !nterviews er, a minimum:,

* ' ' f Scraen Design :ssues
Data Presentation Formats -* '

A- Data Entry Requirements-

Situational Aw1reness*

-*4 Communications,

.
- i Procedures

.

Staffing and Job Design4

* :- Training' '

i

%, ImofemA0ltilon P[gn

1; The plan shall describe the designer's approach to Predecessor System Review. The plan
shall be based upon| accepted HFE practices at the time of its development. The plan shatt bo -
based upon a raview and identMication of current practices anti brature, including those

,

@ documents under Element B in Table X.

'

2. Ara minimum, the plan shall address the follovng: I

* Uterature and current pract_.s review
* Describe the technical basis for the p!an

i * Documentation review and analyefs
* UserLsurvey methodology (for condacting interviews) and analysis plans -

= ? Method of docuinenting lessons leamed -
- * Integration of lessons 8sarned into the design process :'

Jnalysis - Results RajtstrtJ
| At a. minimum, the report shat!_ address the following: -

*| Objectives -"
-? Description of the Methods '

= identification.of any deviations from the implementation plan
' * Resutts and Discussion.,

i * Conclusions .
> Recommendations / implications for HSt Design.

'

NFE Deslan ' Team Evalugtlen Renert
. At a minimum, the report shall address the following: *

* The review methodology and procedures
* Compliance with implementation Plan Procedures

-* Review findings -
'

'

.

.

.

?

*4

L

,
- i

.
~
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ITAAC/DAC
Uement C HFE 'ssues Tracking

|DESIGN COMMITMENT:
x mt.thod or procedure sha'l be developed to document and track HFE related problems and {|coacems. To assure that the system is conducted according to accepted HFE principles, a HFE :
Isstaa Tretking Plan shall be developrd. The plan shall be based epon accenteJ HFE practices at
the time til its development.

,

i

INS pE CTIONITE*iT/AN ALYSIS:

* An HIE lssues Trarking implementation Plan shall be developed to as.sure that the tracking
systern is established accorairu;,in accepted HFE principles.

* An HFE *ssues Tra: Ling system shall be maintained in accordance with the p'an a"d thn
findings wi; be docurnented in an Analysis Pesults Raport.

* The analyses shall be re.iewed by the HFE Design Team and shall be documented in an
Eva! cation Re;. ort.

,

. The HFE lusuns Tracking Imp!smentation Plan, Analysis Results Report, and HFE Design Team
Evaluation Report shall be submitted to the NHC for review and approvel.

DESIGN ACCEPTANCE CRITERIA:
'

fa.u tfit L RI.R c. tis
1. The analysis sha!! meet all 10CFR cgulatory reqdrements as epecified under E!ement C in

.

Tab;e Y.
!

| 2. Tha tracking system shall address humrm factors issues that are (1) generally known to the,
industry (such as TMI related HF issess and other NRC, industry .nd generic human tactors:

L iesues), (2) identifi.d in the Pred3cessor systera review, and (3) those identified litrough'out
| the life cycle of the ABWR system design, dwsbpment and evaluation.

3. The method sha!! document and track human factors engineering issues and concerns, hem
dentification until elkninstion or reduction to a level acceptable to the review team.

4. Each issuchoncem that traats or exceeds th; threshold effects established by the raview teara
shCl be entered on the log when first identified, and each action taken to eliminato or reduce the
issua/concem should be thoroughly documented. Ths final renlution of the issuelconcem, as

L accepted by the reviove taarn, shall t>e documented b detail, aloi,g weith information regarding'

review team acceptance (eg., person accepting, date, etc.)

5. The tracking procedares shall carefully spell out individual responsibilities when anu

issue / concern it identified, Mentify who should bg it, who is responsible for tracking the
, resoution effoe.s, v/ho is responsible for teceptance ci a rosolution, and who should enter
'

clesoout data.

t
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Intplementtilon Plan
1. The plan shall desenbe the des.2gner's approach to HFE issues Tracking. The plan shall be
based upon accepted HFE practices at the tirne of its devebpment. The plan shall be based upon a
review and identification of curront practices and literature, including those documents ut der
Element C in Table X.

2. The HF5 issues Tracking plan 61all address:
* Literature and current practices review
* Responsibilities

Responsibilities on issuo identification
Responsibilities for issue Logging

- Responsibilities for issuo Resolution
Responsibilities fer issue Closecut

* Procedures
ISSUE IDENTIFICATION

Cescripiion
Effects
Criticality and Likniihood

Issue renolution
Proposed Solutions
implamented Solution
Residual E:focts
Resultant Criticality and Likelihood

* Documentation
= Audit of the Msue kjentifcation and tracking system

Analysis Fles ults Renort
At a mini >4um, the report shall addrest, the fol!cwing: '

* Objectives
+ Description of the Methods
* Identification of any deviations ; rom the imptomantation plan
* Resula and Discussior.
* Conclusions

c '* Recommendationsamplications for HS! Design
1

HFE Detlan Team Evaluation M.Agrt
' At a minimum, the report shall address the following:

+ The re;iew methodology and procedures
* Compliance with !mplementation Plan Procedures
* Review findingt,.

t

,
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ITAAC/DAC
Element D- Husaan Rollability Analysis__

DESIGN COMMITMENT:
Careful anention chall he given to the idsntification of those human intoractions with the plant
systerns which ato impo.lant to olant risk 2nd reliability. A human reliability analysis shall
be condoued in support of both HFE/HSI dcsign activides and probabilistic risk assessmont
cetivities. Tne conduct of the analysis anet the feedback of the results and findings shall be., fully
integrated between HFE and PRA teams.

INS PE CTf 0N/ TEST /ANAt.YSIS:
* An HRA Implementadon Plan $nall be developed to assure that the analysis is conducted
acco: ding to accepted HFE principles.

* An analysis of human reliability shall be cond'.,cted in accoMance with the plan and the
findings will bo documented in an Analysis Results Report.

.

* The analyses shall be rnieweo by the HFE Design Teem and shall be dccumentvj in an
Evaluation Report.

* Yhe HRA Imolementation Plan, Analysis Results Report, and HFE Design Team Evaluaan
Report shall be cubmitted to the NRC for review and approval. '

DESIGN ACCEPTANCE CRITERIA:
General . Critef bt
1. The analysis shall meet all 10CFR regulatory requirements as specified under Element 0 in
Table Y.'

2. A thorough documentation system shall be estabbshed, including procedures to document the
HRA including a deceription of ths analyse:, an audit trah fer ese5 anaysis performed and each
human error probability (HEP) derived, supporting rationale, and source materials.

3. Soecifution shall be mado of the materials (such as procetital guidarne and control rcom
panel design information) u be utilized by the HRA 19am in ceder to provide a reasonably
accurate understanding of human invokement in the ASW9.

4. SpeciUcation shall be made of the hutaan-system analyssa utilized by the HRA team (such as
screening anslysos, detailed task analysos which would provide an understanding of the task

,

requirements and demands on the operating staff, their interfaces with plant equipment, and the
time constrairna Mthin which critical tasks must be accomplished).

E. The HRA shall a2ess a broad diverwy of human interactions niin the plant systems and
components.

6. Human action shall be adequately modefied within the event and fault trees.

7. Quantification metheds and the human error data ocurces used h estimate htman error
probrkilities (HEP) shat! be telected based upon their appropriateness to the Woes of actiona
being quantified. Where data from earlier PGAs is to be used in the HRA, the rationale to instify

Draft HFE ITAAC.'DAC (March 10.3992) Page 21
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, - these generalizations, and ifk<hy/how the values will be modified for use in the HRA shall be
' moda.

|

8. Performanes shaping factors shall be specifict.14 identified and used in HEP quantification.
.

9,The influences of the arfunced technology aspects of the human task allocation and HSI shall de
accounted for in the anaYsis, in addition, specification shall be made of how the modelling will '

--reflect changes in the operator's tasks and role in the system resulting from the increases in
Jyttem automatN n.

10. Critical hurnan actions shall be quantifit 3 by the HFE review team (or their dasignee) ''

C independently from the primary HFE team to serve as a verification of their vales.

11. Sensitivity and uncertainty analyses shall be performed on the HEP values. '

t

'12. The HRA erfort shall be thoroughly integrated with the develcpment of the PRA. The insights -,

gained from the analyses will be factored into system / operational design.

ilnglestentation - Plan .'

- t The plan shall describe the designer's approach to HRA. The plan sha!! be based upon
' -

accepted HFE practices at the time of its development. The plan shall be based upon a review and
| identification of current practices and literatura, including those documents under FJement D in.

.

,

"
~ Table X.

o,
I ,

2. The HRA implementah Plan shell address:
i * Uterature and currem practices review -

* Docun,entation Proceduresi
* Material Available to Suppcrt tho' HRA Team-r'

'

4 Use of Human. System Analyses (completed as part of HFE design)
| fTypes of Human Task Actions Analyzed

. Adequacy of the'_Hurnan Action M:xlelling-- _m

F ' * QuantificaSon Methods Used to Estirnate HEPS
> Evaluation of Performance Shaping Factora "

h _
. Treatment of Advanced Technology _*

' ' ' -

* Utilization of Hurnan Error-Data Sources'| :

%' * Bask for Guneralization from Earlier PRAs' '
'

,

- * Approach to Sensitivity Modelling
is f L.*tilization of insights Gained from the Analyses and assurance of bidirectional feedback -

'

: retween the PRA and HFE organizationt c
,

Uq
x _ Anafssla Results' Renort $

i At a minimum, the report shall address the following:
h - * Objectives-
h * Description of the Methods .

b fidentification of any deviations from the implementation plan
~

L = * Results and Discussion -

| * Conclusions :

[ * Recommendations / Implications for HSI Design ;
s
I-
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1

11EE_DAsign_.TJinm Evaluation Reoort
At a minimum, the toport shall address the foNwing:

* The review methodology and procedures
+ Compliance with implementation Plan Procedures
* Review findings

=

i

i
i

l'

,

l
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Element E - System Functional Reculrements Analysis

DESIGN COMMITMENT:
Syv 'm requirements shall be analyzed to identN those functions wNch must be performed to

the objectives of each functional area. E.ystem function analysis shall: (1) determine thes-

ot,p.;tive, performanco requirements, and constraints of the design; and (2) establish the '

functions which must be accomplished to meet the objectives and required performance.

,

INS PE CTION/7E ST/AN ALYGIS:
* A System Functional Requirements Analysis implementation Plan shall be developed to assure
that the analysis is conducted according to accepted HFE principles.

= An analys6 of System Functional Requirements shall be conducted in accordence with the plan
and the findings will be documented in an Analysis Results Report. *

a The analyses shall be reviewed by the HFE Design Team and shall be dccumented in an
Evaluation Report.

* The System Fundional Roquirements Arialysis Irnplementation Plan, Analysis Resulta Repcrt,
and life Design Team EvaLration Report shall be submitted to the NPC for review and approval.

DESIGN ACCEPTANCE CRITERIA:
GLt11tal critttd.s
1. The analysis chall meet all 10Cf R segulatory requyements as specified under Element E in
Table Y,

2. System requirements shs!! determine system functions, and the funcoon itsS!f snat
detennine what performance is nocessary to carry out inat function.

,

3 ihe system function requ!'ements shall utilite the results cf the precertification analyses as
,

contained h the SSAR, G5 design files, andin the system analyses utilized to derive lhe
inventory,

d Celtical functions shall be defined (Lo., those functions requireo to achiava major system
- performance requirements; or those functions which, if failed .ould degrade system or

.

equipment porfomunca or pose s. safety nazard to plant personnel or to the ganeral pub 0c),

5. Those functicma identified ao safety functions shall be idemified ed their functkxis!
relatinnship with non safety systems shall be identified.

6. Functicas shall be defined as the most Denorel, yat differentiable means whereby the system
requirements are met, discharged. or sa'isf>sd. Functionn shal be arranged in a logical sequencer

so that any specified operationa! usage of the system enn be trac:d in an end to-end path.
.

7, Functions sha'i be described initially in prsphic form, since grnphic representation
generally is more offective is presenting loosely defined materia! in an easily understoxf
manner. Function diagremming is typicaay deos at se" era: lovels, starting at a * top level"
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where e very gross picture of rnajor functions is describod, and continuing to decomposu major
functions to severa! lower levels urtil a specific critical end item requirement will emerge, |e.g., a piece of equipment, so%are, or an operator.

!

,

8. Detailed narrative descriptbos shall be developed for each of the identified functions and for '

the overall system configuration design itself. Each function shall be identified and do90%ed in
terms of inputs (observable parameters which wiU indicate system strius), functionL1
processing (control process end performance meassres required to achhve the fun-tion),
outputs, feedback (how to determine correct dischargs of function), and interfaco requirements
from the top down so that subfunctions are recognized as part of larger functional areas, in
addition, the alternatives available if retract functioning is lost shalt be specified along wnh !
aM iw alternatives can be chosen.

9. Functional cperations or activities 4 hall minimally int. ludo:
3' det ecting signals

'

measu.ing informatione

* comparing one measurement witn another
a processing information
e acting upon decisioris to produce a desired condition or result on the sysicm or

environtrient (e.0, system and ccenponent operation, acwation, and trips)

10. The functiorianalysis shall continue over the filo cycle of design development.

11. Verification
. Ai! the functio 1s necesaary for the achievement of operaticnal and safety goals are

identified.
* Au requirements of each function are kfentified.

Imattmentation_f.len
1. The plan shall describe the designer's approa:.h to Systern Functional Requirements Analysis.
The plan shall be based upon accepted HFE pract;ces at the tme of its devebpment. The plan
shall be based upon a review and identifLation ul current practicos and inerature, including
those documents under Element D in Tab!e X. -

2. The System Fenctional Requirements Analysis implomentation PLin shafi address:
* Literatura and currnnt practices Idview

- Describe the technical basis for diti plan.
* List required system level furictions

- Based on System Performance Requirements
. Graphic functbn descriptbns

e.g., Functional Flow Block Diagrams and Time L!ne Diagraras ,

* Detailed function narrative descriptions,
Describe:

- Observable Parameters Which Will Indicate System Status
- Control Process and Perfomunce Measurus Required to Achieve the
Function
- How to De:ermino Correct Discharge of Function

'

What Alternat'Ives are Available if Correct Forsctioning is Lost and How
Alternatives Can Be Chosen

Drtti HFE ITAAC/DC (March 10, 1992} i>sga 25
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Ar,alysis
- Define an integration of cubfunct5r's that are r:losely m!sted so that they can be

treated as a unit
Divide identified subrunctions into two groups

- Common achievement is an essential cordtion for the
accomp04hment of a high6r 8 vel function

A!!urnative supporting functions to a higher level fenotien or
whoso accomplishroent is not necessurity a requisite !ar
higher level function

Identify for each integrated subfunction:
Logical requirements for accomplishment (Why accomplishment

is required)
Control act!oaa necessary for accomplishment
Parameters necessary for control action

- Criteria for evaluating tho result of control actions
- Parametera necessary for the evaluation
- Evaluation criteria

'- Criteria for choosing niternatives
Identify characteristic measurement and define for each miasurement

important factore such as Load, Accuracy, Time factors, Complexity
of ection logic, Types and complexities of decision making, impactc resv!!ing
from the loss of function and associated time factors

Wsrificat;on*

Describe the approach to system function verification

Ana1ys!a netullt.,Hej; tart
At a minimum, the report shall addrese the following:

? Objectives
* Description of ths Methods
* Identification of any deviations frorn the implementation plan

Results and Discussion
* Conclusions
* Recommenda' dons / implications for HSl Design

HFE Design Team - Evaluillon .Flaggrt
At a minimum, the report shall address the following:

* The review methodc6gy and procedures
* Compliance with implemeritation Plan Procedures
* Review findings

|
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Elemeat F . Allocation of Function '

DESIGN COMMITMENT: '

The hFE organaation thA insura that allocation takes advantage of human strengths and avoids
allocating functions which would be imps 0ted by human limitations. To casure that the allocation !

. of functica is conducted according to accepted HFE orinciples, t st uctured a3d well<focumented
niethocology of allocating functions to personnel, system elen,ents, and personnel. system ,

cor-binations shall be developed and delohd in a HPE issues Trecidng Plan. The plan shall be ,

based upon accepted bFE raractices at the time of 't development. '

.

INSPECTION / TEST / ANALYSIS:>

'

* An Albcation of Function fmplementation Pain shan be developed to csur* that the analysis is *

conducted according to accapted HFE piira:ipVs

? An analysis of Aliocation of Function shall he conducted in a:cordance with the plan and the.

findirigs will be ducuraented in an Ana!ysis ResuPs Report, '

* The analyses shall be ruviewed by the HFE Design Team and shall be documanted m an
Evaluation Report.

* Tho' Allocation of Function implomontation Pian, Analysis Re.sults R(port, and HFE Design
Team Evaluction Report shall be submitted to the NGC for revia end approval.,

IDES!GN ACCEPTAMCE CRITnRIA:,,

'AillusL_91Ltts
-1. The Lnalysis shall meet all 10CFR regulatory requiraments as specified under Elemeot F m
Table Y.

2. All aspects of system and functions defiait#on must be analyzed in te.7nt. of resuidng human #
,

_

] _

performance requirements baswd oc the expected user population.

[ 3. The allocation of functions to personnel, system elements, and persan s!-system
'

R combinations shall be inade reflect (1) eensitMty, p*ecisbn, t:me, and ssfety requir4ments,
P -(2| required reliability of system performance, anc' (S) the number and level of skills of -

p(. personnei requiredfo operate and maintain thw system.
S.
L 4. The allocation criteria,' rational, analyses, and p7ocedures shalt be thoroughiy documented.

0 ' S. As aitamative allecation concepts are developadi ana!yses and trade studies shall be conducted
to determins optimurt configurations of personnel- and system- performed functionsc Analyses

,

:should comirm that the poisonnel elements can properly parform tasks allocated to tFam and -,

. assure appropriste operator situation awareness, workload, and vigilence. Proposed function
assignment shall take the maximum advantage of it.e capabilities of human and machine without -i'

imposing unfavcrable requirements on chher.
1

.
.

]

6. Functions shnif be re-atlocated in an itarative mannai, in response to developing design ;

specifics arel the outcomes of on going analyses and trade studies,
i

L

|'_ ' Draft HFE ITAAC'DAC (Mritch 19; 1992)
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__7, Functk>n assignment shall be ' evaluated.

. Imniementatlon Plan :
1. The plan shatl_ describe the designer's approach to Allocation of Function. The plan thall be,

- based upon hecepted HFE practices at the time of its development. The plan shall be based upon a -

review and identification of current practices and literature, includin0 those dccuments under !
Element F in Table X.-

,

2. The Allocation of Function implementation Plan shall address: '

a Literature and current practices review -

!

y * Establishment of a structured basis for function allocation

"

* Altemative systems analysos
- Specification of criteria for selection

,

= Trade studies
J Define objectives and requirements

Identiti alternatives
- Formuiate selection criteria

Weight critella - '.

, - < Prepara utility furections
a Evalutae u.Itstr'atives - *

Perform Sensitivity Check
- Select Preferred Alternatives

* Iterative allocation - ;
'

The basis of iteratNe allocation shall be defined,

Eveluation of functivn assignmenta

The plan shall describe the tests and analyses that wi!! be performed to.

evaluate the function allocation

!

L' Analysis : Resulta Repyt -

D - Al~a rninimum, the report shall uddress the tonowing:
,

9 ' * Objectives
_ _

~

? * Description of the Methods,

b, oldentification of any detviationi from the implementation plan
~

h Results and Discussion
- * Ccnclusions ,

# FlocummondationsSmplications for HSI Design<

EFE Deslan Team ' Evaluat[on Hanort -
p At a minimum, the repat shalt address the following:
|- * Th', review rnethodobgy and procedures

[ . Uornpliance with Imp!smentation Plan Procedures '

! > Reviewindings
t-

'

,..

'

| D. aft HFs IT AAC/DAC (March 19. 1932)- Page 28
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ITAAC/DAC
Element G . Task Analysis

DESIGN COMMITMENT:
Task analysis shall provide the systematic study of the behavicral requirements of the

tasks the personnel subsystem is required to perform in order to achieve the functions allccated
to them. Tho task analysis shall:

* provide one of the bases for making design decidons; e.g., determining before hardware
fabncation, to the ewent practicable, whether system performance
requirements can be met by combinations of anticipated equ:pment, software, and
personne!,

* assure that human pedormance requir3ments do not exceed human capabilities,
* be used as basic information for developing procedures,g

* be used as basic information for developing manning, skill, training, and
communication requirements of the system, and-

* form the basis for specifying the requirements for the displays, data processing and
controls needed to carry cut tasks.

INSPECTION / TEST / ANALYSIS:
* A Task Analysis implementation Plan shall be developed to assure that the anahsis is
conducted according to accepted HFE principles.

* An analysis of tasks shall be conducted in accordance with the plan and the findings will be
documented in an Anaysis Results Report.

* The analyses shalfbe reviewed by the HFE Design Team ard shall be documented in an
Evaluation Report.

* The Task Analysis implementation Plan, Analysis Results Report, ana HFE Design Team
Evaluation Report shall be submitted to the NRC for 'eview and approval.

DESIGN ACCEPTANCE CRITERIA:
G e nera1 _ p_II.ltIJA.
1. The ana'ysis shall meet all 10CFR regulatory requirements as specified under Element G in
Table Y.

2. The scope of the task analysis shall include all cperations, maintenance, test and inspection
tasks. The analyses shall b6 directed to the full range of plant operating modes, including start-
up, normal operations, abnormal operations, transient conditions, low power and shutdown
conditions. The analyses shall include tasks performed in the control room as well as outside of
the control room.

3. A task shall be a group of activities that have 6 common pumose, often occur in temporal
proximity, and which utilize the same displays and controls.

4. . The analysis shalllink the identified and described tasks in operational sequence diagrams.
A review of the descriptions and operational sequence diagrams shall revoal which tasks can be
considered * critical" in terms of importance for fun-tion achievoment, potential for human

Draft HFE ITAAC/DAC (Merch 19, 1992) Page 29 "
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0 error, impact of task failure, etc. -Where critical functions are automated, the analyses shall
consider a!! human tasks including monitoring of an automated safety system and back-up:

(actions if_ it fails.
- .

.
.

5. Task analysis shall begm on a gross level and involve the development of detailed narrative
;

descriptions of_what personnel must do, Task analyses shall be defined the naute of the input, i
process, and output required by and of personne!. Detailed task descriptions shall address (as

~

appropriate):
iinformation Requirements ;

'Information required, including cues for task initiation-

J . . Information available ',

* Decision Making Requirements
Description of the decisions to be made (relative, absolute, probabli,stic).

~

- Evaluations' to be performed
_

'

-Decisions that are probable based on the evaluation (opportur.ities for cognisive
- errors, such as capture error, will be identified and carefully analyzed)

* Response Requirements
Action to be taken-- *

1
- Overlap of task requirements (serial vs. parallel task elements)
Frequency
Speed / Time line requirements

-Tolerance / accuracy
Operational limits of personnel performance .

-Operational limits of machbe and software
'rBody movements required by action taken

* Feedback Requirements
'~

'

: Feedback required to indicate adequacy of ackns taken
* WorMoadi '

_ Cognitive -
'

- Physical---
Estimation of difficulty level -

* Task Support Requirements '
'

- Specicl/ protective clothing
- Job aids or. reference materials. required ' |

,
-Tools and. equipment required

3 . Computer processing support aids
a' Workplace Factors . .

~ -Workspace eralope required by action takene

' Workspace conditions
.

--. .

-Location and condition of the work .
-Environment / habitability -'

- * Gtaffing and Communication Requirements

Q'' =-number of personnel, their technical specialty, and specific skills
- Communications required, including type

.

,

Personnel interaction when more than one person is involved-

* Hazard identification -
,

; 'ldentification'of Hazards involved-

' S. The task analysis shall be iterative and become progressively more detailed over the design
cycle. Tns task analysw sha!! be detailed enough to identify information and control

F Oraft HFE ITAAC/DAC (March 19, 1902) Page 30
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requirements to enable specification of detailed requirements for alarms, displays, data i
processing, and controls for human task accomplishment.

7. The task analysis shall be used to specify the procedures for operations (normal, abnormal,.

and emergency), test, maintenance and inspection.

8. The task analysis results shall provic'e input to the personnel training programs.

9. The task analysis shall utilize the results of the precertification analyses as contained in the
SSAR, GE design files, andin the system analyses utilized to derive the Inventory.

ImRhminiation Plan
1. The plan shall describe the designer's approach to task analysis. The plan shall be based
upon accepted HFE practices at the time of its devebpment. The plan shall be based upon a
review and identification of current practices and literature, including those docurnents under
Element G in Table X.

2. The Task Analysis implementation Plan shall address:
* Literature and current practices review
* General methods and data sources
* Gross task analysis

- Convert Functions to Tasks
-Develop Narrative Task Descriptions

General statement of task functions
- Detailed task descriptions
- Breakdown of tasks to individual activities

Devebp Operational Sequence Diagrams
* Critical task analysis

-Identification of Critical Tasks
. Detailed Task Descriptions

* Information and control requirements
* Initial alarm, display, processing, and control requirements analysis

- Develop a task-based I&C inventory
* Application of task analysis results to procedure development
+ Application of task analysis resu!ts to training development
* Evaluation of task enalysis

+ The plan shalt describe the methods that will be used to evaluate the results of
the task analysis.

Analysis Results Report

At a minimum, the report shell address b,a following:
* Objectives
* Description of the Methods
a identification of any deviations from the implementation plan
* Reruits and Discussion
* Conclusions
* Recommendations /implicatior's for HSI Design

Draft NFE ITAAC/DAC (March 19, 1902) Page 31.
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HFE Deslan - Team Evaluation R_eAort
At a minimum, the report shal! address the following:

* The review methodology and procedures
* Compliance with implementation Plan Procedures
* Review findings

.

.

.

<'

o
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ITA AC/DAC -
Element H -- Human. system interface Design

DESIGN COMMITMENT:-
Human engineering principles end criteria shall be applied along with all other design
requirements to identify, select,' and design the particular equipment to be
operated' maintained / controlled by plant personnel.

,

INSPECTION / TEST / ANALYSIS:
* A Human System interface Design implementation Plan shall be developed to assure that the
analysis is conducted according to accepted HFE principles.

* An analysis of Human System Interfae' Oesign shall be conducted in accordance with the plan
and the findings will be documented in. i Analysis Results Report.

* The analyses shall be reviewed by the HFE Design Team and shall be documented in an
Evaluation Report.

* The Human System Interface Design Implementation Plan, Analysis Results Report, and HFE
Design Team Eve'uation Roport shall be submitted to the NRC for review and approval.

- DESIGN ACCEPTANCE- CRITERIA:
General Critttit,

- 1. The analysis shall meat all 10CFR regulatory requirements as specified under Element H in
Table Y.

2. The design configuration shall satisfy the functional and technical design requirements and
insure that the HS1 will meet the appropriate HFE guidance and criteria.

.

3. The'HFE effort shall be applied to HSI both inside and outside of the control room (local HSI).
.

4. HSI design shall utilize the resuits of the task analysis and the l&C inventory to assure the
adequacy of the HSt.

5. The HSI and working environment shall be adequate for the human performance requirements
it supports. T!w HSI shall be czpable of supporting critical operations under the worst .

,

, plausible environmental conditions.

6. The HSI shall be free of elemoryts which are not required for the accomplishment of any task.

7.The selection and design of HSI hardware and software approaches shali be based upon
' demonstrated criteria that maximize human task performance and minimize errors. Criteria
can be based upon test results, demonstrated experience, and trade' studies of identified options.

B. HFE standards shall be employed in HSI selection and design. Human engineering guidance
regarding the design particulars shall be developed to (1) insure that the human system

.

. interfaces are designed to currently accepted HFE guidelines and (2) insure proper
consideration of human capabilities and limitations in the developing system. This guidance

Draft HFE ITAAC/DAC (March 19. 1992) Page 33
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shall be derived from sources such as expert judgement, design guidalines and standards, and
quantitative (e.g., anthropometriy cnc e 'itative (e.g., relative effectiveness of differing
types of displays for different conditions) data. Procedwes shall be employed to ensure HSI
adherence with standards.

9. HFE/HSI problems shall bt, resr4ved using stud;es, experiments, and laboratory tests, e.g.,
* Mockups and models may be used to resolve access, workspace and related HFE

problems and incorporating these solutions into system design
* Dynimic simulation and HSI prototypes shall be evaluated for use to evaluate design

details of equipment requiring critical human performance
* The rationale for selection of design / evaluation tools shall be documented

10. Human factors engineering shall be applied to the design of equipment and software for
maintainability, testing and inspection.

11. HSI design elements shall be evaluated to assure their acceptaSility for task performance
and HFE, criteria, standards, and guidelines.

12. The HSIdesign shaHincomorate the key HSI elements as definedin the SSAR anct FSER.
* include !ist and description of key features
* include valve position indication position

13. The HSI design shallincorporate the 180 inventory as dclined in the SSAR.
* include summary table of invento f temsi

.

lmolem ent ation Plan
~ 1. The plan shall describe the designer's approach to Human System Interface Design. The plan
shall be based upon accepted HFE practices at the time of hs development. The plan shall be
based upon a review and identification of current practices and literature, including those
documents under Element H in Table X.

2. The Human-System interface Design implementation Plan shall address:
* iiterature and current practices review
a 3C requir6ments analysis and design

Compare Task Requirements to 1&C Availability
- Modifications to 1&C Inventory

+ General HSI approach selection
- Trade Studies
- Analyses

* The criteria to be used to meet General Criterion # 7, described above
* HFE design guidance development and documentation

. * HS! detailed design and evaluaSons.'

| - Use of design / evaluation tools such as prototypes shall be specifically
identified and rationale for selection

Ar:alvsl3_ Results Renort
At a minimum, the report shall address the following:

* Object yes

|
'
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i

+ Descripton of the Matho:$s -
e identification of any deviations (tom the implementation plan '

+ Results and Discussbn
* C.onclusloris ,

a Recommendations / Implications for HSI Design

HFE D g glg A l y Arn EvAluA11on .HeA9ft
At a mln! mum, the report shall address the following:

* The review methodology Lnd procedures
* Compliance with implementation Plan Proceduret.
* Review findings

P

,

P

$
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ITAAC/DAC I
Element I Plimt and,Ernergency_ Operating Procedure Development )

" Under construction .lgnore this DAC for now Proceed to Element J "

DESIGN COMMITMENT:
,

Tc assutithat procedures reflect accepted HFE principles, a Plant any Emergency Operating
i

Procedure Development Plan shall be developed The plan shall be based upon necepted HFE I

practi,:es at the time of its development.
,

t

INS PE CTION/ TEST /AN Al.YSl3:
* A 77 Implementation Plan shall be developed to assure that the analysis is conductedc

according to me.apted HFE principles.-
I

* An ana!ysis of 77 shall be conducted in accordance with the plan and the findings witl be I

documented in'an AnaVais Results Report. |
'

|

* The anatyses shall be rev;ewed by the HFE Design Team and shall be documented in an i

Evaluation Report.

* The ?? Imptomentition Plan, Analysis Resulls Report, and HFE Der.lgn Team Evraluation Roport
shani be aubrdtted to the NRC lor review and approval.

.

i

DESIGN ACCEPTANCE CRITERIA:
i - fi.tattAL 91111tle r

1. The task ana}ysis shn'l be used to specify the procedures for opetations (normal, abriormal.
,

; and emergency), test, maintenance and inspection.

[malamentaller; Plan |

1, The analysis shall meet all 10CFR regulatory requirements as specified under Element I in
n Table i . -

'

.1. The plan shall der.cribe the designer's cpproach to . The plan shall be based upon accepted
HFE practices at the time of Ita devebpment. The plan shall be based upon o review and
identifica%n of current practices and literature, including those documents under Eternant I m
Table X.'

-

.

2. The 77 Implementation Plan shaft address::

Ana9slai Reauit3 _Reasri,

At a minimum, the report shall W.khess the following:
* Objectives; ..

'

* Description of the Methods
.

* Identification of any dwiations from the implementation plan .

* Results and Discussion
'

a Conclusions
+ Recommendatkns4mplications for HSI Design i

.

!
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HEE._Ditlo'1 TWAm' dvalyaljfahrt
At a minimum, the report shall address the following:

* Tne review methodology and procedures
* Compliance with Implementation Plan Prc,eeduros
* Review findings

I

i .

l

.

I

'

l

i

!

'

|

|

1

i

~~ _
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ITAAC/DAC '

Element J Human Factors Verification and Valldation,

DESIGN COMMITMENT:
The successfulincorporation of human factors engineering into the final HSI design process and
the acceptability of the resulting HSl shall be thoroughly evaluated as an lategrated system
using HFE evaluation pro:edures, guideliner, standards, and principles.

INSPECTION / TEST / ANAL.YSIS:
* A Human Factors Verification and Validation implementation Plan shall be developed to assure

[tha? tne analysis is conducted according to accepted HFE principles.

* An analysis of Human Factors Verihestion and Validation shall be conducted in accordance with
th+ '>lan and the findings will be documented in an / nnlysis Reaults Report.,

.

* 1he analyses shall be reviewed by the HFE Design Team and shall be documented in an
Evaluation Report.

* The Human Factors Verification and Validation implementation Pian, Analysis Results Report.
and HFE Design Team Evaluation Report shall be submitted to the FC for review and approval1

OESIGN ACCEPTANCE CRITERIA:
f4'Angul,,,,.CrJ te ria

1. The analysis shall meet all 10CFR regulatory requirementA as specified under Element J in.
,

Table Y.,

.

2. The evaluation shall verify thet the performar:ce of the HSI, when all elements are fully
intograted into a system, meets (1) all HFE design goals as established in th6 program plan; and
(2) all system functional requirements and properly support humon operations, maintenance.

'

test, and inspection task accompt;shment.

3. The evaluation shall address at a minimum:*

Human Hardware interfaces*

Human. software interfaces*

Procedures*

ks Workstation and console configurations*

Control room design*

Lo:al cont.ol station design*

Design of the cuorall work environment*

4. Indivkfual HS! elements shell be evaluated in a statk: and/or 'part task * mode to assure that
all appropriate contro!s, displays, and data processing that are required are available and that
they are designed according to generally eveepted HFE guide;ines, standards, and principles.

5. The integration of HSI elements veith ere,h other and with personnel shall be evaluated and
validated thiough dynarn!c task performancs evaluation using evaluation tools whic'1 are
appropriate to the accomplishment of this objective. it is expected that a fully functional HSI
prototype and plant almutator shall be used as part of these evaluations. If an alternative is

'
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proposed its acceptability shall be documented in the implementation plan cnd approv*d by the
staff in advance of test'Ag. Ths evaluations shati have as their minimum objectives:

* Adequacy of entire HSI configurat,on for achievement of safety goals ,

* Confirm allocation af function and the structufe of tasks assigned to personnel
* Adequacy of staffing and the HSI to support staff tc occomplish their tasks.
* Adequacy of Procedures

* Ca. firm the adequacy of the dynamic aspects of c!? interfaces for task accomphshment
* Evaluation and demonstration of caror tolerance to hunian and system failurec

6. Dynamic evaluations shall evaluate HSI under a broad range of operational condSons and
upse% including ht a mialmum:

* Nonaal plant evolutions (o g., t' art up, fuJ power, and shutdown operations)
* Instrument Failures (e.g., Safety System Logic & Control (SSLC) Unit, Fault Tolerant

Controller (NSSS), Local * Field Unit' for MUX systern, MUX Controller (BOP),
Break in MUX line)

* HSI equipment and processing fMure (e.g., ! css raf VDUs, loss of data processing, loss
of large overview Jisplay)

* Transients (o g., Tu:oine Trip, Loss of Offsite Power, Station Dlackout. Loss of all FW,
Loss of Service Wator, Loss of power to selected buses /CR power supplies , and-

SRV transients) '

* Accidents (e.g., Ma!n steam line break, Positive Reactivity Addition, Control Rod
insertion at po e:, Control Rod Ejection, ATWS, and various sized OCAs)w

7. Performance measures for dynamic evaluations shall be adequate to test the ach:evament off

-

all cblectives, desi;;n goals, and performance requirements and shall include at a minimum:
* System perfermance m:,asures rt'evant to safety
* Crew Primary Task Performance (e.g., task times, procedure violations)
* Crew Errors
* Siteation Awareness
a Workload
* Grew communications an i coordination
a Anthropometry evaluations '

* Physical positioning and interactions

8. A verification shall be mada that alllasues thcumented in the Human Factors losue Trackirg
System have be edequatofy addressed.

9. A verification shall be made that all cdtical human actions as defined by the HRA have be
,

adequately supported in the design. The design of tests and evaluations to be perfonned as part of
HFE V&V activities shall specifically examine these actions,

imolementaljon Plan -

1. The plan shall describe the designer'c approach to Human Factors Verification and Validation.
Thts plan shall be based upon accepted HFE practicos at the time of its development. The plan
shal! b) based upon a review and }dentification of current practices and literature, including
those documents under Element lin Table X.

2. The Human Factors Varification and Validation implementation Plan ahnli address:
* HSt element evalurition

Draft HFE ITAAC/d C (March 10,1992) Page E
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Control, Data Pro:sssir:0, Display audit*
. .

Comperison 01;6 element design to HFE guidelines, r.tandards, and
|

.

principles '

* Dynamic performance evaluation of fully inteD'ated HSI
General Objectives-

Test methodology and procedures.

Tost partk.ipants (operators to participate in the test program)-

Test Conditions.
;

HSI description-
i

Performance measures-

Data anarysis.
;

Criteria for evaluation of results.

Utilizauon of evaluations.

* Documentation requirements
Test & Evatustion Plans and Procedures.

Test Reports.

AnalvSh B.tElllt. RaR.9 rt
At a minimum, the report shst?. ar.idress the following: >

e Objectires .
.

>

= Description of the Meti.ods
* !centihcation of any deviatio^s from the it..plomentation plan
* Results and Discuss 6n
* Conclusions
* Recommendations / implications for HSI Design

.

HFE Dgglan TenatEyJ|[L'at!on Reggrt -

At a reinimum, the nport shall address the following:
,

* The review methtdolo;y and procedures *

* Conipliance with Impismentation Plan Procedures
* Review findin0s

.

t

-

>

,
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Table Y
Human Factore Requirements in 10 CFR 1

(2 eaaee. _,

10 CPR 6EFERENCES HFL 1

ELEMENTS
,

EM.22. Elanit!1L.121 ELCitidm.M.lLintd.EtiAh2D
20.203 - Cautioa, signs, laDels, signals, and controls. H,1,B !
20.207. Storage and control of heensed materials in unrestricted areas. B.E

. , ~ .
.

DII,1030mtibt Li.C.gtmna of Pippucte And Uhh2ALQD.hthtt,$
50.34 (f) . Add 4onst 1MI telated Requirernants, Consider all sections but
particularly:

(1)(l) . Site spectfic ,9RA D
(1)(v) . HPCl/RCIC in!tiation levels B.E.F,G,!
(1)(vi) Reduction of chauenges to relief valves B R,G,H,1 '

(t)(vii) Elimination of manual activation of ADL B. E, F,G ,H,1
(1)(viii) . Automation issues of ECCS restart B.E F,G.H,1
(1)(xi) . Odpressuti2stion methods B,li,F.G,H.I

; (1)(xii) . Hydrogen control systs:ns B E,F,6,H,1
(2)(i) Control room almulator B,ri,J
(2)(li) . Impfoved plant procedures I

(2)(lii) Contini room design that reflects state.of the art human factors A ;

princioles
(2)(tv) SPDS

.

B.E.F G.H,1
(2)(v) . Indication of bypassed & Inoperabfe syWems B.E.F,G H,1,

(2)(vi) . Vent systerns in the control room B,E,F,G.H,1 ,

(2)(si) . Indication of re4f valves in control room G.G H
(2)(xvi) ECCS & RPS actuation rycles B.E.F G,H,1
(2)(rvil) to (als) . post accident instrumentation in conDol B.E.G,H,1

room (2)(xxi) - Heat reme val system controls B.E,F,G,H,1
(2)(xxiv) - Neactor vessel level I. strumentation B ,G ,H,1 ;
(2)(xxv) - TSC, OSC, and EOF A. B. E ,G ,H,1
(2)(xxvii) . Astr,ation monitoring B.E.F,G,ll1
(2)(xxvill) . Control room radiation protection

i b,E,.

(3)(l) . Incorporation of operating, design and construction experience ! AB
(3)(vii) . Managonient controls dur',:,9 design and constr.tetion A.C.J

$0.34a . Design cbjecth'en for equipment to control releases of radioactrve B,E,r
" material in eduents

' -
50A4(lH) High point vents in RCS, ooetable from control room B.E.F.G,H,1

.

50.47 . Etnargency plannino, inclutting procedures, fochities, etc. I D.E.G,H,1 -

60.48 Fire Protection, references Appendix R and includes safe twtor B,E,F,G,H,1
! shutdown isquirements outside the main control room
I' 30.$4 Conditions of licenses, contains control room staffmg requiremoni. B.E F.G ''

50.55a - Codes 4,nd s'andards . estabhshes inservice inspection and testing B E,G,H,1
requirements, which should be considered when dest;ning outside control room,

|- equipment and interfaces
$0.62. ATWS requirements, includen system specitications such as B C.F,G ,H,1
indepenthe, re:tebbity and automation
50,63 Loss of all attomating current power, requires analyses, equipment and B,E,F G,H,1
proceduras

'
__ _ _ _ - - _-

. . _ _ _ _ .-
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.i

n

,boener A Geaeral Doggt$nlena for Nuclear Power Plants A ) !
Throughou' the GDC thers are inspection and test >n(i requiremtents specified for
the varicas systems, These must be consicered wt:6a designing the hSi

, throughout it's plant, Some aJded specific criteria, as follows are also ,mportant.
12. Supp.essinn of ' sector power nScillations . They rnust be readily detected t3,Ef,G H,1 ;*

and suppresse:!
i

1J, instrumentation and control . Specif es l&C for verlabloc end systems BEG H.I
ig. Control F oom . Specifies both e normal and remote control room A,E

,

26. and 17, ReactWy control Requires taliable control of teactrvity changes B.E.F,G,rtl *

64. Monitorirg radioactivity releises Estab!ishes monitoring requirements B,S,G,i l,I

Appendtx 0 - Quality Assuranco Cr;teria Emblishes design contruf and other All
)portment GA requirements
j

.

Appendix E Emergency Planning Establishes man / pertinent EP requirsments A,B,E
!or facilitisi, procedures, etc. 3, '

Appendix l . ALARA Guices . Provides guidance for redianon dose reduction, A, B,F, G,H,1, J
which is particularly pertinent to the design stage of a NPP,

Apper@x J - Prin.ary xntainment lertkage re's testmg This section is also
'

B, E, G ,H ,1

pertinent to the design stage cuttice the control room. Existing provisions for
I.RT in NPPs consbar buman ' actors cniy marginally. +

.
Part 52 Early site permits; standera design certifications; and combined
Scenses for nuclear power ptsr.ts.
This part establishes the requirements for advanced reactors and is particularly A
relevant.

-

.

Pstt 55 Operators' heanses . Subpart E W itten examinations and tests . :
Discusses source of information for required operater knowledge, shills and I
obilities.

T

Part 73 < Physical protection ci plants and materiais Detal:s protvAcn and A B.E.G,H,1
security requirements, which lit exf9ng plants have caused skinificant !,

| - opsr9tional conflicts. These must be carefully considertd at the desigit stage t

|- Irom a human engineering standpoint to avoid repetition of these problems. *

|,.

| .
-

,

|
,

#

b.

|

,

.

I.
,

,

Draft HFE ITAAC/DAC !#a'ch 19, 1992) Page #
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Enclosure 19' un

"T.. INSTRLIMENTATION AND$0NTRCi. SYSTEMS !)kANCH
s

5., ... . ./

'

lEFENSE-IN-DEPTH AND DIVERSITY
: ASSESSMENT OF THE ABWR i

INSTRUMENTATION AND CONTROL SYSTEMS i
-

! .I

i

o POTENTIAL COMMON MODE FAILURES / VULNERABILITIES.

L o REVIEW BASED UPON NUREG-0493
"A DEFENSE-IN-DEPTH AND DIVERSITY ASSESSMENT OF
THE RESAR-414: INTEGRATED PROTECTION SYSTEM" (1979F :

o LLNL STUDY OF THE ABWR SSAR AND ADDITIONAL
INFORMATION PROVIDED BY GE |

L oLLNL STUDY EVALUATED'ALL CHAPTER 15 EVENTS i

'

o TWO EVENTS SELECTED AS PILOT CASES I

L o GENERATOR LOAD REJECTION WITH NORMAL BYPASS i
, ,

I o STEAM SYSTEM PIPING BREAK OUTSIDE CONTAINMENT
o :

. * SYSTEMS ASSUMPTIONS HAVE~BEEN REVIEWED BY !

L: LLNL/SICB/RSB/PSB AND GE
L

o ASSUMPTIONS OF4 ANTICIPATED OPERATOR ACTIONS HAVE
NOT YET BEEN REVIEWED BY OPERATIONS OR HUMAN
FACTORS :

L

!

. . . . _ . - - - . .---- _
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L Nur.EG 0483
i

A DEFENSE IN-DEPTH AND DIVERSITY
ASSESSMENT OF THE RESAR-414

INTEGRATED PROTECTION SYSTEM

Date Published: MARCH 7979L
I

_ - . - . . . . .

f_--_-_
) i' -
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|

V AR' atLE VAR'A8LE VARIABLE VARIABLE
* ; .
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'
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,
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x, ;
-

__

DER 1VE D DERIVED
>

VARIABLE VARIABLE
' BLOCK PLOCK

t

\- -

- - ._ _
./ .
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ENC?NEEREO*

*

SAFE 7Y
'

$ CRAM CONTRO FEATURLS

7__
.- , c -- - -- - , r -- - - -- i >

'
0 l' ,| x| ,e ,|

-_

, , . ,

| COMMAND
| BLOCK

COMM A*10COMMAND
BLOCK

_

SLocK ; _ _gl

eo- o ;..
_

:

CONTROL ENGINEERED

SCRAM AND { SAFETY !

.

MONITORING | FEATURES

|
-

JL _ _" a L_ _ __ ___ J u .__
INTE RCONNECTIONS TO OTHE R CH ANNE LS

.

.

Flyare 2. Basic System Architecture for Evaluation ofP

Defense in Deptn Principle,

,

2-13
,,

. . . - , - - - ., ,. - - . . _ . . . - ~ _ ____ . . _ . . - . . _ , , _ , ~ . ~ . . .-



.. . . _ . .
- -

ig1 I I

4. I as
< u

i .9 'i !

VI ra

u"p1
+

:a
:! ! a

e d*y
sT .5

g

:a n i ! e 5r
s :e

$ e u 8:s .a .a .e -

) q > a .s .s 4 ;
bt y .um o a a o.n n

-

$' ,4 0 O
. ' '

Gay 3 y| v2 .a :r

1{I I
" dg

%.]ipsh
*h
b H o E-

gaae d 2 a e 5 | [ '! y I
'

II
E 8 <-

__ ,- -- _

.._

i
i

~

3 eJns w d l 8
$

4

#ng,yi xn t _

es SN8A e!

''22_"*nit . __.. ..

MMS GNBA W".
' ~ms ouwns ..

nu O O O O O O 'O O 7. 0 0 0 0 0 0 0 LO

: rua O O O O O O O O 0 0 00 0 0 0 O!
t , ,

Xdn O O O O O O N 0 0 0 0 0. O O O'

,
_. . - - - - .. . _

N~s
* | "'O e ,- -

i -wn .n
_

.nweami i oO m - - o>-mysucm1
__

|
'"** "1 O cn m en- -

| unt21.9.E.

.K
. .

| $$ O, o -- - o>
.-- - - - -

.q, .

O I N e c)
| nw ^

- -

epo w] ~*
1

*
l WOMd I 1

*#) O l e, e cn !- -

censrva *|.*
Ca* cat O m e 'O O en O--

,

, _ _ _

| wx*t w .,O | cv e O O c) O-o.mg
~~~ ~~~

| iba AcuvN \ No e 1 e A
_ ,n. vier c\ N I |- O|e A ds O c)'

- 1.,

sdtrup e Ta , O e? I

.411 2 B kB ! 'ea L'a yd5 d - .? E ~$ 3$E>
a a >

3 9 *s ee e
t3 s d[ 3: :C% 2 q E @9 -A o .9tj .,3

f $ li b- $ 9d *hh h ,i . ..,e= seisasS b es>a
r 6.

.
m-

- me,, .

___ _ _ _ _ _ _ _ _ _ _ _ _ _ -



- - . . - . _ - -. ..-- - - - . .- - - - - .

,

!

ABWR DESIGN CER.TlEICATIM
L

LIAAC _GLYIEW_.QE.SIAYd5
,

SYSTEN ITAAC SC01'E, FORM AND CONTENT LSTABLISHED VIA
o

;

- GE IN PR001lCTION N00E '

i

o GLNERIC ITAAC
'

- GE POSITION ON THE TABLE
*

- GE PROPOSALS ON EQ, SETPOINTS, SOFTWARE REFORE ilRC
(SSLC LATER)

.

:
- NO GE/NRC AGREEMENT ON TOTAL LIST

.

o DAC ACTIVITIES
.

- PIPING, RADIATION PROTECTION MOVING TOWARD

RE501UTION-(NO MAJOR DIFFERENCES) '

- HFE STALLED

,,

'

o- ON CURRENT SCHEDULE, Al.L GE TIER 1 PROPOSALS TO BE
SU3MITTED BY 5/31/92

,

'

.

-

AJJ
3/25/02 '

-

i

. - . . . _ -. , ,., . , , _ - . . . , - . . , . .
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ABWB DE51fth._CERIlFICATION

IJAAC S - OTHER ISSE i.E ED.INQ_DliCD111DN

DDCD11mIA110)i_11EEIDE
,

o PPOCE6 DING PER STAGE 2 OUTLINE
,

5 SECTION REPORT COVERING ALL ITAAC-RELATED ISSUES

- FULL SET Or TIER 1 MATERIAL (GE PROPOSAL)

- HEAVY TNVESYMENT IN THIS FORMAT; STRUCTURAL

CHANGES WILL BECGNE INCREASINGLY BURDENSOME

'

o NRC REV1EW/ CONCURRENCE REQUESTED
1

PDSDRES
,

o S/MPLE IN STAGC Z $UBMITTAL

(CRAPTER 6/ CHAPTER 15 ANALYSIS VERIFICATION)

L

|

L o GE HOLDING ON OTHERS PEN 0ING NRC COMMENTS ON SAMPLE
|

I

|

|

'

AJJ'

3/25/92

. _ . -.
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ABWR DESIGN CERTIFICAT10H

IIAAC'S - DTiiER ISSUESRDINGJ11C.USSION
:

I

IlllERFACE lTAAC (PER PART 52)
|

,

ULTIMATE HEAT SINKo
,

,

;

GRID CHARACTERISTICS
o ,

,

|. I

QI.5EOSITION OF SAR INTERFACE ITEMS
.

b

L

CASE-BY-CASE DISPOSITION;.SOME ITF.45 MAY INVOLVE ITAAC
o

;

,-

g o
HANDLE BY EXISTING SYSTEM, GENERIC STRUCTURE

NO SPECIAL ITAAC CATEGORY
g o

4

'
.

.

;-

|

|

|
,

|

! s

) AJJ
3/25/92

.

1
. . .. . .. . . - - . . . . . - - . .- -_. . - . .- - . - -

'
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ABWR DESIGN CERTIFICATION

IIMC'_5 - 0TiiE|L153E5 NEEDING DISCQ$1103

GENERIC ITAAC/DAC LIST '.

,

CANDIDATI EE YIIW
k

SEISMIC CATEGORY 1 STRUCTURES -PER BUILDING ITAAC i
>

EGIPMENT 00ALIFICATION fiENERIC ITAAC
.

'

INSTRUMENT SETPOINTS GENERIC ITAAC
:

-SOFTWARE
GENERIC ITAAC

'

.

$$LC
GENERIC IIAAC

.
. .

. ,

MUX'(EMS AND NEMS) SYSTEM ITAAC
, .

HFE
DAC .

.

RADIATION PROTECTION DAC

PIPING
DAC r

FLOODING ) COVER AS
MISSILES- h REQUIRED

.u

FIRE PROTECTION IN-
PIPE' BREAK 5 i

SYSTEMS,

,

. WELDING, RESAR, CABLE' NO TIER 1
TRAYS, ETC.

TREATMENT-

* '

AJJ
3/25/92 -

.

e e .- , .,e.. s a .,,,s. , . . . ~ s a w, a e . aan. a m., , , w -e, ,..v~ng, v
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AILWILDESIGB_CERTIFICATI0li
|
|
|

STATUS OF STAGE _2

|

o DRAFT SENT INFORMALLY TO NRC 3/20/92. MISSING ONLY:

REACTOR BUILDING-

SOME FIGURES-

CURRENT PLAN IS TO SUBMIT COMPLETE ON SCHEDULE 3/31/92o

.

FORMAL DOCKET SUBMITTAL-

t

o GE ANTICIPATED FORMAL NP.c' COMMENTS (DATE?)
t

i

|
|

!
|

<

'
,

AJJ!

3/25/92
.

,,-m- - .
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i

MtWR DE11GN CERTIFICAIl0H

P_RQP_0 SED ITAAC SUBHITTAL SCHEQ.ULE '

i

SUBHIT
5.IAGE $UMMARY OF CONTENIS _DATE !

1 9 PILOTS COMPLETED i

SAMPLE GENERIC 1/17/92
SAMPLE DAC

.

D

2 GENERAL DESCRIPTION 3/31/92 I
,

38 SYSTEMS (TOTAL).

3 GENERIC ITAAC .

3 DAC

1 INTERFACE ITAAC
1 ROADMAP

i

.

3 COMPLETE TIER 1 SET 5/31/92

.

o

I-

' '

MJ
3/25/92

'

y .. '_

, . . . .- . . . . . - . .



-.. . - _
. -

DD ITMC STAct Q'ff '.

i I

3.0 Generic ITAAC

3.1 Equipment Qualification (EQ) / / 1

5.2 Instrument Setpoint Methodology / /; 2-
i

A{.3
Piping Design y / 7.

Den,ga% L.CAcceptance Criterie V V J
.,

4.0

4.1 Schware Development v' t/ ' '

h |4.2 Man Machine Interface Systems (MMIS) Design Team DAC ITAAC

4.3 Radiation Protec tion DAC ITAAC V Y *

5.0 Interface ITAAC
t/ t/ 1

5.1 Ultimate Heat Sink .

@)5Tr1Lt.ha
'

,

f

i

t

|

|

.

t

. - - -
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|

.

ABMR DES _I M CERTIFICATION
,

SYSTEM TIER 1 MAIfjLIAL
,

:

i
,

.

DD ENTRIES ITAACEIRIfj
|

,

STAGE 2 40 39

,

STAGE 3 65 46 t

(ADDITIONAL ITEMS)
;

'

TOTAL TO BE SUBMITTED 105 85
.

A$ SEPARATE ENTRIES -

L

. COVERED ELSEWHERE 17 17
?

TOTAL SYSTEM LIST ,_ 139
.. -

NOT' ADDRESSED AT ALL 17. 37 -

o

*

I

i

I

.

AJJ
3/25/92 '

'

_ . . _ _ . . . _ . . - , . _ ._ _ . - . _ . . - , ,_
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DD mg, 5ryy Cg

i
_ ._. _ . -. . _ . _

,

1
'

2.14 Containment and Enuronmental Controt | i

2.14.1 Primary Cuntainment Svstem s' / |3 -

2.14.2 Containment Internal Structur es / / 3 -

2.14.3 Reactor Pressure Vessel Pedestal I t/ ,, ' ; 3
,

--

2.14.4 Standby Gas Treatment System i ,/ v' 3 -

2.14.5 PCV Pressure and Leak Testing Facility / 3 -.-

2.14.6 Atmospheric Control Sptem / / 7,, -

!!.14.7 Dnwell Cooling System' / 3', --

2.14 8 Flammability Control System / v/ 7 -

2.14.9 Suppression Pool Temperature Monitoring Sptem / '/ .-
--

'

2.15 Structures and Servicing
2.15.1 Foundatiori Work 14, !,,

.-

* 2.15.2 Turbine Pedestal - -- - -

2.15.3 Crane and Hoist v' t/ 3 -

2.15.4 Elevator / 3-
- -

,

2.15.5 Heating, Ventilating and Air Condiuoning / v 2 |~
2.15.6 Fire Protection System / / 5

'

-

2.15.7 Floor Leakage Detection Sptem f v g -

2.15.8 Vacuum Sweep System j/ 3 L ---

2 15.9 Decontamination Systern '/ / ' '
-

,

2.15.10 Reactor Building / v' 2 -

2.15.11 Turbine Building sr e/ ? -

2.15.12 Control Building / v' 2. -

2.15.13 Raowaste Building / v' 5 --

2.15.14 Service Building t/ / 3
2.16 Yard Structures and Equipment

2.16.1 Stack / t/ 3 -

2.16.2 Oil Storage kna Transfer Sptems / t/ 3 _

2.16.3 Site Security / g 3 _
>

.

.
'

s

. - - _ _ _ _ _ _ - _ _ _ - _ _ _ - _ _ _ _ - - _ _ _ - - _ _ _ - _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ - - - _ - _ _ _ _ - _ - _ _ _ - _ - _ _ _ _ _ - _ _ _ - -
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,

V' 00 rrMC. S rect Qgt }m
|

0 6

2.11 Station Auxiliary

I2.11.1 Makeup Water Sntem (Purilled) V / 3 -

2.11.2 Makeup Water sptem (Condensate) / / 3 -

2.11.3 Reactor Building Cooling Water System v' t/ 4, ;-

. 2.11 A Turbine Duilding Cooling Water Sptem / / 3 |-

2.1 L5 HVAC Normal Cooling Water Sptem / v 3 .-

t. 211 ti HVAC Emergency Cooling Water Sptern t/ t/ 1 i_.

? 11.~ Oogen Injection Sptem - - - -

2.11.8 1*ltimate Heat Sink 6.I !- -' ._

2.l la Reactor Service Water Syitem / / L - ,

2.11.10 Tt: bitie Semce Water Sptem v / 3 !-

o ?.11.11 Sation Semce Air Sptem / y 5 !-
"

2.!1.12 Instrument Air System y / 32.11.13 High Pressure Nitorgan Gas Supply Sptem v : t/ 3 -

2.11.11 Heating Steam and Condensate Water Return Sptem / i- 3 !

,

-

2.11.15 House Boiler ; . . /
i - | 3,
,-

. |
-

1 2.11.16 Hot Water Heating System / 3 --
:

2.11.17 . Hydrogen Water Chemistry System ,/ '/ '? - ''

2.11.18 -Zine lnjectio1 Sptem !-

2.51.19 Breathing Air System / iV D ~

r
2.11.20 'This section not used) 3 - - ' - ' '

.

i 2.11.21 Process Sampling System / t/ j7 i' -

2.11.22 ' Freeze Protection Sptem y I
,

3 --

-2.11.23 Iron lon Injection System '-

2.12 Station Electrica! *
^ ,

2.12.1 flectrical Power Distribution System / / &
!

-
~

. 2.t.'t.2 llnit Auxiliary Transforract
.

"L U l - '- -- -

2.12.3 Isolated Phase Bus I, 2. n . ( .- -_

2.12.4 - Nonsegregated Phase Bus 2,i2.I t- , -
,

2.12.5.g - Metal Clad Switehgest ! ,_ ;'2.. n . 1 i
. -

2.1 L6. - Power Center - ! 'g 2,22.12.7 Motor Contrel Cente: _ % , n ,, I
, ,_ _

g, _ _2. 2.8 Racewwy Sptem .- 7 . l '2 . I
,

!
.- -

2.12.9 Grounding Wire I_ . , .2 . G , I ' |.

2.12.10 - Elecnien! Wiring PenetratioA / 'V 34-"

2.12.11- Combusdon Turbine Generator -/- / 1 i i- -

2.12.M Direct Current Power Supply 7 / 3 i !._

2.12 4 Emergency Diesel Generator System '' t/ / t, 1 -
+

- 2.12.i4_- No F tMD - -., ;

2.12.15 Vital ALC. Power Supply /* V 2. ~

^
12.12.14 Instrument and Control Power Supply ~ /, / 3-m -

2.12.17 Communication System
'

v V 3
-2.12.18- 1.ip,hting and Service Power Supply- / V- 2.,

,-

r 2.I$ - Power Transmision
~2 A i"

. SMJ - Rewrve AuxiliaryTransformer ----
,

i
y . -

.

.

.. $

. 4 ' I+4 [,i 'I1
E

~. , .% E, ., w-, , d vm..c -o 4 ,,,-,mm,-,, ,.. , ,, ,~ , i m e, , , . . , --y ,....,, . .-,..g_m,.,m........-,.,._...-..,....m.~
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iTNG STAce M., 'CD

2.5.11 Plant Startup Test Equipment - ~ ~ ~

2.5.12 Insemce Inspection Equipment / 3 --

2.6 Reactor Auxiliarv i

2.6.1 - Reactor Water Cleanup System jV / 2. --

2.6.2 Fuel Pool Cooling and Cleanup System j/ / '2. ~

2.6.3 Suppression Pool Cleanup Sptem i,v v' , 5
,

t-

2. 7 - Control Panels ;

|1 !2.7.1 min Control Room Panel '/ / '~

2.7.2 Radioactive Wute Control Panel ' 7.O,l !i--

2.7.3 Local Control Panels !/ i3- -

2.7A Instrument Racks 'v ! 3-
,

2.7.5 Multiplexing Sptem / / I 3
'

2.7.6 Local Control Box / ,3-

i 2.8 Nuclear Fuel j i

2.8.1 Nuclear fuel Vj/ |2 -

2.8.2 Fuel Channel v" / I3 -
-

,

2.8.3 Control Rod / |V |2. -

t i

2.9 Radioactive Waste I
-

i i
<

2.9.1 Radwute Sptem ! I
'

2.10 Power Cycle i :

2.10.1 Turbine Main Steam Sptem ) v' V 2. ,-
'

'

2.10.2 Condensate Feedwater and Condensate |V V 2 I-
2.10.3 Heater Drain and Vent Sptem '

' '- - - -,

2.10.4 . Condensate Purification Sptem v' / 2. -

2.10.5 - Condensate Filiter Facility ~2 . I O. *-- --

2.10.6- Condensate Demineralizer 2 .10,e- - -

2.10.7 Main Turbine / / ~2.
'-

2.10.8 Turbine Contu,1 Sptem *:r. t C .- - -
,

2.10.9- Turbine Glani Steam System V -V 2.,- -

( 2.10.10 Turbine Luhticating Oil Sptem ~. '

--- -

2.10.11 Moisture Serarator Heater - -. - -

2.10.12 Extraction Sptem - - - -
.

2.10.13 Turbine Bypass System / t/ 2. -,

| 2.10.14- _ Reactor Feetiwater Pump Driver "U do- - . - -

j -2.10.15 Turbine Auxillsry 5 team Sptem ~

- - --

i. 2.10.16 Generstor - ~2. ICV ~- -.__

L 2.10.17 Hydrogen Gas Cooling System '

- -
E 2.10.18 Generator Cooling Sptem - --. -

i .2.10.19 . Generator Scaling Oil System -
-.

- - -,

2.10.20 Exciter -
_. - -

-2.10.21- Main Condenser v" v' 2. -.

' 2.10.22 Off. Gas System /' V 3 "

2.10.23 Circulating Water Spterr / V. "2 -

2.10.24 Condenser Clemup faciiay
'

- - --

l.
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Table of Contente { l
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:

1.0 imroduction

1.1 General Plant Description ./ ^
- ' ' ~

2.0 Design Descriptions and ITAAC for ABWR Sptems
2.1 Nt clear Steam Supply i

2.1.1 Reactor Preuure Veuel System / / 7-
;

-

2.1.2 Nuclear Boiler Sntem / : v' ? -

2.1.3 Reactor Recirculadon Sy. tem (RRS) / Iv 1 -

2.2 Control and Instrument $<

2.2.1 Rod Control and information System / v ;L
,

- - ;
2.2.2 Control Rod Drive Sptem v v '7 -

2.2.3 Feedwater Control Sptem !/ / '

|12.2.4 Standby Liquid Control Sptem
-

;e / % -

2.2.5 . Neutron Monitoring Svstem ~ v i5
-

'~

2.2.6 Remote Shutdown Sptem !v- - 7 |3 ,

/ ~.
2.2.7 Reactor Protection Sptem ,

v 7.-
2.2.8. Redrculation Flow Control Sptem !v-

-
;

/ v 3 -
:2.2.9 Automatic Power Regulator System ' v- v' 3 {

-

2.2.10 Sicam Bypass :ind Prenure Contro1 Sprem v v' 1 - -

2.P 11 Process Computter - / v ,3 -

2.2.12 Refueling Platfotm Control Computer .V V '2 -

2.2.13 CRD Removal Machine Control Computer

!; -
- - ..

2.3 Radiation Monitoring '

2.3.1 Radiation Monitoring System v v' 3 "
,-

2.3.2 Area Radiation Monitoring System g- v 3 -
2.3.3 Dun Radiation Monitoring System (vared &'d -

2.3.4 Conuinment Atmospheric Monitoring Spiem V V ~7- ~

i
24 Core Cooling e

2,4.1 Residual Heat Removal (RHR) Sptem # V ,* ~

2.4.2 High Pressure Core Flooder (HPCF) System t/ / Z. ' -

2.4.3_ Ixak Detecdon and Isolation System v v' 3 -

2.4.4 Rea: tor Core Isolation System y v- 2 *
-.

2.5 - Reactor Senicing Equipment--
|2.5.1 Fuel Service Equipment / S I--

2.5.2 - Miscellaneous Scnicing Equipment v ,3r . '- !
2.5.3 _ Reactor Pressure Wasel Senicing Equipment / 3- ,-

2.5.4 - RPV Iaternal Servicing Equipment V 3- -

2.$.5 Refueling Equipment / / 7- -

2.5.6 - Fuel Storsge Facility f v d' t -

2.5.7 Under Vessel Senicing Equipment / 3,
- -

2.5.8 CRD Mainenance Facility _ / 3 -
23.9 Internal Pump Maintenance Facility 3v - --

2.5.10 Fuel Cask Cleaning Facility, y 3- -

l

i.
a ,, ,- - 3 ---v,, y- ---,, a .-y w - , , , - ,-.c ,,w,y +w., -, ,, +-,.,m- ,1-,-w. ----.,-ww-u , , -



. . _ - .. ._ . . .-.. . _ - . . . . -._ -.-.~ - - . ._

Enclosuro 16

ABWR DESIGN CERJIFICAT10H
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RECLASSIFICATION OF DSER INTERFACE ITEMS
ITEM

INTERFACE SSAR DSERWo. SUBJECT
RECLASSIFICATION SECIl05 SECTION

Advanced Technolo9y Aspects of the ACWR HF/DAC 19.3.7.2.8 '

CESSAR 11 PRA in the Plant-Specific ABWR PRA HF/DAC 19.3.7.2.10
iSite-Specific Design Verification for '

* External" Events COL 19.4.1

Internal Flcods Unresolved 19.4.1

Seismic Capacitics for Components and 19.4.3.3.1
Structures _ COL /ITAAC 19.4.3.3.3

Potential for Seismic-Induced Soil failures COL 19.4.3.3.2

Walkdown of the Final Constructed Plant Piping /DAC/ITAAC 19.4.3.3.2
-

Deterministic and Probabilistic Site-
Specific Response Spectra COL 19.4.3.3.2
Seismic Capacities Assigned to Active
Electrical Equipment COL /ITAAC 19.4.3.3.2
Systea Reliability Requirements and Risk
Si nificant 'csumptions Interface Issue 19.3.59

.

26-
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RECLASSIFICATION OF DSER INTERFACE ITEMS .

ITEM
INTERFACE SSAR DSERNO. SUBJECT RECLASSIFICATION SECTION SECTION

Engineered Safety feature Ve9'ilation -

System Design ITAAC 9.5.5
-

Essential Electrical Equipment HVAC
Monitoring and Electrical Controls Deleted 9.4.5.4
Assurance of Proper Function of
Standby Gas Treatment System Deleted 9.8.5.5 '

Ensure No Health liazards from
Noncembustible Liquid Insulator
Transformers COL 9.5.i.4.6
Provide Fire-Related Administrative

:Controls COL 9.5.1.5 l
-

Diesel Generator Maintenance and Training COL 9.5.4.1 i

Plant-SpeciF{C leak-Before-Break CO8
Analysis ,

10.3 |

Procedures to Avald Steam Hammer and ;Relief Valve Discharge Loads COL 10.3 '

Main Steam Isolation Valve Protection
from Postulated Pipe Failures ITAAC 3.6.4.1 10.3

,,

Procedure to Swith Over to Auxiliary
Steam COL 10.4.3
Provide Liquid Efficent Source Terms .

(Admin Controls) COL 11.1

Provide for QA of Liquid Radwaste Sys,
'

COL 11.2.2

-4-
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>



. .

RECLASSIFICATION OF DSER INTERFACE 1TEMS
ITEM INTERFACE SSAR DSERNO. SUBJECI ~ RECLASSIFICATION SECTION }ECTION

Submit Plans for Preservice Examination
of Reactor Pressur6 Vessel Walds UNRES 5.2.4.3
Sc5mit Complete Site-Specific IS! Program COL 5.2.4.3
Docket Complete and br estable PSI
Preg.am- COL- 5;2.4.3

Plant-Specific ISI, PSI COL 5.2.4.4
Drywell Leak Rate Calc 91stional
Procedures COL 5.2.5

- Plant-Specific Pressure-Temperature
, Information COL 5.3.2

Steam isolation Valve Testing RCIC ITAAC 5.4.6
!dentification from inservice Inspection UNRES
of Class 2 and 3 (Tied to Item 3.15) 6.6.1

Plant-Specific FSI/ISI Program Information COL 6.6.2
Interface Requirements for Heavy Load
ifandling Equipment COL 9.1.5
Hakeup Water (Purified) Interface 9.7.10
Reactor Building Cooling Water System Interface
Design Parameters

(include in RSW Interface) 9.2.11
Beactor Service Water System Design to
Prevent Organic fouling - Interface 9.2.15

-3-
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RECLASSIFIC/ wok s.i? CSER INTERFACE ITEMS
ITEM.

INTERFACE ~ SSAR DSERNo. SUBJECT hECLASSIFICATION SECTION SECTION

Excavation and Backfilling for
foundation Construction COL 2.3.2 2.5.4.6
Ground Water Level BSP- 2.3.) 2.5.4.7
Liquefaction Potentials BSP 2.3.1 2.5.4.8
Response of Soil and Rock to
Dynamic loadings BSP 2.3.2 2.5.4.9
Maximum Soil Bearir.g Pressures COL 2.3.1 2.5.4.10
Earth Pressures COL 2.3.2 2.5.4.11
Soil Properties for Seismic Analysis

- of Buried Pipes' C0!./ Seismic Cat ! ITAAC 2.3.2 2.5.4.12 .

Static and Dynamic Stability of facilities COL / Seismic Cat i ITAAC 2.3.2 2.5.4.13
Subsurface Instrumentations COL / Seismic Cat i ITAAC 2.3.2 2.5A.14
Stability of Slopes COL 2.3.2 2.5.5
Embankmenis and Dams COL 2.3.2 2.5.6
Turbine Missile Maintenance inspection COL 3.5.4.6 3.5.1.3
Seismic Instrumentation COL / Seismic Cat i ITAAC 3.7.4
Structural Integrity Test Program COL / Containment ITAAC 3.8.1

Containment Structural Details and UNRES/ Building Structure
Other Seismic Category 1 Structures Design Details 3.8.4

-2-
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. RECLASSIFICATION OF DSER INTERFACE ITEMS

-ITEM' INTERFACE, SSAR DSERHO. ' SUBJECT- EECLASSIFICATION SECTION SECTION-
:

liydrologic features Description. ESP) 2.3.2 2.4.1 ;
*

. 1Potential-Dam-Failures BSP 2.3.2 -2.4.4
Ice Flooding or Blockage Interface 2.3.2 2.4.7

'

Hydraulic Design of Canals and Reservoirs ' Interface 2.3.2 2.4.8' -

Cooling Water Supply Interface 2.3.2- 2.4.11'

Surface Water Dispersion'of. Emer57ncy
Operation and Shutdown Wate.* Suppsy COL- 2.3.2 2.4.13

..

*

Tech. Spe<.'.and Emergency Operation and
Shutdown Water I pply-

'

COL '2.3.2 2.4.14-
,

'

Geology and Seismology BSP 2.3.2 2.5.1 i

Vibratory Ground Motion- BSP 2.3.1 '2;5.2. i
.

LSurface; Faulting * COL 2.3.2- 2.5.3- '

-tStability and Subsurface Material and
: Foundation BSP 2.3.2 2.5.4.1 < ;

Site and Facilities BSP- 2.3.2 2.5.4.2'
' '

Field Investigations - COL 2.3.2 2.5.4.3 i
, - Laboratory; investigations: COL 2.3.2 2.5.4.4 !

,

Subsurface Conditions BSP 2.3.2 : '2.5.4.5 :
i.

___ _____

*
CONSIDER A00lHGLTO TABLE 2.01-1. SITE PARAMETERS

&

I *

-1-
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' Table 1.9-1 (cont'iraued) :
ITEM.

INTERFACE..Wo. SUBJECT- .

SUB<

' RECIASSIFICATION Sp;TIOgr
_,

19.6 . Feedback of. Operating, ~ Design and Construction Experfence COL 19A.3.6-

19.7 Organization'and staffing to. oversee design and Construction COL -.19A. 3. 7 -
19.8 Quality. Assurance Program

'

COL /DAC 19B.3.1
19.9 ' Prevention of Core Damage' COL 158.3.2.

19.10 Protection from Butarnal Threats WL 19B.5.3 ,

19.11 Ultimate Heat Sink Models Interface 198.3.4
19.12 Ultimate Heat Sink Reliability Interface 19R.3.5

~

19.12a- Main Transformer Desigr. Interfaco 198.3.6

19.13 Plant Siting- DSP 193.3.7
,

:'.

.T. 19.14 Interdesciplinary Design ' Revit=ws Coi, 193.3.8. ;

] 19.15 Sabotage Vulnerability During Plant Shutdown COL 198.3.9se
-19.15 Impact of Security System on Flartt Operation, Testin9, GL 198.3.10

.>

U! and Maintenance
M

. _

'

;;- 19.16 Security Plan Compatibility with AIKR Requirements COL 19B.3.11
.

19.17gg Plant Security Systems Electrical Requiremerits COL 198.3.12

(! 19.18 Bolting Degradation or Pailure CCL 198.3.23,,
,

1 4

9.. .
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Table 1.9-1 (Continued)
ITEM

INTERFACE SUB-NO . _ . .EllllJ1f1 PECLASSIFICATIOri -SECTION
.11.1 Cement Glass Solidification System COL 11.4.3.1
12.1 Regulatory Guide 8.10: COL '1'.1.4.1

12.2 Regulatory Guide 1.8
~

COL 12.1.4.2
12.3 Occupational Radiation Exposure COL 12.1.4.3
12.4 - 10 ,CFR 20 and GDC61 Compliance COL 12.2.3.1'

12.5 Turbine Building Compliance DAC 12.2.3.2
12.6 RWCU installation Deleted 12.3.7

13.1 - Security Plan .

COL 13.6.2

13.la Phyalcal Security Interfaces COL 13.6.3

14.1 Other Testir.g COL 14.2.13
16.1 Main Control Room ITAAC/DAC 18.5

19.1 Long-term Training Upgrado COL 19A.3.1
19.2 Long-term Program of Upgrading of Frocedures COL 19A,3.2

19.3 Purge System Reliability COL 19A.3.3
19.4 Licensing Emergency Support Facility UNRES 19A.3,4(TSC, OSC, EOF) ,

19.5 In-plant. Radiation Monitoristg UNRES 19A.3.5,

8

.
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Table 1,9-1 (Continued)
ITEM

INTERFACE SUB-FD. SHLIE,CI
RECIAMIEGqati 6ECTl d -

9.9 Contamination of DO Combustion Air Intake ITAAC 3.5.13.1
9.10 Use of Communication System in Emergencias CCL 9.5.13.2
9.11 Maintenance and Testing- Procedures for Communication Equipent COL 9.5.13.3
9.31a U'e of Portable Hand Light in Emergency COI 9.5.13.4
9.11b Vendor-specific Design of Dievel Generator Au::illiaries ITAAC 9.5.13.5
9.81c Diesel Generator Cooling Vater System Design Flow and ITAAC 9.5.13.6
9.11d Fire Rcting for Penetration Sealc ITAAC 9.5.13.7
9.11 e- Diesel Generator P_quiremants ITAAC 9.5.13.8
9.12f Applicant Fire 'Protectior. Program COL 9.5.13.9
E.11g HVAC Pre:Eure Calculations COL 9.5.13.10,

9.13h Plant Security Syst6as Criteria s

COL 9.5.13.11
9.111 Fire Hazarda Analysis

COL /ITAAC 9.5.13.12
9.12 Fire Hazard Analysis Database (9.11.1) ITAAC 9A.6.2
10.1 Low Pressure Turbine Disk FractLre Toughness ITAAC 10.2.5.1
lb,2 Turbine Design Overspeed ITAAC 10.2.-5.2

10.3 Radiological Analysis of TGSS Effluents COL 10.4.10.1
- ,

t

,

w



7_ _ . , . -

, _ _ . . ,
,

.-

_

'

* '! 1 _
- '

~

$E
'

.:"' L ' : . , . ,. 1 - j ,. ,
''

,J G. 1

4'
, r'

-

, _ ,

' l

Table'1.9-1 (Continued)
ITEM - INTERFACE SUB- 5

Mpa ' SUBJECT RECLASSIFICATION SECTION

3.17 ' Minimum. Starting-Voltages for Class 1E Motors' P.Dist/ITAAC- ~3.3 4.12' :.

,

8.18 ~ Identification'and Justification'of-Associated Circuits SSAR/ITAAC 8.3.4.13
..

~ dmin. Controls for Bus. Grounding: Circuit Breakers SSAR/ COL
. . . !. . .

. .

.

8.'19 A 8.3.4.14
|

8.20 Testing of Thermal Bypass Contacts for MOV's ITAAC 8.3.4.15

S.21, Emergency. Operating Procedures for SBO. COL 8.3.4.16 .
4

1- .;|' .8.22 Common Industrial Standards' Referenced in Purchase UNRES S . 3 . 4 .' 17 -
'

; Specifications
r_

i

| 9.1 New Fuel'Stcrage> Racks Criticality Analysis ITAAC 9.1.6.1
;. -

{ 9.2 New Fuel-Storage Racks Dynamic and Impact Analysis ITAAC 9.1.6.2
'

i

i. 9.3 Spent Fuel Storage Racks Criticality Analysis ITAAC 9.1.6.3
L

i 9.4 Spent Fuel; Storage Rack Load' Drop Analysis ITAAC 9.1.6.4 :
I

j 9.5 Ultimate !! eat ' Sink Capability. Interface 9.2.17.1 ;
:

. .i
! 9.6 Makeup Water System Capability ' Interface 9.2.17.2 '

9.7 Potable and Sanitary Nater System Interface 9.2.17.3
~

~ 9.7a Reactor Servico Water System Interface 9.2.17.4

| '9.7b Turbine Service Water System Interface. 9.2.17.5
$

9.8 Radioactise , Ora t , Transfer Systea Collection' Piping ITAAC 9.3.12.1

6'-
,

;

k
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TableL1'.9-11(Continued)
ITEM .i

INTERFACE. SUB- '!' NO .~ SDBJECT RE,CLASSI FICATION , EECTIO'!: '

~ 3-G;2 Diesel GeneratoreRaliability ~-(Training Requtrements) COL ; 8.1'.4.2 i

i

S.3: Separated Power. Feeds f3r 6.9 kv Switchgear SSAR/ITAAC. ' 8.1.4.3'

F '8.3a : Class 1IE. Feeder Circuits: Deleted 8 . 2 . 3 .1..
.

'

8.4 ~Non-class IE Feeders Deleted 8.2A.2
8.5 Offsite' Power System Interface' ' B. 2. ) '

r

,

-8.6 Interrupting Capability-of Electrical Distribction Equipment ITAAC 8.3.4.1 'i

i

| .B.7 Diesel Generator Design: Details. ITAAC 8. 3. 4. 2. -

1-

8.C'' Certified Proef Tests on CLble Sa:splee EQ ITAAC. B.3.4.3 .

8.9 Electrical Penetration Assemblies R.BLOG ITAAC 8.3.4.4

8.10 Analysis Tenting for Spatial Separation per IEEE 384 Delets 8.3.4.5,

.8.11 DC Voltage Analysis ITAAC 8.3.4.6 ,

8.a2 Seismic-Qualification'cf Eyewash Equipment belete/SSAR 8.3.4.7
,

,

'G.13 Diesel Generator Load Table- Changes Delete /SSAR 8.3.4.8,

8.14 Offsite Power Supply Arrangements
.

.
. :;

COL B.3.4.9 ;
-

?9.15 Diesel Ger.erator Qualification Tests ITAAC 8.3.4.10 !
,

8.16 Defective' Refurbished-Circuit' Breakers Delete /SSAR B.3.4.11
.

5 ,

!
1
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Table-1.9-1 (Continued)
ZTEM INTERFACE SUS ~
,1[qm St!BJECT - JtECLASSIFICATION SECTION

4.6 Thermal Limits ITAAC 4.4.4.2'

4.7 icose-parts !4cnitoring Syste:ns UNRES-DESIGN 4.4.4.3

4.0 CRD 'letspection Progran COL 4.5.3.1

5.1 Nater Chemistry Deleted r.7.6.1y

5.2 Conversion of Indicators (Drywell 1,c-Utage Rate- - Procedure) COL 5.2.6.2

5.3 Fracture Toughnaco Data CGT, 5.3.4.1

5.4 Materials and Surveillance Capsule COL 5,3.4.2
.

G . I' ~ Protection Coatings and Grganic Materials COL 6.1.3.1

E.10 ECCS Performtnce Results COL 6.3.6.1

6.2 External Temperat're BSP 6.4.7.1u

6.3 Meterology (X/Qs) BSP 6.4.7.2

6.4 Toxic Gases COL 6.4.7.3

7.1 Effects of Saticn Blackout on liVAC COL 7.B.1

7 . 'c Slactrostatic Disent:rge en Exposea Equipment Corepor. ents ITAAC/DAC 7.8.2

7.3 Localized liigh licat Spots in Semiconductor Material for ITAAC/DAt 1.8.3
Computing Dev'.ced

3 .' 1 Stability 61 Offalte Power System Interface 83. 1.4 . 1.

4
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Table.1.9-1 '(Continued)
ITEM

INTERFACE SUB-Not_ |iUBJECT
RECLASSIFICATIQH SECTION

3.13 Site Specific Physical Propcrties'and Foundation Settlement COL /NEW ITAAC 3.8.6.2
'3.14 Reactor Internals Vibration Analysis Meanutement and' ITAAC 3.9.7._Inspection 1rogress2

.5 ASdE Class 2 or 3 Quality Group Components With 60-Year
Design Life COL / ITAAC 3.9.7.2

3.15a Pump anc. Valve Inservice Testirig. Program '

COL 3.9.7.3
GL 99-10-ITAAC

3.1Sb Audits of Design Specificationc and Design Reports ,

COL /UNRES* 3.9.7.4-
3.16 Equipnent Qualification Report ITAAC 5.1C.5.1
3 .1 */ Dynamic Quclification Report ITAAC 3.10.5.2
3.17 Environmental Qualification Document ITAAC 3.11.6.1
3.19 EnJiromental Qualification Iecords

'

ITAAC 3.11.6.2
'

4.1 Fuel Design ITf.AC 4.2.2.1
4.2 Control Blade DeLign ITAAC 4.2.2.2
4.3 Core Loading Pattern

COL 4.3s 2.1
4.4 Core Effcetive 11ultiplication V31ues .

CLL 4.3.2.2
4.5 Power' Flov Operatir-g kap ITAAC 4.4.4.1

* SSAFi' AUDIT WILL CLARIFY
,

3
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- Table L 12 9-1 - (cc,ntinued) '

': ITEM- INTERFACE : S U B -':
'

,

t ND. __ . SUBJECT: ' RECLASS!FICATION - SECTION !;- 1t

S
'

;

Site 7 pecific Design: Basis Tornado BSP- .l . 3 . 3 . 2 --3.2-

'3.2 LEffect of remainder of. plant: structures, systems, and components COL 3.3.3.2
on systems:nat designed to tornado loads

3.4 Plood blevation- BSP- '3.4.3.1=
'

3 [5 - - Crcund' Water Elevation BSP 3.4.3.2

, 3.5a Leak-Before-Break. Analysis COL 3.4.3.3 '

13.5b t'lood Protection Requirements for-Other Structures COL 3.4.3 4-
i

,
. . .

Protaction.:of ultimate hect sink-: Interface 3.5.4.1- :. .13.6
. .

.. .

.

,, ,

| 3 . ~1 Missiles. generated by natural: phenomena- froe remainder of- plant COL 3 . 5 . 4 . 2.

3 ;,8 Site proximity. missiles and aircraft hazards . COL 3.5.4.3 i
'

'3.9 Protection against secondary rsissiles inside containmeret ITAAC '3.5.4.4
'

:'

'; 3 . 's a Impact of Nol Safety-Related Item Failure - Design Basis Tornado COL 3.5.4.5
4

f
"3.90 2urbine System Maintenance Program COL 3.5.4.6,

:

3.10 - Details.of pipe break analysis.results and protection methods ITAAC/DAC 3. 6. 4 .1~
i

~3.11 Leak-befor e-break . analysis - results . COL 3.6.4.2 r

3.11a Seismic Parameters BSP 3.7.5.1 !

3.12- Foundation Waterprocfing . COL 3.G.6.1

2> *

.i
U

i
r
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Table 1.9--1

SUMMARY OF ABWR STANDAf:D 'PLAliT I!!TEF. FACES
WITH REMAINDER OF PLANT-

.

ITEM INTERFACE SUB-ML, SUBJECT RECLASSIFICATIO'4 SECTIOli
) 1.1 Standard review' plan sections for remainder plant COL 1.3.4identified in " Interface" in Table 1.8-19

1.2 Applicability of regulatory guidos for remainder of plant COL 1.8.4identified as " Interface"~in Table 1.8-20

1.3 Applicability of Experience Information for remainder of COL ~1.8.4
plant ide,tified as '' Interface" in tsble 1.s-22

1.4 Emergency procedures and emergency procedures training COL :1 1. 3 . 1,

! - program

1.5 Procedures for removing safety-related syctov from service CCL 1A.3.2

1.6 Inplant radiatica monitoring 70L 1A.2.3

1.7 Reporting of Failures of Reactor System Relief Valves COL 1A.3.4

1.6 Report on ECCS Ou. age COL 1A.3.5

2.1 Envelope of ABWR Standard Plant Site Design Parameters BSP 2.3.1

2.2 Standard Review Plan Site Characteristice BSP 2.3.2

2.3 CRAC 2 Computer Code Ca'culations BSP 2.3,3 '

3.1 Site-Lpecific Design Basis Wind BSP 0.3.3.1
.

I

_. . _ __ -- -
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DESIGN INFORMATION

~ LOOSE: PARTS MONITORING SYSTEM-e-

MMRESOLVED
.

IAUDITS OF' DESIGN SPECIFICATIONS AND DESIGN REPORTS
.

o

COMMON INDUSTRIAL STANDARDS REFERENCEDLIN PURCHASE SPECIFICATIONS I
'

e

LICENSING ENERGENCY' SUPPORT FACILITY (TSC, OSC, EOF) !
~a

IN-PLANT RADIATION HONITORINGe
,

CONTAINHENT STRUCTURAL DETAILS AND OTHER SEISHIC CATEGORY I STRUCTURESe
.-

PLANS FOR PRESERVICE EXAMINATION OF REACTOR PRESSURE VESSEL WELDS
,

e

ISI 0F CLASS 2 AND 3 COMPONENTS* '

* PRA FOR INTERNAL FLOODS '

.
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-S' JGNiFICANT ITAAC/DAC
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L(CounHUED)

,

e: DC.VOLTAGtLANALYSIS ~

e FIRE HAZARDS ANALYSIS -

-

,

TUi(BINE MATERIALS,'DESIGH*

DESIGN QiEALXTY ASSURANCE*
.

HUMAN RELIABILITY ANALYSIS. ITEMS (PRA)*

4

.

m

k

h

'

'

+ . , . - - w . . =, . -



.. ,. - - . - - . - - .-. - - - - - - .

-

.

-
.

f

. ,

e

a

4

5E M* '

Ok WU .. A

M |5 5'

eu - -5 5.

.

3 e
.

R' > a. *e aw w s

3 m$g m
j"' E 15 R ma .3 8s c1 gM52 5 85 8

.

.

s g + e g! m
x e

g .Ea am

g; w-gama- - g<L e w a s. gs

$ y- $ w g

. , 3ga

g ;5 >. 5
g pg

Mggg.

..

.E'M;~ g g g g g-

m ..m. s == - 0.t $ a< 2=.~.4 = ->v w-g
w

5g g!
3 . g= x-=3> .. agg

xgw.* :g< Eg- 5 g
gsa ER b -

m { K b.
-

2

MsMa$# wg-
.w = = a a w

:

j -. - . . . . . . . . . . . .

.

-

...
- . . . . . . .. . . . _ . . . . . . . . . . . .

. ._ . . .. _. . - _ -_



. . - - - -- .,, ,. ; ~ ' '
!,'

.

. , - . . ,-.

~ ~ ~ '

. ..

' ~

. a :,;-
,

's

-lNTERFACEA .

.

ULTIMATE HEAT SINK
'e

OFFSITE. POWER SYSTEMe

HAKEUP WATER.| SYSTEM*

POTABLE AND SANITARY WATER SYSTEMs ^

.

SERVICE WATER SYSYEMs:
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TURBINE-SERVICE WATER SYSTEM*
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RESULTS OF REV1 W-
..

137 SSAR: INTERFACE ITEMS;*
.

.

69 DSER INTERFACE ITEMS-*-

.

..

RECLASSIFICATION RESULTS:-*

18-INTERFACE ~-

63 ITAAC/DAC--

110 COL ACTION ITEMS--

.

.1 DESIGN ITEM-

10 DELETIONS-

21 SITE PARAMETERS-

8 UNRESOLVED-

-
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2) FOR-THE ABOVE FIVE PLANTS:
.

A) OBTAIN INFORMATION FROM DLPQ/LPEB, AND THE PM
TO OBTAIN HRR PERSPECTIVE ON 1.ICENSEE PRE-OPr

AND START-UP PROGRAMS
,

9). PREPARE A HATRIX UT THE PRE-OP TESTS PEFORMED
AT EACH SITE BASED OH THE FSAR AND THE IP
94300 LETTER

C) REVIEW TESTS PERFORMED AS PART OF TWE MC 2512
-

(CONSTRUCTION) AND MC 2514 (STARTUP) PROGRAMS
FOR INCLUSION: IN ITAAC AND INCORPORAT70N IN
THE ABOVE MATRIX

D) 05TAIN REGIONAL INSIGHTS REGANDING THE
IMPLEMENTATION OF MC 2513 AND 2514 PROGRAMS ~
AND INPUTS REQUIRED FOR THE IP 94300 LETTER

'

E) CONDUCT A BR7EF ONSITE REVIEW OF LICENSEE '

PRC-OP AND STARTUP PROGRAMS, IMI AELE s ORAS TIME PERMITS,... *

IDENTIFY THE XEY ' PROCESS V TEST,

PARAMETERS MEASURED THAT FORMED THE BASES FOR
THE DETERMINATIDH 0? SUCCESS.

3) USING THE INFORMATICN AND INSIGHTS GAINED FROM-YHE FIVE
'

. RECENTLY LICENSED DWHs DEVELOP THE INFDPMATION SPECIFIED
IN THE TAEN IMPLEMENTATION STATEMENT

..

COMPLETION DATE 4

. -

APRIL 30, 1992

.

T

9

f

9

-

'

1
,

.

b

p



PRE-OPERATIONAL (STARTUP) 3' *
NS TS FO R ABW R CE RT I F I_C AT f6N '"" " * ]

TASK
l

1) DEVELOP COMPREHENSIVS LIST OF PPE-C'PERATIOHAL ($TARTUP)
TESYS TO BE PERFORMED FOR THE ABWR PRIOR TO FUEL LOAD

2) PAltSE LIST DEVELOPED IN ITEE 1 INTO:

A) TESTS THAT SHOULD BE INCLbDED AS PART OF T}!E
TYER I DESIGN CERTIFICATION RitLE (ITAAC),

B) TESTS THAT SHOULD BE INCLUDED IN THE ITAAC FOR
THE SJTE-SPECIFIC PORTION OF 1HE DES 7GN TO BE
APPROVED AT COL, AND

C) TESTS THAT SHOULD BE PEHFORMED BUT DO NOT NEED
TO BE INCLUDED IN THE DESIGN CERTIFICATION
RULE (ITAAC)

3) FOR THE TESTS RECOM.1 ENDED AS ITAAC, Ph0 VIDE INSIGHTS
REGARDING LICENSEE AND .5tEGION ACCEPY4HCE CRITERIA

*

4) PROVIDE THE ABOVE INFORMATION TO DLPO/LPEB FOR UCE as
APPROPRIATE IN REVIEW OF ABWR CHAPTER 14 AND DEVELOPMENT
OF PRE-OP AND START-UP TESTS (ITAtC) TO BE ANCLUDCD IN
Ti:E ABWR DESIGN CERTIFICATION RULE

STAFF INTERFACEE

I) COORDINATE CLOSELY - WITH DLPQ/LPEE (Gary Zech, Ray
Ra taires ) DURIhG TASK PERFORMAdCE TO ENLURE A USEFUL
PRODUCT AND AVOID POSSIRLE DUPLICATION OF EFFORT

2) OBTAIN INSIGHTS FROM TAE REGIONS PEGARDING IMh.EMENTATION
OF MC 2512, 2513 AHL 2bl4 PROGRAMS AND IP 943%0

REGOURCES

OHE RSIB STAFF PERSON (Som Malur) AND DHE CONTRACTOR FOR EIGHT
WEEKS

APPROACH

I) SELECT FIVE RECENTLY LICENSED BWhS

CLINTON
HINE HlLE POINT 2~
PERRT

|- LIMERICK
| HOPE CREEK '

| TO OBTAIN A HISTORICAL PERSPECTIVE ON THEIR PRE-OP AND
| STf.RT-UP TEST PROGRAMS
i

|
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_GENEBIC -|TAAC ; ' -

,

" AGREED TC"f -(* => DACLAREA) SUBMITTAL:1 ;-

.

SEISHIC1 CATEGORY IrSTRUCTURES (GENERIC 1 CONCERN-- J
*

MAY1BE:PUT IM-BUILDING SYSTEM:ITAAC) MAY< 4
-

EQUIPMENTLQUALIFICATION (MAYLBELSEPARATED) MARCH $e

ENVIRONMENTAL QUALIFICATION-
-

1

SEISMIC QUALIFICATION )
-

-

EMI/SWC*-

s - INSTRUMENT SETPOINT NETHODOLOGY* MARCH f
.

e SOFTWARE *: MARCH
1-e - SAFETY SYSTEM LOGIC AND CONTROL * MAY|

ESSENTIAL: MULTIPLEXING * (GENERIC CONCERN--MAY BE Ae

SYSTEM-ITAAC)- MAY :

e- HUMAN FACTORS * HAY-,

a
RADIATION PROTECTION * HARCH

e- '

-

e PIPING * MARCH .

_ - _ . _ . . _ . - - . . .. ~ . _- - . . . . .. .. - . - . . . . .
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. SUMMARY OF ITAAC STATUS

-o GENERIC:ITAAC' STATUS
~

" AGREED" LIST 0F GENERIC-ITAAC (9) ~-

CANDIDATE LIST OF GENERIC ITAAC (6)-

ADDITIONAL ITAAC MAY RESULT FROM INTERFACE RECLASSIFICATIONS
-

-
,

'

SEVERAL KEY SSAR ANALYSES AND ISSUES TO BE CROSS-REFERENCED TO ITAAC
-

IN A "ROADMAP"
.

SUBMITTAL SCHEDULE T0.BE DETERMINED-

:
!

i

i

!

'

|

. .. . . ~ . - . .. . . . . . - . - _ - - _ - . - ..
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' REFERENCING OF CODES AND STANDARDS

Licensing review bases cutoff-

. March 30,1987-

Most branches silent on code / standard effectivenesse
'

Some mutually agreed upon' updates beyond March 30,1987--

.

Six IEEE standards, effective March 30,1987, not yet approved by NRC- '
_

NRC requests specific code editions for PSLand ISI'not be raferenced-

,

Per 10CFR50.55a--

'2 .
Piping codes utilization to recognize developing technology $

*

E,Not adopting current version of ASME Section ill d
-

c.

NRC requests common indust' ial standards be referenced in purchase specifications :
-

r

03/25/92

_ _ _ _ _. . _ . . . _ _-



__-_-_ - _ - - - _ - - _ - - - - - - - - - - _ - _

1

l ABWR = =u
mandud Elat ._ma

j Table 12.2 24

ACTMTY LEVELS OF DIE '11ANS\T.RSING IN. CORE PROBE SYSTEM

Decay 'llon (4.4y) Rad /br (( l inster Major Isotopes

'N
S4nsor 0.00D9 3.61 Ma M, Al 28.Ti 5.

0D417 3.20 Ma M, Na 24 Ni43
1.0 0.0L33 Me M.Me44, Cv-( 4
2.0 OMM4 N a 24, Cc4(1, Cr 51

C ble 0.0009 23.5 Ma M, Mg 27, Ni45
0 0417 4' .2 Mn.56,M45 Fe 59
1.0 0.104 Ms M Fe 59,Mn 54
2.0 0.018 Fe 59, Mn 54, Cr 51

,

o. * 4 e.<.

W
Sensor 0.0009 3332 Mn M, Al% Ti 51

,

00417 2.142 Ma M, No 24, Ni45
2.0 0.CO378 Cofo, Na 24. CD.28

Ceble 0.00139 4$.1 Ma 4 Mg 77,Ni45
0 0417 34J W M, M 45,Fc.59
to 0.091 Ma% Fe 50.Ma 54
2.0 0D189 Fe 59, Ms 34,Co40

,

1

,

e

Armusement 18 122334
*

. .

*
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psu:g
=- INSTRUMENTATION AND CONTnOL SYSTEMS DRANCHg9

= 1- r
..... ,

DI'/ERSITY DISCUSSION |
)
!-

o SOFTWARE DRIVEN SYSTEMS ARE OF SPECIAL CONCERN FOR :

SEVERAL REASONS ;

:

1. THE COMMONALITY OF TIMING SUCH THAT AN ERROR IN
ONE CHANNEL IS EXPECTED TO OCCUR IN ALL
IDENTICAL CHANNELS AT TDE SAME TIME !

r
'

2. THE POSSIBILITY THAT THE INITIATING EVENT i

CREATES A SET OF CIRCUMSTANCES THAT REVEAL THE
SOFTWARE ERROR ~ '

3. THE INABILITY TO -DEMONSTRATE SPECIFIC :

RELIABILITY OR PROOF OF CORRECTNESS -

4. REDUNDANCY IN SOFTWARE DOES NOT INCREASE :

RELIABILITY / AVAILABILITY OF THE OVERALL SYSTEMS :

AS IT DOES WITH ANALOG SYSTEMS -

5. SELF DIAGNOSTICS AND NORMAL SURVEILLANCE
SIGNIFICANTLY REDUCE THE: POSSIBILITY OF
UNDETECTED FAILURES BUT DO NOT PREVENT THE '

FAILURES-
.

&

|
,

--,..~-,..-~a--.~. - - - - - - , - , . . . . ~ - - - - - , . . . - - - , . , , . - - - - , . - - , - . . - . - _ . - - . - . . _ - - - , - . - . . , . ~ , - . . ~ . ~ . . - .
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./ % insmuueuunou ma como.ot srsreus enmcu--

....
v

.

DISCUSSION OF THE ABWR:

DESIGN FEATURES FOR DIVERSITY
:

!
o THE TURBINE INPUTS TO THE RPS APtE HARDWIRED (D0 :

NOTJUSE THE EMS)
o

oTHE NE6 TRON MONITORTJ!G M5hii IS INDEPENDENT OF-

THE EMS
;

o MANUAL SCRAM AND MSIV ACTUATION IS HARDWIRED

L o ARI (ATWS) IS INDEPENDENT OF THE EMS -

t

L o THE NON-ESSENTIAL MULTIPLEXOR IS DIVERSE (HARDWARE I
AND SOFTWARE) FROM THE EMS ;

'

o THE REMOTE SHUTDOWN STATION IS HARDWIREDL
.

'o FINAL DISPLAY TO fHE OPERATOR HAS MIMIC AND VDUi

DIVERSITY
,

i

o NEUTRON MONITORING BYPASSES THE DTH

o ARI BYPASSES THE .DTM
L 3

AARI IS DIVERSE FORM THE RPS
.

L 4DTM FUNCTIONAL DIVERSITY .

L :o TLU FUNCTIONAL DIVERSITY
v ,
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GENERATOR LOAD REJECTION !
WITH NORMAL BYPASS :

;

. 1
'

& POSTULATED COMMON MODE FAILURE - ESSENTIAL
. MULTIPLEXING SYSTEM (EMS) :

'

FAILURE ANALYSIS :,

!

*THIS FAILURE.WILL (WORST CASE) PREVENT A REACTOR-'

TRIP ON REACTOR PRESSURE RPS INPUT, THIS IS THE
THIRD OF THE EXPECTED REACTOR TRIP SIGNALS FOR
THIS EVENT

,

4 THIS FAILURE WILL ALSO SIGNIFICANTLY REDUCE THE :
'

INFORMATION AVAIL.ABLE TO THE OPERATOR, SPECIFIC TO
'

THIS EVENT, THE 1E RPV. NARROW AND WIDE RANGE WATER
-

LEVEL AND THE 1E DOME PRESSURE ARE DISABl.ED
.

THIS FAILURE WILL DISABLE CONTROL-AND INDICATION I*
.

0F THE ECCS SYSTEMS FROM THE MAIN CONTROL ROOM '

.

4

-!,

I
.

- ~ ~ . . ~ , . - - . . _ _ _ . . _ _ . , . . _ . . _ _ . _ . _ ~ _ . _ . _ . . _ _ _ _ _ _ . _ _ _ . _ _ _ _ . _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ . _ _ . _ . _ . . . _ . _
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g S W- : INSTRUMENTATIOtl AND COW 1ROL SYS1TMS BRAOCHs

4,
|.....

,

DEFENSE-IN-DEPTH AND DIVERSITY
GENERATOR LOAD REJECT WITH NORMAL BYPASS |

4 REACTOR TRIP WILL OCCUR ON TURBINE FAST CLOSURE
SOLEN 0ID VALVE RPS. INPUT WHICH IS HARDWIRED AND"

DOES NOT USE THE EMS, THIS IS THE PRIMARY EXPECTED
TRIP INPUT FOR THIS EVENT- 1,,

1.

4THIS POSTULATED FAILURE DOES NOT DEGRADE ,

FEEDWATER, THE FEEDWATER NEMS IS DIVERSE IN -

' HARDWARE AND SOFTWARE FROM THE EMS, ECCS IS NOT
'

RELIED UPON FOR THIS EVENT / FAILURE

ITHE INFORMATION AVAILABLE TO THE OPERATOR.WILL
INCLUDE CLASS-II RPV FUEL ZONE WATER LEVEL (RG.

: 1.97), NON-1E SHUTDOWN LEVEL, NON-1E FEEDWATER '

LEVEL CONTROL, AND NON-1E WIDE RANGE PRESSURE i

CCLASS 1E NEUTRON' FLUX INFORMATION IS AVAILABLE |
SINCE IT DOES NOT USE THE EMS i

dINFORMATION AND1 AUTOMATIC ACTUATION ARE AVAILABLEf
-TOLMITIGATE THE EVENT / FAILURE

o POTENTIAL PROBLEMS
'

INDICATION AND: CONTROL .0F THE ECCS IS DISABLEDa
.

IN THE MAIN CONTROL ROOM ;
* THELREMAINING DISPLAYED VARIABLES ARE FEW AND :

DIGITAL
|

. .1.
.-.::.---.._,-.-,.-..-.......-.-......:...,.-,,..-.,-,.... . . - . - . - -



_. .- _ - _ _

WL ~=5 iusrnuveuigou ma cournot srsrwg ewwcn
~,

ADDITIONAL CONSIDERATIONS
GENERATOR LOAD REJECT WITH NORMAL BYPASS

o ADDITIONAL REACTOR SCRAM INPUTS ARE AVAILABLE

IF THE TURSINE TRIP INPUT IS ALSO FAILED, THE
o

REACTOR TRIP SIGNAL WILL BE PROVIDED BY THE !

,

CLASS 1E NEUTRON FLUX INPUT TO THE RPS

THE ALTERNATE R0D INSERTION (ARI) FEATURE OF THIo

ATWS MITIGATION DESIGN USES THE WIDE RANGE DOME '

PRESSllRE SENSORS OF THE STEAM BYPASS AND
PRESSURE CONTROL SYSTEM (SB&PC) TO INITIATE ARI
THIS IS A NON-1E SYSTEM WHICH DOES NOT USE THE

| EMS
|

MANUAL (HARDWIRED) SCRAM IS AVAILABLE FROM:o

A. TWO BUTTON SCRAM (DISCONNECTS SOLEN 0ID POWEl
i $0URCES) (1E IN THE CONTROL ROOM)
i B. OPERATION OF TWO OUT OF FOUR DIVISIONAL

REACTOR TRIP SWITCHES (1E IN THE MCR)
'

C. MANUAL DISCONNECT OF SOLEN 0ID POWER SOURCES
AT THE REMOTE ELECTRICAL DISTRIBUTION PANEL:

(1E)
D. TWO BUTTON MANUAL ARI INITIATION (NON-1E) Il

THE CONTROL ROOM
E. OPERATION OF PAIRED-ROD SCRAM TEST PANEL

(NON-1E) IN THE CONTROL ROOM
,

F. MODE SWITCH - SHUTOOWN (IE)
|

| o ECCS SYSTEMS ARE AVAILABLE ON THE HARDWIRED REMOTE
| SHUTDOWN STATION

. . _ _ _ _ _ _ _ _ _ _ _ _ _ ___ _ ___ _ _ _ _ _.
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INSTRUMENT /.~lON A'j0, CONTROL SYSTEMS BitANCH

s ....

STEAM SYSTEM PIPING BREAK.

.

OUTSIDE CONTAINMENT

.

'

o POSTULATED COMMON MODE FAILURE - ESSENTIAL
MULTIPLEXING SYSTEM (EMS)

FAILURE ANALYSIS,

,

a THIS FAILURE WILL (WORST CASE) PREVENT AUTOMATIC
'

AND MANUAL INITIATION OF RCIC/HPCF AND RHR FROM
THE MAIN CONTROL ROOM|

o MAIN STEAM LINE FLOW SENSOR INPUT IS DISABLED,
THIS IS THE PRIMARY MSIV INITIATOR,

!

o THE 1E INDICATION, WITH THE EXCEPTION OF THE
HARDWIRED INPUTS AND THE NEUTRON MONITORING WILL
BE DISABLED, THE NON-1E INDICATIONS WILL BE
AVAILABLE

1

-. . .. . .-..- --
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g :~~~ INSTRUMENTATl5N AND CONTROL SYSTEMS BR.%CH_

.....

DEFENSE-IN-DEPTH AND DIVERSITY
STEAM SYSTEM PIPING BREAK OUTSIDE CONTAINMENT

o MAIN STEAM LINE LOW TURBINE INLET PRESSURE WILL
INITIATE CLOSURE OF THE MSIVS

,

o MSIV CLOSURE WILL INITIATE REACTOR SCRAM
4 1

:oTHE POSTULATED FAILURE. DOES NOT DISABLE THE ,

FEEDWATER SYSTEM WHICH USES THE DIVERSE NEMS :
I

o THE INFORMATION AVAILABLE TO THE OPERATOR
--INCLUDES: CLASS 1E RPV FUEL ZONE WATER LEVEL (RG '

: 1.97), NON-1E-SHUTDOWN, FEEDWATER CONTROL, AND
L~ REACTOR WELL(ISI). WATER LEVELS, NEUTRON FLUX IS

.AVAILABLE, NON-IE NARROW. RANGE RPV-PRES 3URE. :

INSTRUMENTATION AND CONTROL IS AVAILABLE 1

4 INFORMATION AND AUTOMATIC ACTUATION ARE AVAILABLE ,

i TO MITIGATE THE EVENT / FAILURE
L .

o POTENTIAL PROBLEMS
INDICATION AND. CONTROL OF THE ECCS iS DISABLEDr +

:
| IN THE MAIN CONTROL ROOM
i 4 THE REMAINING DISPLAYED VARIABLES ARE FEW AND

:

'

DIGITAL
' '

.

a

i

. ~ ,-. . . - .. ~_m ., _ -. . . . - . . , , , .a.. --,,,,4 - . . . - . ~ , < - .
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INSTRUMENTATION AND CONTROL SYSTEMS BRANCH

~

'

|

ADDITIONAL CONSIDERATIONS |
STEAM SYSTEM PIPING BREAK OUTSIDE CONTAINMENT I

o ADDITIONAL REACTOR SCRAM INPUTS ARE AVAILABLE |
THE ALTERNATE ROD INSERTION (ARI) FEATURE OF THI .

o

ATWS MITIGATION DESIGN USES THE WIDE RANGE DOME |
PRESSURE SENSORS OF THE STEAM BYPASS AND
PRESSUP,E CONTROL SYSTEM (SB&PC) TO INITIATE ARI !
THIS IS A NON-1E SYSTEM WHICH DOES NOT USE THE
EMS

MANUAL (HARDWIRED) SCRAM IS AVAILABLE FROM:
o

A. TWO BUTTON SCRAM (DISCONNECTS S0LEN0ID POWEF
SOURCES) (1E IN THE CONTROL ROOM)

B. OPERATION OF TWO OUT OF FOUR DIVISIONAL
REACTOR TRIP SWITCHES (IE IN THE MCR)

C. MANUAL DISCONNECT OF SOLEN 0ID POWER SOURCES
AT THE REMOTE ELECTRICAL DISTRIBUTION PANEL
(1E)

D. TWO BUTTON MANUAL ARI INITIATION (NON-1E) It
THE CONTROL ROOM

E. OPERATION OF PAIRED-ROD SCRAM TEST PANEL
(NON-1E) IN THE CONTROL ROOM

F. MODE SWITCH - SHUTDOWN (IE) -

oMSIV CLOSURE WILL CAUSE TURBINE TRIP WHICH WILL
CAUSE REACTOR TRIP

o ECCS SYSTEMS ARE AVAILABLE ON THE HARDWIRED REMOTE
SHUTDOWN STATION
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INSTRUMENT 5T50TANTCONTROL SYSTEMS BRANCH
~

y

g;w/ .

.....
.

:

STEAM SYSTEM PIPING BREAK !
OUTSIDE CONTAINMENT ;

,

oPOSTULATED COMMON MODE FAILURE - TRIP LOGIC UNIT
(TLU)

;

FAILURE ANALYSIS-

,

o THIS FAILURE WILL(WORST CASE) DISABLE THE RPS AND
ECCS AUTOMATIC ACTUATION

oTHIS FAILURE"WOULD DISABLE THE MANUAL ECCS SYSTEM
ACTUATION

eALL 1E AND-NON-1E INFORMATION TO-THE OPERATOR IS
AVAILABLE !

o ALL NON-1E SYSTEMS REMAIN AVAILABLE
|

e
,

l
.,

.

;
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f INSTRUMENTATION AND CONTROL SYSTEMS BRANCH'
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ADDITIONAL CONSIDERATIONS
STEAM SYSTEM PIPING BREAK OUTSIDE CONTAINMENT

.

Y

oADDITIONAL REACTOR SCRAM INPUTS ARE AVAILABLE: |
r !

MANUAL (HARDWIRED) SCRAM IS AVAILABLE FROM: !o

A. TWO BUTTON SCRAM (DISCONNECTS SOLEN 0ID POWER |
SOURCES) (1E IN THE CONTROL ROOM)

B, OPERATION OF TWO OUT OF FOUR DIVISIONAL )
REACTOR TRIP SWITCHES (1E IN THE MCR) |

'

'

C. MANUAL DISCONNECT OF SOLEN 0ID POWER SOURCES
'

AT THE REMOTE ELECTRICAL DISTRIBUTION PANEL !:

(IE)
'

:

D. TWO BUTTON MANUAL ARI INITIATION (NON-1E) IK .
THE CONTROL ROOM :

E. OPERATION OF PAIRED-ROD SCRAM TEST PANEL-

(NON-1E) IN THE CONTROL ROOM :

F. MODE SWITCH - SHUTDOWN -(1E) :
.

.
. !

o STANDBY LIQUID CONTROL AUTOMATIC AND PANUAL :

INITIATION IS AVAILABLE (NON-1E) -

,

eECCS MANUAL INITIATION IS AVAILABLE AT THE REMOTE
. SHUTDOWN STATION

'

:

,

i

|

_ _ _._.. ._ . _ . . - - _ _ . - . _ _ _ _ _ _ . _ - - - - - - - -
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* INSTRUMENTATION AND CONTROL SYSTEMS BRN!CH
'
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. ,

DEFENSE-IN-DEPTH AND DIVERSITY
STEAM SYSTEM PIPING BREAK OUTSIDE CONTAINMENT<

o REACTOR SCRAM IS PROVIDED BY THE ARI FEATURE OF
THE ATWS MITIGATION SYSTEM, ARI IS DIVERSE FROM
THE RPS

o MANUAL (HARDWIRED) MSIV CLOSURE IS AVAILABLE IN
THE MAIN CONTROL ROOM BY TRIPPING TWO OUT OF FOUR
DIVISIONAL ISOLATION SWITCHES OR BY OPERATING THE
EIGHT INDIVIDUAL MSIV CLOSURE SWITCHES

,

o THE FEEDWATER SYSTEM REMAINS AVAILABLE
'

o INFORMATION AND ACTUATION (MANUAL MSIV) ARE
AVAILABLE TO MITIGATE THE EVENT / FAILURE

o POTENTIAL PROBLEMSe

CONTROL OF THE ECCS IS DISABLED IN THE MAINo

CONTROL ROOM
I

AN ANALYSIS HAS NOT YET BEEN DONE WHICHo

DEMONSTRATES THAT THE OPERATOR HAS TIME TO
INITIATE MSIV CLOSURE

<

_- - - -- -- _ - - - - - - -
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INSTRUMENTATION AND CONTRO'. SYSTEMS MANCH

"g%....g./ !

DEFENSE-IN-DEPTH / DIVERSITY
GENERAL CONCLUSIONS |

oDEFENSE IS PROVIDED IN REVIEW 0F TWO !

EXAMPLES
:

o REACTOR SCRAM+

,

-

>

o LEVEL AND PRESSURE CONTROL 1

o INDICATION TO THE OPERATOR
'

:
'

o AUTOMATIC AND MANUAL ACTIONS
.

b

.

,

{

'

.

. _ . - . _ - - _ - _ - .- . . . . - - _ - . . . - -
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CONCERNS

1. RESPONSE NEEDS TO BE CONFINED TO THE MAIN
CONTROL ROOM

2. INCOMPLETE ANALYSIS ON TIME AVAILABLE FOR
OPERATOR ACTIONS FOR EACH EVENT

3. LACK 0F NECESSARY SYSTEM LEVEL ACTUATION FROM
THE CONTROL ROOM - ECCS

4. LACK 0F NECESSARY CLASS 1E VARIABLES DISPLAYED
IN THE MAIN CONTROL ROOM

NRC ACTION

o EVALUATE THE CONCERNS AND GE RESPONSE AND PRESENT
RECOMMENDATIONS TO THE COMMISSION - SECY PAPER

i

REQUEST FOR GE ACTION

COMPLETE ANALYSISo
,

* EVALUATION OF THE REMAINING EVENTS AND'

ASSUMPTIONS IN THE LLNL STUDY
-

* RESPOND TO THE AB0VE NRC CONCERNS
'

1
_ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - -
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.

D,ef,ense Agai.nst Cornon Failure in Digital I&C S.yst.ers

N.R.C ,F,u,s,1,1,1,oA

1. Diversity is to be provided for all common mode vulnsrabilities.
;

2. For software connon mode vulnerabilities, diversity shall be provided by
a diverse sof tware and hardware system or a non-software based system.
Manual action from inside NCR may constitute acceptable diversity if
tire and information available.

3. The capability for manual system-level actuation and control from the
main control room shall bv provided. Necessary fisplays a:d controls
(class 1E) shall be independent, the necessa y display shall be ana!og
and the necessary control shall be conventionally h wired to as low
a level in the 1&C architecture as practical. ,

1
4 Applicants must show that 1-3 above have beer satisfied by performing a

" Defense in Depth" and "Diyarsity Assessment" of the proposed digita'
Instrumentation and Control System. An acceptable method for perfsrming
this analysis is described in HUREG 049*. Other methods xill require t

.

case-by-case NRC approval.

!'
,

,

I

:

|
|
t

_ , , . . , . , ,-, < > ~ - -
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GENERIC ITAAC and DAC for FCFTWARE DEVELOPMENT
) INTERFACE D!AGRAM
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